
Republic of the Philippines
Civil. AVIATION AUTHORITY OF THE PHIITPPINES

MEMORANDIJIVI C IRC HEAR NO.: 05-2020

TO : ALL C ONC ERNED

FROM : THE DIREC TOR GENERAL

SUBJECT : AMENDMENT TO PHILIPPINE CIVIL AVIATION
REGULATIONS - AIR NAVIGATION SERVICES (C AR-ANS) 
PART 6 ( AERONAUTICAL TELECOMMUNICATIONS
GOVERNING RADIO NAVIGATION AIDS) INC ORPORATING 
AMENDMENT 91 TO ANNEX 10 VOLUME 1

REFERENCE:

1. Philippine Civil Aviation Regulations - Air Navigation Services Part 6 Aeronautical 
Telecommunications Governing Radio Navigation Aids.

2. ICAO Annex 10 - Volume 1 Amendment 91
3. Regulations Amendment Procedures.
4. Board Resolution No. 2012-054 dated 28 September 2012

Pursuant to the powers vested in me under the Republic Act 9497, otherwise known as the 
Civil Aviation Authority Act of 2008 and in accordance with the Board Resolution No. 2012 
-054 dated 28 September 2012, I hereby approve the incorporation of ICAO Annex 10 
Volume 1 Amendment 91 to the Philippine Civil Aviation Regulations Air Navigation 
Services (CAR-ANS) Part 6.

ORIGINAL REGULATIONS SUBJECT TO AMENDMENT:

CIVIL AVIATION REGULATIONS AIR NAVIGATION SERVIC ES PART 6 

6.2. C;ENERAL PROVISIONS FOR RADIO NAV1C;AT10N AIDS 

6.2.1 Standard radio navigation aids

6.2.1.4 GNSS-specific provisions

6.2.1.4.2 A State that approves GNSS-based operations should shall ensure that GNSS data 
relevant to those operations are recorded.

Note I. These recorded data are primarily intended for use in can support accident and 
incident investigations. They may also support periodic conjirmatum that accuracy, integrity-, 
continuity and availability are maintained within the limits required for- the operations
approved analysis to verify the GNSS performance parameters detailed in the relevant 
Standards in this CAR-ANS.



Note 2.— Guidance material on the recording of GNSS parameters and on GNSS 
performance assessment is contained in Attachment 6D, 11 and 12.

6.3. SPECIFICATIONS FOR RADIO NAVIGATION AIDS

Note. — Specifications concerning the siting and construction of equipment and installations 
on operational areas aimed at reducing the hazard to aircraft to a minimum are contained in 
CAAF MOS - Aerodromes, Chapter 11.

6.3.1 Specification for ILS

6.3.1.2 Basic requirements

6.3.1.2.7.1 At those locations where two separate ILS facilities serve opposite ends of a 
single runway and where a Facility Performance Category I — ILS is to be used for auto- 
coupled approaches and landings in visual conditions an interlock should shall ensure that 
only the localizer serving the approach direction in use radiates, providing the other localizer 
is not required for simultaneous operational use.

Note. If both localizers radiate there is a possibility of interference to the localizer signals 
in the threshold region. Additional guidance material is contained in 2.1.9 and 2.13 2.1.8 of 
Attachment 6C.

6.3.1.2.7.2 At locations where ILS facilities serving opposite ends of the same runway or 
different runways at the same airport use the same paired frequencies, an interlock shall 
ensure that only one facility shall radiate at a time. When switching from one ILS facility to 
another, radiation from both shall be suppressed for not less than 20 seconds.

Note.— Additional guidance material on the operation of localizers on the same frequency 
channel is contained in 2.1.9 of Attachment C and CAR-ANS Part 13, Chapter 4.

6.3.1.3 VHP localizer and associated monitor

6.3.1.3.3.3 Above 7 degrees, the signals should shall be reduced to as low a value as 
practicable.

6.3.1.3.4 Course .structure
■ • •

Note 2.— Guidance material relevant to the localizer course structure is given in 2.1.4,-2. 1t6 
and 2.1.7 2.1.3, 2.1.5, 2.1.6 and 2.1.9 of Attachment 6C.

6.3.1.3.6 Course alignment accuracy



Note 3.— Guidance material on measurement of localizer course alignment is given in 2.1.3 
of Attachment 6C. Guidance material on protecting localizer course allghment is given in 
2.1.9 of Attachment 6C.

6.3.1.3.10 Siting

Note.— Guidance material relevant to siting localizer antennas in. the runway and tgxtwqy 
environment is given in 2.1.9 of Attachment 6C.

6.3.1.5 UHF glide path equipment and associated monitor

6.3.1.5.1.2.1 The glide path angle shall be adjusted and maintained within:

Note 1.— Guidance material on adjustment and maintenance of glide path angles is given in 
2.4 of Attachment 6C.

Note 2.— Guidance material on ILS glide path curvature, alignment and siting, relevant to 
the selection of the height of the ILS reference datum is given in 2.4 of Attachment 6C and 
Figure C-5.

Note 3.— Guidance material relevant to protecting the ILS glide path course structure is 
given in 2.1.9 of Attachment 6C.

6.3.1.5.4 ILS glide path structure

Note 3. Guidance material relevant to the ILS glide path course structure is given in 2.1.4 
of Attachment 6C. Guidance material relevant to protecting the ILS glide path course 
structure is given in 2.1.9 of Attachment 6C.

6.3.1.5.7 Monitoring

6.3.1.5.7.1 The automatic monitor system shall provide a warning to the designated control 
points and cause radiation to cease within the periods specified in 6.3.1.5.7.3.1 if any of the 
following conditions persist:

Note 1.— The value of 0.7475 6 from horizontal is intended to ensure adequate obstacle 
clearance. This value was derived from other parameters of the glide path and monitor 
specification. Since the measuring accuracy to four significant figures is not intended, the 
value of 0.75 6 may be used as a monitor limit for this purpose. Guidance on obstacle 
clearance criteria is given in the Procedures for Air Navigation Services — Aircraft 
Operations (PANS-OPS) (Doc 8168).



Note 2.— Subparagraphs f) and g) are not intended to establish a requirement for a separate 
monitor to protect against deviation of the lower limits of the half-sector below 0.7475 6from 
horizontal

Note 3.— At glide path facilities where the selected nominal angular displacement sensitivity 
corresponds to an angle below the ILS glide path which is close to or at the maximum limits 
specified in 3.1.5.6, it may be necessary to adju.st the monitor operating limits to protect 
against sector deviations below 0.7475 6from horizontal.

Note 4. Guidance material relating to the condition described in g) appears in Attachment 
6C, 2t4t42 2.4.11.

6.3.7 Requirements for the Global Navigation Satellite System (GNSS)
• • •

6.3.1.2 General

6.3.7.2.4 Signal-in-space performance

6.3.7.2.4.1 The combination of GNSS elements and a fault-free GNSS user receiver shall 
meet the signal-in-space requirements defined in Table 6.3.7.2.4-1 (located at the end of 
section 6.3.7).

Note 1.— The concept of a fault-free user receiver is applied only as a means of defining the 
performance of combinations of different GNSS elements. The fault-free receiver is a.ssumed 
to be a receiver with nominal accuracy and time-to-alert performance. Such a receiver is 
assumed to have no failures that affect the integrity, availability and continuity performance.

Note 2.— For GBAS approach service (as defined in Attachment 6D, 7.1.2.1) intended to 
support approach and landing operations using Category 111 minima, performance 
requirements are defined that apply in addition to the signal-in-space requirements defined in 
Table 6.3.7.2.4.-1.

6.3.7.3.4 Satellite-based augmentation system (SBAS)

6.3.7.3.4.1 Performance. SBAS combined with one or more of the other GNSS elements and 
a fault-free receiver shall meet the requirements for system accuracy, integrity, continuity and 
availability for the intended operation as stated in 6.3.7.2.4, throughout the corresponding 
service area (see 6.3.7.3.4.3).

6.3.7.3.4.1.1 SBAS combined with one or more of the other GNSS elements and a fault-free 
receiver shall meet the requirements for signal-in-space integrity as stated in 6.3.7.2.4, 
throughout the SBAS coverage area.



Note.— Message types 27 or 28 can he used to comply with the integrity requirements in the 
coverage area. Additional guidance on the rationale and interpretation of this requirement is 
provided in Attachment 6D, 3.3.

6.3.7.3.4.3 Service area. SBAS service area for any approved type of operation shall
be a defineddeclared area within anthe SBAS coverage area where SBAS meets the 
corresponding requirements of 6.3.7.2.4 and supports the corresponding approved operations.

Note 1.— An SBAS system can have different service areas corresponding to different types 
of operation (e.g. APV-I, Category /, etc.).

Note 4-2.— The coverage area is that area within which the SBAS broadcast can be received 
(ergr i.e. the geostationary satellite footprints).

Note 23. SBAS coverage and .service areas are discussed in Attachment 6D, 6.2.

6.3.7.3.5 Ground-based augmentation .system (GBAS) and ground-based regional 
augmentation system (GRAS)

Note 4t Except where specifically annotated, GBAS Standards and Recommended Practices 
apply to GBAS and GRAS.

Note 2.—Excepl-where specifically annotated, reference to approach with vertical guidance
(APV) means APV / and A}iV-H.

6.3.7.3.5.1 Performance. GBAS combined with one or more of the other GNSS elements and 
a fault-free GNSS receiver shall meet the requirements for system accuracy, continuity, 
availability and integrity for the intended operation as stated in 6.3.7.2.4 within the service 
volume for the service used to support the operation as defined in 6.3.7.3.5.3.

Note.— GBAS is intended to support all types of approach, landing, guided take-off, 
departure and surface operations and may support en-route and terminal operations. GRAS 
is intended to support en-route, terminal, non-precision approach, departure, and approach 
with vertical guidance. The following SARPs are developed to support Category 1 all 
categories of precision approach, approach with vertical guidance, and a GBAS positioning 
service. In order to achieve interoperability and enable efficient spectrum utilization, it is
inlended-that the data broadcast is the same for all operations.

6.3.7.3.5.3 CoverageService volume

6 3.7.3.5.3.1 Category I precision approach and approach with vertical guidance General 
requirement for approach services. The minimum GBAS coverage to support each Category 
Tprecision approach or approach with vertical guidance approach service volume shall be as 
follows, except where topographical features dictate and operational requirements permit:



a) laterally, beginning at 140 m (450 ft) each side of the landing threshold point/fictitious 
threshold point (LTP/FTP) and projecting out ±35 degrees either side of the final approach 
path to 28 km (15 NM) and ±10 degrees either side of the final approach path to 37 km (20 
NM); and

b) vertically, within the lateral region, up to the greater of 7 degrees or 1.75 promulgated 
glide path angle (GPA) above the horizontal with an origin at the glide path interception point 
(GPIP) to an upper bound of 3 000 m (10 000 ft) height above threshold (HAT) and 0.45 
GPA above the horizontal or to such lower angle, down to 0.30 GPA, as required, to 
safeguard the promulgated glide path intercept procedure. This coverage applies between The 
lower bound is half the lowest decision height supported or 3 ;.7 m (12 ft), whichever is 
larger 30 m (100 ft) and 3 000 m (10 000 ft) height above threshold (HAT)t

Note 1. LTP/FTP and GPIP are defined in Appendix 6B, 3.6.4.5.1.

6.3.7.3.5.3.1.1 Recommendation.—For Category I precision approach, the data-broadcast-as
specified in 6.3.7:3.5.4 should extend down to 3.7 m (12 ft) above the runway surface.

6.3.7.3.5.3.1.2 Recommendation.---- The -data broadcast should be omnidirectional when
required to support-the-intended applications.

Note 2. Guidance material concerning coverage for Category 1 precision the approach and 
AP V service volume is provided in Attachment 6D, 7.3.

6.3.7.3.5.3.2 Approach services supporting autoland and guided take-off. The minimum 
additional GBAS service volume to support approach operations that include automatic 
landing and rollout, including during guided take-off, shall be as follows, except where 
operational requirements permit:

a) Horizontally within a sector spanning the width of the runway beginning at the stop end of 
the runway and extending parallel with the runway centre line towards the LTP to join the 
minimum service volume as described in 6.3.7.3.5.3.I.

b) Vertically, between two horizontal surfaces one at 3.7 m (12 ft) and the other at 30 m (100 
ft) above the runway centreline to join the minimum service volume as described in 
6.3.7.3.5.3.1.

Note.— Guidance material concerning the approach service volume is provided in 
Attachment 6D, 7.3.

6.3.7.3.5.3.23 GBAS positioning service. The service volume for the GBAS positioning 
service area shall be that area where the data broadcast can be received and the positioning 
service meets the requirements of 6.3.7.2.4 and supports the corresponding approved 
operations.



Note.— Guidance material concerning the positioning service votufhecovcrage is provided in 
Attachment 6D, 7.3.

6.3.7.3.5.4.4 Data broadcast liF field strength and polarization

Note 1.— GBAS can provide a VHF data broadcast with either horizontal (GBAS/H) or 
elliptical (GBAS/E) polarization that employs both horizontal polarization (HPOL) and 
vertical polarization (VPOL) components. Aircraft using a VPOL component will not be able 
to conduct operations with GBAS/H equipment Relevant guidance material is provided in 
Attachment 6D, 7. /.

Note 2.— The minimum and maximum field strengths are consistent with a minimum distance 
ofSOm (263ft) from the transmitter antenna for a range of 43 km (23 NM).

Note 3.— When supporting approach services at airports with challenging VDB transmitter 
siting constraints, it is acceptable to adjust the service volume when operational 
requirements permit (as stated in the service volume definition sections 6.3.7.3.5.3.1 and 
6.3.7.3.5.3.2). Such adjustments of the service volume may he operationally acceptable when 
they have no impact on the GBAS .service outside a radius of 80 m from the VDB antenna, 
assuming a nominal effective isotropically radiated power of 47dBm (Attachment 6D, Table 
D-3).

6.3.7.3.5.4.4.1 GBAS/H

6.3.7.3.5.4.4.1.2 The effective isotropically radiated power (EIRP) shall provide for a 
horizontally polarized signal with a minimum field strength of 215 microvolts per metre (-99 
dBW/m2) and a maximum field strength of G.35Q 0.879 volts per metre (—3^27 dBW/m2) 
within the GBAS servicecoverage volume as specified in 6.3.7.3.5.3.I. The field strength 
shall be measured as an average over the period of the synchronization and ambiguity 
resolution field of the burst. The RF phase offset between the HPOL and any VPOfc 
components shall be such that the minimum signal power defined-in Appendix B,
6r3.6.8.2.2.3 is achieved for HPOL users throughout the coverage volume. Within the 
additional GBAS service volume as specified in 6.3.7.3.5.3.2, the effective isotropic radiated 
power (EIRP) shall provide for a horizontally polarized signal with a minimum field strength 
of 215 microvolts per metre (-99 dBW/m2) below 36 ft and down to 12 ft above the runway 
surface and 650 microvolts per metre (-89.5 dBW/m2) at 36 ft or more above the runway 
surface.

Note.— Guidance material concerning the approach service volume is provided in 
Attachment 6D, 7.3.

6.3.7.3.5.4.4.2 GBAS/E

6.3.7.3.5.4.4.2.2 When an elliptically polarized signal is broadcast, the horizontally polarized 
component shall meet the requirements in 6.3.7.3.5.4.4.1.2, and the effective isotropically



radiated power (EIRP) shall provide for a vertically polarized signal with a minimum field 
strength of 136 microvolts per metre (-103 dBW/m2) and a maximum field strength of
0.-2210.555 volts per metre ( 3931 dBW/m2) within the GBAS volume. The
field strength shall be measured as an average over the period of the synchronization and 
ambiguity resolution field of the burst. The RF phase offset between the HPOL and VPOL 
components;- shall- be such that the minimum signal power defined in Appendix B,
6.3.6.8.2.2.3 is achieved for HPOL and VPOL users throughout the coverage volume.

Note.----The minimum and maximum field nfi^ngths in 6.3.7.3.5.4.4.1.2 and 6.3-.7:3.3^4r4.-2r2
are consistent with a minimum receiver semitivify of 87 dBm and minimum distance of 20Q
m (660ft) from the--transmitter antenna for a coverage range of 43 km (23 NM).

Table 6.3.7.2.4-1
Signal-in-space performance requirements

Tv|>ical opera noil

Accuiacy
honzontal

95*«
(Notes 1 and 3)

Accuracy
vertical

95**
(Notes 1 and 3)

Integrity 
(Note 2)

Ttme-to-aleri 
(Note 3)

Coiitumity 
(Note 4)

Availability 
(Note 51

Eii-rouie 3.7 km 
(2 0 NM)

N.A 1 - 1 ■ 5 nun 1 - 1 • lO"’ b 
to I - 1 < lO-*.!!

0 99 to
O 99999

Eu-ioutc.
Teniuual

0.74 kiu 
(0.4 NM)

N A 1 - 1- lo ’ /u 15 % 1 - 1 » lO-* u 
to » - i ■<

0.99 to
0 99999

Inifinl iiiiiM'oach.
Inteiiuediate apptoacU. 
Noii-i>iecisK>ii appioacti (NPA). 
Oepninue

220 111 
(720 ft)

N'A 1- 1> 10-7/1j 10 s 1 - 1 « 10-* h 
to 1 - 1 10^/h

0 99 to
0.99999

.-approach operatious with 
veiTical guidauce (.APV-I)
(Note 8)

16.0 m 
(52 ft)

20 in 
(66 ft)

1 - 2 ' lO'7 
ill any 

apiiroach

10 s 1 - 8 - lO^1 
per 15s

0.99 to
O 99999

Appruacli opcialioii.s with 
vertical gmdatice (.APV-ID 
(Note 8)

16.0 111 
(52 ft) 8.0 111 

ft)
I - 2 ' lO-7 

in any 
approach

6 s 1 - 8 « 10-* 
per 15 s 0.99 to

0 99999

Categoiy I precision appioacli 
(Note 7)

16.0 111
(52 ft)

6.0 111 to 4.0 111 
(20 ft to 1.3 ft) 

(Note 6)

1 - 2 - I0“'
111 any 

approach

6 s 1 - 8 » 10-* 
per 15 s

0.99 to 
0.99999

NOTES.—
1. The 95th percentile values for GNSS position errors are those required for the intended 
operation at the lowest height above threshold (HA T), if applicable. Detailed requirements 
are specified in Appendix B and guidance material is given in Attachment 6D, 3.2.

7. GNSS performance requirements intended to support for Category 11 and 111 precision 
approach operations necessitate arc under review and will be included at a later date lower 
level requirements in the technical appendix (Appendix 6B section 3.6) to be applied in 
addition to these signal- in- space (see Attachment 6D. 7.5.1)



APPENDIX 6B. TECHNICAL SPECIFICATIONS 
NAVIGATION SATELLITE SYSTEM (GNSS)

FOR THE GLOBAL

3.5 Satellite-based augmentation system (SBAS)

Table B-23. SBAS PRN codes

PRN
code number

G2 delay 
(chips)

First 10 SBAS chips 
(Leftmost bit represents first transmitted 
chip, binary)

120 145 0110111001
121 175 0101011110
122 52 1101001000
123 21 1101100101
124 237 0001110000
125 235 0111000001
126 886 0000001011
127 657 1000110000
128 634 0010100101
129 762 0101010111
130 355 1100011110
131 1012 1010010110
132 176 1010101111
133 603 0000100110
134 130 1000111001
135 359 0101110001
136 595 1000011111
137 68 0111111000
138 386 1011010111
139 797 1100111010
140 456 0001010100

PRN G2 delay First 10 SBAS chips
code number (chips) (Leftmost bit represents first transmitted

chip, binary)

141 499 0011110110
142 883 0001011011
143 307 0100110101
144 127 0111001111
145 211 0010001111
146 121 1111100010
147 118 1100010010



148 163 1100100010
149 628 0101010011
150 853 0111011110
151 484 1110011101
152 289 0001011110
153 811 0010111011
154 202 1000010110
155 1021 0000000011
156 462 1110111000
157 568 0110010100
158 904 0010011101

3.5.4.1 FRN mask parameters.

PRN mask parameters shall be as follows:

FRN code number: a number that uniquely identifies the satellite PRN code and related 
assignments as shown in Table B-25.

Table B-25. PRN code number assignments

PRN code number Assignment

1-37 GPS
38-61 GLONASS slot number plus

37
62-119 Spare
120-43^158 SBAS
439159-210 Spare

3.6 Ground-based augmentation 
augmentation system (GRAS)

system (GBAS) and ground-based regional

Note.---- In (his section, except where specifically annotated, reference to approach with
vertical guidance (AFV) moans AFV-I and AJ}V-/I.

3.6.1 GENERAL

10



3.6.1.1 GBAS service types. A GBAS ground subsystem shall support either the positioning 
service, approach service or both types of service.

Note /.— Service types refers to a matched set of ground and airborne functional and, 
performance requirements that ensure that quantifiable navigation performance is achieved, 
by the airborne equipment. Guidance material concerning service types is given in 
Attachment 6D, 7.1.

Note 2.— GBAS ground facilities are characterized by a GBAS facility classification (GFC). 
Many GBAS performance and functional requirements depend on the GFC. These SARPs are 
organized according to which requirements apply for a given facility classification element 
(i.e. the facility approach service type (FAST) letter, the facility polarization etc.). Guidance 
material concerning facility classifications is given in Attachment 6D, 7.1.4.1).

3.6.1.2 All GBAS ground subsystems shall comply with the requirements of 3.6.1, 3.6.2, 
3.6.3, 3.6.4, 3.6.6. and 3.6.7 unless otherwise stated. A FAST D ground subsystem shall also 
comply with all FAST C requirements in addition to the specific FAST D requirements.

3.6.2 RF CHARACTERISTICS

3.6.2.6 Emissions in unassigned time slots. Under all operating conditions, the maximum 
power over a 25 kHz channel bandwidth, centred on the assigned frequency, when measured 
over any unassigned time slot, shall not exceed -105 dBc referenced to the authorized 
transmitter power.

Note.— Ifike-authorized transmitter power is higher than 150 fV, tThe -105 dBc may not 
protect reception of emissions in a slot assigned to another desired transmitter for receivers 
within 200 80 metres from the undesired transmitting antenna.

3.6.4 DATA CONTENT

3.6.4.2.1 The Type 1 message shall provide the differential correction data for individual 
GNSS ranging sources (Table B-70). The message shall contain three sections:

Note 1. — Transmission of the low-frequency data for SBAS ranging sources is optional.

Note 2. —All parameters in this message type apply to 100-second carrier-smoothedpseudo­
ranges.

11



Table B-63 GBAS VHF data broadcast messages
Message Type 
Identifier Message name

0
1
2
3
4
5
6
7
8

9 to +OOI0
11

12 to 100 
101

102 to 255

Note: see 3.6.6 for message formats

Spare
Pseudo-range corrections 
GBAS-related data 
Null message
Final approach segment (FAS) data 
Predicted ranging source availability 
Reserved
Reserved for national applications 
Reserved for test applications 
Spare
Pseudo-range corrections-30-second
smoothed pseudo-ranges
Spare
GRAS pseudo-range corrections 
Spare

3.6.4.2.4 The measurement block parameters shall be as follows:

Ranging source ID: the identity of the ranging source to which subsequent measurement 
block data are applicable.

Coding:
1 to 36 = GPS satellite IDs (PRN)
37 = reserved
38 to 61 = GLONASS satellite IDs (slot number plus 37)
62 to 119 = spare
120 to 4^158 = SBAS satellite IDs (PRN)
+39159 to 255 = spare

Bi through 84: are the integrity parameters associated with the pseudo-range corrections 
provided in the same measurement block. For the ith ranging source these parameters 
correspond to Bi,i through B,,4 (3.6.5.5.1.2, 3.6.5.5.2.2 and 3.6.7.2.2.4). During continuous 
operation the indices “1-4” correspond to the same physical reference receiver for every 
frameepoch transmitted from a given ground subsystem during continuous operation with the 
following exception: the physical reference receiver tied to any of the indices 1 to 4 can be 
replaced by any other physical reference receiver (including a previously removed one) that 
has not been used for transmissions during the last 5 minutes.
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Coding; 1000 0000 = Reference receiver was not used to compute the pseudo-range 
correction.

Note 1.—A physical reference receiver is a receiver with an antenna at a fixed location.

Note 2.— Some airborne inertial integrations receivers may expect a largely static 
correspondence of the reference receivers to the indices for short service interruptions.- 
However, the B-valuc indices may be reassigned after the ground subsystem has been out of
service for an extended period of time, such as for maintenance. Refer to RTCA/DO-253D, 
Appendix L.

GBAS continuity integrity designator (GCID): numeric designator indicating the operational 
status of the GBAS.

Coding; 0 = spare
1 = GCID 1
2 = GCID 2
3 = GCID 3
4 = GCID 4
5 = spare
6 = spare
7 = unhealthy

Note 1.— The values of GCID 2, 3 and 4 are specified in order to ensure compatibility of 
equipment with future GBAS.

Note 2. — The value of GCID 7 indicates that a precisionall approach or APV cannot be 
initiated services supported by the groundfacility are unavailable.

3.6.4.3.1 Additional data block I parameters. Additional data block 1 parameters shall be as 
follows;

MAXIMUM USE DISTANCE (Dmax): the maximum distance (slant range) from the GBAS 
reference point for which the integrity is ossuredwithin which pseudo-range corrections are 
applied by the aircraft element.

Note.— This parameter does not indicate a distance within which VHF data broadcast field 
strength requirements are met.

Coding; 0 = No distance limitation

GPS EPHEMERIS MISSED DETECTION PARAMETER GBAS Positioning Service 
(Kmd e pos.GPs) '■ the multiplier for computation of the ephemeris error position bound for the

13



GBAS positioning service derived from the probability of missed detection given that there is 
an ephemeris error in a GPS satellite.

For GBAS ground subsystems that do not broadcast corrections for GPS ranging sources or 
that do not provide the GBAS positioning service, this parameter shall be coded as all zeros.

GPS EPHEMERIS MISSED DETECTION PARAMETER, Category I Precision Approach 
and APV GBAS approach service types A, B or C (Kmd_e.GPs)'. the multiplier for computation 
of the ephemeris error position bound for Category I precision GBAS approach service types 
A, B and C APV derived from the probability of missed detection given that there is an 
ephemeris error in a GPS satellite.

For GBAS ground subsystems that do not broadcast corrections for GPS ranging sources, this 
parameter shall be coded as all zeros

GLONASS EPHEMERIS MISSED DETECTION PARAMETER, GBAS Positioning Service 
(Kmd e._pos.GLONAss)'. the multiplier for computation of the ephemeris error position bound for 
the GBAS positioning service derived from the probability of missed detection given that 
there is an ephemeris error in a GLONASS satellite.

For GBAS ground subsystems that do not broadcast corrections for GLONASS ranging 
sources or that do not provide positioning service, this parameter shall be coded as all zeros.

GLONASS EPHEMERIS MISSED DETECTION PARAMETER, GBAS approach service 
types A, B or C Category I Precision GBAS approach service types A, B and C and APV 
derived from the probability of missed detection given that there is an ephemeris error in a 
GLONASS satellite.

3.6.4.3.2 Additional data blocks. For additional data blocks other than additional data block 
1, the parameters for each data block shall be as follows:

ADDITIONAL DATA BLOCK NUMBER: the numerical identifier of the type of additional 
data block.

Coding: 0 to 1 
2 
3

4
5 to 255

= reserved
= additional data block 2, GRAS broadcast stations 
= reserved for future -services supporting Category 

II/III Operations additional data block 3, GAST D parameters 
= additional data block 4, VDB authentication parameters 
= spare

3.6.4.3.2.2 GASTDparameters

14



Parameters for additional data block 3 shall include parameters (Table B-65B) to be used 
when the active service type is GAST D as follows:

Kmd e D,GLONASS(Kmd_e_D,GLONAss)'. is the multiplier for computation of the ephemeris 
error position bound for GAST D derived from the probability of missed detection given that 
there is an ephemeris error in a GLONASS satellite. For GBAS ground sub-systems that do 
not broadcast corrections for GLONASS ranging sources, this parameter is coded as all zeros.

Note.— This parameter, Kmd e D,GLONASS, may be different than the ephemeris 
decorrelation parameter Kmd e GLONASS provided in additional data block 1 of the Type 2 
message. Additional information regarding the difference in these parameters is given in 
Attachment 6D, 7.5.6. L 2 and 7.5.6.1.2.

Kmd eD,GPS (Kmd_ej>.ops): is the multiplier for computation of the ephemeris error position 
bound for GAST D derived from the probability of missed detection given that there is an 
ephemeris error in a GPS satellite. For GBAS ground sub-systems that do not broadcast 
corrections for GPS ranging sources, this parameter is coded as all zeros.

Note.— This parameter, Kmd e D,GPS, may he different than the ephemeris decorrelation 
parameter Kmd e GPS provided in additional data block 1 of the Type 2 message. 
Additional information regarding the difference in these parameters is given in Attachment 
6D, 7.5.6.1.2 and 7.5.6.1.3

Sigma vert_iono_gradient_D (aVertjono_gradiem_D): is the standard deviation of a normal 
distribution associated with the residual ionospheric uncertainty due to spatial decorrelation. 
This parameter is used by airborne equipment when its active approach service type is D.

Note.— This parameter. Sigma vert iono gradient D, may be different than the 
ionospheric decorrelation parameter Sigma vert ionojgradient provided in the Type 2 
mes.sage. Additional information regarding the difference in these parameters is given in 
Attachment 6D, 7.5.6.1.2 and 7.5.6.1.3.

Yeig'. is the maximum value of Eia at zero distance from the GBAS reference point. This 
parameter is used by airborne equipment when its active approach service type is D.

Meig: is the slope of maximum Eio versus distance from the GBAS reference point This 
parameter is used by airborne equipment when its active approach service type is D.

3.6.4.3.2,23 VDB authentication parameters

Additional data block 4 includes information needed to support VDB authentication protocols 
(Table B-65BC).

Slot group definition. This 8-bit field indicates which of the 8 slots (A-H) are assigned for use 
by the ground station. The field is transmitted LSB first. The LSB corresponds to slot A, the

15



next bit to slot B, and so on. A “1” in the bit position indicates the slot is assigned to the 
ground station. A “0” indicates the slot is not assigned to the ground station.

Table B-65B. Additional Data Block 3 CAST D Parameters

Data content Bits used Range of values Resolution

Kmd e D,GPS

Kmd_e_D,GLONASS 

Gvert_iono_ gradient_D

Yeig
Meig

8
8

5
3

0 to 12.75

Oto 12.75 
0-25.5 X 10‘6m/ni

0 to 3.0 m 
0 to 0.7 m/km

0.05

0.05
0.1 X 10^ m/m

0.1
0.1

3.6.4.4 TYPE 3 MESSAGE NULL MESSAGE

3.6.4.5 Type 4 message — Final approach segment (LAS). Type 4 message shall contain one 
or more sets of FAS data, each defining a single precision approach (Table B-72). Each Type 
4 message data set shall include the following:

LAS data block: the set of parameters to identity an single precision approach or APV and 
define its associated approach path.

FASLAL approach status: the value of the parameter FASLAL as used in 3.6.5.6.

Coding: 1111 1111 = Do not use approach.

Note.— The Procedures for Air Navigation Services — Aircraft Operations (PANS-OPS) 
(Doc 8168), Volume II, specifies conventions to be used by procedure designers when 
applying the FAS data block definitions and codings below to encode procedures.

Table B-65BC. VDB authentication parameters

Data content Bits used Range values Resolution
Slot group definition 8 - -

3.6.4.5.1 FAS data block. The FAS data block shall contain the parameters that define a 
single GAST A, B, C or D precision approach or APV. The FAS path is a line in space 
defined by the landing threshold point/fictitious threshold point (LTP/FTP), flight path
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alignment point (FPAP), threshold crossing height (TCH) and glide path angle (GPA). The 
local level plane for the approach is a plane perpendicular to the local vertical passing 
through the LTP/FTP (i.e. tangent to the ellipsoid at the LTP/FTP). Local vertical for the 
approach is normal to the WGS-84 ellipsoid at the LTP/FTP. The glide path intercept point 
(GPIP) is where the final approach path intercepts the local level plane. FAS data block 
parameters shall be as follows:

Note.— Offset procedures are straight-in procedures and coded as "0”.

Approach performance designator: the general information about the approach design. 

Coding:
0 = APVGAST A or B
1 = Category IGAST C
2 = reserved for Category IIGAST C and GAST D
3 = reserved for Category IIIGAST C, GAST D and an additional approach service type to be
defined in the future __
4 = GAST C, GAST D and two additional approach service types to be defined in the future 
45 to 7 = spare

3.6.4.10 TYPE 101 MESSAGE — GRAS PSEUDO-RANGE CORRECTIONS

3.6.4.10.1 The Type 101 message shall provide the differential correction data for individual 
GNSS ranging sources (Table B-70A). The message shall contain three sections:

c) satellite data measurement blocks.

Note .— Ail parameters in this message type apply to 100-second carrier-smoothed pseudo­
ranges.

3.6.4.11 TYPE 11 MESSAGE 
SMOOTHED PSEUDO-RANGES

PSEUDO-RANGE CORRECTIONS - 30-SECOND

3.6.4.11.1 The Type 11 message shall provide the differential correction data for individual 
GNSS ranging sources (Table B-70B) with 30-second code-carrier smoothing applied. The 
message shall contain three sections:

a) message information (time of validity, additional message flag, number of measurements 
and the measurement type);

b) low-frequency information (ephemeris decorrelation parameter); and
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c) satellite data measurement blocks.

Note.— Transmission of the low-frequency data for SBAS ranging sources is optional.

3.6.4.11.2 Each Type 11 message shall include the ephemeris decorrelation parameter for one 
satellite ranging source. The ephemeris decorrelation parameter shall apply to the first 
ranging source in the message.

Note.— The ephemeris CRC and source availability duration parameters are not included in 
the Type II message because they are provided in the Type 1 message.

3.6.4.11.3 Pseudo-range correction parameters for the Type 11 message shall be as follows; 

Modified Z-count: as defined in 3.6.4.2.3.

Additional message flag: an identification of whether the set of measurement blocks in a; 
single frame for a particular measurement type is contained in a single Type 11 message or a 
linked pair of messages.

Coding: 0 = All measurement blocks for a particular measurement type are contained in one 
Type 11 message.

1 = This is the first transmitted message of a linked pair of Type 11 messages that 
together contain the set of all measurement blocks for a particular measurement! 
type.

p 2 = Spare
* ? 3 = This is the second transmitted message of a linked pair of Type 11 messages

that together contain the set of all measurement blocks for a particular 
measurement type.

Number of measurements: the number of measurement blocks in the message.

Measurement type: as defined in 3.6.4.2.3.

Ephemeris decorrelation parameter D (Pd)'. a parameter that characterizes the impact of 
residual ephemeris errors due to decorrelation for the first measurement block in the message.

Note.— This parameter, Pd, may be different than the ephemeris decorrelation parameter P 
provided in the Type I message. Additional information regarding the difference in these 
parameters is given in Attachment 6D, 7.5.6.1.3 and 7.5.6.1.4.

For an SBAS geostationary satellite, the ephemeris decorrelation parameter, if transmitted, 
shall be coded as all zeros.

3.6.4.11.4 The measurement block parameters shall be as follows:
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Ranging source ID: as defined in 3.6.4.2.3.

Pseudo-range correction (PRC^o)'- the correction to the ranging source pseudo-range based 
on 30-second carrier smoothing.

Range rate correction (RRC^o): the rate of change of the pseudo-range correction based on 
30-second carrier smoothing.

Sigma PR gnd D (oPr_gnd_D) '- the standard deviation of a normal distribution associated with 
the signal-in-space contribution of the pseudo-range error in the 100-second smoothed 
correction in the Type 1 message at the GBAS reference point (3.6.5.5.1 and 3.6.7.2.2.4).

Note.— The parameter Oprjgndj) differs from opr_gnd for the corresponding measurement in 
the Type I message in that aPr_gnd_D shall include no inflation to address overhounding of 
decorrelated ionospheric errors.

Coding: 1111 1111= Ranging source correction invalid.

Sigma PR gnd 30 (apr_gnJjo): the standard deviation of a normal distribution that describes 
the nominal accuracy of corrected pseudo-range smoothed with a time constant of 30 seconds 
at the GBAS reference point.

Note.— The normal distribution N(0, (xpr^,uijo) is intended to be an appropriate description 
of the errors to be used in optimizing the weighting used in a weighted least squares position 
solution. The distribution need not bound the errors as described in 3.6.5.5.1 and 3.6. 7.2.2.4.

Coding: 1111 1111= Ranging source correction invalid.

3.6.5 DEFINITIONS OF PROTOCOLS FOR DATA APPLICATION

3.6.5.1 Measured and carrier smoothed pseudo-range. The broadcast correction is applicable 
to carrier smoothed code pseudo-range measurements that have not had the satellite broadcast 
troposphere and ionosphere corrections applied to them. The carrier smoothing is defined by 
the following filter:

where

Pcscn = the smoothed pseudo-range;
Pcscn-i = the previous smoothed pseudo-range;
P = the raw pseudo-range measurement where the raw pseudo-range measurements are 

obtained from a carrier driven code loop, first order or higher and with a one-sided 
noise bandwidth greater than or equal to 0.125 Hz;

X, = the LI wavelength
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(l)n
4*n-l

= the carrier phase;
= the previous carrier phase; and

a = the filter weighting function equal to the sample interval divided by the smoothing time 
constant. For GBAS pseudo-range corrections in Message Type 1 and Message Type 101, thej 
smoothing time constant is of 100 seconds, except as specified in 3.6.8.3.5.1 for airborne 
equipment. For GBAS pseudo-range corrections in Message Type 11, the smoothing time 
constant is 30 seconds.

3.6.5.2 Corrected pseudo-range. The corrected pseudo-range for a given satellite at time t is:

PRa*«ct«i= Pcsc * PRC + RRC X (t - tz-count) TC + c x (At„.)u 

where

Pcsc = the smoothed pseudo-range (defined in 3.6.5.1);
PRC = the pseudo-range correction from the appropriate message

a) for 100-second smoothed pseudo-ranges, PRC is taken from message type 1 or type 
101 (defined in 3.6.4.2; and

b) for 30-second smoothed pseudo-ranges, PRC is PRCjo taken from message type 11 
defined in 3.6.4.11);

RRC = the pseudo-range correction rate from the appropriate message;

a) (for 100-second smoothed pseudo-ranges, RRC is taken from message type 1 or 
type 101 defined in 3.6.4.2, and

b) for 30-second smoothed pseudo-ranges, RRC is RRC30 taken from message type 
11 defined in 3.6.4.11);

t = the current time;

tz-count = the time of applicability derived from the modified Z-count of the message 
containing PRC and RRC (defined in->.6.4.2)

TC = the tropospheric correction (defined in 3.6.5.3); and 
c and (Atsv)u are as defined in 3.1.2.2 for GPS satellites.

3.6.5.3 mOPOSPHERIC DELA Y
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3.6.5.4 Residual ionospheric uncertainty. The residual ionospheric uncertainty for a given 
satellite is:

^lono — f’pp " '^^=eit_tono_gradiMM ^\ig ' (^air 2 ^ T ■ Vgjj)

where

Fpp= the vertical-to-slant obliquity factor for a given satellite (3.5.5.5.2);

gyartrl<m»zgftKitent ovig = is dependent on the active CAST. For CAST A, B or C, Ovig = 
Overtjono^gradient (as defined in 3.6.4.3); For CAST D, ovig = avert_iono_gradient_D (as defined in 
3.6.4.3.2.2);

Xair = the distance (slant range) in metres between current aircraft location and the GBAS 
reference point indicated in the Type 2 message;

T = is dependent on the active CAST.
For CAST A, B or C, t =100 seconds (time constant used in 3.6.5.1); and For CAST D, the 
value of T depends on whether Oiono is applied in measurement weighting or in integrity 
bounding, x = 100 seconds when aiono is used for integrity bounding (per section 
3.6.S.5.1.1.1) and t = 30 seconds when Oiono is used for measurement weighting (per 
section.3.6.5.5.1.1.2).

Vair = the aircraft horizontal approach velocity (metres per second).

3.6.5.5 PROTECTION LEVELS

3.6.5.5.1 Protection levels for all GBAS approach service types Category ! precision 
approach and APV. The signal-in-space vertical and lateral protection levels (VPL and LPL) 
are upper confidence bounds on the error in the position relative to the GBAS reference point 
defined as:

VPL = MAX { VPLhc), VPLh i}

LPL = MAX {LPLu( >, LPLh i}

3.6.5.5.1.1 Normal measurement conditions

3.6.5 5.1.1.1 The vertical protection level (VPLuo) and lateral protection level (LPLho), 
assuming that normal measurement conditions (i.e. no faults) exist in all reference receivers 
and on all ranging sources, is calculated as:
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1*1

eT/or = -)jXS-/af‘2xa'>2

02. = <f 2p..PKl. + Ct 2,,„po.. + O 2p._„i + O 2

aud

Or. f~t. is dependent on the active CAST.
For GAST A. B or C; Op,_jBid, = o„_tnit for the i*h laugiug source as defmed in (3.6.4.2); 
For GAST D: Opr_pKu = op,_fa!i D for the i* ranging somce (3.6.4.11); 

o2«iopoa. oV_„,. aud ct21000.1 are as defined in section 3.6.5.5.1.1.2;

KiTmd = the multiplier derived from the probability of fault-free missed 
detection;

s verti = Sv,i + Sx.i x tan (GPA);

slati
Sx,i

= Sy.i;

= the partial derivative of position error in the x-direction with respect 
to pseudo- range error on the ith satellite;
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Sv,I

GPA
N

Sy.i = the partial derivative of position error in the y-direction with respect
to pseudo-range error on the ilh satellite;

= the partial derivative of position error in the vertical direction with 
respect to pseudo-range error on the i11* satellite;

= the glidepath angle for the final approach path (3.6.4.5.1);
= the number of ranging sources used in the position solution; and 
= the ranging source index for ranging sources used in the position 
solution.
= an airborne determined parameter depending on the active CAST 

For GAST A, B or C: Dv = 0
For GAST D: Dv is calculated as the magnitude of the vertical 

projection of the difference between the 30-second and 100-second 
position solutions.

Dl = an airborne determined parameter depending on the active GAST
For GAST A, B or C: Dl = 0
For GAST D: Dl is calculated as the magnitude of the lateral 

projection of the difference between the 30-second and 100-second 
position solutions.

Note 1.— The airborne 30-second and 100-second position solutions, DV and DL are 
defined in RTCA MOPS DO-253D.
Note 2. The coordinate reference frame is defined such that x is along track positive 
forward, y is crosstrack positive left in the local level tangent plane and v is the positive 
up and orthogonal to x and y.

3.6.S.5.1.1.2 For a general-least-squares position solution, the projection matrix S is defined 
as:

= (GT X W X G)-1 X Gt X W

Sx.1 S*.2 ... Sx,n'
^y.l Sy.2 ... Sy.N
Sv.l Sv.2 ... SV.N

Lstl St.2 ... St,N

£—cos Elj cos =os El* si» AZi —sin El* 1 ] = i“ ro-w o£“ O: ctnd

O

O

o o

O o
o __2 o

o O .— 2

o
o

-1
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where

oipr^d,i = is dependent on the active GAST.
For GAST A, B or C or the GBAS positioning service: Opr^,i = a pr^d for the i111 ranging 
source as defined in (3.6.4.2);

For GAST D: Opr^nd,i - Opr_gnd_3o for the ith ranging source (3.6.4.11);

otropo,i = the residual tropospheric uncertainty for the i* ranging source (3.6.5.3);

oiono,i = the residual ionospheric delay (due to spatial decorrelation) uncertainty for the ith 
ranging source (3.6.5.4); and

-'prauj = Jo^iver(El,) + a^u|tipjth(Eli). the standard delation of the aircraft contnburion to the

corrected pseudo-range enor for the 1th ranging soiuce. The total aircraft contribution includes 
the receiver contribution ( 3 6.8.2.1) and a standard allowance for aiifraine multipath;

3.6.5.5.1.2 Faulted measurement conditions. When the Type 101 message is broadcast 
without B parameter blocks, the values for VPLm and LPLhi are defined as zero. Otherwise, 
the vertical protection level (VPLm) and lateral protection level (LPLhi), assuming that a 
latent fault exists in one, and only one reference receiver, are:

VPLhi = max [VPLj] -i- Dv 
LPLhi = max [LPLj] + Dl

where VPLj and LPLj for j = 1 to 4 are

VPLj IB \ctij I + Kmdovert.ni and 
LPLj |B_|atj| "t" Kmdolat.lll

Dv = an airborne determined parameter depending on the active GAST (3.6.5.5.1.1.1) 
Dl = an airborne determined parameter depending on the active GAST (3,6.5,5,1,1.1) 
and
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Bvertj

Blatj

Kjnd

= Er=1(s.vert1 X Bm);

= Z!i1(s_latj X BLi);

= the broadcast differences between the broadcast pseudo-range corrections and the 
corrections obtamed excliiduig the j* reference receiver measurement for the i* rangmg 
source,

= the multipher derived from the probabilitv' of nussed detection given that the groiuid 
subsystem is faulted;

= (s.vert* X a.Hlf);

= I” j (s.latf X c.Hl,2);

_ /Mj\ : , : : 2 .
— p<_fndi ® ® mspo.i'1’ ^ koao.1-

Cpr_«au 15 dependent on the active CAST.
For CAST A. B or C; ow = Op, ^ for the i* ranging source as defined in (3.6.4.2);
For GAST D; Gr_ra, = Optj»d_D for the i* ranging source (3.6.4.11);

O Dspej, O jr_«i and o_; are as defined m section 3 6.5.5.1.1.2;

M, = the number of reference receivers used to confute the pseudo-range con ections for the i* 
ranging source (mdicated b\' the B salues): and

U; = the number of reference receivers used to compute the pseudo-range corrections for the t* 
ranging soiace. excludmg the jtt reference leceiver.

Note.— A latent fault includes any erroneous measurement(s) that is not immediately 
detected by the ground subsystem, such that the broadcast data are affected and there is an 
induced position error in the aircraft subsystem.

3.6.5.5.1.3 Definition of K multipliers for GBAS approach services Category^ precision 
approach and APV. The multipliers are given in Table B-67.

Table B-67. K-multipliers for GBAS approach services Cntegory- i precision approach 
and APV

M,

Multiplier I (Note)

KlTmd
K„ui

6.86
Not used

5.762
2.935

5.81
2.898

5.847
2.878

Note.- For GAST A APV I approaches supported by Type 101 messages broadcast without 
the B parameter block._______________ ____________________________ _________________
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3.6.5.5.2 GBAS positioning service. The signal-in-space horizontal protection level is an 
upper confidence bound on the horizontal error in the position relative to the GBAS reference 
point defined as:

HPL = MAX { HPLho.HPLhi ,HEB)

3.6.5.5.2.2 Faulted measurement conditions.

HPLj = B_liorZj K.w^_POS oc.Hl

3.6.5.6 ALERT LIMITS

Note I.— Guidance concerning the calculation of alert limits, including approaches 
associated with channel numbers 40 000 to 99 999, is provided in Attachment 6D, 7.13.

Note 2. — Computation of alert limits depends on the active service type.

3.6.5.6.1 GAST C and D alert limits Category I precision approach alert limits. The alert 
limits are defined in Tables B-68 and B-69. For aircraft positions at which the lateral 
deviation exceeds twice the deviation at which full-scale lateral deflection of a course 
deviation indicator is achieved, or vertical deviation exceeds twice the deviation at which 
full-scale fly-down deflection of a course deviation indicator is achieved, both the lateral and 
vertical alert limits are set to the maximum values given in the tables.

3.6.5.6.2 GAST A and B APV alert limits. The alert limits are equal to the FASLAL and 
FASVAL taken from the Type 4 message for approaches with channel numbers in the range 
of 20 001 to 39 999. For approaches with channel numbers in the range 40 000 to 99 999, the 
alert limits are stored in the on-board database.

3.6.5.7 Channel number. Each GBAS approach transmitted from the ground subsystem is 
associated with a channel number in the range of 20 001 to 39 999. If provided, the GBAS 
positioning service is associated with a separate channel number in the range of 20 001 to 39 
999. The channel number is given by:

Channel number = 20 000 + 40(F - 108.0) + 411(S)

where

F = the data broadcast frequency (MHz)
S = RPDS or RSDS

and

26



RPDS = the reference path data selector for the FAS data block (as defined in 3.6.4.5.1)
RSDS = the reference station data selector for the GBAS ground subsystem (as defined in 
3.6.4.3.1)

Table B-68 CAST C AND D €«t€gefy-I-lateral alert limit
Horizontal distance of aircraft position 

From the LTP/FTP as translated
Along the final approach path 

(metres)
Lateral alert limit 

(metres)
294^ D < 873 FASLAL

873 < D < 7 500 0.0044D (m) +FASLAL -3.85
D >7 500 FASLAL+ 29.15

Table B-69. GAST C and D Category I vertical alert limit
Height above LTP/FTP of aircraft position

translated onto the final approach path Vertical alert limit
(feet) (metres)

400 H< 200 FASVAL
200 < H < 1 340 0.02925H (ft) +FASVAL-5.85

H > 1 340 FASVAL + 33.35

For channel numbers transmitted in the additional data block 2 of Type 2 message (as defined 
in 3.6.4.3.2.1), only RSDS are used.

Note I. - When the FAS is nut broadcast for an approach supported by GAST A or B APV, 
the GBAS approach is associated with a channel number in the range 40 000 to 99 999.

Note 2.- Guidance material concerning channel number selection is provided in Attachment 
6D, 7.7.

3.6.5.8 EFHEMERIS ERROR POSITION BOUND

3.6.5.8.1 Gategory / precision a GBAS approach and APV. The vertical and lateral ephemeris 
error position bounds are defined as:

VEB = MAX{VEBj}+Dv 
J

LEB = MAX{LEBj}+ DL 
J

The vertical and lateral ephemeris error position bounds for the j* core satellite constellation 
ranging source used in the position solution are given by:
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where;

Dv

Dl

s_verti or j
S_lati or j 
Xair
N
ai

Kmd e J

= an airborne determined parameter depending on the active 
GAST (3.6.5.5.1.1.1)

= an airborne determined parameter depending on the active GAST 
(3.6.S.5.1.1.1) 

is defined in 3.6.5.5.1.1 
is defined in 3.6.5.5.1.1 
is defined in 3.6.5.4
is the number of ranging sources used in the position solution 
is defined in 3.6.5.5.1.1
is the broadcast ephemeris decorrelation parameter for the j111 ranging 
source. The source of this parameter depends on the active GBAS 
approach service type: GAST A,B or C: Pej=P from the Type 1 or 
Type 101 Message corresponding to the j*11 ranging source (section 
3.6.4.2.3) GAST D; Pej=PD from type 11 Message corresponding to 
the jth ranging source (section 3.6.4.11.3).
Is the broadcast ephemeris missed detection multiplier for Category I 
precision approach and APV GAST A-C associated with the satellite
constellation for the jth ranging source (GLONASS')

The source of this parameter depends on the active GBAS approach 
service type GAST A, B or C; Kmd_e j = Km<i_e gps or Kmd_e gi.onass as 
obtained from the Type 2 Message Additional Data Block 1 (section 
3.6.4.3.1) GAST D: Kmd ej = Kmd e o.GPs or Kmd e D.GLONAss are from 
the Type 2 Message Additional Data block 3 (section 3.6.4.3.2.2).

3.6.5.8.2 GBAS positioning service. The horizontal ephemeris error position bound is defined 
as:

HEB = MAX{HEBj}
j
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The horizontal ephemeris error position bound for the j111 core satellite constellation ranging 
source used in the position solution is given by;

S.

HEBj = I! ̂ horzj I XairPj-t- K.md_e POs'^major

where:

SL .2 = sv;2 , S .2hor.zj XJ ^ yj

Sx,j is as defined in 3.6.5.5.2.1 

Syj is as defined in 3.6.5.5.2.1 

Xair is defined in 3.6.5.4

Pj is the broadcast ephemeris decorrelation parameter for the jlh ranging source. The soUrceof 
this parameter does not depend on the active GBAS approach service type. In all cases Pj=P 
from the Type 1 or Type 101 Message (section 3.6.4.2.3) corresponding to the j* ranging 
source.

Kmd_e_pos is the broadcast ephemeris missed detection multiplier for the GBAS positioning 
service associated with the satellite constellation for the jth ranging source (Kmd e_pos,(iPs or
KmdePOS.OLONASs)

^major is as defined in 3.6.5.5.2.1

3.6.5.9 Ionospheric gradient error

The maximum undetected 30-second smoothed corrected pseudo-range error due to an 
ionospheric gradient (Eio) is calculated, based on the broadcast pararneters Yeig and Mhig, as:

Eig = Yeig + MeigxE>eig

where

Yeig - maximum value of Eio (metres) in the Type 2 message;

Meig = slope of maximum Eig (m/km) in the Type 2 message;

Deig = the distance in kilometres between the LTP location for the selected approach 
broadcast in the Type 4 Message and the GBAS reference point in the Type 2 message.

3.6.6 MESSAGE TABLES
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Each GBAS message shall be coded in accordance with the corresponding message format 
defined in Tables B-70 through B-73.

Note. Message type structure is defined in 3.6.4.1.

Table B-70B. Type 11 pseudo-range corrections (30-second smoothed pseudo-ranges)
message

Data content Bits used Range of values Resolution
Modified Z-count 14 0-1199.9 sec 0.1 sec
Additional message flag 2 0-3 1
Number of measurements 5 0-18 1
Measurement type 3 0-7 1
Ephemeris decorrelation parameter D (Pd) 8 0-1.275xl0'3 mm 5x1 O'6 m/m
(Notes 1.3)
For N measurement blocks:
Ranging source ID 8 1-255 1
Pseudo-range correction (PRCjo) 16 ± 327.67 m 0.01m
Range rate correction (RRC30) 16 ± 32.767 m/s 0.001 m/s
Sigma _PR_gnd_D (Crpr_gnd_D) (Note 2) 8 0 - 5.08 m 0.02 m

Sigma_PR_gnd30s(CJpr gnd SO) (Note2) 8 0-5.08 m 0.02 m

Notes:
1. For SB AS satellites, the parameter is set to zeros.
2. nil 1111 indicates the source is invalid.
3. Parameter is associated with the first transmitted measurement block.

Table B -71 A. Type 2 GBAS-related data message

Data content Bits
used

Range of values Resolution

GBAS reference receivers 
Ground accuracy designator letter 
Spare
GBAS continuity/integrity 
designator
Local magnetic variation 
Reserved and set to zero(OOOOO)

2
2

11
5

2 to 4

0 to 7 

± 180°

1

0.25 0
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Spare
O' vert iono gradient
Refractivity index

8 0 to 25.5 X lO-6 m/m 0.1 X lO-6 m/m
8 16 to 781 3

Scale Height 8 0 to 25 500 m 100 m
Refractivity uncertainty 8 0 to 255 1
Latitude 32 ± 90.0 0.0005 arcsec
Longtitude 32 ± 180.0 0.0005 arcsec
GBAS reference point height 24 ± 83 886.07 m 0.01 m
Additional data block 1 (if provided) 
Reference station data selector 8 0 to 48 1
Maximum use distance (Dmax) 8 2 to 510 km 2 km
Kmd e I>OS,GPS 8 Oto 12.75 0.05
K-md e GPS 8 Oto 12.75 0.05
Kmd e POS.GI.ONASS 8 Oto 12.75 0.05
Kmd e,GLONASS 8 Oto 12.75 0.05
Additional data blocks (repeated 
for all provided ) 2 ( if provided) 
Additional data block length 8 2 to 255 1
Additional data block number 8 2 to 255 1
Additional data parameters Variable

Note.- Multiple additional data blocks may be appended to a Type 2 message.

Table B-72. Type 4 FAS data message

Data content Bits
used

Range of values Resolution

For N data sets
Data set length 
FAS data block

FAS vertical alert limit/approach 
status

1. When associated
approach performance 
designator indicates APV - 
t (APD) is coded as 0)

2. When associated
approach performance
designator dees------not
indicate APV—4{APD) is 
not coded as 0)

FAS lateral alert limit/approach 
status

8
304

8

2 to 212

0 to 50.8 m

0 to 25.4 m

1 byte

0.2 m

0.1 m

0 to 58 m 0.2m

3.6.7 NON-AIRCRAFT ELEMENTS
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3.6.7.1 PERFORMANCE

3.6.7.1.1 Accuracy

3.6.7.1.1.1 The root-mean-square (RMS) (1 sigma) of the ground subsystem contribution to 
the corrected 100-second smoothed pseudo-range accuracy for GPS and GLONASS satellites 
shall be:
• • •
Note 1.— The GBAS ground subsystem accuracy requirement is determined by the GAD 
letter and the number of installed reference receivers.

Note 2. The ground subsystem contribution to the corrected 100-second smoothed pseudo­
range error specified by the curves defined in Tables B-74 and B-75 and the contribution to 
the SBAS satellites do not include aircraft noise and aircraft multipath.

3.6.7.1.1.2 The RMS of the ground subsystem contribution to the corrected 100-second 
smoothed pseudo-range accuracy for SBAS satellites shall be:

3.6.7.1.2 Integrity

3.6.7.1.2.1 GBAS ground subsystem integrity risk

3.6.7.1.2.1.1 Ground subsystem integrity risk for GBAS approach services

3.6.7.1.2.1.1.1 Ground subsystem signal-in-space integrity risk for GBAS approach service 
types A, B or CCategory /precision approach and APV. For a GBAS ground subsystem that 
classified as FAST A, B or C provides the Category 1 precision approach or APV, the 
integrity risk shall be less than 1.5 x lO-7 per approach.
Note /. The integrity risk assigned to the GBAS ground subsystem is a subset of the GBAS 
signal-in-space integrity risk, where the protection level integrity risk (2.6.7.1.2.2.1) has been 
excluded and the effects of all other GBAS, SBAS and core satellite constellations failures are 
included. The GBAS ground subsystem integrity risk includes the integrity risk of satellite 
signal monitoring required in 3.6.7.2.6 3.6.7.3.Sand the integrity risk associated with the 
monitoring in 3.6.7.3.

Note 2. GBAS signal-in-space integrity risk is defined as the probability that the ground 
sub.system provides information which when processed by a fault-free receiver, using any 
GBAS data that could be used by the aircraft in the service volume, results in an out-of­
tolerance lateral or vertical relative position error without annunciation for a period longer 
than the maximum signal-in-space time-to-alert. An out-of-tolerance lateral or vertical 
relative position error is defined as an error that exceeds the GBAS approach services 
Category / precision approach or APV protection level and, if additional data block I is 
broadcast, the ephemeris error position bound.

3.6.7.1.2.1.1.2 Ground subsystem signal-in-space integrity risk for GBAS approach service 
type D. For a GBAS ground subsystem classified as FAST D the integrity risk for all effects
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other than errors induced by anomalous ionospheric conditions shall be less than 1.5 x lO-7 
per approach.

Note I.— The integrity risk assigned to the GBAS ground subsystem classified as FAST D is 
a subset of the GBAS signal-in-space integrity risk, where the protection level integrity risk 
(3.6.7.1.2.2.1) has been excluded and the effects of all other GBAS, SBAS and core satellite 
constellations failures are included.

Note 2.— For GAST D the GBAS signal-in-space integrity risk is defined as the probability 
that the ground subsystem provides information which when processed by a fault-free 
receiver, using any GBAS data that could be used by the aircraft in the service volume, in the 
absence of an ionospheric anomaly results in an out-of-tolerance lateral or vertical relative 
position error without annunciation for a period longer than the maximum signal-in-space 
time-to-alert. An out-of-tolerance lateral or vertical relative position error is defined as art 
error that exceeds the GBAS approach services protection level and the ephemeris error 
position bound. For GAST D, out of tolerance conditions caused by anomalous ionospheric; 
errors are excluded from this integrity risk as the risk due to ionospheric anomalies has been 
allocated to and is mitigated by the airborne segment.

3.6.7.1.2.1.1.3 Ground subsystem integrity risk for GAST D. For a GBAS ground subsystem 
classified as FAST D, the probability that the ground subsystem internally generates ancj 
transmits non-compliant information for longer than 1.5 seconds shall be less than 1 x 10~9 in 
any one landing.

Note 1.— This additional integrity risk requirement assigned to FAST D GBAS ground 
subsystems is defined in terms of the probability that internal ground subsystem faults 
generate non-compliant information. Non-compliant information in this context is defined in 
terms of the intended function of the ground subsystem to support landing operations in 
Category 111 minima. For example, non-compliant information includes any broadcast signal 
or broadcast information that is not monitored in accordance with the standard.

Note 2.— Environmental conditions (anomalous ionosphere, troposphere, radio frequency 
interference, GNSS signal multipath, etc.) are not considered faults; however, faults iri 
ground subsystem equipment used to monitor for or mitigate the effects of these 
environmental conditions are included in this requirement. Similarly, the core satellite 
constellation ranging source faults are excluded from this requirement; however, the ground 
subsystem's capability to provide integrity monitoring for these ranging sources is included. 
Monitoring requirements for ranging source faults and ionosphere environmental conditions 
are separately specified in 3.6.7.3.3.2, 3.6.7.3.3.3 and 3.6.7.3.4.

Note 3. — Faults that occur in ground receivers used to generate the broadcast corrections 
are excludedfrom this requirement if they occur in any one, and only one, ground receiver at 
any time. Such faults are constrained by the requirement in.3.6.7.1.2.2.1.2 and the associgled 
integrity risk requirement in 3.6.7.1.2.2.1 and 3.6.7.1.2.2.1.1.

3.6.7.1.2.1.2. Ground subsystem time to alert for GBAS approach services
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3.6.7.1.2.1.2.1 Maximum time to alert for approach services

3.6.7.1.2.1.4- 2.1.1 For a ground segment classified as FAST A, B, C or D, Tthe GBAS ground 
subsystem maximum time-to-alert shall be less than or equal to 3 seconds for all signal-in-l 
space integrity requirements (see Appendix 6B, 3.6.7.1.2.1.1.1, 3.6.7.1.2.1.1.2, 3.6.7.1.2.2.1) 
when Type 1 messages are broadcast.

Note 1. — The ground subsystem time-to-alert above is the time between the onset of the out- 
of-tolerance lateral or vertical relative position error and the transmission of the last bit of 
the message that contains the integrity data that reflects the condition (see Attachment 6D, 
7.5.14).

Note 2.— For FAST D ground subsystems, additional range domain monitoring requirements 
apply as defined in .section 2.6.7.3.3.2, 3.6.7.3.3.3 and 3.6.7.3.4. In the.se sections, time limits 
are definedfor the ground system to detect and alert the airborne receiver of out-of-tolerance 
differential pseudo-range errors.

3.6.71.2.1.4- .2.1.2 For a ground segment classified as FAST A, Tthe GBAS ground 
subsystem maximum signal-in-space time-to-alert shall be less than or equal to 5.5 seconds 
when Type 101 messages are broadcast.

3.6.7.1.2.1.3 Ground sub.sy.stem FASLAL and FASVAL

3.6.7.1.2.1.+.3.1 For Message Type 4 FAS data blocks with APD coded as 1, 2, 3 or 4 
Category 1 precision approach, the value FASLAL for each FAS block, as defined in the FAS 
lateral alert limit field of the Type 4 message shall be no greater than 40 metres, and the value 
FASVAL for each FAS block, as defined in the FAS vertical alert limit field of the Type 4 
message, shall be no greater than 10 metres.

3.6.7.1.2. L+.3.24 For Message Type 4 FAS data blocks with APD coded as zero APV, the 
value FASLAL and FASVAL shall be no greater than the lateral and vertical alert limits 
given in CAR-ANS 6.3.7.2.4 for the intended operational use.

3.6.7.1.2.1.34 Ground subsystem signal-in-space integrity risk for GBAS positioning service. 
For GBAS ground subsystem that provides the GBAS positioning service, integrity risk shall 
be less than 9.9 x lO-8 per hour.

Note 1.— The integrity risk assigned to the GBAS ground suhsy.stem is a subset of the GBAS 
signal-in-.space integrity risk, where the protection level integrity risk (3.6.7.1.2.2.2) has been 
excluded and the effects of all other GBAS, SBAS and core satellite constellations failures are 
included. The GBAS ground sub.system integrity risk includes the integrity risk of .satellite 
signal monitoring required in 6.3.6.7.2.6 3.6.7.3.3 and the integrity risk associated with the 
monitoring in 6.3.6.7.3.
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3.6.7.1.2.1.34.1 Time to alert for GBAS positioning service. The GBAS ground subsystem 
maximum time-to-alert shall be less than or equal to 3 seconds when Type 1 messages are 
broadcast and less than or equal to 5.5 seconds when Type 101 messages are broadcast.

3.6.7.1.2.2 Protection level integrity risk

3.6.7.1.2.2.1 For a GBAS ground subsystem that provides the GBAS approach services 
Category I precision approach or APV, the protection level integrity risk shall be less than 5 
X 10“8 per approach.

Note.— For approach .services, the The Category I precision approach and APV protection 
level integrity risk is the integrity risk due to undetected errors in the 100-second smoothed 
position solution relative to the GBAS reference point greater than the associated protection 
levels under the two following conditions:

a) normal measurement conditions defined in 3.6.5.5.1.1 with Dv and Di set to zero: and

b) faulted measurement conditions defined in 3.6.5.5.1.2 with Dyand Dl set to zero.

Note.— The ground subsystem bounding of the 100-second smoothed GAST D position 
solution will ensure that the 30s smoothed GAST D position solution is bounded.

3.6.7.1.2.2.1.1 Additional bounding requirements for FAST D ground subsystems. The Overt 
(used in computing the protection level VPLho) and oiat (used in computing the protection 
level LPLho) for GAST D formed based on the broadcast parameters (defined in 
3.6.5.5.1.1.1) and excluding the airborne contribution shall satisfy the condition that a normal 
distribution with zero mean and a standard deviation equal to Overt and oiat bounds the vertical 
and lateral error distributions of the combined differential correction errors as follows:

OO

Jfu(x)dx<Q for all — > 0 and 

o
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-y

J fu(x)dx<Q
—oO

(y] for all — >0 

a

where

fn(x) = probability density function of the differential vertical or lateral position error 
excluding the airborne contribution, and

Q(x) = e 2 dt

The ^ert.Hl (used in computing the protection level VPLhi) and Idt.Hl (used in 

computing the protection level LPLhi) for CAST D formed based on the broadcast 
parameters (defined in 3.6.5.5.1.2) and excluding the airborne contribution, shall bound the 
combined differential correction errors (as defined above) formed by all possible subsets with 
one reference receiver excluded.

Note I.— The airborne contribution is addressed in 3.6.8.3.2.1 in combination with the use of 
the standard airborne multipath model defined in 3.6.5.5.1.1.2.

Note 2.— The combined differential correction errors refer to code carrier smoothed 
corrections based on 100-second smoothing, time constant.

3.6.7.1.2.2.1.2 For a GBAS ground subsystem classified as FAST D, the rate of faulted 
measurements from any one, and only one, reference receiver shall be less than 1 x lO-5 per 
150 seconds.

Note.— Faulted measurements can occur from faults within the receiver or from 
environmental conditions unique to a single reference receiver location.
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3.6.7.1.3 Continuity of service

3.6.7.1.3.1 Continuity of service for approach services Category / precision approach and 
APV. The GBAS ground subsystem continuity of service shall be greater than or equal to 1 - 
8.0 X lO-6 per 15 seconds.

3.6.7.1.3.2 Additional continuity of service requirements for FAST D. The probability of a 
GBAS ground subsystem failure or false alert, excluding ranging source monitoring, causing 
an unscheduled interruption of service for a period equal to or greater than 1.5 seconds shall 
not exceed 2.0 x lO-6 during any 15 second interval. The probability that the ground 
subsystem excludes any individual fault-free ranging source from the Type 1 or Type 11 
corrections due to a false detection by the groimd integrity monitors shall not exceed 2.0 x 
lO'7 during any 15 second interval.

Note /.— Loss of service includes failures resulting in loss of the VHF data broadcast, 
failure to meet the VHF data broadcast field strength, failures resulting in transmission of 
out-of-tolerance VHF broadcast data, and alert due to an integrity failure. Guidance 
material on the potential causes of loss of service and monitor false detections are contained 
in Attachment 6D, 7.6.2.1.

Note 2. Continuity for FAST D is defined as the probability that the ground subsystem 
continues to provide the services associated with the intended ground subsystem functions. 
Total aircraft continuity of navigation system performance in the position domain must be 
evaluated in the context of a specific satellite geometry and aeroplane integration. 
Evaluation of position domain navigation service continuity is the responsibility of the 
airborne user for GAST D. Additional information regarding continuity is given in 
A ttachment 6D, 7.6.2.1.

3.6.7.1.3.32 Continuity of service for positioning .service

Note.— For GBAS ground subsystems that provide the GBAS positioning service, there may 
be additional continuity requirements depending on the intended operatiom.

3.6.7.2 FUNCTIONAL REQUIREMENTS

3.6.7.2.1 General

3.6.7.2.1.1 Data broadcast requirements rates.

3.6.7.2.1.1.1 A GBAS ground subsystem that supports Category I precision approach or 
APV-Il shall broadcast Message Types as defined in Table B-75A according to the service 
types supported by the 1—messages. A GBAS ground subsystem that does not support 
Category 1 precision approach or APV-11 shall broadcast either Type 1 or Type 101
messages. A GBAS ground subsystem shall-not broadcast both Type 1- and Type 101
messages.
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Note.----Guidance - material concerning usa^e of-the Type 101 message is provided in
Attachment 6D, 7.18.

3.6.7.2.1.1.2 Each GBAS ground subsystem shall broadcast Type 2 messages with additional 
data blocks as required to support the intended operations.

Note.— Guidance material concerning usage of the Type 2 message additional data blocks is 
provided in Attachment 6D 7.17.

3.6.7 2.1.1.3 Each GBAS ground subsystem shall broadcast FAS blocks in Type 4 messages 
for all Category I precision approaches which supports GBAS approach service type (GAST)| 
B, C or D shall broadcast FAS blocks in Type 4 messages for these aU approaches supp>orted 
by- that GBAS ground subsystem. If a GBAS ground subsystem supports APV any approach 
using GAST A or B and does not broadcast FAS blocks for the corresponding approaches, it 
shall broadcast additional data block 1 in the Type 2 message.

Note.- FAS blocks for APV procedures may he held within a database on hoard the aircraft. 
Broadcasting additional data block 1 allows the airborne receiver to select the GBAS ground 
subsystem that supports the approach procedures in the airborne database. FAS blocks may 
also be broadcast to .support operations by aircraft without an airborne database. These 
procedures use different channel numbers as described in Attachment 6D, 7.7.

3.6.7.2.1.1.4 When the Type 5 message is used, the ground subsystem shall broadcast the 
Type 5 message at a rate in accordance with Table B-76.

3.6.7.2.1.1.5 Data broadcast rates. For all message types required to be broadcast, messages 
meeting the field strength requirements of CAR-ANS 6.3, 6.3.7.3.5.4.4.1.2 and
6.3.7.3.5.4.4.2.2 and the minimum rates shown in Table B-76 shall be provided at every point 
within the service volume coverage. The total message broadcast rates from all antenna 
systems of the ground subsystem combined shall not exceed the maximum rates shown in 
Table B-76.

Note. Guidance material concerning the use of multiple antenna systems is provided in 
Attachment 6D, 7.12.4.

3.6.7.2.1.2 Message block identifier. The MBI shall be set to either normal or test according 
to the coding given in 3.6.3.4.1.
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Table B-75A. GBAS message types for 
Message Type GAST A-Note 1 CAST B-Note1

supported service 
GAST C-Note 1

types
GAST D-Note 1

MT 1 Optional- Note 2 Required Required Required
MT 2 Required Required Required Required

MT2-ADB 1 Optional-Note 3 Optional-Note 3 Optional-Note 3 Required
MT2-ADB 2 Optional-Note 4 Optional-Note 4 Optional-Note 4 Optional
MT2-ADB 3 Not used Not used Not used Required
MT2-ADB 4 Recommended Recommended Recommended Required
MT3- ADB 5 Recommended Recommended Recommended Required

MT 4 Optional Required Required Required
MTS Optional Optional Optional Optional

MT11- Note 6 Not used Not used Not used Required
MT 101 Optional-Note 2 Not allowed Not allowed Not allowed

7te 1.— Definition of terms:

Required: Message needs to be transmitted when supporting the service type; 
Optional: Message transmission is optional when supporting the service type (not 
used by some or all airborne subsystems);
Recommended: Use of the message is optional, but recommended, when supporting 
the service type;
Not used: Message is not used by airborne subsystems for this service type;
Not allowed: Message transmission is not allowed when supporting the service type.

Note 2.— Ground .subsystems supporting GAST A service types may broadcast Type 1 or 101 
Messages but not both. Guidance material concerning usage of the Type 101 message is 
provided in Attachment 6D, 7.18.

Note 3.— MT2-ADR1 is required if positioning service is offered.

Note 4.— MT2-ADB2 is required if GRAS Service is offered.

Note 5.— MT3 is recommended (GAST A, B, C) or required (GAST-D) to be used only in 
order to meet .slot occupancy requirements in 3.6.7.4.1.3.

Note 6.— Guidance material concerning usage of the Type 11 message is provided in 
Attachment 6D, 7.20.
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Table B-76. GBAS VHP data broadcast rates
Message Type Minimum broadcast rate Maximum broadcast rate
1 or 101 For each measurement type: For each measurement type:

All measurement blocks once per frame All measurement blocks once
(Note) per slot

2 Once per 20 consecutive frames Once per frame (except as 
stated in 3.6.7.4.1.2)

3 Rate depends on message length and Once per slot and eight times
scheduling of other message (see section 
3.6.7.4.1.3)

per firame

4 All FAS blocks once per 20 consecutive All FAS blocks once per
frames frame

5 All impacted sources once per 20 All impacted sources once
consecutive frames per 5 consecutive frames

11 For each measurement type: For each measurement type:
All measurement blocks once per frame All measurement blocks once
(Note) per slot

Note.— One Type I, Type II or Type 101 message or two Type I, Type 11 or Type 101 
messages that are linked using the additional message flag described in 3.6.4.2, 3.6.4.10.3 or 
3.6.4.11.3.

3.6.7.2.1.3 VDB authentication

Note-.-----This section is reserved for forward compatibility with future authentication
functions.

3.6.7.2.1.3.1 All GBAS ground subsystems shall support VDB authentication (section 
3.6.7.4).

3.6.7.2.1.3.2 All ground subsystems classified as FAST D shall support VDB authentication 
(section 3.6.7.4).

3.6.7.2.2 P.seudo-range corrections

3.6.7.2.2.1 Message latency. The time between the time indicated by the modified Z-count 
and the last bit of the broadcast Type 1, Type 11 or Type 101 message shall not exceed 0.5 
seconds.

3.6.7.2.2.2 Low-frequency data. Except during an ephemeris change, the first ranging source
in the Type 1, Type 11 or Type 101 message shall sequence so that the ephemeris
decorrelation parameter, ephemeris CRC and source availability duration for each core
satellite constellation’s ranging source are transmitted at least once every 10 seconds. During 
an ephemeris change, the first ranging source shall sequence so that the ephemeris
decorrelation parameter, ephemeris CRC and source availability duration for each core
satellite constellation’s ranging source are transmitted at least once every 27 seconds. When
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new ephemeris data are received from a core satellite constellation’s ranging source, the 
ground subsystem shall use the previous ephemeris data from each satellite until the new 
ephemeris data have been continuously received for at least 2 minutes but shall make a 
transition to the new ephemeris data before 3 minutes have passed. When this transition is 
made to using the new ephemeris data for a given ranging source, the ground subsystem shall 
broadcast the new ephemeris CRC and associated low frequency information, notably P and 
Pd for all occurrences of that ranging source in the low-frequency information of Type 1, 
Type 11 or Type 101 message in the next 3 consecutive frames. For a given ranging source, 
the ground subsystem shall continue to transmit data corresponding to the previous ephemeris 
data until the new CRC ephemeris is transmitted in the low-frequency data of Type 1, Type 
11 or Type 101 message (see Note). If the ephemeris CRC changes and the lOD does not, the 
ground subsystem shall consider the ranging source invalid.

Note.— The delay before the ephemeris transition allow sufficient time for the aircraft 
subsystem to collect new ephemeris data.

3.6.7.2.2.3 Broadcast pseudo-range correction. Each broadcast pseudo-range correction shall 
be determined by combining the pseudo-range correction estimates for the relevant ranging 
source calculated from each of the reference receivers. For each satellite, the measurements 
used in this combination shall be obtained from the same ephemeris data. The corrections 
shall be based on smoothed code pseudo-range measurements for each satellite using the 
carrier measurement from a smoothing filter and the approach service type specific 
smoothing parameters in accordance with Appendix 6B, section 3.6.5.1.

3.6.7.2.2.4 Broadcast signal-in-space integrity parameters. The ground subsystem shall 
provide aPr_gnd and B parameters for each pseudo-range correction in Type 1 message such 
that the protection level integrity risk requirements defined in 3.6.7.1.2.2 for CAST A, B, and 
C are satisfied. At least two B values that are not using the special coding (as defined in 
section 3.6.4.2.4) shall be provided with each pseudo-range correction. The ground 
subsystem shall provide aPr_gnd and, if necessary, B parameters for each pseudo-range 
correction in Type 101 message such that the protection level integrity risk requirements 
defined in 3.6.7.1.2.2 are satisfied.

Note.- Broadcast of the B parameters are optional for Type 101 messages. Guidance 
material regarding the B parameters in Type 101 messages is contained in Attachment 6D, 
7.5.11.

3.6.7.2.2.4.1 Broadcast signal-in-space integrity parameters for FAST D Ground subsystems. 
Ground subsystems that support CAST D shall provide Sigma_PR_gnd_D in the Type 11 
message and B parameters for each pseudo-range correction in the Type 1 message such that 
the protection level integrity risk requirement defined in 3.6.7.1.2.2.1 is satisfied.

3.6.7.2.2.4.2 For FAST D systems broadcasting the Type 11 message, if Oprjjid is coded as 
invalid in the Type 1 message, then the Sigma PR gnd D for the associated satellite in the 
Type 11 message shall also be coded as invalid.
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3.6.7.2.2.6 Repeated transmission of Type 1, Type 2, Type II or Type lOI messages. For a 
given measurement type and within a given frame, all broadcasts of Type 1, Type 2, Type 11 
or Type 101 messages or linked pairs from all GBAS broadcast stations that share a common 
GBAS identification, shall have identical data content.

3.6.7.2.2.9 Linked pair of Type /, Type II or Type lOI messages. If a linked pair of Type ij 
Type 11 or Type 101 messages is transmitted then,
•••
d) the two messages shall be broadcast in different time sIots;-and

e) the order of the B values in the two messages shall be the same;

f) for a particular measurement type, the number of measurements and low-frequency data 
shall be computed separately for each of the two individual messages;

g) in the case of FAST D, when a pair of linked Type 1 messages are transmitted, there shall 
also be a linked pair of Type 11 messages; and

h) if linked message types of Type 1 or Type 11 are used, the satellites shall be divided into 
the same sets and order in both Type 1 and Type 11 messages.

Note.— Type I messages may include additional satellites not available in Type II messages, 
but the relative order of those satellites available in both messages is the same in Type I and 
Type II messages. Airborne processing is not possible for satellites included in the Type II 
message but not included in the associated Type I message.

3.6.7.2.2.9.1 Linked messages shall only be used when there are more pseudo-range 
corrections to transmit than will fit in one Type 1 message.

3.6.7.2.2.10 Modified Z-count requirements

3.6.7.2.2.10.1 Modified Z-count update. The modified Z-count for Type 1, Type 11 or Type 
101 messages of a given measurement type shall advance every frame.

3.6.7.2.2.10.2 If Message Type 11 is broadcast, the associated Type 1 and Type 11 messages 
shall have the same modified Z-count.

3.6.7.2.2.11 Ephemeris decorrelation parameters

3.6.7.2.2.11.1 Ephemeris decorrelation parameter for approach servicesCatcgory I precision 
approach and APV. For ground subsystems that broadcast the additional data block 1 in the 
Type 2 message, the ground subsystem shall broadcast the ephemeris decorrelation parameter 
in the Type 1 message for each core satellite constellation ranging source such that the 
ground subsystem integrity risk of 3.6.7.1.2.1.1.1 is met.
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3.6.7.2.2.11.2 Ephemeris decorrelation parameter for CAST D. Ground subsystems classified 
as FAST D shall broadcast the ephemeris decorrelation parameter in the Type 11 message fbii 
each core satellite constellation ranging source such that the ground subsystem signal-in­
space integrity risk of 3.6.7.1.2.1.1.2 is met.

3.6.7.2.2.11.23 GBAS positioning service. For ground subsystems that provide the GBAS 
positioning service, the ground subsystem shall broadcast the ephemeris decorrelation 
parameter in the Type 1 message for each core satellite constellation’s ranging source such 
that the ground subsystem signal-in-space integrity risk of 3.6.7.1.2.1.24 is met.

3.6.7.2.3 GBAS-relateddata
• ••
3.6.7.2.3.2 GCID indication.

3.6.7.2.3.2.1 GCID indication for FAST A, B or C. If the ground subsystem meets the 
requirements of 3.6.7.1.2.1.1.1, 3.6.7.1.2.2.1, end 3.6.7.1.3.1, 3.6.7.3.2 and 3.6.7.3.3.1 but not 
all of 3.6.7.1.2.1.1.2, 3.6.7.1.2.1.1.3, 3.6.7.1.2.2.1.1, and 3.6.7.1.3.2 the GCID shall be set to 
1, otherwise it shall be set to 7.

Note.— Some of the requirements applicable to FAST D are redundant with the FAST A, B 
and C requirements. The phrase “not all of’ refers to the condition where a ground 
subsystem may meet some of the requirements applicable to FAST D but not all of them. 
Therefore, in that condition the GCID would be set to 1, indicating that the ground subsystem 
meets only FAST A, B or C.

3.6.7.2.3.2.2 GCID indication for FAST D. If the ground subsystem meets the requirements 
of 3.6.7.1.2.1.1.1, 3.6.7.1.2.1.1.2, 3.6.7.1.2.1.1.3, 3.6.7.1.2.2.1.1, 3.6.7.1.2.2.1, 3.6.7.1.3.1, 
3.6.7.1.3.2, 3.6.7.3.2 and 3.6.7.3.3, the GCID shall be set to 2, otherwise it shall be set in 
accordance with 3.6.7.2.3.2.I.

3.6.7.2.3.2.3 GCID values of 3 and 4 are reserved for future service types and shall not be 
used.

3.6.7.2.3.5 Iono.spheric uncertainty estimate parameter.

3.6.7.2.3.5.1 Ionospheric uncertainty estimate parameter for all ground subsystems. The 
ground subsystem shall broadcast an ionospheric delay gradient parameter in the Type 2 
message such that the protection level integrity risk requirements defined in 3.6.7.1.2.2 are 
satisfied.

3.6.7.2.3.5.2 Ionospheric imcertainty estimate parameter for FAST D ground subsystems. 
The ground subsystem shall broadcast an ionospheric delay gradient parameter in the Type 2 
message, additional data block 3, such that the protection level integrity risk requirements 
defined in 3.6.7.1.2.2 are satisfied.
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Note.— Guidance material concerning FAST D position domain error hounding for 
ionospheric errors may be found in Attachment 6D, .7.5.6.1.3 and 7.5.6.1.4.

3.6.7.2.3.8.1 Maximum me distance. The ground subsystem shall provide the maximum usej 
distance (Dmax). from the GBAS reference point that defmes a volume within which When thej 
positioning service is provided the ground subsystem integrity risk in 3.6.7.1.2.1.4 and the 
protection level integrity risk in 3.6.7.1.2.2.2 areshall be met within Dmax. When approach 
service is provided, the maximum use distance shall at least encompass all approach service 
volumes supported.

3.6.7.2.4.4 LTP/FTP for FAST D. For an approach that supports CAST D, the LTP/FTP point; 
in the corresponding FAS definition shall be located at the intersection of the runway 
centerline and the landing threshold.

Note.— Airborne systems may compute the distance to the landing threshold ming the 
LTP/FTP. For CAST D approaches, the LTP'FTP is to be at the threshold so that these 
distance to go computations reliably reflect the distance to the threshold.

3.6.7.2.4.5 FPAP location for FAST D. For an approach that supports CAST D, the FPAP 
point in the corresponding FAS definition shall be located on the extended runway centerline 
and the ALength offset parameter shall be coded to correctly indicate the stop end of the 
runway.

3.6.7.2.5 Predicted ranging source availability data

Note. Ranging source availability data are optional for Category 4 and APV FAST A, B, C 
or D ground subsystems and may he required for possible future operations.

3.6.7.2.6 Integrity monitoring for -GNSS ranging sources. The ground-subsystem shall
monitor the satellite signals to detect conditions that will result in improper operation of
differential processing for airborne receivers complying with the tracking constraints in
Attachment 6D, 8:11. The ground subsystem shall use the strongest correlation peak in all
receivers used to generate the pseudo range corrections. The monitor time to alert shall
comply with 3.6.7.1.2. The monitor action shall be to set erpr^gnd to the bit pattern “1111
1111” for the satellite or to exclude the satellite from the Type 1 or Type 101 message. The
ground subsystem shall also detect-conditions that cause more than one zero crossing for
airborne receivers that use the Early Late discriminator function as described in Attachment
6D, 8.11.

3.6.7.2.6 General functional requirements on augmentation

3.6.7.2.6.1 GBAS ground subsystems classified as FAST C or FAST D shall provide 
augmentation based on GPS at a minimum.
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3.6.7.2.6.2 Ground subsystems classified as FAST C shall be able to process and broadcast 
corrections for at least 12 satellites of each core constellation for which differential 
corrections are provided.

3.6.7.2.6.3 Ground subsystems classified as FAST D shall be able to process and broadcasJ 
differential corrections for at least 12 satellites of one core constellation.

Note.— Technical validation has only been completedfor CASTD when applied to GPS.

3.6J.2.6A Whenever possible, differential corrections for all visible satellites with an 
elevation greater than 5 degrees above the local horizontal plane tangent to the ellipsoid at the 
ground subsystem reference location shall be provided for each core constellation for which 
augmentation is provided.

Note.— The phrase “whenever possible" in this context means whenever meeting another 
requirement in these SARPs (for example 3.6.7.3.3.1) does not preclude providing a 
differential correction for a particular satellite.

3.6.1.3 MONITORING

3.6.7.3.1 RF monitoring

3.6.7.3.1.1 VHP data broadcast monitoring. The data broadcast transmissions shall be 
monitored. The transmission of the data shall cease within 0.5 seconds in case of continuous 
disagreement during any 3-second period between the transmitted application data and the 
application data derived or stored by the monitoring system prior to transmission. For FAST 
D ground subsystems, the transmission of the data shall cease within 0.5 seconds in case of 
continuous disagreement during any 1-second period between the transmitted application data 
and the application data derived or stored by the monitoring system prior to transmission.

Note.— For ground .subsystems that support authentication, ceasing the transmission of data 
means ceasing the transmission of Type 1 messages and Type 11 messages if applicable or 
ceasing the transmission of Type 101 messages. In accordance with 6.3.6.7.4.1.3, the ground 
subsystem must still transmit messages such that the defined percentage or more of every 
assigned slot is occupied. This can be accomplished by transmitting Type 2, Type 3, Type 4 
and/or Type 5 messages.

3.6.7.3.2 Data monitoring

3.6.7.3.2.1 Broadcast quality monitor. The ground subsystem monitoring shall comply with 
the time-to-alert requirements given in 3.6.7.1.2.1. The monitoring action shall be one of the 
following:

a) to broadcast Type 1 (and T3qje 11 if broadcast) or Type 101 messages with no 
measurement blocks; or
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b) to broadcast Type 1 (and Type 11 if broadcast) or Type 101 messages with the Opr_gnd,i (i 
<Xpr_gnd_D,i if broadcost) field set to indicate the ranging source is invalid for every ranging 
source included in the previously transmitted frame; or

c) to terminate the data broadcast.

Note. - Monitoring actions a) and h) are preferred to c) if the particular failure mode 
permits such a response, because actions a) and b) typically have a reduced signal-in-space 
time-to-alert.

3.6.7.3.3 Integrity monitoring for GNSS ranging sources

3.6.7 3.3.1 The ground subsystem shall monitor the satellite signals to detect conditions that 
will result in improper operation of differential processing for airborne receivers complying 
with the tracking constraints in Attachment 6D, 8.11. The monitor time-to-alert shall comply 
with 3.6.7.1.2. The monitor action shall be to set apr^md to the bit pattern “1111 1111” for the 
satellite or to exclude the satellite from the Type 1, Type 11 or Type 101 message.

3.6.7 3.3.1.1 The ground subsystem shall use the strongest correlation peak in all receivers 
used to generate the pseudo-range corrections. The ground subsystem shall also detect 
conditions that cause more than one zero crossing for airborne receivers that use the Early- 
Late discriminator function as described in Attachment 6D, 8.11.

3.6.7.3.3.2 For FAST D ground subsystems, the probability that the error at the landing 
threshold point (LTP) of any runway for which the ground subsystem supports GAST D, |Er|, 
on the 30-second smoothed corrected pseudo-range (section 3.6.5.2) caused by a ranging 
source fault is not detected and reflected in the broadcast Type 11 message within 1.5 s shall 
fall within the region specified in Table B-76A.

Ranging source faults for which this requirement applies are;

a) signal deformation (Note 1.);

b) code/carrier divergence;

c) excessive pseudo-range acceleration, such as a step or other rapid change; and

d) erroneous broadcast of ephemeris data from the satellite.

Note 1.— Refer to Attachment 6D, section 8.11 for further information on GAEC-D avionics 
relating to signal deformation fault.

Note 2.— Upon detection, a ranging source fault may he reflected in the Type 11 message by 
either:

a) removing the correction for the associated satellite from the Type II message; or
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b) marking the satellite as invalid using the coding of Opr_gnd_D (section 3.6.4.11.4).

Note 3.— The acceptable probability of missed detection region is defined with respect to 
differentially corrected pseudo-range error. The differentially corrected pseudo-range error, 
\Er\, includes the error resulting from a single ranging source fault, given the correct 
application of GBAS ground subsystem Message Type 11 broadcast corrections (i.e. 
pseudorange correction and range rate corrections defined in Section 3.6.4.11) by the 
aircraft avionics as specified within section 3.6.8.3. Evaluation of Pmd performance includes 
GBAS ground .subsy.stem fault-free noise. The growth of \Er\ with time .shall consider the data 
latency of the ground subsystem, but not the airborne latency, as described in Attachment 6D, 
7.5.14.

Note 4.— Additional information regarding the ranging source fault conditions and 
monitoring requirements for FAST D ground subsystems may be found in Attachment 6D, 
7.5.14. Missed mes.sages do not need to be considered as part of compliance with this 
requirement.

Table B-76 A. Pmd limit Parameters

Probability of Missed Detection Pseudo-ran ge Error (metres)
Pmd limit <1 0 < Erl <0.75

Prndjimit < 10 (-2 56x1 Erl+1,92) 
Pmd limit < 10 *5

0.75 < I Erl <2.7 
2.7 < |Erl<c»

3.6.7.3.3.3 For FAST D ground subsystems, the probability that an error at the landing 
threshold point (LTP) of any runway for which the ground subsystem supports GAST D, |Er|, 
greater than 1.6 metres on the 30-second smoothed corrected pseudo-range (section 3.6.5.2), 
caused by a ranging source fault, is not detected and reflected in the broadcast Type 11 
message within 1.5 seconds shall be less than 1x10‘9 in any one landing when multiplied by 
the prior probability (Pennon).

Ranging source faults for which this requirement applies are:

a) signal deformation (Note 1.);

b) code/carrier divergence;

c) excessive pseudo-range acceleration, such as a step or other rapid change; and

d) erroneous broadcast of ephemeris data from the satellite.

Note 1.— Refer to Attachment 6D, 8.11 for further information on GAEC-D avionics relating 
to signal deformation fault.

Note 2.— It is intended that the prior probability of each ranging source fault (Papnori) be the 
same value that is used in the analysis to show compliance with error bounding requirements 
for FAST C andD (see Appendix 6B, 3.6.5.5.1.1.1).
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Note 3.- 
either:

Upon detection, a ranging source fault may be reflected in the Type 11 message by

a) removing the faulty satellite correction from the Type 11 message; or

b) marking the satellite as invalid using the coding of Opr gnd D (section 3.6.4.11.4).

Note 4.— Additional information regarding the ranging source fault conditions and 
monitoring requirements for FAST D ground subsystems may be found in Attachment 6D, 
7.5.14. Missed me.ssages do not need to be considered as part of compliance with this 
requirement.

3.6.7.3.4 Ionospheric gradient mitigation

For FAST D ground subsystems, the probability of an error (|Er|) in the 30-second smoothed 
corrected pseudo-range at the landing threshold point (LTP) for every CAST D supported 
runway that: (a) is caused by a spatial ionospheric delay gradient, (b) is greater than the Eig 
value computed from broadcast Type 2 message, and (c) is not detected and reflected in the 
broadcast Type 11 message within 1.5 seconds shall be less than 1 x lO'9 in any one landing. 
The FAST D ground subsystem shall limit the Type 2 broadcast parameters to ensure that the 
maximum Eig at every LTP supporting GAST D operations shall not exceed 2.75 metres.

Note 1.— The total probability of an undetected delay gradient includes the prior probability 
of the gradient and the monitor(s) probability of missed detection.

Note 2.— Validation guidance for this requirement can be found in 7.5.6.1.8.

2.6.7 A FUNCTIONAL REQUIRFMENTS FOR AUTHENTICATION PROTOCOLS

3.6.7.4.1.2 The ground subsystem shall broadcast every Type 2 message only in the-one of a 
set of slots defined as the MT 2 sanctioned slots, that The first slot in the group of MT 2 
sanctioned slots corresponds to the SSID coding for the ground subsystem. Slot A is 
represented by SSID = 0, B by 1, C by 2, and H by 7. The group of MT 2 sanctioned slots 
then also includes the next slot after the slot corresponding to the station SSID if it exists in 
the frame. If there is not an additional slot before the end of the frame, only the SSID is 
included in the set.

Note.— For example, the MT 2 sanctioned slot group for SSID = 0 would include slots {A, B} 
while the MT 2 sanctioned slot group for SSID = 6 would include slots (G, H}. The MT 2 
sanctioned slot group for SSID = 7 includes slot {H} only.

3.6.7.4.1.2.1 The set of slots assigned to a ground station shall include at a minimum all the 
slots in the MT 2 sanctioned slots as described in section 3.6.7.4.1.2.
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3.6.7.4.1.3 Assigned slot occupancy. The ground subsystem shall transmit messages such that 
87 89 per cent or more of every assigned slot is occupied. If necessary. Type 3 messages wfll 
may be used to fill unused space in any assigned time slot.

Note 1.- More information on the calculation of the slot occupancy is provided in Attachment 
6D, 7.21.

Note 2.— The requirement applies to the aggregate transmissions from all transmitters of q 
GBAS ground subsystem. Due to signal blockage, not all of tho.se transmissions may be 
received in the service volume.

3.6.7.4.1.4 Reference path identifier coding. Every reference path identifier included in every 
final approach segment data block broadcast by the ground station subsystem via the Type 4 
messages shall have the first letter selected to indicate the SSID of the ground station 
subsystem in accordance with the following coding.

Coding; A = SSID ofO 
X = SSID of 1 
Z = SSID of 2 
J = SSID of 3 
C = SSID of 4 
V = SSID of 5 
P = SSID of 6 
T = SSID of 7

3.6.7.4.2 Functional requirements for ground .subsystems that do not .support authentication

3.6.7.4.2.1 Reference path indicator identifier coding. Characters in this set: {A X Z J C V P 
T} shall not be used as the first character of the reference path identifier included in any FAS 
block broadcast by the ground station subsystem via the Type 4 messages.

3.6.8 AIRCRAFT ELEMENTS

3.6.8.1 GNSS receiver. The GBAS-capable GNSS receiver shall process signals of GBAS in 
accordance with the requirements specified in this section as well as with requirements in
3.1.3.1 and/or 3.2.3.1 and/or 3.5.8.1.

Note.— In order to ensure the required performance and functional objectives for GAST D 
are achieved, it is necessary for the airborne equipment to meet defined performance and 
functional standards. The relevant minimum operational performance standards are detailed 
in RTCA DO-253D.

3.6.8.2.2.3 VHF data broadcast sensitivity, range and message failure rate. The VHF data 
broadcast receiver shall achieve a message failure rate less than or equal to one failed 
message per 1 000 full-length (222 bytes) application data messages, while within the range 
of the RF field strength defined in 3.7.3.5.4.4 as received by the airborne antenna operating
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over Q range from—87 dBm to—1 dBm, provided that the variation in the average received 
signal power between successive bursts in a given time slot does not exceed 40 dB. Failed 
messages include those lost by the VHF data broadcast receiver system or which do not pass 
the CRC after application of the FEC.

Note 1.— An Aaircraft VHF data broadcast receiving antenna can be horizontally or 
vertically polarized. Due to the difference in the signal strength of horizontally and vertically 
polarized components of the broadcast signal, the maximum total aircraft implementation 
loss is limited to 15 dB for horizontally polarized receiving antennas is 4 dB higher than the 
maximum loss and 11 dB for vertically polarized receiving antennas. For guidance in 
determining aircraft implementation loss see Attachment 6D, 7.2.

Note 2.— It is acceptable to exceed the signal power variation requirement in limited parts of 
the service volume when operational requirements permit. Refer to Attachment 6D, 7.12.4.1 
for guidance.

3.6.8.2.2.4 VHF data broadcast time .slot decoding. The VHF data broadcast receiver shall 
meet the requirements of 3.6.8 2.2.3 for all message types required (section 3.6.8.3.1.2.1) 
Type 1, 2 and '1 messages from the selected GBAS ground subsystem. These requirements 
shall be met in the presence of other GBAS transmissions in any and all time slots respecting 
the levels as indicated in 3.6.8.2.2.5.1 b).

Note.— Other GBAS transmissions may include: a) mes.sagcs other message types than Type 
I, 2 and 4 with the same SSID, and b) messages with different SSIDs.

3.6.8.2.2.4.1 Dceeding of-Type 101 messages. A VHF data-broadcast receiver capable of
receiving Type 101 messages, shall meet the requirements of 3.6.8 2.2.3 for all Type 101
messages from the selected GBAS ground subsystem. These requirements shall be met in the
presence of other GBAS transmissions in any and all time slots respecting the levels as
indicated in 3.6.8.2.2.5.1 b).

3.6.8.2.2.5 Co-channel rejection

3.6.8.2.2.5.1 VHF data broadcast as the undesired signal source. The VHF data broadcast 
receiver shall meet the requirements specified in 3.6.8.2.2.3 in the presence of an undesired 
co-channel VHF data broadcast signal that is either:

a) assigned to the same time slot(s) and 26 dB below the desired VHF data broadcast signal 
power at the receiver input or lower; or

b) assigned different time slot(s) and whose power is no more than 72 dB above the minimum 
desired VHF data broadcast signal field strength defined in 3.7.3.5.4.4 up to 15 dBm at the 
receiver input.
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3.6.8.2.2.5.2 VOR as the undesired signal. The VHF data broadcast receiver shall meet the 
requirements specified in 3.6.8.2.2.3 in the presence of an undesired co-channel VOR signal 
that is 26 dB below the desired VHF data broadcast signal power at the receiver input.

3.6.8.2.2.6 Adjacent channel rejection

3.6.8.2.2.6.1 First adjacent 25 kHz channels (±25 kHz). The VHF data broadcast receiver 
shall meet the requirements specified in 3.6.8.2.2.3 in the presence of a transmitted undesired 
signal offset by 25 kHz on either side of the desired channel that is either:

a) 18 dB above the desired signal power at the receiver input when the undesired signal is 
another VHF data broadcast signal assigned to the same time slot(s); or

b) equal in power at the receiver input when the undesired signal is VOR.
3.6.8.2.2.6.2 Second adjacent 25 kHz channels (±50 kHz). The VHF data broadcast receiver 
shall meet the requirements specified in 3.6.8.2.2.3 in the presence of a transmitted undesired 
signal offset by 50 kHz on either side of the desired channel that is either:

a) 43 dB above the desired signal power at the receiver input when the undesired signal is 
another VHF data broadcast source assigned to the same time slot(s); or

b) 34 dB above the desired signal power at the receiver input when the undesired signal is 
VOR.

3.6.8.2.2.6.3 Third and beyond adjacent 25 kHz channels (±75 kHz or more). The VHF data 
broadcast receiver shall meet the requirements specified in 3.6.8.2.2.3 in the presence of a 
transmitted undesired signal offset by 75 kHz or more on either side of the desired channel 
that is either:

a) 46 dB above the desired signal power at the receiver input when the undesired signal is 
another VHF data broadcast signal assigned to the same time slot(s); or

b) 46 dB above the desired signal power at the receiver input when the undesired signal is 
VOR.

3.6.8.2.2.8.2 Desensitization. The VHF data broadcast receiver shall meet the requirements 
specified in 3.6.8.2.2.3 in the presence of VHF FM broadcast signals with signal levels 
shown in Tables B-80 and B-81.

Table B-79. Maximum levels of undesired signals

Frequency

50 kHz up to 88 MHz 
88 MHz - 107.900 MHz 
108.000 MHz - 117.975 MHz

Maximum level of undesired signals at the 
receiver input (dBm above Smax)___________

-12+3
(see 3.6.8 2.2.8.2 and3.6.8.2.2.8.3) 

Excluded
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118.000 MHz 
118.025 MHz
118.050 MHz up to 1 660.5 MHz

4344
4044
-1244

Frequency
Maximum level of undesired signals at the 
receiver input (dBm above Smax)

50 kHz up to 88 to 1 660.5 MHz 
88 MHz - 107.900 MHz
108.000 MHz - 117.975 MHz
118.000 MHz 
118.025 MHz
118.050 MHz up to 1 660.5 MHz

-1244
( see 3.6.8.2.2.8.2) 

Excluded 
4344 
-4044 
-1244

Notes.—
/. The relationship is linear between single adjacent points designated by the above 

frequencies.

2. These interference immunity requirements may not be adequate to ensure 
compatibility between VHF data broadcast receivers and VHF communication 
systems, particularly for aircraft that use the vertically polarized component of the 
VHF data broadcast. Without coordination between COM and NAV frequencies 
assignments or respect of a guard band at the top end of the 112 - 117.975 MHz 
band, the maximum levels quoted at the lowest COM VHF channels (118.000, 
118.00833, 118.01666, 118.025, 118.03333, 118.04166, 118.05) may be exceeded at 
the input of the VDB receivers. In that case, some means to attenuate the COM 
signals at the input of the VDB receivers (e.g. antenna separation) will have to be 
implemented. The final compatibility will have to be as.sured when equipment is 
installed on the aircraft.

4. Smax is the maximum desired VHF data broadcast signal power atthefecelver inpu^
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Table B-80. Desensitization frequency and power requirements 
that apply for VDB frequencies from 108.025 to 111.975 MHz

Frequency Maximum level of undesired signals at the 
receiver input (dBm above Smax)

88 MHz < f < 102 MHz 
104 MHz 
106 MHz 

107.9 MHz

164^
im

-940

Notes.—
1. The relationship is linear between single adjacent points designated by the above 

frequencies.

2. This desensitization requirement is not applied for FM carriers above 107.7 MHz and 
VDB channels at 108.025 or 108.050 MHz. See Attachment 6D, 7.2.1.2.2.

3. Smax is the maximum desired VHF data broadcast signal power at the receiver input.

Table B-81. Desensitization frequency and power requirements 
that apply for VDB frequencies from 112.000 to 117.975 MHz

Frequency Maximum level of undesired signals at the 
receiver input (dBm-above Smax)

88 MHz< f < 104 MHz
106 MHz
107 MHz 
107.9 MHz

164^
1140
65
10

Notes.—
1. The relationship is linear between single adjacent points designated by the above 
frequencies.
2. Smax. is the maximum desired VHF data broadcast signal power at the receiver input.

3.6.8.2.2.8.3 VHF data broadcast FM intermodulation immunity. The VHF data broadcast 
receiver shall meet the requirements specified in 3.6.8.2.2.3 in the presence of interference 
from two-signal, third-order intermodulation products of two VHF FM broadcast signals 
having levels in accordance with the following:

2Ni + N2 +3 [23 - Smax ] 0
+ 72 < 0

for VHF FM sound broadcasting signals in the range 107.7 - 108.0 MHz and
2Ni + N2+ 3 [ 23 - Smax- 20Log (A f / 0.4) ] S 0 

2Ni^-H;-4-3<24 201og £ 0
04
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for VHF FM sound broadcasting signals below 107.7 MHz

where the frequencies of the two VHF FM sound broadcasting signals produce, within the 
receiver, a two signal, third-order intermodulation product on the desired VDB frequency.

Ni and N2 are the levels (dBm) of the two VHF FM sound broadcasting signals at the VHF 
data broadcast receiver input. Neither level shall exceed the desensitization criteria set forth 
in 3.6.8.2.2.8.2.

Af = 108.1 - f), where fi is the frequency of Ni, the VHF FM sound broadcasting signal 
closer to 108.1 MHz.

Smax is the maximum desired VFIF data broadcast signal power at the receiver input.

Note. The FM intermodulation immunity requirements are not applied to a VHF data 
broadcast channel operating below 108.1 MHz, hence frequencies below 108.1 MHz are not 
intended for general assignments. Additional information is provided in Attachment 6D, 
7.2.1.2.

3.6.8.3 AIRCRAFT FUNCTIONAL REQUIREMENTS

Note.— Unless otherwise specified, the following requirements apply to all GBAS airborne 
equipment classifications as described in Attachment 6D, 7.1.4.3.

3.6.8.3.1.2.1 GBAS mes.sage processing capability. The GBAS receiver shall at a minimum 
process GBAS message typ>es in accordance with Table B-82.

Table B - 82. Airborne equipment message type processing
Airborne equipment designed 

performance GBAS airborne equipment 
classification (GAEC)

Minimum message types processed

APV IGAECA

APV4IGAEC B

Category IGAEC C 
GAEC D

MT 1 OR 101, MT 2 (including ADB 1 AND 2 IF 
provided)

MT 1,MT 2 (including ADB 1 and 2 if provided), 
MT 4

MT 1, MT 2 (including ADB 1 if provided ), MT 4 
MT 1, MT 2 (including ADB 1 and 2 ,3 and 4), 

MT4, MT 11

3.6.8.3.1.5 The receiver shall only apply pseudo-range corrections from the most recently 
received set of corrections for a given measurement type. If the number of measurement 
fields in the most recently received message types (as required in Appendix 6B, section 
3.6.7.2.1.1.1 for the active service type)Type 1 or Type 101 message indicates that there are
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no measurement blocks, then the receiver shall not apply GBAS corrections for that 
measurement type.

3.6.5.3.1.6 Validity of pseudo-range corrections

3.6.8.3.1.6.1 When the active service type is A, B or C, ffhe receiver shall exclude from the 
differential navigation solution any ranging sources for which aPr^d in the Type 1 or Type 
101 messages is set to the bit pattern “1111 1111”.

3.6.8.3.1.6.2 If the active service type is D, the receiver shall exclude from the differential 
navigation solution any ranging source for which apr_gnd_D in the Type 11 message or Opr gnd in 
the Type 1 message is set to the bit pattern “1111 1111”.

3.6.8.3.1.7 The receiver shall only use a ranging source in the differential navigation solution 
if the time of applicability indicated by the modified Z-count in the Type 1, Type 11 or Type 
101 message containing the ephemeris decorrelation parameter for that ranging source is less 
than 120 seconds old.

3.6.8.3.1.8 Conditions for use of data to support Category I precision approach and 
AP Vservices

3.6.8.3.1.8.1 During the final stages of a-Getegory 1 or APV an approach, the receiver shall 
use only measurement blocks from Type 1, Type 11 or Type 101 messages that were received 
within the last 3.5 seconds.

Note.— Guidance concerning time to alert is given in Attachment 6D, 7.5.14

3.6.8.3.1.8.2 GCID Indications.

3.6.8.3.1.8.2.1 When the active service type is A, B or C, tThe receiver shall use message 
data from a GBAS ground subsystem for Category I precision approach or APV guidance 
only if the GCID indicates 1, 2, 3 or 4 prior to initiating the final stages of an approach.

3.6.8.3.1.8.2.2 When the active service type is D, the receiver shall use message data from a 
GBAS ground subsystem for guidance only if the GCID indicates 2, 3 or 4 prior to initiating 
the final stages of an approach.

3.6.8 3.1.8.9.2 The receiver shall use the Type 4 messages to determine the FAS for 
approaches which are supported by GBAS approach service type (GAST) A or B APV 
associated with a channel number between 20 001 and 39 999.

3.6.8.3.1.8.9.3 The receiver shall use the FAS held within the on-board database for 
approaches which are supported by GBAS approach service type (GAST) A APV associated 
with a channel number between 40 000 and 99 999.
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3.6.8.3.2.2 Use of GBAS integrity parameters. The aircraft element shall compute and apply 
the vertical, lateral and horizontal protection levels described in 3.6.5.5 using the GBAS 
broadcast aPf-gBdr-gNH^8rgvert_iono^raaient;,-and B parameters as well os the Opt^parometer. If a 
B,j parameter is set to the bit pattern “1000 0000” indicating that the measurement is not 
available, the aircraft element shall assume that B,,j has a value of zero. For Category I 
precision approach and APVany active service type, the aircraft element shall verify that the 
computed vertical and lateral protection levels are smaller no larger than the corresponding 
vertical and lateral alert limits defined in 3.6.5.6.

3.6.8.3.3.2 CRC check. The receiver shall compute the ephemeris CRC for each core satellite 
constellation’s ranging source used in the position solution. The computed CRC shall be 
validated against the ephemeris CRC broadcast in the Type 1 or Type 101 messages prior to 
use in the position solution and within one second of receiving a new broadcast CRC. The 
receiver shall immediately cease using any satellite for which the computed and broadcast 
CRC values fail to match.

Note.—During initial acquisition of the VHF data broadcast, the receiver may incorporate a
satellite into the position solution before receiving the broadcast ephemeris CRC for that
satellite.

3.6.8.3.3.3 Ephemeris error position hounds

3.6.8.3.3.3.1 Ephemeris error position hounds for Gategory / precision GBAS approach 
services and APV. If the ground subsystem provides additional data block 1 in the Type 2 
messages, the aircraft element shall compute the ephemeris error position bounds defined in
3.6.5.8.1 for each core satellite constellation’s ranging source used in the approach position 
solution within Is of receiving the necessary broadcast parameters. The aircraft element shall 
exclude from the approach position solution satellites for whichverify that the computed 
vertical er-and lateral ephemeris error position bounds (VEBj or and LEBj) are no larger than 
the corresponding vertical and lateral alert limits defined in 3.6.5.6.

Note.—During initial acquisition of the VHF data broadcast, the receiver may incorporate a
satellite into the position solution before receiving the nece.s.sary broadcast parameters for
that satellite to compute the ephemeris error position bounds.

3.6.8.3.3.3.2 Ifhemeris error position hound for the GBAS positioning service. The aircraft 
element shall compute and apply the horizontal ephemeris error position bound (HEBj) 
defined in 3.6.5.8.2 for each core satellite constellation’s ranging source used in the 
positioning service position solution.

3.6.8.3.4 Message loss

3.6.8.3.4.1 For Category 1 precision approach airborne equipment operating with CAST C as 
the active service type, the receiver shall provide an appropriate alert if no Type 1 et^Type 
40+ message was received during the last 3.5 seconds.
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3.6.8.3.4 2 For APV airborne equipment operating with GAST A or B as the active service 
type, the receiver shall provide an appropriate alert if no Typ>e I and no Type 101 message 
was received during the last 3.5 seconds.

3.6.8 3.4.3 For the airborne equipment operating with GAST D as the active service type, the 
receiver shall provide an appropriate alert or modify the active service type if any of the 
following conditions are met:

a) The computed position solution is less than 200 ft above the LTP/FTP for the selected 
approach and no Type 1 message was received during the last 1.5 seconds.

b) The computed position solution is less than 200 ft above the LTP/FTP for the selected 
approach and no Type 11 message was received during the last 1.5 seconds.

c) The computed position solution is 200 ft or more above the LTP/FTP of the selected 
approach and no Type 1 message was received during the last 3.5 seconds.

d) The computed position solution is 200 ft or more above the LTP/FTP of the selected 
approach and no Type 11 message was received during the last 3.5 seconds.

3.6.8.3.4.^ For the GBAS positioning service using Type 1 messages, the receiver shall 
provide an appropriate alert if no Type 1 message was received during the last 7.5 seconds.

3.6.8.3.4.45 For the GBAS positioning service using Type 101 messages, the receiver shall 
provide an appropriate alert if no Type 101 message was received during the last 5 seconds.

3.6.8.3.5 Airborne pseudo-range measurements

3.6.8.3.5.1 Carrier smoothing for airborne equipment. Airborne equipment shall utilize the 
standard 100-second carrier smoothing of code phase measurements defined in 3.6.5.1. 
During the first 100 seconds after filter start-up, the value of « shall be either;

a) a constant equal to the sample interval divided by 100 seconds; or

b) a variable quantity defined by the sample interval divided by the time in seconds since 
filter start-up.

3.6.8.3.5.2 Carrier smoothing of airborne equipment operating with GAST D as the active 
service type. Airborne equipment operating with GAST D as the active service type, shall 
utilize 30-second carrier smoothing of code phase measurements as defined in 3.6.5.1.

Note.— For equipment that supports GAST D, two set of smoothed pseudo-ranges are used. 
The form of the smoothing filter given in section 3.6.5.1 is the same for both sets, and only the 
time constant differs (i.e. 100 seconds and 30 seconds). Guidance concerning carrier 
smoothing for GAST D is given in Attachment 6D, 7.19.3.
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3.6.8.3.6 Service type specific differential position solution requirements. The airborne 
iequipment shall compute all position solutions in a manner that is consistent with the 
protocols for application of the data (section 3.6.5.5.1.1.2).

Note.— The general form for the weighting used in the differential position solution is given 
in 3.6.5.5.1.1.2. Exactly which information from the ground subsystem is used in the 
differential position solution depends on the type of service (i.e. positioning service vs. 
approach service) and the active approach service type. The specific requirements for each 
service type are defined in RTCA DO-253D. Additional information concerning the normal 
processing of position information is given in Attachment 6D, 7.19.
• • •

ATTACHMENT 6B. STRATEGY FOR INTRODUCTION AND APPLICATION OF 
NON-VISUAL AIDS TO APPROACH AND LANDING

(see CAR-ANS 6.2, 6.2.1)

2. Objectives of strategy 

The strategy must:

a) maintain at least the current safety level of all weather operations;

b) retain at least the existing level or planned improved level of service;

c) support lateral and vertical path guidance as outlined in Resolution A3 7-11* 

ed) maintain global interoperability;

ds) provide regional flexibility based on coordinated regional planning;

be applicable until at least the year 2020support infrastructure investment planning cycles;
n
CXllU

g) be maintained by periodic review; and

#h) take account of economic, operational and technical issues.

3. Considerations

3.2 ILS-related considerations

a) There is a limited risk that ILS Category II or III operations cannot be safely sustained at 
specific locations;
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b) ILS receivers have implemented interference immunity performance Standards contained 
in CAR-ANS 6.3, 6.3.1.4 contains interference immunity performance standards for ILS 
receivers;

c) in some regions, expansion of ILS is limited by channel availability (40 paired E^S/DMB 
channels);

d) many aging ILS ground installations will need to be replaced; and

ed) in most areas of the world, ILS can be maintained in the foreseeable futurer;

e) due to cost and efficiency considerations, some States are rationalizing some of their ILS 
infrastructure at Category I airports with limited operational usage; and

f) based on user-equipage considerations, GNSS-based approaches providing lateral and 
vertical path guidance may offer a cost-effective option when considering introduction of 
Category I approach service or when replacing or removing an existing ILS.

3.3 MLS-related considerations

a) MLS Category ffll is operational;

b) Category II capable ground equipment is certified. Ground and airborne Category IIIB
equipment certification is in progress and is scheduled to be completed in the 2004 2005 time
frame; and

eb) MLS implementation is planned has been implemented at specific locations to improve 
runway utilization in low visibility conditionsr; and

c) further MLS deployment is unlikely.

3.4 GNSS-related considerations

a) Standards and Recommended Practices (SARPs) are in place for GNSS with augmentation 
to support APV and Category I precision approach;

b-) SARPs for ground based regional augmentation system (GRAS) for APV operations are 
under development;

eb) GNSS with satellite-based augmentation system (SBAS) for APV and Category I 
precision approach operations is operational in some regions of the world;

dc) GNSS with ground-based augmentation system (GBAS) for Category I precision 
approach operations is expected to be operational by 2006;
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ed) it is net expected that an internationally accepted GNSS with augmentation as required 
may GBAS will be available for Category II and III operations before the 2010-2015 time 
frame-in the 2018-2020 timeframe;

e) ongoing dual-frequency, multi-constellation (DFMC) GNSS developments will enhance 
performance of GNSS augmentations as well as enable new operational capabilities in the 
2025 timeframe;

f) technical and operational issues associated with GNSS approach, landing and departure 
operations, such as vulnerabilities due to ionospheric propagation and radio frequency 
interference, must be solved addressed in a timely manner; and

g) fflstitutional issues associated with DFMC GNSS approach;-- landing■ and departure 
operations must be solved addressed in a timely manner.

3.6 Other considerations

a) There is an increasing demand for Category II and/or III operations in some areas;

b) GNSS can potentially offer unique operational benefits for low-visibility operations, 
including new procedures, flexible siting requirements and provision of airport surface 
guidance;

c) only the three standard systems (ILS, MLS and GNSS with augmentation as required) are 
considered to play a major role in supporting all weather operations. The use of head-up 
displays in conjunction with enhanced and/or synthetic vision systems may provide 
operational benefits;

d) a consequence of the global strategy is that there will not be a rapid or complete transition 
from ILS to new systems such as GNSS or MLS. It is therefore essential for the 
implementation of the strategy that the radio frequency spectrum used by all of these systems 
be adequately protected;

e) to the extent practical, a transition directly from ILS to GNSS is preferable. In some States, 
however, it may not be possible to make this transition without losing the current level of 
Category II or III operations;

fis) as long as some users of a given runway continue to rely on ILS, the potential operational 
benefits resulting from the introduction of new landing systems may be limited by the 
constraints of mixed-system operations aircraft equipage;

gf) APV operations may be conducted using GNSS with augmentation as required or 
barometric vertical guidance, and GNSS with ABAS or DME/DME RNAV lateral guidance;
OllllCI
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hg) APV operations provide enhanced safety and generally lower operational minima as 
compared to non-precision approaches7;

h) adequate redundancy shall be provided when terrestrial navigation aids are withdrawn; and

i) rationalization shall be part of a national or regional strategy on terrestrial navigation aids; 
guidance is provided in Attachment 6H.

4. Strategy

Based on the considerations above, the need to consult aircraft operators, airport operators 
and international organizations, and to ensure safety, efficiency and cost-effectiveness of the 
proposed solutions, the global strategy is to;

a) continue ILS operations to the highest level of service as long as operationally acceptable 
and economically beneficial so as to ensure that airport access is not denied to aircraft solely 
equipped with ILS;

b) implement continue MLS operations where operationally required and economically 
beneficial;

c) implement GNSS with augmentation (i.e. ABAS, SBAS, GBAS) as required for APV and 
Category I precision approach operations where operationally required and economically 
beneficial, while ensuring that the issues associated with ionospheric propagation in the 
equatorial regions-ore duly addressed and resolved;

d) promote the continuing development and use of a multi-modal airborne approach and 
landing capability;

e) promote the use of APV operations, particularly those using GNSS vertical guidance, to 
enhance safety and accessibility; and

f) identify and resolve operational and technical feasibility issues for GNSS with ground-
based augmentation system (GBAS) to support Category-ll and III operations: Implement
GNSS for Category-11 and III operations where operationally required and economically
beneficial; and

gf) enable each region to develop an implementation strategy for these systems in line with 
the this global strategy.

ATTACHMENT 6C. INFORMATION AND MATERIAL FOR GUIDANCE IN THE 
APPLICATION OF THE STANDARDS AND RECOMMENDED PRACTICES FOR 

ILS, VOR, PAR, 75 MHz MARKER BEACONS (EN-ROUTE), NDB AND DME

2. Material concerning ILS installations
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2.1.9 ILS multipath interference

Note-.----This guidance material does not consider how new large aircraft impact the sizes of
critical and sensitive areas. It is being updated to consider the effect-on the critical and
sensitive areas of such aircraft, and of the considerable changes in airport and operational
environment since the first development of the material. States arc urged to use caution in
applying the examples described below, as they do not- consider several factors that impact
quality-of signal- in space.

Note 1.— This guidance material reflects how new larger aeroplanes (NLA) may impact the 
size of the ILS critical and sensitive areas. It also documents established engineering 
practices for determining critical and sensitive area dimensions, outlines the associated 
operational trade-offs, and presents indicative examples of the resulting sizes of the areas. In 
practice, however, the size of critical and sensitive areas at an aerodrome may need to be 
determined by specific assessments at that aerodrome.

Note 2.— This guidance material is not intended to create a need to review established 
critical and sensitive area dimensions which have been demonstrated to be satisfactory at a 
particular aerodrome, unless the operational environment has evolved significantly (such as 
through the introduction of NLA operations at the aerodrome or the construction of new 
buildings) or the ILS installation has been changed in a way that may affect the dimensions of 
the areas.

2.1.9.1 The occurrence of interference to ILS signals is dependent on the total environment
around the ILS antennas, and the antenna characteristics. Any large reflecting objects,
including vehicles or fixed objects such as structures within the radiated signal coverage, will
potentially cause multipath interference to the ILS course and path structure. The location and
size of the reflecting fixed objects and structures in conjunction with the directional qualities
of the antennas will determine the static course or path structure-quality whether Category 1,
11 or 111. Movable objects can degrade this structure to the extent that it becomes
unacceptable. The areas within which this <iegradable interference is possible need to be
defined and recognized. For the purposes of developing protective zoning-criteria, these areas
can be divided into two types, i.e. critical areas and sensitive areas: ILS environmental effects. 
Large reflecting objects within the ILS coverage volume, whether fixed objects or vehicles, 
including aircraft, can potentially cause degradation of the signal-in-space, through signal 
blockage and/or multipath interference, with the consequence that the signal-in-space 
tolerances defined in CAR-ANS 6.3, 3.1 may be exceeded. The amount of degradation is a 
function of the location, size and orientation of the reflecting surfaces, and of the ILS anteima 
characteristics. The objective of identifying critical and sensitive areas (see 2.1.9.2) and 
associated management procedures is to prevent such degradation and ensure that aircraft 
using the ILS can rely on the signal-in-space meeting the requirements of CAR-ANS 6.3, 
6.3.1.
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2.1.9.2 ILS critical and sensitive areas. States differ in the way they chcK)se to identify ILS 
protection areas. Practices also differ in how vehicle movement restrictions are managed. One 
method is to identify critical areas and sensitive areas as follows;

a) the ILS critical area is an area of defined dimensions about the localizer and glide path 
antennas where vehicles, including aircraft, are excluded during all ILS operations. The 
critical area is protected because the presence of vehicles and/or aircraft inside its boundaries 
will cause unacceptable disturbance to the ILS signal-in-space;

b) the ILS sensitive area is an area extending-beyond the critical area where the parking 
and/or movement of vehicles, including aircraft, is controlled to prevent the possibility of 
unacceptable interference to the ILS signal during ILS operations. The sensitive area is 
protected against interference caused by large moving objects outside the critical area but still 
normally within the airfield boundary.

Note 1. The objective of defining critical and sensitive areas is to afford adequate 
protection to the ITS. The manner in which the terminology is appiied-may-vary-hetween
States. In some States, the term "critical area" is (dm used to describe the an area that 
combines is referred to herein as the critical and sensitive areas identified in this guidance 
material. In cases where the critical area overlaps operational areas, specific operational 
management procedures are required to ensure protection of aircraft using the ILS for 
intercept and final approach guidance.

Note 2. It is expected that at sites, where ILS and MLS are to be collocated, the MLS might 
be located within ILS critical areas in accordance with guidance material in Attachment 6G, 
4.1.

2.1.9.2 Typical examples of critical and sensitive areas that need to be protected are shown-->n
Figures C-3A, C-3B, C-4A and C-4B. To protect the critical area, it is necessary to normally
prohibit all entry of vehicles and the taxiing or parking of aircraft within this area during all
ILS operations. The critical area determined for each localizer and glide path-should be
clearly designated. Suitable-signal devices may need to be-provided at taxiways and roadways
which penetrate the critical area to restrict the entry of vehicles and aircraft. With respeet-4e
sensitive areas, it may be necessary to exclude some or all moving traffic depending on
interference potential and category of operation. It would be advisable to have -the-aerodreme
boundaries include all the sensitive areas so that adequate control can be exercised over all
moving traffic to prevent unacceptable interference to the ILS signals. If these areas fall
outside -the aerodrome boundaries, it is essential that the cooperation of appropriate
authorities be obtained to ensure adequate control. Operational procedures need to be
developed for the protection of sensitive areas.

2.1.9.3—The size of the sensitive area depends on a number of factors including the type of
ILS antenna, the-topography, and the size and orientation of man made objects, including
large aircraft and vehicles. Modem designs of localizer and glide path antennas-eun be very
effective in reducing the disturbance possibilities and hence the extent of the sensitive areas.
Because of the greater potential of the larger types of aircraft for disturbing ILS signals, the
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sensitive areas for these aircraft extend a considerahte-distance beyond the critical areas. The
problem is aggravated by-increased traffic density on the ground.

2.1.9.3.1 In the case of the localizer, any targe objects illuminated by the main directional
radiation of the antenna must be considered as possible sources of unacceptable sigrtal
interference. This will include aircraft on the-funway and on some taxiways. The dimensions
of the sensitive areas required to protect Category 1,11 and 111 operations will vary, the largest
being required for Category III. Only the least disturbance can be tolerated for Category 111,
but an out-of-tolerance course along the runway surface would have no effect on Category 1
or 11 operations.-lf the course structure is already marginal due to static multipath effects, less
additional interference will cause an unacceptable signal. In such cases a larger size sensitive
area may have to be recognized.

2.1.9.3.-2 In the case of the glide path, experience has shown that any object penetrating a
surface above the reflection plane of the glide path antenna and within azimuth-coverage of
the antenna must be considered as a source of signal interference. The angle of the surface
above the horizontal plane of the antenna is dependent on the type of glide path antenna array
in use at the time. Very large aircraft, when parked or taxiing within several thousand feet of
the glide path- antenna and directly between it and -the-approach path, will usually cause
serious disturbance to the glide path signal. On the other hand, the effect of small aircraft
beyond a few hundred feet of the glide path antenna has been shown to be negligible.

2.1.9.3.3 Experience has-shown that the major features affecting the reflection and diffraction
of the-lLS signal to produce multipath interference are the- height and orientation of the
vertical surfaces of aircraft and vehicles. The maximum height of vertical surface likely to be
encountered must be established, together with the “worst case” orientation. This is because
certain orientations can cause out-of-tolerance localizer or glide path deviations at greater
distances than pamllel or perpendicular orientations.

2.1.9.4 Computer or model techniques can be employed to c-alculate the probable location,
magnitude and duration of ILS disturbances caused by objects, whether by structures or by
aircraft of various sizes and orientation at different locations. Issues involved wrth these
techniques include the following:

a) c-omputerized mathematical models are in- general use and are applied by personnel with a
wide variety of experience levels. However, engineering knowledge of and judgement about
the appropriate assumptions and limitations are required when applying such models to
specific multipath environments. ILS performance information relative to this subject should
normally be made available by the ILS equipment manufacturer;

Figure C-3A. Typical localizer critieal and sensitive areas dimension variations for a 3
000 m (10 000 ft) runway

Figure C 3B. Typical glide path critical and sensitive areas dimension variations
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Figure C-4A. Example of critical and sensitive area application at specific sites with B-747
aircraft interference

Figure C 4B. Example of critical and sensitive area application at specific sites with B 747
aircraft interference

b) where an ILS has been installed and found satisfactory, computers and simulation
techniques can be employed to predict the probable extent of ILS disturbance-which may
arise as a result of proposed new construction. Wherever possible, the results--of- -sueh
computer aided simulation should be validated by direct comparison with actual flight
measurements of the results of new construction; and

c) taking into account the maximum aUowable multipath degradation-of the signal due to
aircraft on the ground, the corresponding minimum sensitive area limits can be determinedr
Models have been used to determine the critical and sensitive areas in Figures C 3A, C 3B,
C-4A and C-4B, by taking into account the maximum allowable multipath degradation of ILS
signals due to aircraft on the ground. The factors that affect the size and -shape of the critical
and sensitive areas include: aircraft types likely to cause interference, antenna aperture and
type (log periodic dipole/dipole, etc.), type of clearance signals (single/dual frequency);
category of operations proposed, runway length, and static bends caused by existing
structures. Such useof-models should involve their-validation, which includes spot check
comparison of computed results with actual -field-demonstration data on parked aircraft
interference to the ILS signal.

2.1.9:S Control of critical areas and the designation of sensitive areas on the airport proper
may still not be sufficient to protect an ILS from multipath effects caused by large, fixed
ground structures. This is particularly significant when considering the size of new buildings
being erected for-larger new aircraft and other purposes. Structures outside the boundaries of
the airport may also cause difficulty to the ILS course quality, even though they meet
restrictions with regard to obstruction
heights.

2.1.9.5.1 Should the environment of an airport in terms of large fixed objects such as tall
buildings cause the structure of the localizer and/or glide path to be near the tolerance limits
for the category of operation, much larger sensitive areas may need to be established. This is
because the effect of moving objects, which the sensitive areas are designed to protect the
ILS against, has te be added to the static beam bends caused by fixed objects. However,
direct addition of the maximum bend amplitudes is not considered appropriate and a root sum
square combination is felt to be more realistic. Examples are as follows:

a) localizer course bends due-to-static objects equals plus-or^ minus I'/ipA. Limit plus or
minus 5pA. Therefore alk>wanee-fer moving objects to define localizer sensitive area is

V52 "•L52 — 4.77pa4

b) localizer course bends due to static objects equals plus or minus '\[iA. Limit plus or minus
Sp/f:■ Therefore allowance for-nwving objects to define localizer sensitive area is
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in case b) the sensitive area would be larger, thus keeping interfering objects further away
from the runway so that they produce or less distortion of the localizer beam. The same
prrrHsrple is appHed to the glide path serrsrtive area.

2.1.9.3 Technical and operational logic associated with critical and sensitive areas. Ideally, 
the critical area is enforced during all ILS operations with protection afforded down to at 
least the Category I decision height. A critical area disturbance would normally impact all 
aircraft using the ILS signal at a given time (entire approach). The critical area is typically 
safeguarded through marked boundaries, limiting access to the area or through procedural 
means if there are overlaps into operational areas. From an operational perspective, the 
sensitive area would ideally protect aircraft operations at least from the Category I decision 
height down to the runway, and be activated during low visibility conditions only (e.g. 
Category II and III). A sensitive area disturbance would normally be of a transient nature, and 
produce a local disturbance affecting a single aircraft only. However, at many locations, it 
may not be possible to achieve this ideal situation, and corresponding technical and 
operational mitigations will be required.

Note.— Guidance on operational procedures for the protection of critical and sensitive areas 
is provided in ICAO EUR DOC 013, “European Guidance Material on All Weather 
Operations at Aerodromes

2.1.9.4 Technical determination of critical and .sensitive area dimensions. Critical and 
sensitive areas are normally calculated in the planning stage, prior to ILS installation, using 
computer simulation. A similar process is used when there are changes to the installation or 
to the environment. When using computer simulations, it is necessary to allocate the 
protection of individual parts of the approach to either the critical or sensitive area. It is 
desirable to ensure that the combined critical and sensitive areas protect the entire approach. 
However, this may not be possible in all cases. Furthermore, if the logic described in 2.1.9.3 
is used, this may lead to restrictively large critical areas. Some States have found that a 
reasonable compromise can be achieved using a different logic, whereby the critical area 
protects the segment from the edge of coverage down to 2 NM from the runway threshold, 
while the sensitive area protects the approach from 2 NM down to the runway. In this case, a 
Category I sensitive area will exist and may require operational mitigation. Depending on the 
operational environment (such as timing between leading aircraft on runway roll-out and 
trailing aircraft on final approach), no particular measures may be needed. There may not 
necessarily be a direct link between the approach allocation used in simulations to determine 
critical and sensitive areas, and their operational management. It is a State’s responsibility to 
define the relevant areas. If different disturbance acceptance criteria or different flight 
segment protections are to be applied, they must be validated through a safety analysis. The 
safety analysis must take all relevant factors into account, including the aerodrome 
configuration, traffic density and any operational issues or capacity restrictions.

2.1.9.5 Factors impacting the sizes of critical and sensitive areas. Localizer and glide path 
antennas with optimized radiation patterns, especially when combined with two-frequency
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transmitters, can be very effective in reducing the potential for signal disturbance and hence 
the sizes of the critical and sensitive areas. Other factors affecting the sizes of the areas 
include the category of approach and landing operation to be supported, the amount of static 
disturbance, locations, sizes and orientations of aircraft and other vehicles (particularly of 
their vertical surfaces), runway and taxiway layout, and antenna locations. In particular, the 
maximum heights of vertical aircraft tail surfaces likely to be encountered must be 
established, together with all possible orientations at a given location, which may include 
non-parallel or non-perpendicular orientations with respect to the runway. While critical and 
sensitive areas are evaluated in a two-dimensional (horizontal) context, protection shall 
actually be extended to volumes, as departing aircraft and/or manoeuvring helicopters/aircraft 
can also cause disturbances to the ILS signals. The vertical profiles of the protection volumes 
depend on the vertical patterns of the transmitting arrays.

2.1.9.6 Allocation of multipath error budget. It is convenient to consider disturbances caused 
by mobile objects such as aircraft and other vehicles separately from the static disturbances 
caused by fixed objects such as buildings and terrain. Once the static multipath is known, the 
remainder can be allocated to dynamic disturbances. If measurements indicate that the real 
static multipath is significantly different from that assumed in the simulations, the allocation 
may need to be revised. In most cases, the root sum square combination of the disturbances 
due to fixed and mobile objects gives a more statistically valid representation of the total 
disturbance than an algebraic sum. For example, a limit of plus or minus 5pA for localizer 
course structure would be respected with plus or minus 3pA of disturbance due to static 
objects and an allowance of plus or minus 4pA for dynamic objects:

v(3/iJ)-+(4/iJ)- = 5//A

2.1.9.7 Site study and computer simulations. Normally, a site specific study is conducted for a 
particular airport installation. The study will take into account different assumptions for the 
static multipath environment, airport topography, types and effective heights of ILS arrays, 
and orientations of maneuvering aircraft, such as runway crossings, 180° turns at threshold or 
holding orientations other than parallel or perpendicular. Simulation models can be employed 
to calculate the probable location, magnitude and duration of ILS disturbances caused by 
objects, whether by structures or by aircraft of various sizes and orientation at different 
locations. Air navigation service providers (ANSPs) will need to ensure that simulation 
models used have been validated by direct comparison with ground and flight measurements 
for a variety of specific situations and environments, and that the subsequent application of 
such models is conducted by persormel with appropriate engineering knowledge and 
judgement to take into account the assumptions and limitations of applying such models to 
specific multipath environments.

2.1.9.8 Changes in airport environment. Shall major changes in the airport environment 
cause an increase in the static disturbances of the localizer and/or glide path, the si^es of the

67



critical and sensitive areas may need to be redefined, with potential impact on airport 
efficiency or capacity. This is particularly significant when considering the location, size and 
orientation of proposed new buildings within or outside the airport boundary. It is 
recommended that suitable safeguarding criteria be employed to protect the ILS operations.

Note.-— Example guidance can be found in ICAO EUR DOC 015 "European Guidance 
Material on Managing Building Restricted Areas ”.

2.1.9.9 Typical example.'! of critical and .sensitive areas. Figures C-3 and C-4 (including 
associated Tables C-1, C2-A and C2-B)) show examples of critical and sensitive areas for 
different classes of vehicle/aircraft heights and several localizer and glide path antenna types. 
The calculation of these examples has been done with a simulation model using an exact 
method of resolution of ILS propagation equations applied to a 3D model of corresponding 
aircraft. The dimensions are based on assumptions of flat terrain, 3.0° glide path, allocations 
of 60 per cent of applicable tolerances for static multipath and 80 per cent for dynamic 
multipath, an approaching aircraft at 105 knots, i.e. with a 2.1 rad/s low-pass filter and an 
omnidirectional receiving antenna pattern. The examples consider typical orientations of 
reflecting surfaces of taxiing, holding and maneuvering aircraft/large ground vehicles. The 
tail heights for the ground vehicles/small aircraft, medium, large and very large aircraft 
categories correspond to CAAP MOS Aerodromes aerodrome reference code letters A, B/C, 
D/E and F, respectively, as detailed within FAA Advisory Circular 150/5300-13. In case of 
uncertainty about which category an aircraft belongs to for the purposes of critical and 
sensitive areas assessment, the tail height is the determining feature.

2.1.9.9.1 Purpose and correct application of typical examples. Since it will be rare that an 
actual installation fits exactly the assumptions used in these examples, adaptation to local 
conditions will be required. The examples serve to provide a rough order of magnitude 
indication of critical and sensitive area sizes, depending on how much local conditions differ 
from assumptions used in these examples. The example tables may also be used to assess the 
tools used in simulations, using the listed assumptions. In many installations, airports have 
established critical and sensitive areas which are different from those listed in these 
examples, through a combination of further technical optimizations, operational mitigations, 
experience, and safety assessments applicable to the particular operational environment. In 
the case of new airport construction projects, potential conflicts of the example areas 
provided here with planned operational uses shall lead to further evaluations, and may lead to 
implementing more advanced ILS anterma systems, for example wider aperture localizer 
antennas, including advanced designs such as very large aperture arrays. The typical 
examples provided here do not take such specific optimized systems into account. The tables 
differ slightly between the localizer and the glide path in terms of how different aircraft 
orientations are considered. These details are explained in the notes to Tables C-1 (note 9), C- 
2A and C-2B (note 8). In accordance with these notes, in some glide path cases the half­
wingspan of aircraft needs to be added to ensure that no portion of the aircraft enters the 
critical or sensitive areas.

2.1.9.9.2 Limits of multipath assumptions used in example simulations. The allocation of 60 
per cent for static and 80 p^r cent for dynamic multipath used in 2.1.9.6 represents a 
conservative approach which is suitable in locations where both types of multipath coincide.
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A different allocation may be appropriate for the glide path, especially in the case of flat 
terrain, as in that case the static multipath will be very small. In locations where static and 
dynamic multi-path do not coincide, due to the specific layout of the airport, the full tolerance 
can be consumed by the dynamic multipath. A simulation tool able to model the complete 
environment (static and dynamic reflection sources) and to compute the combined effect may 
avoid having to apply the root sum square approximation. This may lead to an optimization 
of the critical and/or sensitive area dimensions.

2.1.9.9.3 Flight segment protection allocations used in example simulations. The examples 
given in Figure C-3 for the localizer use a 2 NM transition point as described in 2.1.9.4. The 
examples given in Figure C-4 for the glide path use a 0.6 NM transition point (correspionding 
to the Category 1 decision height). Depending on local operations, other transition points may 
be more suitable.

Rtar sensiti\ie area

.Additional rear sen«ti\e area for 
perpendicular to runway onentalioni

k>1 C ntical area 
Sensiti'.e area
AcUbtioual >«isitivf .iic.i foi noii-perpmdiculai nou-p.3ralk*l lo nuiwnv
on«it:^tions

1 500 mantenna array

.too

.Vor to sen If 
Dimemiom in Xoie — )’i and Xj^ are determined iv a ute-speaftc sntdy tPiere no siie-ipecific smd\ has 

been undertaken, the defmi!t value for .Vm is zero

Figure C-3. Example of localizer critical and sensitive area dimensions 

(values in associated Table C-1 below)

Table C-1. Typical localizer critical and sensitive area sizes
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AircraftAehicle height H16 m (see Note 1) 
Ground vehicle

6 m 'H114 m
Medium aircraft

14 m H<70m
Larae aircraft

70m - Hi 75m
Very larpe aircraft

Antetma aperture 
(see Note 3)

Small Medium Large Small Medium Large Medium Medium Large

Chncal area CAT J X< 180 ni 65 m 45 m 460 m 700 m 150 m 500 m 410 m 660 m 580 m
Zc 10 m 10m 10 m 35 m 35 m 35 m 50 m 50 m 60 m 60 m

(see Note 10) Yc 50 ni 15 m 70 m 110 ni 25 m 75 m 50 m 30 m 55 m 40 m
.Sensinve area CAT I 

Xs
200 ni

No sensitive area

500 m
No sensitive area No sensitive area

1 300 m 1 100m

Y, 40 ni 90m 90 m 50 m
Y. 40 m 90m 90 m 50 m
Zsi 15 m 35 m 60m 60m

(see Note 7) Zm 15 m 35 m 60 m 60m

AircrafiA'chicle height H i 6 m (see Note 1) 
Ground \ehicle

6 m - H i 14 m 
Medium aircraft

14 m < H < 70 m
Larne aircraft

70m- H< 75 m
Very lart?e aircraft

Antenna aperture 
(see Note 3)

Medium Large Medium Large Medium Large Medium Large

Critical area CATU 
Xc

75 m 55 m 700 m 700 m 500 m 475 m 750 m 675 m

Zc 10 m 10m 35 ni 35 m 50 m 50 m 60 m 60 m
(see Note 10) Yr 15 m 70 m 75 m 75 m 50 m 30 m 70 m 50 m

Sensitne area CAT21 
Xs

75 m
No

sensitise
area

500 m
No

sensitive
area

7 100 m 1 400m Localizer to 
thresliold 
distance

Localizer to 
threshold 
distance

Yi 15 m 50 m 125m ■ K 60 m > K 180 m - K 100 111 K
Y; 15 m 50 in 125 ni • K 60 m ' K 180m- K 125 m « K
Zsi 15 m 15 m 35 in 35 m 60 m 60m 70 m 70 m

(see Note 7) Zy 15 m 15 m 45 m 45 m 160m 160 m 750 m 750 m

H _ 6 m (>«« Note 1; 
GiouLd vekcle

6m H_14m
Medium aaa»&

14m H_:0m
Large urcnS

20m H_25m
Verv large artttaft

AnriKtsa 
(leeNote 5)

Medi'jm Ljiig* Medium Large Medrjm Large Medium Large

CViSfa.' arts CjT III
X.

"5b 55 in IMm 200 n 500 m 475 m '50 m 675 m

10 m 10 n 35 zn 35m 50 m 50 m 63 m 6C'm
(MtNoKlO; Y. 15 m ;om 25 m 25 m 50 m 30 m "0 m 50 m

S#n;:.T.* arta CaT HI
X

loom
No

sczisiin'c
area

9C0l
No

ana

3 lOC'm 3 100m Loahzerto
djeibold
discacce

Lotalizeno
threitold
distance

V, IS m 50 m 140m.K llOffi-K ISOm • K 150m-K
Y: 15 m 50 m ISOm-K 120 m • X 260m- K ISOm ■ K
Zv. 15 m 15m 55 m 35m 60 m 60m "Om 'Om

(iee Not* r) Z-^- 15 m 15 m 45 a 45 m 160 m 160m 1 j 0 B 250 m

Notes:
1. For vehicles smaller than 2.5 m in height, Zc = 3 m, assuming a 23 dB front/back ratio for 
the transmitting antenna for both course and clearance signals.

2. For systems with near-field monitor antennas, vehicles must not enter between the monitor 
antennas and the transmitting antenna.

3. Small aperture: 11 elements or less. Medium aperture: 12 to 15 elements. Large aperture: 
16 elements or more. Simulations have been conducted using a commonly installed 12 
element system for the medium and a commonly installed 20 element system for the large 
aperture cases. It is assumed that Category 11/111 operations are not conducted on runways 
equipped with small aperture localizers, and that aircraft as large as a 747 are not operating 
on such runways.
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4. For localizer arrays with very low height, additional critical area will he needed due to the 
greater attenuation of the direct signal at low vertical angles.

5. A specific study for a particular airport, considering realistic orientations, static multipath 
environment, and airport topography and type of ILS antennas, may define different critical 
areas.

locdizo to tbresbold distaoce
6. K= 3300 m

7. The rear dimensions for sensitive areas may be changed based on specific study results 
considering fielded antenna pattern characteristics. A directional array with a 23 dB 
front/hack ratio is assumedfor course and clearance signals.

8. Single aircraft taxiing or holding parallel to the runway does not generate out-of-tolerance 
signals.

9. Boundaries for critical areas or rear sensitive areas apply to the entire longitudinal axis 
(both tail and fuselage) of the interfering aircraft. Boundaries for sensitive areas apply only 
to the tail of the interfering aircraft.

10. The critical area semi-width, Yc, shall exceed the actual physical dimension of the 
localizer antenna array by at least 10 m laterally (on both sides) in its portion between the 
localizer antenna array and the stop end of the runway.

Figure C-4 Example of glide path critical and sensitive area dimensions 
(Values in associated Table C-2A below)
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Table C.2A example of Glide path critical and sensitive area dimensions for parallel and
perpendicular orientations:

.ill a aft \t'mclt height OroQDd vtbid* Mtdmm lucrift Lai ft auoafi Voy -lift aaoafi

H _ 5 m 6 m H . 14 m 14 m H_ 20 m 20 m H_ 25 m

Glide path ope M-anay NuU-raf M-anay NuU-j*f M-anay N’uil-itf M-anay NuU->tf

CAT Icnbcal am
X 299m 191 m 329 m 829 m 46'm 1 117m 610 m 1 360 m
y 29 m 29 m 20 m 20 m 22 m 22 m 15 m 15 m

CAT I aita

X 299 m 399 m 279 m 529 m 41" m 717m 510m 760 m
V 29 m 13 m 20 m 20 m 22 m 16 m 15m 15 m

C AT H III cnocal atca

X 299 m 449 m 329 m 829 m B r - 1 267 m 660 m 1410m

Y 29 m 29 m 20 m 20 m 22 m 22 m 15 m 15 m
CAT nm vciumw
aica

X 299 m 449 m 429 m 629 m 517m 767 m 560 m I 010 m
y 29 m 29 m 20 m 20 m 22 m 22 m 15 m 15 m

Table C-2B. Example of glide path critical and sensitive area dimensions for other orientations
Aircrci/t yehiclc hiiglif Oioiiud \ dude Mciiuuu ducinll Larue auciafl Veiy liugc aucrafi

Hl 6 m 6 ui T _ 14 lu 14 m H L 20 m 20 m Hi 25 m
Clide path type M-airay Niiil-ref M-anay Null-ief M-anay Null-ref M-array Null-ref

CAT 1 ciitical area
X 298 m 191 m 29'm 829 m 444 111 1 167 m 591 m i 360 m
Y 24 m 15 m 39 in 39 in 35 m 55 Di 34 m 55 m

CAT I sccsitn e area
X 298 m 394 m 297 in 537 m 444 m “'17m 541 m 710 m
Y 24 m 24 m 39 m 39 ID 25 m 18 m 24 m 24 m

CAT U m critical area
X 298 m 443 m 347 m 829 m 544 m I 267 m 672 m 1 410 m
Y 24 m 25 m 39 ID 39 in 35 m 55 m 34 ID 55 in

CAT IT III scusirh e
area

X 298 lu 445 m 29'm 829 in 528 in 817m 610 m 1 010 m
’S' 24 m 24 m 39 m 39 m 25 m 25 m 24 m 24 m
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/. Xb = 50 m and applies to both critical and sensitive areas for the large and very 
aircraft category only. Otherwise, Xh = 0 m.

2. The ground vehicle category also applies to small aircraft. Simulations have approximated 
these aircraft or large ground vehicles using a rectangular box (4 m high 12 m long 3 m 
wide). Depending on local conditions, it may be possible to reduce especially Category I 
critical area dimensions such that taxiing or driving on the taxiway directly in front of the 
glide path antenna may be allowed.

3. Separate tables (C-2A and C-2B) are given for parallel/perpendicular and for other 
orientations in order to not penalize parallel taxiway operations. To derive worst-case keep- 
out areas, the largest number among the two tables must be used. Values in Table C-2B 
(“other orientations ”) that are larger than the corresponding ones in Table C-2A (“parallel 
and perpendicular orientations ”) are highlighted in bold. Perpendicular orientations covered 
in Table C-2A include only the orientation where the nose of the aircraft is pointing towards 
the runway. Perpendicular orientations with the tail of the aircraft pointing towards the 
runway are covered in Table C-2B. Table C-2B also considers aircraft turning towards the 
runway for line-up at angles of 15, 30, 45, 60 and 75 degrees. Orientations causing the 
largest keep-out areas (i.e. worst aircraft orientation among all orientations causing out-of­
tolerance signaLs) have been derived based on an A380 using an M-array antenna. Since the 
number of simulations required to cover all possible orientations for all categories of 
vehicles over a large area would be excessive, the impact of worst-case orientations on the 
critical and sensitive areas may need to be verified taking into account the particular taxiway 
layout.

4. Simulations are referenced to the glide path antenna mast using a typical perpendicular 
distance to the runway centre line of 120 m and a nominal parallel distance from the runway 
threshold of 300 m. For different antenna-to-runway offsets, the critical and sensitive areas 
have to be shifted accordingly.

5. The edge of the runway closer to the glide path antenna defines the inner limit of the 
critical area. The farther edge of the runway defines the inner limit of the sensitive area. This 
sensitive area limit needs to be extended by another 50 m on the opposite side of the runway 
(starting from the runway centre line) for the large and very large aircraft categories when 
using a Null-Ref antenna.

6. Depending on simulation choices (transition point), the critical area may be larger than 
the sensitive area and impact associated management procedures.

7. In line with the operational logic described in 2.1.9.4 (no protection of the Category 1 glide 
path is required below decision height) as well as the observation that in Tables C-1, C-2A 
and C-2B, the Category 1 critical area is typically equal or larger than the sensitive area, 
protecting the Category I sensitive area may not be necessary.

73



8. Boundaries for critical and sensitive areas apply to the entire aircraft (entire fuselage and 
wings).

Table C- 4-3 Required distance separation

Frequency separation Minimum separation between second facility 
and the protection point of the first facility 
km (NM)

List A List B List C

Localizer Co-channel 148(80) 148 (80) 148(80)
50 kHz — 37(20) 9(5)
100 kHz 65 (35) 9(5) 0
150 kHz — 0 0
200 kHz 11(6) 0 0

Glide path Co-channel 93 (50) 93 (50) 93 (50)
150 kHz — 20(11) 2(1)
300 kHz 46 (25) 2(1) 0
450 kHz — 0 0
600 kHz 9(5) 0 0

List A refers to the use of localizer receivers designed for 200 kHz channel spacing coupled 
with glide path receivers designed for 600 kHz channel spacing and applicable only in 
regions where the density of facilities is low.

List B refers to the use of localizer receivers designed for 100 kHz channel spacing coupled 
with glide path receivers designed for 300 kHz channel spacing

List C refers to the use of localizer receivers designed for 50 kHz channel spacing coupled 
with glide path receivers designed for 150 kHz channel spacing.

Note 1.- The above figures are based on the assumption of protection points for the localizer 
at 46 km (25 Nm) distance and 1 900 m (6 250ft) height arid for the ILS glide path at 18.5 km 
(10 NM) distance and 760 m (2 500ft) height.

Note 2. - States, in applying the separations shown in the table, have to recognize the 
necessity to site the ILS and VOR facilities in a manner which will preclude the possibility of 
airborne receiver error due to overloading by high unwanted signal levels when the aircraft 
is in the initial and final approach phases.

Note 3. - States, in applying the separations .shown in the table, have to recognize the 
necessity to site the ILS glide path facilities in a manner which will preclude the possibility of 
erroneous glide indications due to reception of adjacent channel signals when the desired 
signal ceases to radiate for any reason while the aircraft is in the final approach phase._____
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Table C- 2 4. Integrity and continuity of service objectives

Level Localizer or glide path

Integrity Continuity of service MTBO (hours)

Not demonstrated, 
or less than required for 

Level 2

2.

3.

4.

1 - lO-7 in any 
one landing

1-0.5 X lO"9 in any 
one landing

1-0.5 X I O'9 in any­
one landing

1-4 X lO-6 in any 
period of 15 seconds

1-2 X lO-6 in any 
period of 15 seconds

1-2 X lO"6 in any period of 
30 seconds (localizer)
15 seconds (glide path)

1000

2000

4000 (localizer) 
2000(glidc path)

Note. For currently installed systems, in the event that the level 2 integrity value is not 
available or cannot he readily calculated , it is necessary to at least perform a detailed 
analysis of the integrity to assure proper monitor fail-safe operation.

Table C-35. Values of geographical separation distances for co-channel operation

VOR facilities of 
equal effecQ\'e 
radiated power

\X)R facilities winch differ m cffectn*e 
radiated pow er by 6 dB

\X>R Polities which differ m eflecti\'e 
radiated power by 12 dB

Minimum se<v
paphical sepvatioo 

between facilities

i« 3D! - —
S

tfOl D;

m3D.- 22 
$

l/D; D,

Mirnmum ceofiaphicai separation 
between facilities

IS 3D; - :0 ‘ K ifDi D:* K
s s

or 3D:* :!0 * * ifD, Ih* K 
s s

Minimum geop^aphical sepuanon 
between facibOes

IS 3D;* -0“1c jTDi D:* K 
s s

or 3D: * '° " K tfDt D:+ K 
s s

Altitude s K 20
s

K K
S

20 - K
S

20 -■ K
S

K c
s

20 - K
S

20 - K
S

m(ft) dBVm(N’M) dB bn (NM) dB km (NM) kmCJXt) km (NM) dB km(NM) bn(NK0 km (NM)

1 •> > 4 5 6 7 8 9 10 11 13

I 200 (4 000) 0 3’ (0 60) 0 61 (33) 6 19(10) 43(33) 80 (43) 13 37(30) 34(13) 98(53)

3 000(10 000) 0 33 (0 43) 0 87 (47) 6 36 (14) 61(33) 113(61) 13 53 (38) 35 (19) 137(74)
4 500(15 000) 0 18 (0 34) 0 109(59) 6 33 (18) 76(41) 143 (77) i: 67 (36) 44(34) 174(94)

6 000 CO 000) 0 15 (0 39) 0 138(69) 6 39(31) 89(48) 167 (90) 13 78(43) 53 (38) 306(110)

7 500 C5 000) 0 13 (0 35) 0 148 (80) 6 44(34) 104(56) 193 (104) 13 89 (48) 59 (33) 337(138)
9 000 (50 000) o o 0 161 (87) 6 48 (36) 113(61) 309(113) 13 96(53) 65 (33) 358(139)

i: 000 (40 000) 010(019) 0 195(105) 6 59 (33) I35a3) 354(137) 13 119(64) 78 (43) 311(168)
18000(60 000) 0 09(0 1 7) 0 319(118) 6 65 (35) 154 (83) 384 (153) 13 130(70) 87 (47) 348(188)

Sot€ — S, IT and thi ztgn ofK are defined m 3 4 5

75



In the above formulae;
Dl, D2 = service distances required of the two facilities (km).
K = the ratio (db) by which the effective radiated power of the facility 

providing Dl coverage exceeds that of the facility providing D2 
coverage.
Note. - if the facility providing D2 is of higher effective radiated 
power, then “K” will have a negative value.

S = slope of the curve showing field strength against distance for constant
altitude (dB km).

Table C- 46. Protection ratio D/U (dB)
Type of assignment B
Co-frequency :
Same pulse code 
Different pulse code

8
8

8
-42

First adjacent frequency:
Same pulse code -(Pu - 1)
Different pulse code -(Pu+7)

-42
-75

Second adjacent frequency
Same pul se code -(Pu+19)
Different pulse code -(Pu +27)

-75
-75

Note /.- The D/U ratios column A protect those DME/N interrogators 
Operating on x or y channels. Column a applies to decoder rejection 
of 6 microseconds
Note 2.- The D/u ratios in Column B protect those in DME/N or 
DME/N or DME/P interrogators utilizing discrimination in 
conformance with 6.3.5.5.3.4.2 and 6.3.5.5.3.4.3 of CAR-ANS 6.3

Note 3.- Pu is the peak effective radiated power of the undesired 
signal in dBw.

Note- 4. The frequency protection requirement is dependent upon the 
antenna patterns of the desired and undesiredfacility and the ERP of 
the undesired ERP of the under.side facility

Note.- 5 In as.sessing adjacent channel protection, the magnitude of 
D/U ratio in Column A should not exceed the magnitude of the value 
on column B.
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Table C-5 7
Function Typical distance from PFE CMN

the threshold (95%) (95%
probability)

Approach (7.3.2.1.3)
-extended runway centre line .37 km (20 NM) ± 250m ( ±820 ft) ± 68m( ± 223 ft)
-at 40° azimuth 37 km (20 NM) ±375 m (±1 230 ft) ±68m( ± 223 ft)
Approach (7.3.2.1.4)
•extended runway centre line 9 km (5 NM) ±85 m ( ± 279 ft) ±.34 m( ±111ft)
•at 40° azimuth 9 kra (5 NM) ± 127 m( ±417 ft) ±34m( ±11111)
Marker replacement 
-outer marker 9 km (5 NM) ±800 m ( ±2 625 ft) not applicable
-middle marker 1 060 m (0.57 NM) ±400 m ( ±1 312 ft) not applicable
30 m decision height 
determination (100 ft)
(7.3.2.1.5)
-3° glide path (CTOL) 556 m (0.3 NM) ±30m( ±100 ft) not applicable
-6° glide path (STOL)
Flare initiation over

556 m (0.3 NM) ±15 m( ±50 ft) not applicable

uneven terrain (7.3.2.1.6) 
-3" glide path (CTOL) 0 ±.30 m ( ± 100 ft) ±18 m( ±60 ft)
-6° glide path (STOL) 
Sensitivity modifications
(7.3.2.1.7)

0 ±12 m( ±40 ft) ±12m( ±4011)

(autopilot gain scheduling) 37 km (20 NM) to 0 ± 250m ( ±820 ft) not applicable
Hare manoeuver with MLS 
tlarc elevation (7.3.2.1.8) 
-CTOL 0 ±30 m( ± 100ft) ±12 m( ±4011)
-STOL 0 ±12 m ( ± 40 ft) ±12 m ( ± 40 ft)
Ixmg Flare alert (7.3.2.1.9) Runway region ±30 m( ± 100 ft) not applicable
CTOL high speed roll- 
oiil tumorts (7.3.2.1.10) Runway region ±12 m( ±40 ft) ±30m( ±100 ft)
Departure climb and missed 
approach

0 to 9 km (5NM) 100 m( ±328 ft) ± 68 m ( ±223 ft)
VTOL approaches 
(7.3.21 II)

925 m (0.5 NM) to 0 ±12 m( ±40 ft) ±12 m( ±40 ft)
Coordinate translations - ±12 m( ±30 ft) ±12 m( ±40 ft)
(7.3.2.1.12) ( ±40 ft to ± 100ft)

Table C-68. Examp e of DME/P error budget
FA mode Standard 1 FA mode Standard 2 lA mode

Error source Error component
PFE 

m (ft)
CMN 
m (ft)

PFE 
m (ft)

CMN 
m (ft)

PFE 
m (ft)

CMN 
m (ft)

Transponder ± 10 ( ±3.3) ±8 (±26) ±5( ± 16) ± 5(±16) ±15(±50) ±10(±33)
Instrumentation Interrogator ± 15 (±50) ±10(±33) ±7( ±23) ± 7(±23) ±30(±100) ±15(±50)
Site related Down-link specular 

multipath ±10(±33) ±8( ±26) ±3( ±10) ±3(±10) ±37( ±121) ±20( ±66)
Up-link specular 
multipath ±10 (±33) ±8(±26) ±3 (±10) ±3(±10) ±37( ±121) ±20(±66)
Non-specular 
(Difl'use) multipath ±3 (±10) ±3(± 10) ±3(±10) ±3(±10) ±3(±10) ±3( ±10)
(larble ±6 (±20) ±6( ±20) ±6( ±20) ±6( ±20) ±6( ±20) ±6( ±20)
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Note /.- The figures for “non-specular multipath' 
and down-link components.

and for garble are the totals of the up-link

Note 2.- PFE contains both bias and time varying components. In the above table the time 
varying components and most site related errors are assumed to be es.sentially statistically 
independent. The bias components may not conform to any particular statistical distribution. 
In considering these error budgets, caution is to be exercised when combining the individual 
components in any particular mathematical manner.

Note 3. The transmitter wave form is assumed to have a 1 200 nanosecond rise time.

Table C-79. CTQL ground-to-air power budget
Power budget items 41 km 

(22 NM)
13 km 

(7 NM)
Ref.

datum
Roll-out

Peak effective radiated power, dBm 55 55 55 55
Ground muhipath loss.dB -5 -3 •A -17
Antenna pattern loss. dB -4 -2 -5 -5
Path loss dB -125 -115 -107 -103
Monitor loss dB -1 -I -1 -1
Polarization and rain loss, dB -I -1 0 0
Received signal at aircraff. dBm -81 -67 -62 -71
Power density at aircraft. dBW/m2 -89 -75 -70 -79
Aircraft antenna gain, dB 0 0 0 0
Aircraft cable loss, dB -4 -4 -» -4
Received signal at interrogator, dBm 
Receiver noise video, dBm 
(Noise factor (NF) - 9dB)

-85 -71 -66 -75

IF BW: 3.5 MHz
IF BW: 0.8 MHz -109

-103 -103 -103

Signal-to-noisc ratio {videoX dB 24 32 37 28

Table C- MO. CTOL air-to-ground power budget
Power budget items 41 km 

(22 NM)
13km 
(7 NM)

Ref.
datum

Roll-out

Interrogator transmitter power.dBm 57 57 57 57
Aircraft antenna gain, dB 0 0 0 0
Aircraft cable loss,dB A -4 -4 -4
Peak effective radiated,dB 53 53 53 53
Ground multipath loss, dB -5 -3 -4 -17
Path loss. dB -125 -115 -107 -103
Polarization and rain loss.dB -1 -1 0 0
Received signal at transponder antenna, dBm -78 -66 -58 -67
Ground antenna gain.dB -8 8 8 8
Pattern loss.dB -4 -2 -5 -5
Cable loss, dB -3 -3 -3 -3
Received signal at transponder. dBm
Receiver noise video.dBm 
(noise factor (NF) =9 dB)

-77 -63 -58 -67

IF BW : 3.5 MHz
IF BW : 0.8 MHz -112

-106 -106 -106

Signal-to-noise ratio (video), dB 35 43 48 39
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Table C-911.Power supply switch over times for ground-based radio aids used at
aerodromes

Aids requiring 
power

maximum switch 
over times 
(seconds)

Instrument approach SRE 15
VOR 15
NDB 15
D/F focility 15

Precision approach. Category 1 ILS localizer 10
II..S glide path 10
ILS middle marker 10
ILS outer marker 10

Precision approach. Category II ILS localizer 0
ILS glide path 0
ILS inner marker 1
ILS middle marker 1
ILS outer marker 10

Precision approach, category III (same as category II)

7.2 Guidance material concerning DME/N only

7.2.3 DME-DME RNA V

7.2.3.3 Errors in published DME facility locations will result in RNAV position errors. It is 
therefore important that DME positions are correctly surveyed and that adequate procedures 
are in place to ensure that the location data are correctly published. For DME facilities 
collocated with VOR, the DME position should shall be separately surveyed and published if 
the separation distance exceeds 30 m (100 ft).

Note. Sfandartis far Specifications concerning data quality and publication of DME
location information are given contained in Annex 15---- Aeronautical Information Services
PANS-AIM (Doc 10066), Appendix 1.

ATTACHMENT 6D. INFORMATION AND MATERIAL FOR GUIDANCE IN THE 
APPLICATION OF THE GNSS STANDARDS AND RECOMMENDED PRACTICES

3. NAVIGATION SYSTEM PERFORMANCE REQUIREMENTS
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3.2 Accuracy

3.2.7.1 Requirements for position domain accuracy to support precision approach operations 
below Category I are not defined in the SARPs. GBAS service types intended to support 
operations with lower than Category I minima are required to meet the SIS accuracy 
requirements for Category I at a minimum. In addition, specific pseudo-range accuracy 
requirements apply to support the assessment of adequate performance during aircraft 
certification. The additional requirements on pseudo-range accuracy may be combined with 
geometry screening to ensure the resulting position domain accuracy is adequate for a given 
aeroplane design to achieve suitable landing performance. See 7.5.12.2.

3.2.9 SBAS and GBAS receivers will be more accurate, and their accuracy will be 
characterized in real time by the receiver using standard error models, as described in CAR- 
ANS 6.3, 6.3.5, for SBAS and 6.3, 6.3.6, for GBAS.

Note 2.— The term “GBAS receiver” designates the GNSS avionics that at least meet the 
requirements for a GBAS receiver as outlined in Annex 10, Volume I and the specifications of 
the RIGA IX) 253A documents covering the applicable performance types, as amended by 
United States FAA ISO C461 and TSO-C162 (or equivalent).

3.3 Integrity and time-to-alert

3.3.10 For GBAS, a technical provision has been made to broadcast the alert limit to aircraft. 
GBAS standards require the alert limit of 10 m (33 ft). For SBAS, technical provisions have 
been made to specify the alert limit through an updatable database (see Attachment 6C).

3.3.10.1 For GBAS approach service type D (see 7.1.2.1) additional lower level performance 
and functional requirements are introduced in order to achieve a total system capable of 
supporting aircraft landing operations. This service type also supports guided take-off 
operations.

3.3.15 Another environmental effect that should shall be accounted for in the ground system 
design is the errors due to multipath at the ground reference receivers, which depend on the 
physical environment of monitoring station antennas as well as on satellite elevations and 
times in track.

3.3.16 SBAS needs to assure the integrity of its broadcast corrections as required in 3.7.2.4 
throughout its coverage area. This requirement also applies outside the intended service area, 
where user receivers could navigate using either an SBAS navigation solution, if available, or 
a fault detection and exclusion (FDE) navigation solution. The SBAS contributions to a FDE 
navigation solution are limited to assuring the integrity of the transmitted corrections. SBAS 
systems have to comply with all the integrity requirements for all typical operations from En-
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route to Category I, defined in Table 6.3.7.2.4-1, in the coverage area when, for a given 
operation, the horizontal and vertical protection levels are lower than the corresponding alert 
limits. This is of particular importance for vertically guided operations using SBAS that are 
not controlled by FAS data block.

6.2 SBAS coverage area and service areas

6.2.1 It is important to distinguish between the coverage area and service areas for an SBAS. 
A coverage area typically corresponds to the GEOs footprint areas and comprises one or 
more service areas, each capable of supporting. Service areas are declared by SBAS service 
providers or by the State or group of States managing the SBAS, for the typical operations 
defined in Table 6.3.7.2.4-1 (e g. En-route, APV-I, Category I) where the corresponding 
accuracy, integrity and continuity requirements are met with a certain availability (e.g. 99 per 
cent). Some SBAS service providers publish service areas of their systems (e.g. WAAS 
Performance standard, EGNOS Service Definition Document and AIPs). The service area for 
En-route may be wider than the service area for APV-I. For the GNSS receiver, the SIS is 
usable whenever the protection levels are lower than the alert limits for the intended 
operation (VPL<VAL and HPL<HAL), irrespective of whether or not the GNSS receiver is 
inside the corresponding service area defined by the SBAS service provider.

6.2.1.1 SBAS systems support operations based on some or all of the SBAS functions defined 
in CAR-ANS 6.3, 6.3.7.3.4.2. These functions can be related to the operations that are 
supported as follows:

a) Ranging: SBAS provides a ranging source for use with other augmentation(s) (ABAS, 
GBAS or other SBAS);

b) Satellite status and basic differential corrections: SBAS provides en-route, terminal, and 
non-precision approach service. Different operations (e.g. performance-based navigation 
operations) may be supported in different service areas;

c) Precise differential corrections: SBAS provides APV and precision approach service (i.e. 
APV-I, APV-II and precision approach may be supported in different service areas).

6.2.2 Satellite-based augmentation services are provided by the Wide Area Augmentation 
System (WAAS) (North America), the European Geostationary Navigation Overlay Service 
(EGNOS) (Europe and Africa) and, the Multifunction Transport Satellite (MTSAT) Satellite- 
based Augmentation System (MSAS) (Japan). The and the GPS-aided Geo-augmented 
Navigation (GAGAN) (India), and the The System of Differential Correction and Monitoring 
(SDCM) (Russia) and other SBAS systems are also under development to provide these 
services.

6.2.3 An SBAS may provide accurate and reliable service outside the defined service area(s). 
The ranging, satellite status and basic differential corrections functions are usable throughout 
the entire coverage area. The performance of these functions may be technically adequate to 
support en-route, terminal and non-precision approach operations by providing monitoring

81



and integrity data for core satellite constellations and/or SBAS satellites. The only potential 
for integrity to be compromised is if there is a satellite ephemeris error that cannot be
observed by the SBAS ground network while it creates an unacceptable error outside the
service area. For alert limits of 0.3 NM specified for non precision approach and greater, this
is very unlikely. SBAS mitigates errors which cannot be monitored by its ground network 
through message types 27 or 28.

6.2.4 Each State is responsible for defining SBAS service- areas and approving SBAS-based 
operations within its airspace. In some cases. States will field SBAS ground infrastructure 
linked to an existing SBAS. This would be-required to achieve APV or precision approach 
performaneer In other cases. States may simply approve service areas and SBAS-based 
operations using available SBAS signals. In either case, each State is responsible for ensuring 
that SBAS meets the requirements of CAR-ANS 6.3, 6.3.7.2.4, within its airspace, and that 
appropriate operational status reporting and NOT AMs are provided for its airspace.

6.4 RF characteristics
• • •
6.4.6 SBAS pseudo-random noise (PRN) codes. RTCA/DO-229D with Change 1, Appendt-x 
A, provides two methods for SBAS PRN code generation. Receivers compliant with RTCA 
DO-229D with Change 1 and earlier versions only search for PRN codes in the range 120 to 
138 only (out of the full 120 to 158 range in Table B-23), and therefore will not acquire and 
track SBAS signals identified by a PRN code in the range 139 to 158. Receivers compliant 
with DO-229E and subsequent versions can acquire and track SBAS signals identified by all 
PRN codes in Table B-23.

7.GROUND-BASED AUGMENTATION SYSTEM (GBAS)
AND GROUND-BASED REGIONAL AUGMENTATION SYSTEM (GRAS)

7.1 System description

7.1.1 GBAS consists of ground and aircraft elements. A GBAS ground subsystem typically 
includes a single active VDB transmitter and broadcast antenna, referred to as a broadcast 
station, and multiple reference receivers. A GBAS ground subsystem may include multiple 
VDB transmitters and antennas that share a single common GBAS identification (GBAS ID) 
and frequency as well as broadcast identical data. The GBAS ground subsystem can support 
all the aircraft subsystems within its service volumecovemge providing the aircraft with 
approach data, corrections and integrity information for GNSS satellites in view. GBAS 
ground and aircraft elements are classified according to the types of service they support (as 
defined in section 7.1.2). All international aircraft supporting APV should maintain approach 
data within a database on board the aircraft. The Type 4 message must be broadcast -when the
ground subsystem supports Category I precision approaches. The Type 4 message must also
be broadcast when the ground subsystem supports APV approaches if the approach data is
not required by the State to be maintained in the on board database.
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Note.-----Alloeatum of performance requirements between the GBAS .subsystems and
allocation—methodolo^ can—he found in—RTCA/D()-245,—Minimum Aviation—System
Performance Standards for the Global-Positioning System !jocal Area Augmentation System
(GPS-!jAAS}^Minimum Operational Perjormanee Standards for GRAS airborne-equipment
are under development by RTCA.

1.1.2 GBAS ground subsystems may provide two types of services; the approach services and 
the GBAS positioning service. The approach service provides deviation guidance for FASs m 
Category 4--precision-approach, APV, and NPA within the operational approach service 
volumeooverage area. The GBAS positioning service provides horizontal position 
information to suppxnl RNAV operations within the positioning service areavolume. The two 
types of services are also distinguished by different performance requirements associated 
with the particular operations supported (see Table 6.3.7.2.4-1) including different integrity 
requirements as discussed in 7.5.1.

7.1.2.1 GBAS approach services are further differentiated into multiple types referred to as 
GBAS approach service types (GAST). A GAST is defined as the matched set of airborne 
and ground performance and functional requirements that are intended to be used in concert 
in order to provide approach guidance with quantifiable performance. Four types of approach 
service, GAST A, GAST B, GAST C and GAST D are currently defined. GAST A, B and C 
are intended to support typical APV I, APV II and Category I operations, respectively. GAST 
D has been introduced to support landing and guided take-off operations in lower visibility 
conditions including Category III operations. Note that provisions for a separate service type 
to support Category II operations, but not Category I nor Category III, have not been made. 
Since equipment supporting GAST D will function the same when supporting Category II 
minima as when supporting Category III minima, GAST D provides one means of supporting 
Category II operations. Category II operations may potentially be supported using GAST C in 
conjunction with an appropriate aeroplane level integration. A relevant analogy is the 
authorization in at least one State of lower than Category I minima based on guidance from a 
facility performance Category I ILS used in conjunction with a head-up display (HUD). 
Requirements for the approval of Category II operations using GBAS will be defined by the 
airworthiness and operational approval authorities within States.

7.1.2.1.1 A GBAS ground subsystem may support multiple service types simultaneously. 
There are two types of ground subsystems, those that support multiple types of approach 
service and those that do not. Equipment designed in compliance with earlier versions of 
these SARPs may only support a single type of approach service, GAST C. Equipment 
designed in compliance with these SARPs may or may not support multiple types of service 
on one or more runway ends. The type of services supported for each approach are indicated 
in the approach performance designation field in a FAS data block within the Type 4 
message. The GBAS continuity/integrity designator (GCID) parameter in the Type 2 message 
indicates whether a GBAS ground subsystem is currently supporting multiple types of 
approach service. Airborne equipment that can support multiple service types will first check 
the GCID to determine if the ground segment supports multiple types of service. If it does, 
the equipment will then check the approach performance designator (APD) field of the 
selected FAS data block within the Type 4 message to determine which types of service are 
supported by the ground segment for the approach selected (using the channel selection
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scheme described in section 7.7 below). The airborne equipment will then determine which 
approach service to select based on APD, the current status of GCID and the airborne 
equipment type. Operators should understand that the available operations may be restricted 
by many factors including pilot qualifications or temporary ANSP limitations which are not 
reflected in the APD value. Therefore, APD shall not be interpreted as an indication of the 
availability of any operational use, only as an indication of the service types that are 
supported for the given runway.

7.1.2.1.2 GBAS airborne equipment may attempt to automatically select the highest type of 
service supported by both the airborne equipment and the ground segment for the selected 
approach (as indicated in APD). If the desired type of service is not available, the airborne 
equipment may select the next lower available type of service and annunciate this 
appropriately. Therefore, during a GBAS operation, there is the selected service type (SST) 
and the active service type (AST). The SST is the service type that the airborne equipment 
would use if it were available, and can be no higher than the highest type of service offered 
by the ground segment for the selected approach. The AST is the service type that the 
airborne equipment is actually using at a particular time. The AST may differ from the SST if 
the SST is unavailable for some reason. The airborne equipment annunciates both the SST 
and AST so that proper action (e.g. annunciations) may be taken in the context of the airborne 
integration and operational procedures.

7.1.2.1.3 Service providers shall give consideration to what service type or types are actually 
required for each runway given the planned operations and encode the availability of the 
appropriate service types in the APD field of the associated FAS block.

7.1.2.1.4 When the ground subsystem is no longer capable of meeting FAST D requirements 
there are several options, depending upon which requirements are not met. If the ground 
subsystem cannot meet all of the FAST D integrity requirements (Appendix 6B, 
3.6.7.1.2.1.1.2, 3.6.7.I.2.1.1.3, and 3.6.7.1.2.2.1.1, 3.6.7.3.2) FAST D needs to be removed 
within the time to alert defined in Appendix 6B, 3.6 7.1.2.1.1.3. If it is still capable of 
meeting FAST C integrity requirements, the ground subsystem shall only remove FAST D 
and continue to broadcast in FAST C mode. The procedure for removing FAST D includes 
two options for reflecting this in the corrections (Appendix 6B, 3.6.7.3.2.1).

7.1.2.1.4.1 When downgrading from FAST D to C, the GCID in the Type 2 message 
(Appendix 6B, 3.6.7.2.3.2) also needs to change. A FAST D ground subsystem normally 
broadcasts a GCID of 2, indicating it supports FAST C and FAST D. When the ground 
subsystem can no longer support FAST D, but can still support FAST C, the GCID shall 
change to 1. Note that it is assumed here that a FAST D ground subsystem would downgrade 
to FAST C only, and not to FAST A or B.

7.1.2.1.4.2 Another condition that could result in the ground subsystem no longer being 
capable of supporting FAST D would be a failure such that FAST D continuity (Appendix 
6B, 3.6.7.1.3.1 and 3.6.7.1.3.2) cannot be met (e.g. failure of redundant components). If 
FAST D integrity requirements are still met, the ground subsystem is not required to remove 
the corrections in the Type 11 messages. However, the GCID needs to change to 1. 
Communicating the change in GCID nominally would take 10 seconds, as the minimum
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update rate for Type 2 messages is 10 seconds. It may take as long as one minute. A change 
in FAST shall be reflected in the next scheduled broadcast of the Type 2 message. In 
addition, changes to GCID are ignored by the airborne equipment when the aircraft is in the 
final stages of the approach. Therefore, GCID changes only affect the FAST for aircraft 
outside of the final stages of the approach.

7.1.3 A primary significant distinguishing feature for GBAS ground subsystem 
configurations is whether additional ephemeris error position bound parameters are 
broadcast. This feature is required for the positioning service, but is optional for some 
approach services. If the additional ephemeris error position bound parameters are not 
broadcast, the ground subsystem is responsible for assuring the integrity of ranging source 
ephemeris data without reliance on the aircraft calculating and applying the ephemeris bound 
as discussed in 7.5.9.

7.1.4 GBAS configurations. There are multiple configurations possible of GBAS ground 
subsystems conforming to the GNSS Standards, examples of such as configurations are;

a) a configuration that supports Category 1 precision approach GAST C only;

b) a configuration that suppxjrts Category I precision approach and APV GAST A, GAST B, 
GAST C, and also broadcasts the additional ephemeris error position bound parameters;

c) a configuration that supports Category I precision approach, APV only GAST C and 
GAST D, and the GBAS positioning service, while also broadcasting the ephemeris error 
position bound parameters referred to in b); and

d) a configuration that supports APV only GAST A and the GBAS positioning service, and is 
used within a GRAS.

7.1.4.1 GBAS facility classification (GFC). A GBAS ground subsystem is classified 
according to key configuration options. A GFC is composed of the following elements:

a) facility approach service type (FAST);

b) ranging source types;

c) facility coverage; and

d) polarization.

7.1.4.1.1 Facility approach service type (FAST). The FAST is a collection of letters from A 
to D indicating the service types that are supported by the ground subsystem. For example, 
FAST C denotes a ground subsystem that meets all the performance and functional 
requirements necessary to support GAST C. As another example, a FAST ACD designates a 
ground subsystem that meets the performance and functional requirements necessary to 
support service types A, C and D.
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Note.— The facility classification scheme for GBAS includes an indication of which Service 
Types the ground subsystem can support. This means the ground subsystem meets all the 
performance requirements and functional requirements such that a compatible airborne user 
can apply the information from the ground subsystem and have quantifiable performance at 
the output of the processing. It does not necessarily mean that the ground subsystem .supports 
all service types on every runway end. Which GBAS approach service types are supported on 
a given runway end is indicated in the Type 4 message and is included as part of the 
approach facility designation defined in .section 7.1.4.2.

7.1.4.1.2 Ranging .source types: The ranging source type designation indicates what ranging 
sources are augmented by the ground subsystem. The coding for this parameter is as follows^

G1 - GPS
G2-SBAS
G3 - GLONASS
G4 - Reserved for Galileo
G5+ - Reserved for future ranging sources

7.1.4.1.3 Facility coverage: The facility coverage designation indicates positioning service 
capability and maximum use distance. The facility coverage is coded as 0 for ground 
facilities that do not provide the positioning service. For other cases, the facility coverage 
indicates the radius of Dmax expressed in nautical miles.

Note.— The service volume for specific approaches is defined as part of the approach facility 
designations defined in section 7.1.4.2.

7.1.4.1.4 Polarization: The polarization designation indicates the polarization of the VHF 
data broadcast (VDB) signal. E indicates elliptical polarization and H indicates horizontal 
polarization.

7.1.4.1.5 GBAS facility classification examples. The facility classification for a specific 
facility is specified by a concatenated series of codes for the elements described in sections 
7.1.4.1 through 7.1.4.1.4. The general form of the facility classification is:

GFC = Facility Approach Service Type/Ranging Source Type /Facility 
Coverage/Polarization.

For example, a facility with the designation of GFC - C/G1/50/H, denotes a ground 
subsystem that meets all the performance and functional requirements necessary to support 
service type C on at least one approach, using GPS ranges only, with the GBAS positioning 
service available to a radius of 50 NM from the GBAS reference position and a VDB that 
broadcasts in Horizontal polarization only. Similarly, GFC - CD/G1G2G3G4/0/E denotes a 
ground subsystem that supports at least one approach with a service type of C and D, 
provides corrections for GPS, SBAS, GLONASS and Galileo satellites, does not support the 
positioning service and broadcasts on elliptical polarization.
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7.1.4.2 Approach facility designations. A GBAS ground subsystem may support many 
approaches to different runway ends at the same airport or even runways at adjacent airports. 
It is even possible that a GBAS will support multiple approaches to the same runway end 
with different Types of Service (intended, for example, to support different operational 
minima). Each approach provided by the ground system may have unique characteristics and 
in some sense may appear to the user to be a separate facility. Therefore, in addition to the 
GBAS facility classification, a system for classifying or designating the unique characteristics 
of each individual approach path is needed. For this purpose a system of approach facility 
designations is defined. Figure D-10 illustrates the relationship between GBAS facility 
classifications and approach facility designations. TTie classification is intended to be used for 
pre-flight planning and published in the AIP.

7.1.4.2.1 Approach facility designation elements. Each approach supported by a GBAS can 
be characterized by an approach facility designation (AFD). The AFD is composed of the 
following elements:

GBAS identification: Indicates the GBAS facility identifier that supports the approach (4- 
character GBAS ID).

Approach identifier: This is the approach identifier associated with the approach in the 
Message Type 4 data block. It is 4 characters and must be unique for each approach within 
radio range of the GBAS facility.

Channel number: This is the channel number associated with the approach selection. It is a 5 
digit channel number between 20001 and 39999.

Approach service volume: Associated with each published approach, indicates the service 
volume either by a numerical value in feet corresponding to the minimum decision height 
(DH) or by the GBAS points as defined below (i.e. GBAS Points A, B, C, T, D, E, or S).

Supported service types: Designates the GBAS service types (A-D) that are supported for the 
approach by the ground subsystem. This field can never be given a value greater than the 
facility approach service type for the GBAS ground subsystem that supports the approach.

The GBAS points A, B, C, T, D and E define the same locations relative to the runway as the 
ILS Points in Attachment 6C, Figure C-1 used to define the ILS localizer course and glide 
path bend amplitude limits. Point S is a new point defining the stop end of the runway. For 
GBAS, the points are used to indicate the location along the nominal approach and/or along 
the runway for which GBAS performance for the supported service type(s) has been verified. 
When a decision height is used instead to define the approach service volume, the service 
volume is provided to a height of half the DH as defined in CAR-ANS 6.3, 6.3.7.3.5.3.1. The 
choice of coding using a DH or GBAS points depends upon the intended operational use of 
the runway. For example, if the approach identifier corresponds to a Category I instrument 
approach procedure from which automatic landings are authorized, the approach service 
volume element is intended to indicate at what point along the runway the performance has 
been verified. The point definitions are given below:
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GBAS Point “A A point on a GBAS final approach segment measured along the extended 
runway centre line in the approach direction a distance of 7.5 km (4 NM) from the threshold.

GBAS Point “B”. A point on the GBAS final approach segment measured along the 
extended runway centre line in the approach direction a distance of 1 050 m (3 500 ft) from 
the threshold.

GBAS Point “C”. A point through which the downward extended straight portion of the 
nominal GBAS final approach segment passes at a height of 30 m (100 ft) above the 
horizontal plane containing the threshold.

GBAS Point “D”. A point 3.7 m (12 ft) above the runway centre line and 900 m (3 000 ft) 
from the threshold in the direction of the GNSS azimuth reference point (GARP).

GBAS Point “E”. A point 3.7 m (12 ft) above the runway centre line and 600 m (2 000 ft) 
from the stop end of the runway in the direction of the threshold.

GBAS Point “5”. A point 3.7 m (12 ft) above the runway centre line at the stop end of the 
runway.

GBAS reference datum (Point “T”). A point at a height specified by TCH located above the 
intersection of the runway centre line and the threshold.

7.1.4.2.2 Approach facility designation examples

The approach facility designation consists of the concatenation of the parameters defined in 
section 7.1.4.2.1 as: GBAS ID/approach ID/ranging sources/approach service 
volume/required service type. An example application of this concept to a particular approach 
at the US Washington, DC Ronald Reagan International Airport is:

“KDCA/XDC A/21279/150/CD”

where:

KDCA - indicates the approach is supported by the GBAS installation at DCA
XDCA - indicates the approach ident (echoed to the pilot on approach selection) for this
specific approach is “XDCA”
21279 - is the 5-digit channel number used to select the approach
150 — indicates the GBAS coverage has been verified to be sufficient to support a DH as low 
as 150 ft.
CD — indicates that GBAS approach service types C and D are supported by the ground 
subsystem for the approach

Another example application of this concept to a particular approach at Boeing Field is:

“ KBFI/GBFI/35789/S/C”
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where:

KBFI - indicates the approach is supported by the GBAS installation at BFI (with GBAS 
Station identifier KBFI)
GBFI - indicates the approach ident (echoed to the pilot on approach selection) for this 
specific approach is “GBFI”
35789 - is the 5-digit channel number used to select the approach.
S - indicates the GBAS service volume extends along the approach and the length of the 
runway surface (i.e. 12 ft above the runway to the stop end).
C - indicates that GBAS approach service type C is supported by the ground subsystem for 
this FAS.

7.1.4.3 GBAS airborne equipment classification (GAEC)

7.1.4.3.1 GBAS airborne equipment may or may not support multiple types of approach 
service that could be offered by a specific ground subsystem. The GBAS airborne equipment 
classifications (GAEC) specifies which subsets of potentially available services types the 
airborne equipment can support. The GAEC includes the following elements:

Airborne approach service type (AAST): The AAST designation is a series of letters in the 
range from A to D indicating which GASTs are supported by the airborne equipment. For 
example, AAST C denotes airborne equipment that supports only GAST C. Similarly, AAST 
ABCD indicates the airborne equipment can support GASTs A, B, C & D.

Note.— For airborne equipment, designating only the highest GBAS approach service type 
supported is insufficient as not all airborne equipment is required to support all service 
types. For example, a particular type of airborne equipment may be classified as AAST CD, 
meaning the airborne equipment supports GAST C and D (but not A or B).

Ranging source types: This field indicates which ranging sources can be used by the 
airborne equipment. The coding is the same as for the ground facility classification (see 
section 7.1.4.1.2).

7.1.4.3.2 Multiple service type capable equipment. Ground and airborne equipment designed 
and developed in accordance with previous versions of these SARPs (Amendment 80) and 
RTCA DO-253A will only support GAST C. The current version of the Standards has been 
designed such that legacy GBAS airborne equipment will still operate correctly when a 
ground subsystem supports multiple types of service. Also, airborne equipment which can 
support multiple types of service will operate correctly when operating with a ground 
subsystem that supports only GAST C.

7.1.4.3.3 GBAS airborne equipment classification examples. GBAS airborne equipment 
classifications consist of a concatenated series of codes for the parameters defined in 7.1.4.3. 
The general form of the GAEC is:

GAEC = (airborne approach service type)/(ranging source type)
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For example:

GAEC of C/Gl - denotes airborne equipment that supports only GAST C and uses only GPS 
ranges.

Similarly:

GAEC of ABC/G1G4 - denotes airborne equipment that supports all GASTs except GAST D 
and can use both GPS and Galileo ranging sources.

GAEC of ABC/G1G3 - denotes airborne equipment that supports all GASTs except GAST D 
and can use both GPS and GLONASS ranging sources.

Finally:

GAEC - CD/G1G2G3G4 - denotes airborne equipment that supports GASTs C and D and 
uses GPS, SBAS, GLONASS and Galileo ranging sources.

7.1.5 GRAS configurations. From a user perspective, a GRAS ground subsystem consists of 
one or more GBAS ground subsystems (as described in 7.1.1 through 7.1.4), each with a 
unique GBAS identification, providing the positioning service and ARV one or more 
approach service types where required. By using multiple GBAS broadcast stations, and by 
broadcasting the Type 101 message, GRAS is able to support en-route operations via the 
GBAS positioning service, while also supporting terminal, departure, and APV operations 
supported by GAST A or B over a larger coverage region than that typically supported by 
GBAS. In some GRAS applications, the corrections broadcast in the Type 101 message may 
be computed using data obtained from a network of reference receivers distributed in the 
coverage region. This permits detection and mitigation of measurement errors and receiver 
faults.

7.1.7 Interoperability of the GBAS ground and aircraft elements compatible with RTCA/DO- 
253A() is addressed in Appendix 6B, 3.6.8.1. GBAS receivers compliant with RTCA/DO- 
253A will not be compatible with GRAS ground subsystems broadcasting Type 101 
messages. However, GRAS and GBAS receivers compliant with RTCA/DO-310 GRAS 
MOPS, will be compatible with GBAS ground subsystems. SARPs-compliant GBAS 
receivers may not be able to deeode the FAS data correctly for APV GAST A transmitted 
from GBAS ground subsystems (i.e. a FAS data block with APD coded as “0”). These 
receivers will apply the FASLAL and FASVAL as if the active service type is GAST C 
conducting a Category 1 precision approach. ANSPs should shall be cognizant of this fact and 
rRelevant operational restrictions may have to be appliedy to ensure the safety of the 
operation. For GBAS ground subsystems providing GAST D, APD in the FAS data blocks 
may be coded as values of 1 or 2 (Appendix 6B, 3.6.4.5.1). SARPs compliant GBAS 
receivers developed in accordance with SARPs prior to Amendment 91 may not be able to 
use FAS data blocks with APD equal to 2 or above.
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7.1.11 Availability considerations for GBAS. A single GBAS ground subsystem may provide 
multiple types of service to multiple users and service for multiple runway ends 
simultaneously. These different types of service may have different availability and 
consequently one type of service may be available when another is not. Furthermore, as some 
elements of GBAS are optional (e.g. augmentation of multiple constellations or use of SBAS 
ranging sources), the capabilities of different users will vary. For this reason, it is not 
practical for the service provider to predict if a given user will find a specific service type to 
be available at any given time. All that can be known by the service provider is the status of 
the ground subsystem and satellite constellation. An assessment can be made as to whether 
the ground subsystem is meeting the allocated requirements for some target service type and 
further, the availability of service can be predicted based on an assumed level of performance 
and a nominal user. The definition of the nominal user includes which elements of GNSS are 
used (core satellite systems, SBAS ranges etc.) and within that, which subset of satellites are 
used in the position solution. For GBAS supporting GAST D this is further complicated by 
the fact that certain parameters (e g. geometry screening thresholds) may be adjusted by the 
airframe designer to ensure adequate landing performance given the characteristics of the 
sp>ecific aircraft type. ANSPs and air space designers shall be cognizant of the fact that 
availability of service for GNSS augmentation systems in general is less predictable than 
conventional navigation aids. Variations in user capabilities will result in times where service 
may be available to some users and unavailable to others.

7.2 RF characteristics

7.2.1 Frequency coordination

7.2.1.1 Performance factors

7.2.1.1.1 The geographical separation between a candidate GBAS station, a candidate VOR 
station and existing VOR or GBAS installations must consider the following factors:

a) the servicecovemge volume, minimum field strength and effective isotropically radiated 
power (EIRP) of the candidate GBAS including the GBAS positioning service, if provided. 
The minimum requirements for service volumec-overage and field strength are found in CAR- 
ANS 6.3, 6.3.7.3.5.3 and 6.3.7.3.5.4.4, respectively. The EIRP is determined from these 
requirements;

b) the coverage and service volume, minimum field strength and EIRP of the surrounding 
VOR and GBAS stations including the GBAS positioning service, if provided. Specifications 
for coverage and field strength for VOR are found in CAR-ANS 6.3, 6.3.3, and respective 
guidance material is provided in Attachment 6C;

h) the four-character GBAS ID to differentiate between GBAS ground subsystems. The 
GBAS ID is normally identical to the location indicator at the nearest aerodrome. The 
requirement is found in Appendix 6B, 3.6.3.4.1; and
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i) Slot assignment. The relative assignment of slots to a GBAS ground subsystem can impact 
performance in instances where messages in multiple slots need to be received by the 
airborne subsystem prior to processing. This will occur when using linked messages and/or 
for a CAST D ground subsystem where correction data is contained in both the Type 1 and 
Type 11 messages. In these cases slot assignments for all MT 1 and 11 shall be adjacent to 
avoid unnecessary latency and complexity of design. Non-adjacent assignments may, 
depending on the design of the ground subsystem, result in a lack of time for the ground 
subsystem to process fault detections, render some slot combinations unusable and thus result 
in lower efficiency of spectrum use.

7.2.1.1.2 Nominal link budgets for VDB are shown in Table D-3. The first example in Table 
D-3 assumes a user receiver height of 3 000 m (10 000 ft) MSL and a transmit antenna 
designed to suppress ground illumination in order to limit the fading losses to a maximum of 
10 dB at VDB coverage edge. In the case of GBAS/E equipment, the 10 dB also includes any 
effects of signal loss due to interference between the horizontal and vertical components. The 
second example in Table D-3 provides a link budget for longer range positioning service. It is 
for a user receiver height sufficient to maintain radio line-of-sight with a multi-path limiting 
transmitting antenna. No margin is given in Table D-3 for fading as it is assumed that the 
receiver is at low elevation angles of radiation and generally free from significant null for the 
distances shown in the table (greater than 50 NM). In practice, installations will experience a 
fade margin that will be dependent on many parameters including aircraft altitude, distant^; 
from transmit antenna, antenna type/design and ground reflectors.

7.2.1.4 Example of GBAS/GBAS geographical separation criteria

7.2.1.4.2 The geographic separation for co-channel, co-slot GBAS VDB assignments is 
obtained by determining the distance at which the transmission loss equals 145 dB for 
receiver altitude of 3 000 m (10 000 ft) above that of the GBAS VDB transmitter antenna. 
This distance is 318 km (172 NM) using the free-space attenuation approximation and 
assuming a negligible transmitter antenna height. The minimum required geographical 
separation can then be determined by adding this distance to the nominal distance between 
the edge of VDB coverage and the GBAS transmitter 43 km (23 NM). This results in a co­
channel, co-slot reuse distance of 361 km (195 NM).

7.2.1.6 Guidelines on GBAS VOR geographical separation criteria. The GBAS/VOR 
minimum geographical separation criteria are summarized in Table D-5 based upon the same 
methodology and the nominal VOR coverage volumes in Attachment 6C.

92



Table D-3Nominal VDB link budget

VDB link elements
For approach service Vertical component at Horizontal component at

coverage edge coverage edge
Required receiver sensitivity(dBm) -87 -87
Maximum aircraft implementation loss (dB) 11 15
Power level after aircraft antenna (dBm) -76 -72
Operating margin (dll) 3 3
Fade margin (dB) 10 10
Free space path loss (dB) at 43 km (23 NM) 106 106
Nominal eft'ective isotropically radiated power 43 47
(EIR1>) (dBm)
For longer range and low radiation angle associated with
positioning service Vertical component Horizontal component
Required receiver sensitivity (dBm) -87 -87
Maximum aircraft implementation loss (dB) 11 15
Power level after aircraft antenna (dBm) -76 -72
Operating margin (dB) 3 3
Fade margin (dB) 0 0
Nominal EIRP (dBm)

Range Free space loss EIRP EIRP EIRP EIRP
(km (NM) (dB) (dBm) (W) (dBm) (W)

93(50) 113 39.9 10 43.9 25
185(100) 119 45.9 39 49.9 98
278(150) 122 49.4 87 53.4 219
390 (200) 125 51 9 155 55.9 389

Notes.
I. In this table ERP is referenced to an isotropic antenna model.
12. It is possible, with an appropriately sited multipath limiting VDB transmitting antenna 
with an ERP effective radiated power sufficient to meet the field .strength requirements for 
approach service and considering local topographical limitations, to also satisfy the field 
strength requirements .such that positioning .service can he supported at the ranges in this 
table.
22. Actual aircraft implementation loss (including antenna gain, mismatch loss, cable loss, 
etc.) and actual receiver sensitivity may be balanced to achieve the expected link budget. For 
example, if the aircraft implementation lo.s.s for the horizontal component is 19 dB, the 
receiver sensitivity must exceed the minimum requirement and achieve -91 dBm to satisfy the 
nominal link budget.

3. The long-range performance e.stimates may generally be optimistic with the assumption of 
no fade margin, i.e., link budget performance will generally not he as good as these estimates 
indicate.
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Note 1.— When determining the geographical separation between VOR and GBAS, VOR as 
the desired signal is generally the constraining case due to the greater protected altitude of 
the VOR coverage region.

Note 2. Reduced geographical separation requirements can he obtained using standard 
propagation models defined in ITU-R Recommendation P.528-2.

7.2.2 The geographical separation criteria for GBAS/ILS and GBAS/VHF communications 
are under development.

7.2.3 Compatibility with ILS. Until compatibility-eriteria are developed for GBAS VDB and 
fLS, VDB cannot be assigned to channels below 112.025 MHz. If there is an ILS with a high
assigned frequency at the same airport as a VDB with a frequency near 112 MHz, it is
necessary to consider ILS and VDB compatibility. Considerations for assignment of VDB 
channels include the frequency separation between the ILS and the VDB, the distance 
separation between the ILS coverage area and the VDB, the VDB and ILS field strengths, 
and the VDB and ILS localizer receiver sensitivity. Until compatibility criteria are developed 
for GBAS VDB and ILS, VDB can generally not be assigned to channels below 112.025 
MHz (i.e. a minimum frequency separation of 75 kHz from the highest assignable ILS 
localizer frequency).

7.2.3.1 Inter-airport compatibility. The minimum geographical separation based on a 
minimum frequency separation of 75 kHz between ILS localizer and GBAS ground station 
deployed at different airports is 3 NM between the undesired transmitter antenna location and 
the edges of the coverage of the desired service that are assumed to be at minimum signal 
power. Smaller necessary separation distance values may be obtained by taking into account 
additional information such as the actual desired service field strength and actual undesired 
service transmit antenna radiation patterns.

Note.— The coverage of the ILS localizer is standardized in CAR-ANS 6.3, section 6.3.1.3.3 
and the GBAS service volume is standardized in CAR-ANS 6.3, section 6.3.7.3.5.3, 
respectively.

7.2.3.2 Same-airport compatibility. To analyse the constraints for the deployment of a GBAS 
ground station at the same airport as ILS, it is necessary to consider ILS and VDB 
compatibility in detail taking into account information such as the actual desired service field 
strength and actual undesired service transmit antenna radiation patterns. For GBAS 
equipment with transmitter power such that the maximum field strength of 0.879 volts per 
metre (-27 dBW/m2) for the horizontally polarized signal component is not exceeded in the 
ILS coverage volume of up to 150 W (GBAS/E, 100 W for horizontal component and 50 W 
for vertical component) or 100 W (GBAS/H), the 16th channel (and beyond) will be below - 
100.5+06 dBm in a 25 kHz bandwidth at a distance of 30080 m from the VDB transmitter, 
including allowmgance for a +5 dB positive reflection increase due to constructive multipath. 
This -100.5+06 dBm in a 25 kHz bandwidth translates to a signal-to-noise ratio of 21.5 dB 
(above the assumed minimum signal-to-noise ratio of 20 dB)+^ure assumes for a -7986 dBm 
localizer signal which corresponds to an ILS localizer field strength of 90 microvolts per
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metre (minus 107 dBW/m2)at the ILS receiver input and a minimum 20 dB signal-to-noise 
ratio.

Note.— When deploying GBAS and ILS at the same airport, it is recommended to also 
analyse the impact of the GBAS VDB transmission on the ILS localizer monitor. Interference 
may be avoided by installing an appropriate filter.

7.2.4 Compatibility with VHF communications. For GBAS VDB assignments above 116.400 
MHz, it is necessary to consider VHF communications and GBAS VDB compatibility. 
Considerations for assignment of these VDB channels include the frequency separation 
between the VHF communication and the VDB, the distance separation between the 
transmitters and coverage areas, the field strengths, the polarization of the VDB signal, and 
the VDB and VHF communication receiver sensitivity. Both aircraft and ground VHF 
communication equipment are to be considered. For GBAS/E equipment with a transmitter 
maximum power of up to 150 W (100 W for horizontal component and 50 W for vertical 
component), the 64th channel (and beyond) will be below -1120 dBm in a 25 kHz bandwidth 
at a distance of 80200 m from the VDB transmitter including an allowanceallowing for aof 
+5 dB positive reflectionincrease due to constructive multipath. For GBAS/H equipment with 
a transmitter maximum power of 100 W, the 32nd channel (and beyond) will be below -1120 
dBm in a 25 kHz bandwidth at a distance of 80200 m from the VDB transmitter including an 
allowance allowing for aof +5 dB positive reflection increase due to constructive multipath, 
and a 10 dB polarization isolation. It must be noted that due to differences in the GBAS VDB 
and VDL transmitter masks, separate analysis must be performed to ensure VDL does not 
interfere with the GBAS VDB.

Table D-4. Typical GBAS/GBAS frequency assignment criteria

Channel of undesired VDB in the same slots Path loss 
(dB)

Minimum required 
geographical separation of 

Txu = 47 dBm and PD,min = 
-72 dBm in km (NM)

Co-channel 145 361 (195)
1st adjacent channel (±25 kHz) 101 67 (36)
2ndadjacent channel (±50 kHz) 76 44 (24)
3rd adjacent channel (±75 kHz) 73 No restriction
4th adjacent channel (±100 kHz) 73 No restriction

Note 1. — No geographic transmitter restrictions are expected between co-frequency, 
adjacent time slots provided the undesired VDB transmitting antenna is located at least 
802-00-m from areas where the desired signal is at minimum field strength.

Note 2.— The PD,min of -72 dBm is the output from an ideal isotropic antenna.
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7.2.5 For a GBAS ground subsystem that only transmits a horizontally-polarized signal, the 
requirement to achieve the power associated with the minimum sensitivity is directly satisfied 
through the field strength requirement. For a GBAS ground subsystem that transmits an 
elliptically-polarized component, the ideal phase offset between HPOL and VPOL 
components is 90 degrees. In order to ensure that an appropriate received power is 
maintained throughout the GBAS servicecoverage volume during normal aircraft maneuvers, 
transmitting equipment should be designed to radiate HPOL and VPOL signal components 
with an RF phase offset of 90 degrees. This phase offset should be consistent over time and 
environmental conditions. Deviations from the nominal 90 degrees must be accounted for in 
the system design and link budget, so that any fading due to polarization loss does not 
jeopardize the minimum receiver sensitivity. System qualification and flight inspection 
procedures will take into account an allowable variation in phase offset consistent with 
maintaining the appropriate signal level throughout the GBAS servicecoverage volume. One 
method of ensuring both horizontal and vertical field strength is to use a single VDB antenna 
that transmits an elliptically-polarized signal, and flight inspect the effective field strength of 
the vertical and horizontal signals in the servicecoverage volume.

7.3 Service

7.3.1 The minimum GBAS service volumeeoverage to support approach services is depicted 
in Figure D-4. Where practical, it is operationally advantageous to provide valid guidance 
along the visual segment of an approach. The lateral approach service volume may be 
different (larger) than the vertical approach service volume. When the additional ephemeris 
error position bound parameters are broadcast, differential corrections may only be used 
within the Maximum Use Distance (Dmax) defined in the Type 2 message. Where practical, it 
is operationally advantageous to provide valid guidance along the visual segment of an
approach. It is also allowable for Dmax to extend beyond an approach service volume. 
Reasons why this may be desirable include providing pilots with situational awareness and 
GBAS status information prior to intercepting the approach procedure, and improving GBAS 
course capture at the limits of the service volume. In such cases, the potential for reduced 
protection level, ephemeris bound, and VDB continuity outside the approach service volume 
shall be considered especially when broadcasting large or unlimited values of Dmax.

7.3.1.1 If a GBAS installation supports multiple approach service volumes, use of a single 
omnidirectional data broadcast covering all intended service volumes should be considered to 
limit complexity, if geographically feasible.

7.3.1.2 In addition, autoland or guided take-off may be used at facilities or runways not 
intended to support or not currently supporting Category II or III operations using GBAS. 
Even in Category I or better visual conditions, use of an approved autoland system with 
GAST C can aid pilots in achieving stabilized approaches and reliable touchdown 
performance, for Category II or III training, to exercise the airborne system to ensure suitable 
performance, and for maintenance checks. Use of this capability may also provide pilot 
workload relief Similarly, use of an approved guided take-off system will also provide 
operational benefits. Autoland and guided take-off service volume requirements are 
contained in CAR-ANS 6.3, 6.3.7.3.5.3.2. VDB reception on the runway surface is 
significantly affected by the transmit antenna design and its installed height as well as the
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geography of the airport. Service along all runways at an airport using a single VDB 
antenna/transmitter location may be difficult. However, where practical, service to support 
autoland and guided take-off operations shall be provided at suitable runways supporting any 
precision approach. The approach service volume element of the approach facility 
designation allows this information to be contained in the AlP (refer to 7.1.4.2.1). A useful 
autoland capability may be achievable for some aircraft even when the requirements of CAR- 
ANS 6.3, 6.3.7.3.5.3.2 are not entirely met. Similarly, some aircraft may not be able to 
conduct automatic landings with only the minimum service volume provided. For approaches 
with a FAS data path not aligned with the runway centre line, autoland service volume is not 
required.

7.3.2 An increased signal power (-62.5 dBm) from 36 ft and above, compared to the 
minimum requirement set for the GBAS service volume at 12 ft above the ground (-72 dBm), 
is required above the runway surface to accommodate various implementations of airborne 
VDB antenna. Indeed, VDB antenna height and aircraft implementation loss might not be 
suitable to meet adequate continuity for autoland under Category III conditions and guided 
take-off if

a) aircraft VDB antenna height located above 12 ft may induce more than the expected 15 dB 
aircraft implementation loss; and

b) aircraft VDB antenna height located below 12 ft may receive a signal power that is below 
the minimum required value of -72 dBm.

7.3.2.1 To mitigate a lack of adequate VDB link budget, actual aircraft implementation loss 
(including type of antenna and location of antenna on the fuselage, antenna gain, mismatch 
loss, cable loss, etc.) and actual receiver sensitivity may be balanced to achieve the expected 
link budget. The need for additional operational mitigations might be identified and 
implemented during the aircraft approval process in case of potential loss of VDB along the 
flight path. It is common practice that a verification flight test is performed by a candidate 
operator to perform autoland under Category III conditions on a given runway.

7.3.2.2 It is not practical to measure the signal strength at 36 ft. Therefore, two example 
means of verification are identified below:

• Simplified analysis method: Measure the signal at 12 ft and estimate the signal 
strength at 36 ft using mathematical tools;

• Complex analysis method: Model the airport configuration and simulate, using a 
mathematical tool, the signal strength at 12 ft and 36 ft.

Note 1.— There exists an upper limit in the autolancl service volume above the runway 
surface set at 100 ft.

Note 2.— Verification of minimum signal strength at 36 ft is sufficient to ensure compliance 
above 36 ft.

97



7.3.2.3 Simplified analysis method.

In order to apply this method, it is assumed the following:

o VDB transmitters are installed above a planar ground with line-of-sight to runways in 
the desired GBAS service volume as mentioned in Attachment 6D, 7.12.3.

o The analysis methodology consists of:

0 Ground subsystem manufacturers and/or service providers perform a generic (non-airport 
specific) analysis to show that signal strength requirements at both 12 ft and 36 ft can be met 
based on distance from and height of the VDB antenna at their specific location. Studies have 
shown that signal strength will increase from the signal strength measured at 12 ft in various 
airport configurations. When verifying compliance for a specific installation, an acceptable 
means of compliance is to measure the signal strength at 12 ft and estimate the signal strength 
by using the following formula:

To estimate the power Phmm (in dBm) at a height h (in metres) from the power Phomm at a 
height ho (in metres), one can use the following expression:

f
P = PAdBm ^QdBm -t- 201og sm(Inhh^

\ \ M

W

))

(

- 201oe sm
V

InhJi0 fl

V M ' Jf

where
• dis the distance to the transmitter antenna in metres
• ha is the height of the transmitter antenna phase centre in metres
• ?'~c/ f is the wavelength in metres
• /is the frequency in Hertz
• c is the speed of light

For h <---- - the previous formulatiou can be approximated with an error smaller than IdB as follows:
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Alteroatively. converting heights in feet and considenng h* = 12ft. the previous expressions becomej
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The applicability of the above-mentioned formula at different heights above the runway 
surface may vary with the distance between the VDB transmitter and the intended path on the! 
runway surface and the VDB transmitter antenna height. Some siting constraints may be 
needed to verify the minimum signal strength is met in the service volume above the runway 
surface.

7.3.2.4 Complex analysis method.

This method assumes that:

• Airport configuration is so complex that “noise like multipath” (multipath reflections 
from buildings or aircraft standing or moving) cannot be easily accounted for and 
must be addressed in the analysis;

and/or

• Line-of-sight between the VDB antenna and runway carmot be maintained 

The analysis methodology consists of:

• The airport configuration includes relevant surfaces such as buildings and metallic 
fences, and topology of the ground surface is modeled with their electromagnetic 
characteristics. Radiation pattern of the VDB transmitter antenna is also modeled.

• Signal powers at 12 ft and 36 ft are estimated by simulating radio propagation. One of 
the acceptable means of the simulation is the ray-tracing method based on geometric 
optics. Such simulation is available with commercially available software with an 
intuitive human-machine interface to the airport modeling.

• Effects of small-scale (less than 5-10 wavelengths) structures limit the accuracy of 
simulation by the ray-tracing method. Therefore, an additional margin to represent 
such effects may need to be added to the simulation results.
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• The signal power at 12 ft is measured and compared with the simulated one. If the 
measured and simulated signal powers at 12 ft match well, the simulation can be 
regarded as being able to model the signal powers at different heights over the 
runway.

• The simulated signal power and the minimum requirement at 36 ft are compared to 
verify the compliance of the VDB coverage over the runway.

7.3.23 The service volumecoverage required to support the GBAS positioning service is 
dependent upon the specific operations intended. The optimal service volumecoverage for 
this service is intended to be omnidirectional in order to support operations using the GBAS 
positioning service that are performed outside of the precision approach servicecoverage 
volume. Each State is responsible for defining a service volume area for the GBAS 
positioning service and ensuring that the requirements of CAR-ANS 6.3, 6.3.7.2.4 are 
satisfied. When making this determination, the characteristics of the fault-free GNSS receiver 
should shall be considered, including the reversion to ABAS-based integrity in the event of 
loss of GBAS positioning service.

7.3.24 The limit on the use of the GBAS positioning service information is given by the 
Maximum Use Distance (Dmax)., which defines the range within which the required integrity 
IS assured and differential corrections can be used for either the--positioning service or
precision approach. Dmax also defines the range within- which the required integrity is assured 
for the positioning service. Dmax however does not delineate the coverage area where field 
strength requirements specified in CAR-ANS 6.3, 6.3.7 3.5.4.4 are necessarily met nor 
matches this area. Accordingly, operations based on the GBAS positioning service can be 
predicated only in the service volumecoverage area(s) (where the field strengthperformance 
requirements are satisfiedmet) within the Dmax range.

7.3.45 As the desired service volumecoverage area of a GBAS positioning service may be 
greater than that which can be provided by a single GBAS broadcast station, a network of 
GBAS broadcast stations can be used to provide the servicecoverage. These stations can 
broadcast on a single frequency and use different time slots (8 available) in neighbouring 
stations to avoid interference or they can broadcast on different frequencies. Figure D-4A 
details how the use of different time slots will allow a single frequency to be used without 
interference subject to guard time considerations noted under Table B-59. For a network 
based on different VHF frequencies, guidance material in 7.17 should be considered.

7.4 Data structure

A bit scrambler/descrambler is shown in Figure D-5.

Note.— Additional information on the data structure of the VHF data broadcast is given in 
RTCA/DO-246SE, GNSS Based Precision Approach Local Area Augmentation System 
(LAAS) — Signal-in-Space Interface Control Document (ICD).

7.5 Integrity

100



7.5.1 Different levels of integrity are specified for precision approach operations and 
operations based on the GBAS positioning service. The signal-in-space integrity risk for 
Category 1 approach services is 2 x lO'7 per approach. GBAS ground subsystems that are also 
intended to support other operations through the use of the GBAS positioning service have to 
also meet the signal-in-space integrity risk requirement specified for terminal area operations, 
which is 1 X 10'7/hour (CAR-ANS 6.3, Table 6.3.7.2.4-1). Therefore, additional measures are 
necessary to support these more stringent requirements for positioning service. The signal-in­
space integrity risk is allocated between the ground subsystem integrity risk and the 
protection level integrity risk. The ground subsystem integrity risk allocation covers failures 
in the ground subsystem as well as core constellation and SBAS failures such as signal 
quality failures and ephemeris failures. For GAST A, B, and C the The protection level 
integrity risk allocation covers rare fault-free position domain performance risks and the case 
of failures in one of the reference receiver measurements. In both cases the protection level 
equations ensure that the effects of the satellite geometry used by the an aircraft fault-free 
receiver are taken into account. This is described in more detail in the following paragraphs. 
For GAST D, the position domain integrity is delegated to the aircraft and a FAST D ground 
subsystem provides additional data and ranging source monitoring for aircraft using this 
service type.

7.5.1.1 Additional integrity requirements apply for GAST D, which is intended to support 
precision approach and automatic landing in low visibility conditions with minima less than 
Category I. The same requirements for bounding the position solution within a protection 
level that is compared to an alert limit apply, for all error sources except single ground 
reference receiver faults and errors induced by ionospheric anomalies. Single ground 
reference receiver faults are mitigated as described in 7.5.11. The responsibility for some 
errors induced by anomalous ionospheric conditions has been allocated to the airborne 
equipment. Mitigation of errors due to ionospheric anomalies is described in 7.5.6.1.6. 
Additional monitoring requirements and design assurance requirements are needed to allow a 
FAST D GBAS ground subsystem to provide a service that can provide equivalent safety to 
Category III ILS operations. Some additional monitoring requirements are allocated to the 
ground subsystem (see 7.5.6.1 to 7.5.6.1.7) and some are allocated to the airborne equipment. 
The additional monitoring performance requirements for the ground subsystem can be found 
in Appendix 6B, 3.6.7.3.3.

7.5.1.2 The ground subsystem integrity risk requirement for GAST D (Appendix 6B, section 
3.6.7.1.2.1.1.3) limits the probability of a ground subsystem failure resulting in the 
transmission of erroneous data during a minimum exposure time of “any one landing.” 
Typically the critical period of exposure to failures for vertical guidance in Category III 
operations is taken to be the period between the Category I Decision Height (200 ft) and the 
threshold (50 ft height). This is nominally 15 seconds, depending upon the aircraft approach 
speed. The critical period of exposure to failures for lateral guidance in Category III 
operations is taken to be the period between the Category I Decision Height and completion 
of the roll-out, which occurs when the aircraft decelerates to a safe taxi speed (typically less 
than 30 knots). This is nominally 30 seconds, again depending upon the aircraft approach 
speed and rate of deceleration. The term “any one landing” is used to emphasize that the time 
period where faults could occur extends prior to the critical period of exposure. The reason
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for this is that the fault may develop slowly over time; it could occur earlier in the landing 
phase and become a hazard during the critical period of exposure.

7.5.1.3 The critical period of exposure to failure for lateral guidance during a guided take-off 
in low visibility conditions is nominally 60 seconds. Erroneous or loss of guidance during a 
guided take-off being less critical than for Category III landings, it does not introduce any 
changes to the ground subsystem integrity requirements.

7.5.3 The individual error uncertainties described above are used by the receiver to compute 
an error model of the navigation solution. This is done by projecting the pseudo-range error 
models to the position domain. General methods for determining that the model variance is 
adequate to guarantee the protection level integrity risk are described in Section 14. The 
lateral protection level (LPL) provides a bound on the lateral position error with a probability 
derived from the integrity requirement. Similarly, the vertical protection level (VPL) provides 
a bound on the vertical position. For Category I precision approach and APV approach 
services, if the computed LPL exceeds the lateral alert limit (LAL) or the VPL exceeds the 
vertical alert limit (VAL), integrity is not adequate to support the selected service type 
support the operation. For the positioning service the alert limits are not defined in the 
standards, with only the horizontal protection level and ephemeris error position bounds 
required to be computed and applied. The alert limits will be determined based on the 
operation being conducted. The aircraft will apply the computed protection level and 
ephemeris bounds by verifying they are smaller than the alert limits. Two protection levels 
are defined, one to address the condition when all reference receivers are fault-free (Ho - 
Normal Measurement Conditions), and one to address the condition when one of the 
reference receivers contains failed measurements (Hi - Faulted Measurement Conditions). 
Additionally, an ephemeris error position bound provides a bound on the position error due to 
failures in ranging source ephemeris. For Category I precision approach and APV approach 
services, a lateral ephemeris error bound (LEB) and a vertical ephemeris error bound (VEB) 
are defined. For the positioning service a horizontal ephemeris error bound (HEB) is defined.

7.5.3.1 The GBAS signal-in-space integrity risk (Appendix 6B, 3.6.7.1.2.1.1) is defined as 
the probability that the ground subsystem provides information which when processed by a 
fault-free receiver, using any combination of GBAS data allowed by the protocols for data 
application (Appendix 6B, 3.6.5), results in an out-of-tolerance lateral or vertical relative 
position error without annunciation for a period longer than the maximum time-to-alert. An 
out-of-tolerance lateral or vertical relative position error is defined as an error that exceeds 
the GBAS approach services protection level and, if additional data block 1 is broadcast, the 
ephemeris error position bound. Hence it is the responsibility of the ground subsystem to 
provide a consistent set of data including the differential corrections, and all parameters that 
are used by the protocols for data application (e.g, Opr^a and the B values as defined in the 
Type 1 message), so that the protection levels bound the position error with the required 
integrity risk. This error bounding process must be valid for any set of satellites that the user 
might be using. To ensure the computed protection levels actually bound the error with the 
required probability, it may in some cases be necessary to inflate or otherwise manipulate one 
or more of the parameters that are used by the protocols for data application. For example, to 
address the impact of anomalous ionospheric effects one strategy that has been used is to
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inflate Opr^gnd and aveitjOTOjgradient to ensure that airborne equipment that complies with the 
protocols for data application will be adequately protected.

7.5.6 Residual ionospheric errors. An ionospheric parameter is broadcast in Type 2 messages 
to model the effects of the ionosphere between the GBAS reference point and the aircraft. 
This error can be well-characterized by a zero-mean, normal distribution during nominal 
conditions.

7.5.6.1 Ionospheric anomalies. Small scale structures in the ionosphere can result in non- 
differentially corrected errors in the GBAS position. Such phenomena are typically associated 
with solar storm activity and may be characterized by steep gradients in the ionospheric delay 
over a relatively short distance (e.g., a few tens of kilometres). The errors that may be 
induced by these phenomena result when the airborne receiver and ground subsystem are 
receiving satellite signals that have different propagation delays. Also, since GBAS uses 
code-carrier smoothing with a relatively long time constant, biases build up in these filters 
that are a function of the rate of change of ionospheric delay. If the ground subsystem and 
airborne receivers experience significantly different delays and rates of change of the 
ionospheric delays, the biases that build up in these filters will not match and will not be 
cancelled by the differential processing.

7.5.6.1.1 Ionospheric anomaly mitigation. Ionospheric anomalies can produce position errors 
which are significant (i.e. tens of metres) in the context of approach operations. To mitigate 
these errors, different strategies are used depending on the GBAS approach service type.

7.5.6.1.2 Ionospheric anomaly mitigation for CAST A, B and C. For GAST A, B or C, the 
ground subsystem is responsible for mitigating the potential impact of ionospheric anomalies. 
This may be handled through various monitoring schemes (e.g. far-field monitors or 
integration with a wide area ground network supporting SBAS) which detect the presence of 
ionosphere anomalies and deny service if the resulting user position errors would be 
unacceptable. One means to deny service is to inflate some combination of the broadcast 
integrity parameters: Oprjnd, Overtjono_gradient, the ephemeris decorrelation parameter (P), the 
ephemeris missed detection parameters Kmd_c,ops and Kmd e_,oLONASs such that any geometry 
that could be used by an airborne user will not be subjected to intolerably large errors (given 
the intended operational use). This inflation scheme could also be used without the 
complexity of monitoring the ionosphere during operations by assuming ionosphere 
anomalies are present. In this case, a model of the possible ionosphere conditions that could 
occur is used to determine the proper values of the broadcast integrity parameters. Since the 
extremes of ionosphere conditions vary significantly through the world, the model is location 
dependent. Such an inflation scheme results in a reduction in availability because it inflates 
the values even when anomalies are not present.

7.5.6.1.3 Ionospheric anomaly mitigation for GAST IX Requirements for monitoring and 
geometry screening in the airborne equipment have been introduced for GAST D to mitigate 
the potential impact of ionospheric anomalies. The airborne monitoring consists of 
monitoring the code-carrier divergence continuously in order to detect large gradients in the 
ionosphere. In addition, the airborne equipment will screen geometries to ensure that an
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unacceptably large amplification of residual pseudo-range errors (i.e. errors that may exist 
after airborne monitoring has been applied) will not occur. Another factor which is useful for 
the mitigation of errors induced by ionospheric anomalies is the use of the 30-second carrier 
smoothed pseudo-ranges in a position solution. (The shorter time constant smoothing is 
inherently less susceptible to filter bias mismatch errors.) Finally, CAST D includes 
parameters: Kmd_e_D,Gi.oNAss, Krad_e_D,GPs, Pd and Overt iono_gradient_ respectively, when the active 
service type is CAST D. This is done so that if the ground subsystem employs inflation of the 
parameters Kmd_e_,GLONAss, Kmd_e,GPS, P, and oVeri_1onoJ?radient to mitigate the effects of 
ionospheric anomalies for GAST A, B or C, the GAST D user can be provided with non- 
inflated parameters for use in GAST D where airborne monitoring is employed to address the 
ionospheric anomaly errors. This enables GAST D service to have improved availability.

7.5.6.1.4 Bounding of ionospheric anomaly errors. As stated above, ionospheric anomalies 
may be addressed by inflating one or more of the parameters: Opr^d, oVcrtjono_gradicnt, the 
ephemeris decorrelation parameter (P), the ephemeris missed detection parameters Kmd e>GPs! 
and Kmd_e,GLONAss. The groimd subsystem is responsible for providing values in these 
parameters such that the error is appropriately bounded by the VPL and HPL computations at 
the output of a fault free receiver. In GAST D, responsibility for mitigation of errors due to 
anomalous ionospheric conditions has been divided between the airborne subsystem and the 
ground subsystem. Although GAST D still requires the protection levels to bound the errors 
(as described in 7.5.3.1), they are not required to bound the errors that result from an 
anomalous ionospheric event as is the case for GAST C. Hence, the protection levels as 
computed with Pd, Kmd_e_D,GLONAss, Kmd e_D,GPS, and Oveitjono_giadient_D must bound the error for 
all error sources as discussed in 3.6.7.1.2.1.1.2 except for the errors due to anomalous 
ionospheric conditions. The protections level computations must bound the nominal 
ionospheric errors.

7.5.6.1.5 Dual solution ionospheric gradient monitoring. Another component of the airborne 
mitigation of errors induced by ionospheric anomalies is by the use of dual position solutions 
computed simultaneously with two different carrier smoothing time constants (see 7.19.3). 
This dual solution computation has two purposes. Firstly, taking the difference of two 
corrected pseudo-range measurements as detection statistics allows the filter build-up errors 
on each satellite, due to large differences in ionospheric gradients between the ground 
measurements and airborne measurements, to be directly observable. Hence a threshold can 
be applied to these detection statistics in order to detect a large portion of the ionospheric 
anomalies. The second application of the dual solutions is to compute a bound for the 30- 
second smoothed position (excluding the impact of ionospheric anomalies). The data 
provided by the ground segment allows a protection level bound to be computed for the 100- 
second solution. By adding the direct observation of the magnitude of the difference between 
the 30-second smoothed position and the 100-second smoothed position, to the protection 
level computation, a protection level is obtained, which is guaranteed to bound the 30-second 
position solution with the required lxl0‘7/approach. This allows airborne equipment, with an 
active service type of D to provide equivalent bounding performance, as required for 
approaches to Category I minima even though the 30-second solution is used to develop the 
guidance.
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7.5.6.1.6 Requirements for FAST D ground subsystems to support mitigation of errors caused 
by ionospheric anomalies. Although much of the responsibility for mitigation of ionospheric 
errors is allocated to the airborne segment, there is a requirement for FAST D ground 
subsystems that is necessary to support mitigation of such effects. Appendix 6B, 3.6.7.3.4 
specifies that the ground subsystem is responsible for ensuring mitigation of ionospheric 
spatial delay gradients. The ground subsystem ensures that the value of the maximum 
corrected pseudo-range error (Eig) computed from the Type 2 data does not exceed 2.75 
metres at all LTPs associated with runways that support GAST D procedures. One option 
available to the manufacturer is to restrict the distance between the GBAS reference point and 
the LTP.

7.5.6.1.7 Ionospheric anomaly threat models used for GAST D validation. As discussed 
above, the mitigation of errors that could be induced by ionospheric anomalies is 
accomplished through a combination of airborne and ground system monitoring. The 
effectiveness of the required monitoring has been demonstrated through simulation and 
analysis and the maximum errors at the output of the monitoring have been shown to be 
consistent with airworthiness certification criteria for a range of anomalies described below. 
This range of anomalies is described in terms of a “standard threat space” consisting of an 
ionospheric anomaly model which defines physical attributes of the ionospheric anomaly. 
The model described in 7.5.6.1.7.1 is a conservative rendition of the model developed for the 
continental United States. This model has been shown to bound the ionospheric threat 
evaluated in several other mid-latitude regions, relative to the magnetic equator. Recent data 
collected in some low-latitude regions, relative to the magnetic equator, has shown 
ionospheric conditions associated with local ionospheric density depletion (“plasma 
bubbles”) that exceed this threat model. Research has resulted, for example, in a reference 
low-latitude threat model for the Asia-Pacific Region by a dedicated Ionospheric Studies 
Task Force (APAC ISTF). The threat models define an ionospheric environment for which 
the standardized monitoring is known to produce acceptable performance on a per-pseudo- 
range basis. Each service provider shall evaluate whether the standard threat space model 
described below is appropriate for the ionospheric characteristics in the region where GBAS 
is intended to support GAST D service. This evaluation shall always be performed, regardless 
of the latitudes involved. If a service provider determines that the ionospheric behaviour is 
not adequately characterized by this threat model (e.g., for a region of uniquely severe 
ionospheric behaviour), that service provider must take appropriate action to ensure the users 
will not be subjected to ionospheric anomalies with characteristics outside the range of the 
standard threat space. The service provider may elect to:

1. alter the characteristics of its ground subsystem; and/or

2. introduce additional monitoring (internal or external to the GBAS); and/or

3. introduce other operational mitigations that limit users’ exposure to the extreme 
ionospheric conditions.

Potential ground subsystem changes which could achieve this risk reduction include tighter 
siting constraints (see 7.5.6.1.6) and improved ground subsystem monitoring performance 
(Appendix 6B, 3.6.7.3.4). Another mitigation strategy is monitoring of space weather
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(external to the GBAS system) in conjunction with operational limitations on the use of the 
system during predicted periods of severely anomalous ionospheric activity. Combinations of 
these strategies may be used to ensure that the CAST D user is not subjected to ionospheric 
anomalies outside the standard threat space.

7.5.6.1.7.1 Ionosphere anomaly model: moving wedge. This models a severe ionospheric 
spatial gradient as a moving wedge of constant, linear change in slant ionosphere delay, as 
shown in Figure D-11. The key parameters of this model are the gradient slope (g) in mm/km, 
the width (w) of the wedge in km, the amplitude of the change in delay (D) in m, and the: 
speed (v) at which the wedge moves relative to a fixed point on the ground. These values arei 
assumed to remain (approximately) constant over the period in which this wedge affects the 
satellites tracked by a single aircraft completing a GAST D approach. While the width of the 
wedge is small, the “length” of the wedge in the East-North coordinate frame (i.e. how far the 
“ionospheric front” containing the wedge extends) is not constrained.

In this model, the upper bound on g is dependent on wedge speed as specified in Table D-5A. 
This value is not dependent on satellite elevation angle. Because g is expressed in terms of 
slant delay, no “obliquity” correction from zenith delay is needed. The width w can vary from 
25 to 200 km. The maximum value of D is 50 m. Note that, to make the model consistent, D 
must equal the product of slope g and width w. In cases where slope and width each fall 
within their allowed ranges, but their product D exceeds the 50-metre bound, that 
combination of slope and width is not a valid point within the threat model. For example, 
both g = 400 mm/km and w = 200 km are individually allowed, but their product equals 80 
metres. Since this violates the constraint on D, a wedge with g = 400 mm/km and w = 200 km 
is not included in this threat model.

Note.— In the GAST D validation, it was assumed that each simulated wedge model is 
applied to the two ranging sources that produced the worst-case position errors. However, 
the numbers of wedges and impacted ranging sources depend on the ionospheric 
characteristics in the region where GBAS is intended to support GAST D service.

Table D-5A Upper boimd on gradient slope
Propagation speed (v) Upper bound on gradient slope (g)

V < 750 m/s 500 mm/km
750 < V < 1500 m/s 100 mm/km

7.5.6.1.8 Ionosphere gradient mitigation validation

7.5.6.1.8.1 Because the mitigation responsibility for spatial ionosphere gradients is shared 
between the airborne and ground subsystems, this section includes guidance for modeling the 
critical airborne components (e.g. aircraft motion and monitoring) which will enable a ground 
manufacturer to validate the mitigation of spatial ionosphere gradients from a total system 
perspective. The validation can take into account the combination of ground and airborne 
monitors for the detection of gradients. When accounting for the combination of monitors, 
the correlation or independence between the monitors needs to be considered. Monitor 
performance shall also consider the effective time between independent samples of each
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monitor’s test statistic. Modeling of the ionosphere monitoring should include re-admittance 
criteria for an excluded satellite, as appropriate per the ground subsystem design and DO- 
253D.

7.5.6.1.8.2 This section also includes test scenario guidance to help ensure all possible 
airborne position, ground reference point, approach direction, and gradient direction 
orientations are considered during validation.

7.5.6.1.8.3 Airborne monitor implementation 

Validation may account for the following airborne monitors:

a) airborne code carrier divergence filtering as described in 2.3.6.11 of DO-25TO*;

b) differential RAIM used for satellite addition as described in 2.3.9.6.1 of DO-253D; and

c) dual solution pseudo-range ionospheric gradient monitoring as described in 2.3.9.7 of DO- 
253D.

7.5.6.1.8.3.1 In assessing the probability of missed detection, the contribution of all noise 
sources to the test statistic used for the airborne code carrier divergence monitor, excluding 
the effects of the ionosphere, can be assumed to have a normal distribution with a zero mean 
and a standard deviation of 0.002412 m/s.

7.5.6.1.8.3.2 In assessing the probability of missed detection, the contribution of all noiSei 
sources to the test statistic used for the dual solution pseudo-range ionospheric gradient 
monitor can be assumed to have a normal distribution with a zero mean and a standard 
deviation of 0.1741 m.

7.5.6.1.8.3.3 Note that the prior probability of the gradient that can be utilized during 
validation of 3.6.7.3.4 applies for these airborne monitors as well.

7.5.6.1.8.4 Modeling airborne positioning and speed

The airborne speed and position can be modeled working backward from the threshold 
crossing time using the following four values;

a) speed at landing;

b) amoimt of time at landing speed;

c) deceleration rate; and

d) speed at start of deceleration.
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7.5.6.1.8,4.1 Figure D-12 illustrates how these four values are used to define a speed profile 
and Table D-5B shows the values that define the family of curves to be used in determination 
of CAST D broadcast parameters for a specific IGM design.

Table D-5B. Airborne speed profile from initial position to LTP
Landing ground speed Time at landing 

speed (seconds)
Decelerations rate 

(knots/s)
Ground speed at 

start of deceleration 
(knots)

161 50 1.1 290
148 50 1.1 277
135 50 1.1 264

Note.— Modeling aircraft altitude is not necessary.

7.5.6.1.8.4.2 Figure D-13 shows the approach speed profiles based on the values in Table D- 
5B in terms of ground speed versus time until the aircraft reaches the landing threshold point.

7.5.6.1.8,5 Gradient, airborne position, ground reference point, and approach direction 
considerations

7.5.6.1.8.5.1 Figure D-14 illustrates the basic anomalous ionospheric scenarios (A-D) that 
constitute a threat. For a given ground station installation, the ground manufacturer should 
shall demonstrate valid mitigation for any ionosphere gradient/airbome/approach orientations 
corresponding to that particular installation.

7.5.6.1.8.5.2 Validation test scenarios shall also address the timing component for each 
orientation. For example, for a given scenario, an approach shall be executed at least at one 
minute intervals.

7.5.9 Ephemeris error uncertainty. Pseudo-range errors resulting from ephemeris errors 
(defined as a discrepancy between the true satellite position and the satellite position 
determined from the broadcast data) are spatially decorrelated and will therefore be different 
for receivers in different locations. When users are relatively close to the GBAS reference 
point, the residual differential error due to ephemeris errors will be small and both the 
corrections and uncertainty parameters aPr^d sent by the ground subsystem will be valid to 
correct the raw measurements and compute the protection levels. For users further away from 
the GBAS reference point, protection against ephemeris failures can be ensured in two 
different ways:

a) the ground subsystem does not transmit the additional ephemeris error position bound 
parameters. In this case, the ground subsystem is responsible for assuring integrity in case of 
satellite ephemeris failures without reliance on the aircraft calculating and applying the 
ephemeris bound. This may impose a restriction on the distance between the GBAS reference
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point and the decision altitude/height depending upon the ground subsystem means of 
detecting ranging source ephemeris failures. One means of detection is to use satellite 
integrity information broadcast by SBAS; andor

b) the ground subsystem transmits the additional ephemeris error position bound parameters 
which enable the airborne receiver to compute an ephemeris error bound. These parameters 
are: coefficients used in the ephemeris error position bound equations (Kmd_e_o. where the 
subscript () means either “GPS”, “GLONASS”, “POS, GPS” or “POS, GLONASS”), the 
maximum use distance for the differential corrections (Dmax), and the ephemeris decorrelation 
parameters (P). The ephemeris decorrelation parameter (P) in the Type 1 or Type 101 
message characterizes the residual error as a function of distance between the GBAS 
reference point and the aircraft. The value of P is expressed in m/m. The values of P are 
determined by the ground subsystem for each satellite. One of the main factors influencing 
the values of P is the ground subsystem monitor design. The quality of the ground monitor 
will be characterized by the smallest ephemeris error (or minimum detectable error (MDE)) 
that it can detect. The relationship between the P parameter and the MDE smallest detectable 
error Eephdet for a particular satellite, i, can be approximated by P, = Eephdet MDE/R, where R, 
is the smallest of the predicted ranges from the ground subsystem reference receiver 
antenna(s) for the pieriod of validity of P,. Being dependent on satellite geometry geometry 
Since Rj varies with time, the P parameters values are slowly varying are time dependent as 
well. However, it is not a requirement for the ground subsystem to dynamically vary P. Static 
P parameters could can be sent if they properly ensure integrity. In this latter case, the 
availability would be slightly degraded. Generally, as MDE Eephdet becomes smaller, overall 
GBAS availability improves.

7.5.10 Ephemeris error 'failure monitoring. There are several types of monitoring approaches 
for detecting ephemeris errors/failures. They include:

a) Long baseline. This requires the ground subsystem to use receivers separated by large 
distances to detect ephemeris errors that are not observable by a single receiver. Longer 
baselines translate to better performance in MDE-smallest detectable error,

b) SBAS. Since SBAS augmentation provides monitoring of satellite performance, including 
ephemeris data, integrity information broadcast by SBAS can be used as an indication of 
ephemeris validity. SBAS uses ground subsystem receivers installed over very long 
baselines, therefore this provides optimum performance for ephemeris monitoring and thus 
makes small errors detectable achieves small MDEs; and

c) Ephemeris data monitoring. This approach involves comparing the broadcast ephemeris 
over consecutive satellite orbits. There is an assumption This monitoring assumes that the 
only threat of failure is due to a failure in the ephemeris upload from the constellation ground 
control network so that the ephemeris is inconsistent with previously broadcast ephemeris; 
and

d) Delta-V (change in velocity) monitoring. Failures due toThis monitoring covers the cases 
of uncommanded satellite manoeuvres out of view with unchanged ephemerismust be 
sufficiently improbable to ensure that this approach provides the required integrity.
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7.5.10.1 The monitor design (for example, its achieved MDE smallest detectable error) is to 
be based upon the integrity risk requirements and the failure model the monitor is intended to 
protect against. A bound on the GPS ephemeris failure rate can be determined from the 
reliability requirements defined in CAR-ANS 6.3, 6.3.7.3.1.3, since such an ephemeris error 
would constitute a major service failure.

7.5.11 Ground reference receiver faults. A typical GBAS ground subsystem processes 
measurements from 2 to 4 reference receivers installed in the immediate vicinity of the 
reference point. The For CAST A, B, C and D, the aircraft receiver is protected against a 
large error or fault condition in a single reference receiver by computing and applying a 
protection level based on the B parameters from the Type 1 or Type 101 message to compare 
data from the various reference reoeivers-and comparing that protection level to the alert 
limit. Ground subsystem compliance with the GAST A, B, C and D integrity risk (Appendix 
6B, 3.6.7.1.2.2.1) is demonstrated taking into account the protocols required of the airborne 
subsystem (Appendix 6B,3.6.5.5.1.2) and explicit monitoring required in the airborne 
subsystem. Alternative system architectures with sufficiently high redundancy in reference 
receiver measurements may employ processing algorithms capable of identifying a large 
error or fault in one of the receivers. This may apply for a GRAS network with receivers 
distributed over a wide area and with sufficient density of ionospheric pierce points to 
separate receiver errors from ionospheric effects. The integrity can then be achieved using 
only the protection levels for normal measurement conditions (VPLho and LPLho), with 
appropriate values for Knmd and aPr gnd. This can be achieved using the Type 101 message 
with the B parameters excluded.

7.5.11.1 GAST D ground reference receiver faults. For GAST D, there is an additional 
standardized monitor implemented in the airborne receiver used to maintain the single 
reference receiver faulted measurement condition integrity regardless of the satellite 
geometry used in the aircraft. The aircraft receiver computes a position error estimate based 
on the B parameters and compares that error estimate directly to a threshold set as low as 
possible consistent with acceptable continuity risk. Although the monitor is mechanized in 
the airborne subsystem, the ground subsystem must meet specific requirements for the 
monitor to provide the required protection. The integrity performance depends on the 
assumed a priori failure rate (Appendix 6B, 3.6.7.1.2.2.1.2) and the probability of missed 
detection of the monitor. The a priori rate of a single reference receiver providing faulted 
measurements is required to be less than 1 x lO'5 per 150 seconds. The rate per individual 
receiver is dependent upon the number of reference receivers in the ground subsystem. For 
example, with four reference receivers the rate per receiver would be required to be less than 
2.5 X lO'6 per 150 seconds. This a priori rate is achieved through a combination of receiver 
design requirements and proper reference receiver siting and operational constraints. Because 
conditions during system operation vary, ground subsystems may monitor receiver outputs to 
verify continued compliance with the requirement. The integrity performance also depends 
on the probability of missed detection (Pmd) performance of the monitor implemented in the 
airborne equipment. The Pmd performance of this monitor in turn depends on the 
characteristics of the errors that confound the observability of a reference failure. This is also 
trus lqr the existing protection level integrity risk equations associated with faulted
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measurement conditions. The ground subsystem is required to broadcast integrity parameters 
that bound the errors such that a normal distribution can sufficiently characterize the errors 
and the Pmd can be estimated (Appendix 6B, 3.6.7.1.2.2.1.1 and 3.6.7.2.2.4.1).

7.5.11.2 CAST D ground reference receiver fault magnitude hounding. Because the airborne 
subsystem implements the monitor as defined in the MOPS, it is possible to compute the size 
of the largest error that can result from the failure of a single reference receiver with a 
probability of greater than 1 x lO'9. The calculated maximum size of the error will depend on 
the assumed a priori failure rate (Appendix 6B, 3.6.7.1.2.2.1.1) and the probability of missed 
detection of the monitor. The monitor Pmd is dependent on the monitor threshold which is 
computed by the airborne equipment as a function of the geometry and the error distribution 
associated with the Hi hypothesis.

7.5.12 Range domain monitoring requirements for GAST D. To support equivalent safety of 
Category Il/lII operations, requirements beyond the basic “signal-in-space” requirements 
defined for GAST A, B and C are necessary. These requirements include performance 
requirements for monitors implemented to detect pseudo-range errors. Two requirements 
apply to the post monitoring error in the corrected pseudo-range due to specific ranging 
source failures (Appendix 6B, 3.6.7.3.3.2 and 3.6.7.3.3.3). In both cases, the requirement 
applies to the probability of missed detection as a function of the size of an error due to the 
failure in the 30-second smoothed pseudo-range after the correction is applied.

1) The first requirement constrains the Pmd performance of the specified ranging source 
failures without regard for the a priori probability of the ranging source failure. The bound for 
a ground subsystem’s monitor performance defined in Appendix 6B, 3.6.7.3.3.2 is illustrated 
in Figure D-15. GAEC-D equipment will use the 30-second differential corrections to form 
the position solution used for deviation guidance. The limits of the constraint region define 
the minimum Pmd that the ground subsystem must ensure for any single ranging source failure 
condition.

Note.— The example compliant Pmj in Figure D-15 is based on a hypothetical monitor with a 
threshold set to 0.8 m and monitor noise of 0.123 m. The curve is for illustration purposes 
only and does not represent the performance of any specific monitor design.

2) The second requirement constrains the conditional probability of the 
the specified ranging source given the a-priori failure probability for 
source failure. The conditional probability bound, Pmd xPapriori, for a 
monitor performance defined in Appendix 6B, 3.6.7.3.3.3 is illustrated 
prior probability of each ranging source failure (Paprion), used to evaluate 
the same value that is used in the analysis to show compliance 
requirements for FAST C and D (see 7.5.3.1).

Pmd performance of 
the specific ranging 
ground subsystem’s 
in Figure D-16. The 
compliance, shall be 
with the bounding

7.5.12.1 Verification of ground subsystem compliance with range domain monitoring 
requirements

Verifying that a ground system design complies with the monitor requirements provided in 
Appendix 6B, 3.6.7.3.3.2 and 3.6.7.3.3.3 is achieved by a combination of testing and
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analysis. The requirements take the form of a constraint on the probability of missed 
detection as a function of the size of an error in the corrected pseudo-range. The general 
process that may be used to verify that a specific monitor, included as part of a ground 
subsystem design, meets the specified performance is as follows;

• Identify the threat space for each fault mode to be considered. (The requirements in section 
Appendix 6B, 3.6.7.3.3 apply to four specific fault modes). These fault modes (i.e. the threat 
space), which may be used for evaluating compliance with a ground subsystem design, are 
provided in 7.5.12.1.3.1 through 7.5.12.1.3.4. These fault modes and fault combinations 
constitute the threat space. These threat space definitions represent what at least one State has 
found acceptable as an assumed threat space for each fault mode.

• Identify the airborne configuration space. The airborne system requirements introduce 
constraints on the design and performance of airborne equipment. These constraints define 
the range of critical airborne parameters of the configuration space for each fault mode and/or 
monitor that must be protected by the ground subsystem. For example, the bandwidth and 
correlator spacing of a compliant airborne receiver will conform to the requirements in 
sections 8.11.4 through 8.11.7.1. These are two of the critical parameters of the airborne 
configuration space for the satellite signal deformation fault mode. A critical airborne 
parameter directly influences how each point in the threat space translates to an error in the 
differentially corrected pseudo-range.

• An error analysis is done considering the specific monitor design under consideration given 
the full range of fault characteristics that comprise the threat space. For each characterized 
fault, the error that would be induced in the corrected pseudo-range (using the 30-second 
smoothed pseudo-ranges and pseudo-range corrections) is computed given the full range of 
critical airborne parameters that comprise the airborne configuration space.

• When assessing the compliance of a ground subsystem design, the performance is 
characterized by relevant statistical measures. Any monitor is subject to noise and therefore 
the performance may be characterized by the false detection rate and the missed detection 
probability. Both of these performance metrics are specified in the ground requirements in 
Appendix 6B by means of a not-to-exceed constraint. The missed detection probability 
performance is constrained by the requirements in Appendix 6B, 3.6.7.3.3.2 and 3.6.7.3.3.3. 
The false detection rate performance is constrained by the continuity requirements given in 
Appendix 6B, 3.6.7.1.3.2. It shall be understood that the ground subsystem must meet all 
requirements i the Standards. It is possible that the performance of individual monitors may 
be further constrained by other requirements, such as the ground subsystem integrity risk 
requirement in Appendix 6B, 3.6.7.I.2.I.I.I. Ground station accuracy performance may have 
an impact on airborne and ground monitor performance. In the validation of requirement 
feasibility a GAD C4 performance was assumed to account for instance for single reference 
receiver faults. Use of lower performance categories may have an availability or continuity 
impact and shall be investigated in the design process.

7.5.12.1.1 Compliance of ground subsystem monitoring with continuity requirements. The 
compliance with the false detection rate (continuity) may be established based on collected 
real data combined with analysis and/or simulation. The required number of truly
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independent samples shall be sufficient to adequately characterize the cumulative distribution 
function (CDF) of the monitor discriminator, which is compared to the threshold set for the 
monitor. The fault free noise CDF must be such that for the threshold set in the monitor the 
false detection probability is smaller than that required to support continuity. An allocation of 
the continuity to each monitor must be done with consideration given to the overall specified 
probability of false detection (Appendix 6B, 3.6.7.1.3.2). The achieved probability of false 
detection is determined by extrapolation of the observed trends in the measured CDF. 
Additionally, detection events in the ground system may be logged and if, over time, the false 
detection rates are not maintained at the required levels, thresholds may be adjusted as the 
result of a maintenance action to correct the problem.

7.5.12.1.2 Compliance of ground subsystem monitoring with integrity requirements. The 
compliance with the missed detection probability (integrity risk) is typically established 
based on simulation and analysis. (Given the low allowed probability of observing actual 
faults, collection of enough real data to establish that the probability is met with any 
statistical significance is impossible.) The threat space for the fault mode is divided into 
discrete intervals across the relevant parameters that define the fault behavior. The total space 
of potential faults is represented by a multidimensional grid of discrete points that span the 
threat space. The airborne configuration space is also discretized i.e. represented by a 
multidimensional grid of discrete (critical parameter) points. A simulation is used to compute 
the expected pseudo-range error performance for each point in the threat space, each possible 
airborne configuration and the ground receiver function with the monitors. The worst-case 
error in the corrected pseudo-range is computed as a function of the discriminator value for 
the monitor addressing the threat (assuming no noise at this point). This also makes it 
possible to determine the discriminator value as a function of the worst-case error in the 
corrected pseudo-range (the inverse mapping). The missed detection probability is obtained 
by superimposing noise based on a conservative noise model (using an over bound of the 
CDF that was generated by the real data), on the discriminator determined from the worst- 
case differential range. This can be done either analytically or by simulation. The mapping 
from discriminator to worst-case error in the corrected pseudo-range and the noise levels 
applied may have further dependencies (for instance satellite elevation), and the established 
missed detection probability is therefore also a function of a set of parameters that constitute 
the detection parameter space which is divided into discrete intervals as well, i.e. represented 
by a multidimensional grid of discrete (detection parameter) points. The final missed 
detection probability is obtained by searching for the worst case when evaluating all the grid 
points in the detection parameter space.

7.5.12.1.3 Threat space and relevant airborne configuration space for each fault mode

7.5.12.1.3.1 Code carrier divergence threat

7.5.12.1.3.1.1 The code carrier divergence threat is a fault condition in a GPS satellite thp 
causes the code and carrier of the broadcast signal to diverge excessively.

7.5.12.1.3.1.2 A code carrier divergence fault may cause a differential ranging error in one or 
both of the following cases: (1) the aircraft and ground filter designs are not identical, and (2) 
the aircraft and ground filters start at different times. Both of these cases can result in a
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difference between the transient responses of the filters in the presence of a CCD event. The 
critical airborne parameters are:

— The time of initialization of the airborne smoothing filter relative to the fault onsets

— The smoothing filter type (fixed time constant 30 seconds or adjustable time constant 
equal to time from initialization up to 30 seconds and thereafter fixed).

— The carrier code divergence rate monitoring required in airborne system for CAST D and 
the associated fault reaction.

— The time period from initialization of the airborne smoothing filter to the incorporation of 
the measurement in the position solution.

7.5.12.1.3.2 Excessive acceleration threat

The excessive acceleration threat is a fault condition in a GPS satellite that causes the carrieif 
(and code in unison) of the broadcast signal to accelerate excessively. The threat space is one­
dimensional and corresponds to all possible accelerations including ramps and steps.

7.5.12.1.3.3 Ephemeris error threat

The ephemeris error threat is a fault condition that causes the broadcast ephemeris parameters 
to yield excessive satellite position errors perpendicular to the ground subsystem’s line of 
sight to the satellite. The resultant differential range error is the satellite position error (true 
compared to broadcast ephemeris) multiplied by the distance between ground subsystem and 
airborne and scaled by the inverted distance to the satellite. It is bounded by the product of 
the P parameter (see 7.5.9) and the distance between the user and the ground subsystem. The 
critical airborne parameter for the ephemeris error threat is therefore the distance between the 
user and the ground subsystem. Satellite ephemeris faults are categorized into two types, A 
and B, based upon whether or not the fault is associated with a satellite manoeuvre. There are 
two subclasses of the type A fault, A1 and A2.

7.5.12.1.3.3.1 Ephemeris error threat type B

7.5.12.1.3.3.1.1 The type B threat occurs when the broadcast ephemeris data is anomalous, 
but no satellite manoeuvre is involved.

7.5.12.1.3.3.1.2 The GBAS ground subsystem can monitor against such faults by comparing 
current and prior ephemerides. One example of a type B fault: no manoeuvre occurs, an 
incorrect upload is sent to a satellite, and the satellite subsequently broadcasts an erroneous 
ephemeris.

7.5.12.1.3.3.2 Ephemeris error threat type AI

7.5.12.1.3.3.2.1 The type A1 threat occurs when the broadcast ephemeris data is anomalous 
following an announced and intentional satellite manoeuvre.
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7.5.12.1.3.3.2.2 Prior ephemerides are of limited use in the detection of type A1 failures 
because of the intervening manoeuvre. The GBAS ground subsystem will need to monitor 
ranging data directly as part of ephemeris validation. One example of a type A1 fault: at 
satellite is set unhealthy, a manoeuvre is executed, an incorrect upload is sent to the satellite- 
the satellite is reset to healthy and subsequently broadcasts an erroneous ephemeris.

7.5.12.1.3.3.3 Ephemeris error threat type A2

7.5.12.1.3.3.3.1 The type A2 threat occurs when the broadcast ephemeris data is anomalous 
following an unannounced or unintentional satellite manoeuvre.

7.5.12.1.3.3.3.2 Prior ephemerides are of limited use in the detection of type A2 failures 
because of the intervening manoeuvre. The GBAS ground subsystem will need to monitor 
ranging data directly as part of ephemeris validation. One example of a type A2 fault: a 
satellite is set healthy, an intentional manoeuvre or unintentional thruster firing occurs, and 
the satellite continues to broadcast the pre-manoeuvre (now erroneous) ephemeris.

7.5.12.1.3.4 Signal deformation threat

7.5.12.1.3.4.1 The signal deformation threat is a fault condition in the GPS satellite that 
causes the broadcast C/A code to be distorted so that the correlation peaks used for tracking 
in the airborne system and the ground system are deformed. The extent of the deformation 
depends on the receiver bandwidth and the resulting tracking error depends on where the 
correlator points used for code tracking are located (along the correlator peak).

7.5.12.1.3.4.2 The signal deformation monitoring threat space is defined in section 8. There 
are three fault types A, B, C.

7.5.12.1.3.4.3 Most satellites naturally show some degree of correlator peak deformation and 
these are referred to as natural (correlator measurement) biases. These natural biases may 
vary over time.

7.5.12.1.3.4.4 A fault condition (onset) will appear as a step in the raw (unfiltered) code 
measurement both in the airborne system and in the ground. If both system had exactly the 
same front end (RF and IF filtering, sampling method), correlator type and correlator spacing 
the error would be the same in ground and air and no differential error would occur. But 
typically that is not the case.

7.5.12.1.3.4.5 The step is filtered by the smoothing algorithm in the ground and in the 
airborne systems and the steady state differential error will gradually manifest itself in a 60 - 
90 second time frame when using corrections from message type 11 (or 200 - 300 seconds 
for message type 1).

7.5.12.1.3.4.6 If a fault (A, B or C) occurs in a satellite it will take about 60 - 90 seconds 
before the steady state for the error and the monitor discriminator is reached. In essence the 
fault onset starts a race between the increasing differential error and the monitor 
discriminator as it moves towards the threshold. This is referred to as the transient state. If the
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range error reaches the limit that must be protected while the discriminator is not yet past the 
threshold with sufficient margin to guarantee the required detection probability, the 
requirement is not met. Both the steady state and the transient state performance must be 
evaluated.

7.5.12.1.3.4.7 The critical airborne parameters for the signal deformation threat are:

• The time period from initialization of the airborne smoothing filter to incorporation of the 
measurement in the position solution.

• The parameters that have constraints defined in the GAST D standard (Attachment B) 
including:

o Correlator type Early-Late (EL) or Double Delta (DD)

0 Correlator spacing

o GPS signal bandwidth (from reception at antenna through RF, IF, 
conversion)

and A/D

• Group delay (from reception at antenna through RF, IF, and A/D conversion).

7.5.12.1.3.4.8 Apart from the discrete choice of EL versus DD the configuration space is two- 
dimensional (correlator spacing and bandwidth). The filters implemented in the airborne 
system may be of different types (Butterworth, Chebychev, Elliptical, etc.). The group-delay 
constraints will exclude some of these filters. However the possible variation in receiver 
design introduces additional dimensions that the ground subsystem manufacturer must 
consider. The filter types are part of the configuration space to be considered.

7.5.13 Ground subsystem requirements and airworthiness performance assessment. 
Airworthiness certification of autoland systems, for use in Category II/III operations, requires 
an assessment of landing performance under fault-free and faulted conditions. More 
information, describing how the technical standards can be used to support an assessment, 
may be found in RTCA document DO-253D, “Minimum Operational Performance 
Requirements for Airborne Equipment using the Local Area Augmentation System” 
Appendix J”.

7.5.14 GBAS signal-in-space time-to-alert. The GBAS signal-in-space time-to-alert (SIS 
TTA) is defined below within the context of GBAS based upon the TTA definition in 
CAR ANS 6.3, section 6.3.7.1. The GBAS SIS TTA is the maximum allowable time elapsed 
from the onset of an out-of-tolerance condition at the output of the fault-free aircraft GBAS 
receiver until the aircraft GBAS receiver annunciates the alert. This time is a never-to-be- 
exceeded limit and is intended to protect the aircraft against prolonged periods of guidance 
outside the lateral or vertical alert limits.

7.5.14.1 There are two allocations made to support the GBAS SIS TTA in the Standards
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1) The first allocation, the ground subsystem TTA for SIS requirements, limits the time it 
takes the ground subsystem to provide an indication that it has detected an out-of-tolerance 
situation considering the output of a fault-free GBAS receiver. The indication to the aircraft 
element is either: a) to broadcast Type 1 (and Type 11 if broadcast) or Type 101 messages 
indicating the condition (in accordance with Appendix 6B, 3.6.7.3.2.1), or b) terminate all 
VDB transmissions. The ground subsystem is allocated 3 seconds to take either action.

For airborne receivers using CAST C, at least one Type 1 message signaling the out-of­
tolerance condition must be received by a fault-free airborne receiver within the message 
time out to meet the SIS TTA. For airborne receivers using GAST D at least one of each 
(Type 1 and Type 11) message with the same applicable modified z-count (and the same set 
of satellites) must be received by a fault-free airborne receiver within the message time out to 
meet the SIS TTA. Because shutting down the VDB may result in an exposure time longer 
than the SIS TTA for satellite faults, this option is recommended only under conditions where 
the VDB transmission does not meet its associated performance requirements (reference 
App>endix 6B, 3.6.7.3.1.1.).

In addition, for ground subsystems that support GAST D monitoring performance 
requirements, the ground subsystem is allocated only 1.5 seconds to detect a condition 
producing out-of-tolerance errors in 30-second corrected pseudo-ranges and to either exclude 
the ranging source measurements from the broadcast or mark them as invalid. This time-to- 
detect and broadcast is similar in definition, but not equivalent in fimction to the ground 
subsystem TTA, as an out-of-tolerance condition in a single ranging source does not 
necessarily lead to out-of-tolerance guidance information.

2) The second allocation for the GBAS signal-in-space time-to-alert provides for the possible 
temporary loss of message reception. Airborne equipment operating with GAST C active will 
generate an alert if a Type 1 message is not received within 3.5 seconds when on the final 
stages of approach. When the airborne equipment is below 200 ft height above the runway 
threshold (HAT), airborne equipment operating with GAST D active will generate an alert or 
change the active service type if a set of Type 1 and Type 11 messages with the same 
modified z-count are not received within 1.5 seconds. Note that these time-outs will also 
dictate the achieved signal-in-space time-to-alert when the ground subsystem ceases VDB 
transmissions instead of broadcasting messages as an alert to the airborne equipment.

Requirements on how quickly the receiver outputs must be invalidated (so annunciating an 
alert), as well as additional conditions requiring the outputs to be indicated as invalid, are 
contained in RTCA DO-253D. For example, there is a requirement for the aircraft GBAS 
receiver position determination function to use the most recently received message content 
and reflect the message content in its outputs within 400 ms. The SIS TTA is defined by start 
and stop events at the same point in the aircraft. Any processing that is common to generating 
outputs under both normal conditions and alert conditions will not change the achieved SIS 
TTA. That is, this common period acts like a lag to both the start event and end event and 
does not affect the total exposure time to the aircraft. Within the GBAS receiver, the outputs 
under both of these conditions must meet the same latency requirement, so large differences
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are not expected. SIS TTA will differ from ground subsystem TTA by a value equal to the 
difference between receiver processing time and receiver time to invalidate outputs.

7.5.14.2 Table D-5C summarizes the time periods that contribute to the GBAS SIS TTA an*3 
the range of achieved TTA that can be expected.

7.5.14.3 Figure D-17 illustrates the nominal case with no missed messages and Figure D-18 
illustrates the effect of missed messages for CAST D below 200 ft. Above 200 ft, the 
situation is similar, but the aircraft has a longer missed message allocation, as described 
above.

7.5.14.3.1 Figure D-18 illustrates the effect on the SIS TTA due to missed messages (upper 
half) and VDB termination (lower half) using the example of GAST D requirements below 
200 ft. The upper time-line shows just two messages being missed, but the third is received, 
so operations can continue, unless the third message is indicating a fault condition that results 
in an alert from the receiver. The lower time-line shows the effect of the VDB terminating. 
The aircraft receiver invalidates its outputs after three messages are missed. The SIS TTA 
combines the ground TTA and the missed message allocation (See Table D-5B), but it is now 
displaced by the aircraft receiver processing time. Above 200 ft, the situation is similar, but 
the aircraft has a longer allocation, as described in RTCA DO-253D.

7.5.14.3.2 For SIS integrity, the diagram indicates that the SIS TTA starting point is where 
the fault-free airborne receiver outputs out-of-tolerance data. The SIS TTA end event is also 
at the output of the airborne receiver.

7.5.14.3.3 The start event of the ground subsystem’s time-to-alert or time-to-detect and 
broadcast is the last bit of the first message (Type 1 and Type 11 message pair for GAST D) 
including the out-of-tolerance data. For ground equipment failures or termination of the VDB 
signal, this is the first message the ground subsystem broadcasts containing correction, 
integrity or path information that does not conform to the applicable integrity requirement 
(e.g. SIS integrity, groimd subsystem integrity). For satellite failures, the requirements are 
out-of-tolerance once differential pseudo-range errors exceed the performance metrics 
detailed within a certain requirement (e.g. Ranging Source Monitoring). Their end event is 
the last bit of the first message (message pair for GAST D) removing the out-of-tolerance 
data or flagging it invalid.

7.5.14.3.4 It shall be noted that, while the Figure D-17 indicates that the SIS and ground 
subsystem TTAs reference different start and end points in time, an ANSP may assume that 
they are the same. A ground subsystem shall be evaluated and certified with no credit or 
penalty for airborne receiver variations due to a specific, approved aircraft implementation. 
From the ground subsystem perspective, all received messages are assumed to be 
instantaneously applied or acted upon by the airborne receiver. This effectively results in 
equivalent SIS and ground subsystem TTA reference points from the ground subsystem’s 
point of view.

7.5.15 Ground subsystem integrity risk for GAST D. Appendix 6B, 3.6.7.1.2.1.1.3 specifies a 
new ground subsystem integrity requirement relating to fail-safe design criteria. This integrity
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method will ensure that failures within the ground subsystem that might affect the stations 
functions and result in erroneous information are extremely improbable. The intent of this 
requirement is to specify the allowable risk that the ground subsystem would internally 
generate and cause erroneous information to be broadcast. Other requirements specify the 
required performance of the ground subsystem with respect to detection and mitigation of 
faults originating outside the ground subsystem (such as ranging source failures). This 
requirement relates to the probability that the ground subsystem fails to meet the intended 
function. The intended function for GBAS is defined in CAR-ANS 6.3, 6.3.7.3.5.2. The 
functions listed in that section and their associated performance requirements characterize the 
intended function of the system.

Table D-5C. Contributions to signal-in-space time-to-alert
Integrity risk requirements 

and service types
Ground subsystem IT A 

(Note ij
Message time-iMit in aircraft 

(Note 5/
Signal n space TFA 

(nominal)
[Note 6]

Signal-in-space TTA 
(maximum)

(Note 7]
AppB 3 6.7.1.2.1.1.1 
and
3.6.7.1.2.2.1 
(OAST A. B, C)

3.0 s 
[Note 2]

3.5 s 3.0 s 6.0 s

AppB 3.6 7.1.2.1.1.2 30 s 3.5s (above 2(X) ft HAT) 3.0 s 60s
and
3.6.71.2.2.1 
(OAST 13)

[Notes 2 emd 8} 1 5s (below 200 ft HAT) ,3.0 s 4.0 s

AppB, 3.6.71.2.1.1.3 1.5 s 3.5 s (above 2(X)ftllAT) 1.5 s 4.5 s [Note 3}
(GAST D) 1.5 s (below 200 ft HAT) 1.5 s 2.5 s [Note 3}

App B, 3.6.7.3 3 1 5 ilS’ole 9/ 3.5.s(alx)ve200 ft HAT) 15 s 4.5 s (Note 4j
(GAST D) 1.5 s (below 200 ft HAT) 1.5 s 2.5 s (Note 4/

Note 1.— These ground subsystem TTA requirements apply to a ground subsystem 
transmitting Type 1 messages. Ground subsystems transmitting Type 101 mes.sages have a 
5.5 s TTA as standardized in Appendix 6B, 3.6.7.1.2.1.2.1.2.

Note 2.— These times apply to excluding all ranging sources, marking all ranging sources as 
invalid in message Type 1 or the cessation of VDB transmission. When a single ranging 
source is marked invalid or excluded, it may or may not cause the aircraft receiver to 
generate an alert, depending on the role of that ranging source in the aircraft’s position 
solution.

Note 3.— This design requirement applies to the integrity of internal ground subsystem 
functions (excluding single reference receiver failure.s). This includes the ground .subsystem 
ranging source monitoring capability. The table illustrates the exposure time for ground 
equipment failures that re.sult in the transmission of non-compliant information and that are 
enunciated to the aircraft using the VDB transmission.

Note 4.— These requirements apply to the integrity monitoring for GNSS ranging sources. 
When a single ranging .source is marked invalid or excluded, it may or may not cause the
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aircraft receiver to generate an alert, depending on the role of that ranging source in the 
aircraft’s position solution. The times listed in the table assume the ranging source was 
critical to determining the position solution.

Note 5.— The missed message time-out allocation starts with the last received message and 
not with the first missed message, so is 0.5 s longer than time added to the SIS time-to-alert.

Note 6.—If transmissions continue and there are no missed messages, the “nominal” column 
is relevant. This value includes the maximum ground subsystem contribution.

Note 7.— The maximum SIS TTA includes the maximum ground subsystem contribution and 
the possible temporary loss of message reception When VDB transmissions cease, the 
maximum SIS TTA is relevant. This time is computed by adding the ground subsystem TTA 
and the airborne message time out minus 0.5 s (.see Note 5).

Note 8.— Although these sections are related to FAST D and the maximum TTA values are 
larger than those historically associated with Category II/III operations, the TTA values in 
this line are not relevant for integr ity to support Category II/III. These TTA values apply to 
the bounding conditions (.see 7.5.3.1) and therefore are related to the total risk offault-free 
error sources and faults exceeding the protection levels. For CAST D, the effects of 
malfunctions are addressed by the additional requirements in Appendix 6B, 3.6.7.1.2.1.1.3, 
Appendix 6B, 3.6.7.3.3 and additional airborne requirements as provided in RTCA DO- 
253D, for example the reference receiver fault monitor. These additional requirements are 
more constraining and enforce a shorter TTA that is appropriate for Category 11/111 
operations. The existence of the longer TTA values in this line .shall not be interpreted to 
imply that errors near or exceeding the alert limit for up to these longer exposure times can 
occur with a probability greater than 1 x ICt9 in any landing.

Note 9.— This is “time to detect and broadcast’ 
apply in addition.

the other ground system requirements

7.5.15.1 Verification of compliance with subsystem integrity risk for CAST D. Verification 
that a ground subsystem meets the integrity risk requirements of Appendix 6B, 3.6.7.1.2.1.1.3 
would typically be accomplished through a combination of analysis and appropriate safety-* 
related design practices/processes. The overall process must ensure that failures within the 
^ound subsystem that might affect the stations intended functions and result in erroneous 
information are extremely improbable. All ground subsystem component failure conditions 
must be shown to be sufficiently mitigated through either direct monitoring or through use of 
an acceptable design assurance development process (such as RTCA/DO-178 and 
RTCA/DO-254). The methodology should provide assurance of mitigation of component 
(HW, SW) failures. The integrity method of design assurance, applied in conjunction with 
fail-safe design concepts and other assurance actions (such as those in SAE ARP 4754) to 
detect and remove systematic errors in the design, provides safety assurance of the CAST D 
ground system. Some States have used safety assurance guidance from ICAO’s Safety 
Management Manual (SMM) (Doc 9859).
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7.6 Continuity of service

7.6.1 Ground GBAS continuity and-/integrity designator. The ground GBAS continuity/ and 
integrity designator (GCID) provides an indication of the current capability classification of 
GBAS ground subsystems. The ground subsystem meets the performance and functional 
requirements of CAST A, B or C Category 1 precision approach or APV when GCID is set to 
1. The ground subsystem meets the performance and functional requirements of GAST A, B, 
C and D when GCID is set to 2. GCID of; 3 and 4 are intended to support future operations 
with an associated service type that has requirements that are more stringent than Category 1 
operations GAST D. The GCID is intended to be an indication of ground subsystem status to 
be used when an aircraft selects an approach. It is not intended to replace or supplement an 
instantaneous integrity indication communicated in a Type 1 or Type 101 message. GCID 
does not provide any indication of the ground subsystem capability to support the GBAS 
positioning service.

7.6.2 Ground subsystem continuity of service. GBAS ground subsystems are required to meet 
the continuity of service specified in Appendix 6B to CAR-ANS 6.3, 6.3.6.7.1.3 in order to 
support GAST A, B and C. Category I precision approach-and APV. GBAS ground 
subsystems that are also intended to support other opierations through the use of the GBAS 
positioning service should shall support the minimum continuity required for terminal area 
operations, which is l-10“4/hour (CAR-ANS 6.3, Table 6.3.7.2.4-1). When the GAST A, B 
or C Category I precision approach or APV required continuity (1-8 x 10"6/15 seconds) is 
converted to a per hour value it does not meet the l-10_4/hour minimum continuity 
requirement. Therefore, additional measures are necessary to meet the continuity required for 
other operations. One method of showing compliance with this requirement is to assume that 
airborne implementation uses both GBAS and ABAS to provide redundancy and that ABAS 
provides sufficient accuracy for the intended operation.

7.6.2.1 Ground subsystem continuity of service for GAST D. A ground segment that supports 
GAST D must meet the SIS continuity requirement (1-8.0 x 10'6/15 seconds) for a GAST A, 
B and C system but must also meet the continuity requirements specific to GAST D as 
defined in Appendix 6B, 3.6.7.1.3.2. The ground subsystem continuity is defined by two 
requirements. One is the continuity of the ground subsystem that includes failures of all 
components necessary for the VDB broadcast, including the reference receivers. It also 
includes loss of service due to integrity failures in the ground subsystem that result in alerts 
and monitor false alerts. The other allocation is the continuity associated with monitor fault- 
free detections. The reason for defining the ranging source monitor detections as a separate 
requirement is because the VDB broadcast portion includes all failures that result in the loss 
of the SIS, whereas the monitor contribution is related only to exclusion of individual 
satellites from the broadcast corrections. This does not necessarily result in a loss of the SIS 
by the airborne receiver. The requirement is defined on a per ranging source basis so that the 
ground design does not need to account for the actual number of satellites in view or the 
number considered critical to the user for a specific approach. It is the responsibility of the 
airborne user to demonstrate the overall continuity achieved when considering the 
contribution of the satellites and the airborne monitors.

7.7 GBAS channel selection
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7.7.2 A channel number in the range from 20 001 to 39 999 is assigned when the FAS data 
are broadcast in the Type 4 message. A channel number in the range from 40 000 to 99 999 is 
assigned when the FAS data associated with an APV CAST A service type are obtained from 
the on-board database.

7.7.3 Every FAS data block uplinked in a Type 4 message will be associated with a single 5- 
digit channel number regardless of whether or not the approach is supported by multiple 
approach service types. For approaches that are supported by multiple approach service types, 
the approach performance designator field in the Type 4 message is used to indicate the most 
demanding approach service type supported by the ground subsystem for any specific 
approach.

7.10 GBAS identification

The GBAS identification (ID) is used to uniquely identify a GBAS ground subsystem 
broadcasting on a given frequency within the VDB coverage of the GBAS. The aircraft will 
navigate using data broadcast from one or more GBAS broadcast stations of a single GBAS 
ground subsystem (as identified by a common GBAS identification).

7.11 Final approach segment (FAS) path

7.11.3.1.1 Lateral deviation reference. The lateral deviation reference plane is the plane that 
includes the LTP/FTP, FPAP and a vector normal to the WGS-84 ellipsoid at the LTP/FTP. 
The rectilinear lateral deviation is the distance of the computed aircraft position from the 
lateral deviation reference plane. The angular lateral deviation is a corresponding angular 
displacement referenced to the GBASGNSS azimuth reference point (GARP). The GARP is 
defined to be beyond the FPAP along the procedure centre line by a fixed offset value of 305 
m (1 000 ft).

7.12 Airport siting considerations

7.12.3 Locating the VDB antenna. The VDB antenna should must be located to comply with 
the minimum and maximum field strength requirements within the service volume(s) as 
defined in CAR-ANS 6.3, 6.3.7.3.5.4.4. Compliance with the minimum field strength for 
approach services can generally be met if the VDB antenna is located so that an unobstructed 
line-of-sight exists from the antenna to any point within the coverageservice volume for each 
supported FAS. Consideration should shall also be given to ensuring the minimum 
transmitter-to-receiver separation so that the maximum field strength is not exceeded. For the 
nominal link budget, typically, an 80 m separation is required to avoid exceedance of the 
maximum field strength requirement. Though it is desirable to apply the separation criteria to 
any location where an aircraft may operate (including taxiways, ramp areas and gates), it is 
only necessary to meet the maximum field strength in the service volume(s) (see 6.3.7.3.5.3
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for service volume definitions). If the minimum separation cannot be met for all operating 
aircraft (including taxiways, ramp areas and gates) it must be ensured that the airborne 
receiver is protected from burn-out in accordance with the RTCA/DO-253 D MOPS. This 
typically requires a minimum separation of 20 m from the VDB antenna to the aircraft 
antenna. In order to provide the required coverage for multiple FASs at a given airport, and in 
order to allow flexibility in VBBVDB antenna siting, the actual coverage volume around the 
transmitter antenna may need to be considerably larger than that required for a single FAS. 
The ability to provide this coverage is dependent on the VDB antenna location with respect to 
the runway and the height of the VDB antenna. Generally speaking, increased antenna height 
may be needed to provide adequate signal strength to users at low altitudes, but may also 
result in unacceptable multipath nulls within the desired coverage volume. A suitable antenna 
height trade-off must be made based on analysis, to ensure the signal strength requirements 
are met within the entire volumecoverage. Consideration should shall also be given to the 
effect of terrain features and buildings on the multipath environment.

7.12.3.1 In order to ensure that the maximum field strength requirements defined in CAR- 
ANS 6.3, 6.3.7.3.5.4.4 are not violated, VDB transmitters shall not be located any closer than 
80 m to where aircraft are approved to operate based on published procedures using GBAS or 
ILS guidance information. This applies to aircraft on final approach, departure, and on 
runways. The 80-metre separation applies to the slant range distance between VDB transmit 
antennas and the aircraft antenna position. For aircraft on the runway the maximum deviation 
from the centre line can be assumed to be 19 m. In regions prior to runway thresholds, the 
maximum lateral course angular deviation from the extended centre line on final approach is 
plus and minus one sixth of the full course width, which is nominally 210 m (±105 m (±350 
ft)) at threshold. The origin of the lateral course shall be assumed to be the GBAS GARP, or 
the ILS localizer, as appropriate. The maximum vertical deviation is one half of the full scale 
deflection from the glide path, where full scale deflection is calculated as ±0.25 times the 
glide path angle. The origin of the glide path shall be assumed to be the GPIP. See 7.11.3 for 
further guidance on lateral and vertical course width deviation sensitivity.

7.12.4 Use of multiple transmit antennas to improve VDB coverage. For some GBAS 
installations, constraints on antenna location, local terrain or obstacles may result in ground 
multipath and/or signal blockage that make it difficult to provide the specified field strength 
at all points within the service volumecoverage area. Some GBAS ground facilities may 
make use of one or more additional antenna systems, sited to provide signal path diversity 
such that collectively they meet the service volume coverage area requirements.

7.12.4.1 Whenever multiple antenna systems are used, the antenna sequence and message 
scheduling must be arranged to provide broadcasts at all points within the service 
volumecoverage area that adhere to the specified minimum and maximum data broadcast 
rates and field strengths, considering without exceeding the receiver’s ability to adapt to 
transmission-to-transmission variations in signal strength in a given slot. Exceedance of the 
signal power variation requirement in Appendix 6B, 3.6.8.2.2.3 is acceptable for limited areas 
within the service volume, provided it can be shown based on receiver behaviour as 
described, for example in RTCA DO-253D and the assumptions listed below, that the 
resulting performance is acceptable.
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7.12.4.1.2 Message transmission and reception rate requirements, and time-to-alert 
requirements prevent Type 1 and Type 11 messages from being alternated between antennas 
in the same slot from frame to frame. Only Type 2 and 4 messages (and Type 3 messages as a 
filler message) are candidates for being alternated. Continuity is maintained as long as a Type 
2 message is received at least once per minute. The receiver does not verify repeated 
reception of Type 4 messages during the final stages of an approach.

7.12.4.1.3 While the signal power variation requirement in Appendix 6B, 3.6.8.2.2.3 applies 
on the input port of the receiver, the situation for a specific site has to be assessed in the field 
strength domain. Therefore, the potential variation in aircraft antenna gain must be taken into 
account. If the area where the signal power variation requirement may be exceeded is so large 
that it may take one minute or more for an approaching aircraft to pass through it, it may be 
necessary to address the potential message loss from a probabilistic point of view. In these 
cases the multiple VDB antenna set-up shall be limited so that in case alternation of messages 
in the same slot from frame to frame is applied, the alternating pattern shall only involve two 
transmitter antennas, with a scheduled burst in every frame, and the transmission shall 
alternate between the antennas every frame, in order to resemble the situation for which the 
receiver has been tested. This is necessary in order to be able to make assumptions on 
receiver message failure rates (MFR).

7.12.4.1.4 When analysing the probability of lost messages, the following basic assumptions 
apply:

1. If all received signal levels are between the receiver minimum design input power (Smin) 
and maximum design input power (Smax), and they are within 40 dB of each other, then the 
analysis can assume lO'3 message failure rate (MFR).

2. If all received signals are below Smin, then the analysis must assume a MFR of 100 per 
cent.

3. If any signal exceeds Smax it must be assumed that reception in all slots in that frame and 
any number of subsequent frames is adversely affected (not only those where Smax is 
exceeded), as no receiver recovery time is specified for these conditions.

Furthermore, in the case of a dual antenna set-up with messages alternating in each frame, the 
following assumptions can be made:

4. If one signal is below Smin (Smin - A) and the second signal is within 40 dB (i.e., Smin - A + 
40 dB or less), then the analysis must assume that the MFR for the signal below Smin is 100 
per cent and the MFR for the stronger signal is 10‘3

5. If both signals are within Smin to Smax, but the variation between the signals is greater than 
40 dB, then the analysis must assume a MFR of 60 per cent.

6. If one signal is below Smin (Smin - A) and the second is above Smin, and exceeds 40 dB 
variation (Smin - A + 40 dB + e or more), then the analysis must assume that the MFR for the 
signal below Smin is 100 per cent and the MFR for the stronger signal is 60 per cent.
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7.12.4.1.5 The resulting probability of no Type 2 messages being received for a duration of 
one minute shall be assessed against the applicable continuity requirement.

Note.— The analysis may have to consider up to 15 dB variation for the aircraft VDB 
antenna gain variation depending upon the scenario, such that the 40 dB power variation < 
SIS power variation + up to 15 dB aircraft antenna gain variation.

To avoid receiver processing issues concerning lost or duplicated messages, all transmissions 
of the Type 1, Type 11 or Type 101 message, or linked pairs of Type 1, Type 11 or Type 101 
messages for a given measurement type within a single frame need to provide identical data 
content.

7.12.4.2 One example of the use of multiple antennas is a facility with two antennas installed 
at the same location but at different heights above the ground plane. The heights of the 
antennas are chosen so that the pattern from one antenna fills the nulls in the pattern of the 
other antenna that result from reflections from the ground plane. The GBAS ground 
subsystem alternates broadcasts between the two antennas, using one, er two or three 
assigned slots of each frame for each antenna. Type 1, Type 11 or Type 101 messages as 
appropriate for the service type supported are broadcast once per frame, per antenna. This 
allows for reception of one or two Type 1, Type 11 or Type 101 messages per frame, 
depending on whether the user is located within the null of one of the antenna patterns. Type 
2 and 4 messages are broadcast from the first antenna in one frame, then from the second 
antenna in the next frame. This allows for reception of one each of the Typ>e 2 and 4 
messages per one or two frames, depending on the user location.

7.13 Definition of lateral and vertical alert limits

7.13.1 The lateral and vertical alert limits when the active service type is C or D for Category 
1- precision approach are computed as defined in Appendix 6B, Tables B-68 and B-69. In 
these computations the parameters D and H have the meaning shown in Figure D-8.

7.13.2 The vertical alert limit when the active service type is C or D for Category I precision 
approach is scaled from a height of 60 m (200 ft) above the LTP/FTP. For a procedure 
designed with a decision height of more than 60 m (200 ft), the VAL at that decision height 
will be larger than the broadcast FASVAL.

7.13.3 The lateral and vertical alert limits for APV procedures supported by GAST A service 
type associated with channel numbers 40 001 to 99 999 are computed in the same manner as 
for APV procedures using SBAS as given in Attachment 6D, 6.6.3.2.8.

7.14 Monitoring and maintenance actions

7.14.1 Specific monitoring requirements or built-in tests may be necessary in addition to the 
monitors defined in Appendix 6B, 3.6.7.3 and should shall be determined by individual 
States. Since the VDB signal is critical to the operation of the GBAS broadcast station, any 
failure of the VDB to successfully transmit a usable signal within the assigned slots and over
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the entire service volumecoverage area is to be corrected as soon as possible. Therefore, it is 
recommended that the following conditions be used as a guide for implementing a VDB 
monitor;

a) Power. A significant drop in power is to be detected within 3 seconds an appropriate time 
period.

b) Loss of message type. The failure to transmit any scheduled message type(s). This could be 
based on the failure to transmit a unique message type in succession, or a combination of 
different message types.

c) Loss of all message types. The failure to transmit any message type for an appropriate time 
period equal to or greater than 3 seconds will be detected.

The appropriate time periods for these monitors depend on the FAST and on whether a back­
up transmitter is provided. Where a back-up transmitter is provided, the objective is to switch 
to the back-up transmitter quickly enough to avoid an alert being generated in the airborne 
equipment. This means that the appropriate time periods are a maximum of 3 seconds for 
FAST C and a maximum of 1.5 seconds for FAST D ground systems in order to be consistent 
with the aircraft equipment message loss requirements. If longer periods than this are 
implemented, the changeover to the back-up transmitter will cause an alert and must therefore 
be considered to be a continuity failure. If no back-up transmitter is provided, the time 
periods for these monitors are not critical.

7.14.2 Upon detection of a failure, and in the absence of a back-up transmitter, termination of 
the VDB service should shall be considered if the signal cannot be used reliably within the 
service volume coverage area to the extent that aircraft operations could be significantly 
impacted. Appropriate actions in operational procedures are to be considered to mitigate the 
event of the signal being removed from service. These would include dispatching 
maintenance specialists to service the GBAS VDB or special ATC procedures. Additionally, 
maintenance actions should shall be taken when possible for all built-in test failures to 
prevent loss of GBAS service.

7.14.3 The use of a back-up transmitter also applies to the VDB monitoring requirements 
defined in Appendix 6B, 3.6.7.3.I. The time to switch over to the back-up needs to be taken 
into account while remaining compliant with the time to detect and terminate transmissions 
defined in Appendix 6B, 3.6.7.3.1.1 and 3.6.7.3.I.2.

7.15 Examples of VDB messages

7.15.1 Examples of the coding of VDB messages are provided in Tables D-7 through D-IOA. 
The examples illustrate the coding of the various application parameters, including the cyclic 
redundancy check (CRC) and forward error correction (FEC) parameters, and the results of 
bit scrambling and D8PSK symbol coding. The engineering values for the message 
parameters in these tables illustrate the message coding process, but are not necessarily 
representative of realistic values.
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7.15.4.1 Table D-8B provides an example of Type 2 messages with additional data blocks 1, 
3 and 4 coded within a single burst with a Type 3 message that is used to fill the rest of the 
time slot.

7.15.6 Table D-10 provides an example of a Type 5 message. In this example, source 
availability durations common to all approaches are provided for two ranging sources. 
Additionally, source availability durations for two individual approaches are provided: the 
first approach has two impacted ranging sources and the second approach has one impacted 
ranging source. The Type 2 message includes additional data block 1.

7.15.7 Table D-lOA provides an example of a Type 11 message.

7.17 Type 2 message additional data blocks

7.17.4 Type 2 message additional data block 3 is reserved for future use contains information 
necessary to support CAST D. All FAST D ground subsystems are required to transmit a 
Type 2 message with additional data block 3 properly populated so that the bounding 
requirements are met.

Table D-8B . Example of a Type 2 message containing data blocks 1, 3 and 4 and a 
Type 3 message to fill the remainder of the slot

DAI A C0N11:N T Di:SCRllynON Brrs
USED

RANGF OF 
VALUES

RESOLUTION VALUES BINARY REPRESENTATION 
(NOTE 1)

BURST DATA CONTENT
Power ramp*up and settling IS - - - 000 0000 0000 0000

Synchronization and ambiguity
resolution 48 - - - 0100 01111101 nil 1000 1100 01110110

0000 0111 1001 0000

SCRAMBLED DATA
Station slot identifier 3 - - E 100

Transmission length 17 0 to 1824 bits 1 bit 1704 OOOOOOIIO 1010 1000

Training sequence FKC 5 - - - 01000

APPLICATION DATA
Message Block 1 (Type 2 message )

Message Block Header

Message I3Ux:k identifier 8 - - Normal 1010 1010

GBAS ID 24 - - Bell 000010000101 001 100 001100

Message type identifier 8 1 to lOI 1 2 0000 0010

Message length 8 10 to 222 byte* 1 byte 3743 0010040100101011

Message (Type 2 example)

GBAS reference receivers 2 2 to 4 1 34 0410

Ground accuracy designator letter 2 - - BC 0410

Spare 1 - - - 0

GBAS continuity/integrity designator 3 0 to 7 1 2 010

Local magnetic variation 11 ± 180° 0.25° E58.0° 000 1110 1000

Reserved Spare 5 - -zero - 00000

O’vcrt iono gradient
0010 1000
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g 0 to 25.5 X 
lO^m/m

0.1x10^
m'm

4x10^

Refractivity index g 16 to 7gl 3 379 1111 1001

Scale height 8 0 to 25 500m 100m 100m 0000 0001

Refractivity uncertainty 8 0 to255 I 20 0001 0100

Latitude 32 ± 90.0° 0.0005
arcsec

N45°40*32’‘
( + 164432,‘)

0001 0011 1001 10100001 0001 0000 0000

Ixingitude 32 ± 180.0° 0.0005
arc see

W93t’25’13"
(-336313”)

1101 0111 1110 10001000 1010 1011 0000

Ellipsoid height 24 ± 83886.07 m 0 01 m 892.55 m 0000 0001 0101 1100 1010 0111

Additional Data Block 1

Reference station data selector 8 0to48 1 5 0000 0101

Maximum use distance (Dmi) g 2 to 510 km 2km 50 km 0001 1001

Kmd_e POS.OPS 8 0 to 12.75 0.05 6 01111000

Kmd eG.GPS g 0 to 12.75 0.05 5 0110 0100

Kmd e POS. GLONASS 8 0 to 12.75 0.05 0 0000 0000

Kmd eG,GLONASS
8 0 to 1Z75 0.05 0 0000 0000

Additional Data Block 4
Additional Data Block length 8 3 1 byte 3 0000 0011

Additional Data block number g 4 1 4 0000 0100

Slot group definition 8 - - E+F 0011 0000

Additional Data Blocks

Additional Data Block Length g < 1 byte 6 0000 0110

Additional Data Block Number 8 3 1 3 0000 0011

Kmd_«_a<a>s g 0 to 12.75 0.05 5.55 01101111

K«d«D,a.ONASS 8 0 to 12.75 0.05 0 0000 0000

CTvwticnojfaimtjy
8 0 - 25.5 X lO4

mfm
0.1 X 10* 

mfm
00101000

Span 8 ' ‘ - 0000 OOffl

Yew 5 OtoS.On OlI 1 oToiS
Mew 3 0 to 0.7 B^hai 0.1 OJ 011

Message Block 1 CRC 32
0000 0010 0111 0000 1111 1111 11-n-0&44
0011 11001110 0001 1000 01001011 1011

Message Block 2 (Type 3 message)

Message Block Header

Message BI<Kk identifier g • ■ Normal 1010 1010

GBAS ID 24 - - Bell 000010000101 001100 001100

Message Type identifier g 1 to 101 I 3 0000 0011

Message length 8 N/A 1 byte 170164 10101010 1010 0100

Message (Type 3 example)

Filler ] 2 go
1232

- * * 1010 1010........1010 1010

Message Block 2 CRC 32 - * * 1001 0000 111011001101 1001-1011 1010 
01101101 1011 1001 111001001110 0100

Application EEC 48
iiftFOIK) 1011 0101

1000 nil 0110 0010
nil ono0011 oioo not looi nioooio 
iiioooii nil 1101

Input to a bit scrambling (Note 2) n AH (tfi no HH •in oa in an na ao i7 nn la oc on on nn qq hq rn nn Hi i7 ca ch 7a

55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 
55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55
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55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 SS 5S 55 55 55 55 55 55 55 55
55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 5555-55 55 55 55
55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55

5555 55 55 55 55 55 55 27 27 CD B6 46 FI 5D OF 09 4B
0 45 58 02 55 30 CA 10 40 D4 52 17 00 14 9F 80 28 00 88 59 C8 OD 51 17 EB E5 3A 80 
AO 98 IE 26 00 00 CO 20 OC 60 CO F6 00 14 56 DO 21 87 3C 55 30 CA 10 CO 25 55 55 
55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 
55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 
55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 
55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 
55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 
55 55 55 55 55 55 55

55 55 55 55 55 27 27 9D B6 BF C7 47 9B 2C 6F

Output from the bit scrambling (Note 3) 0 63 6K XA IK 2K D2 3B 9K 77 CR 32 CH IW 50 Dts Cl Cl §A l>1 09 7K ¥J K1 5A 5C !>1 28
S6 00CB 29 60 A3 5F 77 87COC9 P2 '12 73 01 15 DB A6 8F KF 8C F3 88 IX: 78 B6 C7 EX) 9?
58 5D16 H5 6KD5 0C AA 77 KK P3 30 A2 27 El RC K4 F7 17 20 AD FI OB 29 82 04 61 1)6 64
50 K9 58 KA B8 CO 38 99 C7 BB (yC 3D <W CA 7B 7K C2 CF 60 8D 18 75 C5 FC »1 C8-57
79 52C5 5K6AB2 FF W 33 4D 01)71 B5 28 2A 060I 91 13 K9 6.3 05 ID 95 54 29 56
05 51 95 5B AA BC 00 ^ 66 2K KH OK Ols 72 71 21 25 K5 EB M KD A8 CB F8 83 38 62 39 4E
iA 4E 8B 30 71 D9 24 BA 17 Ct AC 9B K7 BC 1)3 (J8 A3 78 ID 39 B5 Cl 2B 69 KB0-1 CA 68
gl 07 9A 64 8F 6B 39 71) 2A 34 DO3^ KAO 63 6F 8A IF 2F P2 313 9K IK 77 CE 32 C8 D9 50 DK

KB 14 FDA8CB K8 83 38 62 39 1K.3A4K 3K8E30 71 D9 24 BA 17 Cl AC 9B K7 BC D3 C8 A3
78 1D39B5C4 2B 69 KD 04 CA 68 81 07 9A 1K33-C1 86 96 B0 62 OC A2 Bl 
0 63 6F 8A IF 2F D2 3B 9F 4E 87 CE 32 C8 D9 50 DE Cl Cl 5A D4 09 7E E7 81 5A 5C D4 28 
56 00 CE 29 60 A3 5F 77 34 64 38 71 03 15 16 24 9C CF 8F 8A 13 B6 ID AC 78 B6 C7 DO 93 58 
5D 46 B5 6F D5 OC AA 77 FE D3 30 A2 27 El EC E4 F7 17 2D AD F4 OB 29 82 04 61 % E4 50 
E9 58 FA B8 CO 38 99 C7 BB 6C 3D 09 CA 7B 7E C2 CF 60 8D 18 75 B9 2B C5 FC 94 C8 57 79 
52 C5 5F 6A B2 FF DF 33 4D DD 74 B5 28 2A 06 01 91 9B A4 43 E9 63 05 ID 95 B4 54 29 56 05 
51 95 5B AA BC 00 36 66 2E EE OF OE 72 71 21 25 E5 EB 14 FD A8 CB F8 83 38 62 39 IE 3A 
4E 3E 8E 30 71 D9 24 BA 17 Cl AC 9B F7 BC D3 C8 A3 78 ID 39 B5 C4 2B 69 FD04 CA68 81 
07 9A IE 33 Cl 86 6F 86 78 98 87 95

Fill bits

Power ramp-down

0 to 2 2+2 00

000 000 000

D8PSK Symbols (Note 4)
75554273 01666461 41203311 42111340 14733657 27302663-77076361 44301001 17175104
35263707 43007132 40135774 07012022 52546153 57425454 25413051-54022547 01622754
12302141 24615265 50476225 5^.622615 23311312 51275055 11132570 45242065 63665236

53610061 12111501 04147002 72512117 74672621 42254251 12533720 37475054 44460104
57516674 46523401 22503075 25425742 03434633 22607072 37230050-35463673 43300570
12353363 77140357 42715724 03470633 30354042 67720645-27225703 50111005 40736127
1402+742■36572477 13042222 216750066 17666015 61400324 74057621 34465623 33767665
26561513 24117724 20704065 73460227 32345355 05071406 02750707 50746304 07355072

35751732 06143314 45444034 37472335 25045442 271251-54 75507504 45066253 62720307
77713437 02041127 71056734 55036320 50450275 36764166 55132325 62563303 60716126
76633023 45606616 22473602 75240257 36723Ktl. 63607375 12253170 52550236 03444330

00000035 11204546 31650102 46331130 13067746 52652552 60712455 15066026 22433136
20007526 34111714 74536644 75444673 47266102 52635407 12243401 11561037 01237127
60553360 64340421 37024663 76701711 41435042 46314343 14302740 43711436 70511643
01271030 13504154 47365114 45511504 12200201 40164744 00021467 34131754 52554125
73741336 24044706 62272634 50547410 75654505 73645775 05153625 27427624 71315376
42507750 01000470 73036771 61401006 63561510 31143140 01422617 26364743 33357073
46405563 35412370 11472764 14014631 72320522 11576761 26127747 24352562 32277467
01242252 66037246 31604613 72367522 27243731 56617534 16114672 47000774 37674402
66002316 56521466 56347666 6
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Notes

1. The rightmost bit is the LSB of the binary parameter value and is the first bit 
transmitted or sent to the bit scrambler. All data fields are sent in the order specified 
in the table.

2. This field is coded in hexadecimal with the first bit to be sent to the bit scrambler as 
its MSB. The first character represents a single hit.

3. In this example, fill bits are not scrambled.
4. This field represents the phase, in units of 7z 4(e.g. a value of five represents a phase 

of 5 714 radians), relative to the phase of the first symbol.

Ta >le D-IOA. Example of a Type 11 VDB message
DATA CONTENT 

DESCRIFFION
BITS

USED
RANGE OF 

VALUES
RESOLUTION VALUES 1 BINARY REPRESENTATION (NOTE 1)

BIJRST DATA CONTENT
Power ramp up and 
settinR

IS OOO 0000 0000 0000

Synchronization and 
ambiguity resolution

48 0100 0111 1101 nil 1000 1100 oiii oiio
0000 0111 1001 0000

SCRAMBLED DATA
STATION SLOT
IDENTIHER(SSID)

3 - E 100

TRANSMISSION 
LENGTH (BITS)

17 0 TO 1 824 
bits

1 bit 440 OOOOOOOOI 1011 1000

TRAINING
SEQUENCE EEC

5 " -- 0 0000 0001 1011 1000

APPLICATION DATA MESSAGE BLOCK

Menace Block I (Type 11 meaiace)

Mesrafft Block Header

Message block identiner 1 — — Nonnal 1010 1010

GBAS ID 24 — — BELL 00001000 0101 0011 0000 1100

Message type 
identifier

8 1 to 101 1 11 0000 ion

Message length 8 10 to 222 
bytej

I byte 49 0011 0001

Message flype 11 example]
Modified Z-count 14 0 to 11993 a 0.1 s 100 s 00 0011 mo 1000

Additiooal meaaage flag 2 0to3 1 0 00

Number of 
measurementi

S 0 to 18 1 5 0 0101

Measurement type 3 0to7 I CVALl 00

Pphemeris
Decorrelation
Parameter (Pd)

8 0 to 1.275
X lO Wm

SxlOWm 1 X ICT* 0001 0100

Measurement Block 1
Ranging source ID 8 1 to2SS 1 12 0000 MOO

Pseudo-range correction 
(PRC30)

16 ±327.67 m O.OI m + 1.04 m 0000(XX)0 0110 1(X)0
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Range rate eorrectioa 
(RRC30)

16 ±32.767 a 0.001 m/s -0.18 m/s nil iiiioiooiioo

oprgrtd.n 8 0 Id S.08 ID 0.02 m 0.96 m OOIlOOOO

opr_gnd,30 8 0 to 5.08 m 0.02 m 1.00 m 0011 0010

Mcamreneiit Block!

Ranging source [D 8 1 to 253 1 4 00000100

Pseudo-range correctioil
(PRC30)

16 ±327.67 n 0.01 m -1.08 m nil nil 10010100

Range rate correctioil
(RRC30)

16 ±32.767 IB 0.001 m/s *0.18 m/f 0000000010110100

opr gnd,0 8 0 to 3.08 m 0.02 m 0.24 m 0000 noo

opr_gnd.30 8 0 to 3.08 ID 0.02 m 0.6 m 0001 1110

Measurement Block 3
Ranging source ID 8 1 to 255 1 2 00000010

Pseudo-range correction
(PRC30)

16 ±327.67 m 0.01 m *12 m 0000 0000 01 n looo

Range rate correctimi
(RRC30)

16 ±32.767 m 0.001 m/s 0.3 m/s 0000 0001 00101100

opr gnd,D 8 0 to 3.08 m 0.02 m 0.64 m 00100000

<rpr gnd^O 8 0 to 3.08 m 0.02 m 0.74m 00100101

Measurement Block 4
Ranging source ID 8 1 to 255 1 23 00010111
Pseudo-range correction 
(PRC30)

16 ±327.67 m 0.01 m -2.64 m 1111 ilio nil 1000

Range rate correction 
(RRC30)

16 ±32.767 m 0.001 nv's -0-51 m/s nil 1110 0000 0010

opr gnd.D 8 0 to 5.08 m 0.02 m 0.08 m 00000100
opr gnd»30 8 0 to 5.08 m 0.02 m 0.14 m OOOOOIll

DATA CONTENT 
DESCRIPTION

BITS
USED

RANGE OF 
VALUES

RESOLUTION VALUES BINARY REPRESENTATION 
(NOTED

Measurement Block 5
Ranging source ID 8 1 to 255 1 122 Oni 1010
Pseudo-range correction 
(PRCm)

16 ±327.67 m 0.01m ±0.8 m 0000 0000 01010000

Range rate correction 
(RRCm)

16 ±32.767 m 0.001 m/s -0.25 m/s nil nnooooono

Opf_gnd.D 8 0 to 5.08 m 0.02 m 0.92 m 0010 nio

Opr_an'|,30 8 0 to 5.08 m 0.02 m 1.08 m ooiiono
.Message Block CRC 32 — — — 0010nil0000 0101 noi looioooonoo

APPLICATION FEC 48 — — 1001 ooii iiiooni 1101 110001000001 oioooioi
ion nio

Input to the bit scrambling 
(Note 2)

0 47 60 1A 55 30 CA 10 DO 8C 17 CO AO 28 30 16 00 32 FF OC 4C 2029 FF 2D 00 30 78 40 IE 00 34 80 04 A4 E8 IF 7F
40 7F 20 EO 5E OA 00 60 FT 74 6C 30 9B AO F4 7[) A2 82 3B E7 C9

Output from the bit 
scrambling 
(Note 3)

0 61 57 92 1F2FD2 3B0F 16C2 19 92 F4 76 C6 F6 F3 B6 OF 50 24 06 0F47 BF 56 2C C8 DO IE DC A9 64 C7 97 64 2B
E4B1 51 F71DCI 05 7B0CAED6E9 3D7D7D5041 I0BE2IC4

Fill bits 0 to 2 — — 0
Power ramp-down 9 — — — (XX) (XX) (XX)
D8PSK Symbols 
(Note 4)

00000035 II204546 31650I0I 4270II30 130677466045711440234621 31760262 7635770507725551 13760416
1761570043341354 25047116 5373664634577501 64015223 34742121 71757170 16162053 6554436641033007 777
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Notes.
1.

2.

3.
4.

The rightmost bit is the LSB of the binary parameter value and is the first bit 
transmitted or sent to the bit scrambler. All data fields are sent in the order specified 
in the table.
This field is coded in hexadecimal with the first bit to be sent to the bit scrambler as 
its MSB. The first character represents a single bit.
In this example, fill bits are not scrambled
This field represents the phase, in units of m'4(e.g. a value of five represents a, 
of 5n/4 radians), relative to the phase of the first symbol.

7.19 Airborne processing for GBAS approach service types

Note.— In order to ensure the required performance and functional objectives for CAST D 
are achieved, it is necessary for the airborne equipment to meet defined performance and 
functional standard.s. The relevant minimum operational performance standards (MOPS) are 
detailed in RTCA DO-253D.

7.19.1 Differential position solution for the GBAS positioning service. The position solution 
used to provide position, velocity and time outputs is based on 100-second smoothed pseudo­
ranges corrected with corrections obtained from Message Type 1 or Message Type 101.

7.19.2 Differential position solution for approach service CAST A, B and C. When the active 
approach service type is A, B or C, the position solution used to generate deviations is based 
on 100-second smoothed pseudo-ranges corrected with corrections obtained from Message 
Type 1 or Message Type 101. The projection matrix, S, used to compute the position solution 
(Appendix 6B, 3.6.5.5.1.1.2) is computed based on Oi computed using Opr_gnd[i] from Message 
Type 1 or Message Type 101 and a10no,i based on Overt_ mm>^gradient from message Type 2.

7.19.3 Differential position solutions for approach service GAST D. When CAST D is the 
active approach service type, the airborne equipment will compute two different position 
solutions, one based on 30-second smoothed pseudo-ranges and the other based on 100- 
second smoothed pseudo-ranges. The following characterizes the standard processing 
required by the MOPS;

a) the position solution used to develop deviations is based on 30-second smoothed pseudo­
ranges corrected with corrections obtained from message Type 11;

b) the projection matrix, S, used for both position solutions is computed based on 0w,i 
computed using Opr_gnd_30s from Message Type 11 and Oiono.i based on Ovenjono^dient_D from 
Message Type 2 Additional Data Block 3;

c) a second position solution is computed using the projection matrix from b) and the 100- 
second smoothed pseudo-ranges corrected with corrections obtained from message Type 1; 
and
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d) both position solutions are based on the same set of satellites as used for die position 
solution defined in a) above.

Additional information regarding the intended use of these dual position solutions is given in
7.5.6.1 of this attachment.

7.20 Type 11 message

A Type 11 message is required for FAST D ground subsystems. The Type 11 message 
contains differential corrections derived from pseudo-range data that has been carrier 
smoothed with a time constant of 30 seconds. The Typie 11 message also includes alternative 
parameters for integrity bounding and for optimal weighting of measurements. Additional 
information regarding the standard processing of parameters in the Type 11 message is given 
in 7.19.

7.21 Slot occupancy

The slot occupancy requirement in Appendix 6B, 3.6.7.4.1.3 is for ground subsystems that 
support authentication. The slot occupancy is the length of a burst divided by the length of a 
single time slot. In more detail and expressed in number of bits;

slot occupancy = (88 bits + up to 1 776 bits application data + 57 to 59 bits for application 
FEC, fill bits and ramp down) /1 968.75 bits

The numerator in the formula sums all bits that are included in a single burst of the ground 
subsystem. These are the first 88 bits from ramp up to training sequence FEC, up to 1 776 
application data bits, 48 application FEC bits, 0 to 2 fill bits and 9 bits for ramp down. For the 
denominator 1 968.75 bits are the calculated number of bits that can be transmitted in 62.5 ms 
(Appendix 6B, 3.6.3.1) using the data rate of 31 500 bits/s (Appendix 6B, 3.6.2.5).

8. Signal quality monitor (SQM) design

8.1 The objective of the signal quality monitor (SQM) is to detect satellite signal anomalies in 
order to prevent aircraft receivers from using misleading information (Ml). MI is an 
undetected aircraft pseudo-range differential error greater than the maximum error (MERR) 
that can be tolerated. For CAST D equipment, additional requirements are in place to assure 
detection before the differential pseudo-range error reaches a specified value (see Appendix 
6B, 3.6.7.3.3). These large pseudo-range errors are due to C/A code correlation peak 
distortion caused by satellite payload failures. If the reference receiver used to create the 
differential corrections and the aircraft receiver have different measurement mechanizations 
(i.e. receiver bandwidth and tracking loop correlator spacing), the signal distortion affects 
them differently. The SQM must protect the aircraft receiver in cases when mechanizations 
are not similar. SQM performance is further defined by the probability of detecting a satellite 
failure and the probability of incorrectly annunciating a satellite failure.
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8.11.4.2 For GBAS airborne equipment class D (GAEC D) receivers using early-late 
correlators and tracking GPS satellites, the precorrelation bandwidth of the installation, the 
correlator spacing and the differential group delay are within the ranges defined in Table D- 
11, regions 2, 3 or 4 only. In addition, in region 2 the range of average correlator spacing is 
0.045 - 0.12 chips, and the instantaneous correlator spacing is 0.04 - 0.15 chips.

8.11.4.23 For SBAS airborne equipment using early-late correlators and tracking GPS 
satellites, the precorrelation bandwidth of the installation, the correlator spacing and the 
differential group delay (including the contribution of the antenna) are within the ranges of 
the first three regions defined in Table D-11.

8.11.5.1 For GBAS airborne equipment class D (GAEC D) aircraft receivers using early-late 
correlators and tracking GLONASS satellites, the precorrelation bandwidth of the 
installation, the correlator spacing, and the differential group delay are within the ranges as 
defined in Table D-12, regions 2 and 3 only. In addition, in region 2 the range of average 
correlator spacing is 0.05 - 0.1 chips, and the instantaneous correlator spacing is 0.045 - 0.11 
chips.

8.11.6.1 For GBAS airborne equipment class D (GAEC D) receivers using double-delta 
correlators and tracking GPS satellites, the precorrelation bandwidth of the installation, the 
correlator spacing and the differential group delay are within the ranges defined in Table D- 
13, regions 2 and 3 only.

8.11.7.1 For GBAS airborne equipment class D (GAEC D) receivers using the early-late or 
double-delta correlators and tracking SBAS satellites, the precorrelation bandwidth of the 
installation, the correlator spacing and the differential group delay are within the ranges 
defined in Table D-14, region 2 only. In addition, for GAEC D receivers using early-late 
correlators and tracking SBAS satellites, the average correlator spacing is 0.045 - 0.12 chips, 
and the instantaneous correlator spacing is 0.04-0.15 chips.

12. GNSS PERFORMANCE ASSESSMENT

12.1 GNSS performance assessment is a periodic offline activity that may be performed by a 
State or delegated entity, aiming to verify that GNSS performance parameters conform to the 
relevant Annex 10 Standards. This activity can be done for the core constellation, the 
augmentation system or a combination of both.

Note.— Additional guidance material on GNSS performance assessment is provided in the 
Global Navigation Satellite System (GNSS) Manual (Doc 9849).

12.2 The data described in Section 11 may also support periodic confirmation of GNSS 
performance assessment in the service area.

134



14. MODELLING OF RESIDUAL ERRORS

14.2 One method of ensuring that the protection level risk requirements are met is to define 
the model variance (a2), such that the cumulative error distribution satisfies the conditions:

^ 00

I f(x)clx < Q for all > 0 and
Jy a a

c -y
I f(x)dx < Q for all > 0 and 

•' — 00

where

f(x) = probability density function of the residual aircraft pseudo-range error component; and

Q(X)=;4,r-dt-

Ran view
±35 degrees

±10 degrees28 km (15 NM)
±140 m (45011)

37 km (20 NM)Final approach path

3 000 m (10 000 ft)
Profile view

greater of 7 degrees 
or 1 756

9 glidepath 
angle

! 0.39 0~4Se

GRIP - glide path intersection point 
LTP - landing threshold point

Figure D-4. Minimum GBAS coverageservice volume

135



9£l

ju3iu39s qoBOjdde jBuij — svd

uojjiuijap qjBd SVJ ‘9-0 ajnSij

jqSiaq 3uissojd p[oqs3jqi—H3X 
luiod p|oqs3jqj SuipuBj—jxi 

luiod uoqD3SJ9jui qiBd apq^—JidO 
qjBd apqS—VdO 

juiod 39U9J9PJ qjniuizB SSN.0SV9D ddVO 
(Z,*a 3Jn3ij 99s) juiod p[oqs3jqj snoijijoij—JXJ 

juiod juaiuuSqB qjBd jqSiu—dVdd 
juaiuSss qoBOjddB |Buy—§VJ 

juiod Suissojo uinjBp—^30

dH Hll scigEioq DOGct||0 (did'dil
euies a*Bg HViVf) riVdd |3A3( UMtWiJHUI) dd‘J

A3VUTU icasAqd aqi 
i|iM 140 d svi! P uocooejoiLi( ''

UBir jojc6japfe(e:s (nj jo p|6u\/



FPAP — flight path alignment point
FTP — fictitious threshold point
GARP — GBASGNSS azimuth reference point

Figure D-7. FAS path definition for approaches not aligned with the runway

DCP — datum crossing point
FAS — final approach segment
FPAP — flight path alignment point
FTP — fictitious threshold point (see Figure D-7)
GARP — GBASGNSS azimuth reference point
GPA — glide path angle
GPIP — glide path intersection point
LTP — landing threshold point
TCH — threshold crossing height

Figure D-8. Definition of D and H parameters in alert limit computations
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Figure D-10 Relationship between GBAS facility classification and approach facility 
designation
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Figure D-11. Moving wedge ionospheric anomaly model
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Figure D-12. Aircraft speed profile model

Figure D-13. Family of aircraft speed profiles
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Figure D-14. Ionospheric gradient air/ground/approach orientations

Figure D-15. Example Pmdjimit constraint region
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Figure D-16. Example Pmdjimnconstraint with a priori probability

Figure D-17. Nominal GBAS time-to-alert illustration
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Figure D-18. Effect of missed messages on the CAST D GBAS time-to-alert below 200 
ft Case 1 describes the situation for missed messages, Case 2 the one for VDB 
termination

NEW/AMENDED REGULATIONS:

6.2. GENERAL PROVISIONS FOR RADIO NAVIGATION AIDS

6.2.1 Standard radio navigation aids

6.2.1.4 GNSS-specific provisions

6.2.1.4.2 A State that approves GNSS-based operations shall ensure that GNSS data relevant 
to those operations are recorded.

Note I. These recorded data can support accident and incident investigations. They may 
also support periodic analysis to verify the GNSS performance parameters detailed in the 
relevant Standards in this CAR-ANS.

Note 2. Guidance material on the recording of GNSS parameters and on CjNSS 
performance assessment is contained in Attachment 61), 11 and 12.

6.3. SPECIFICATIONS FOR RADIO NAVIGATION AIDS

Note. Specifications concerning the siting and construction of equipment and installations 
on operational areas aimed at reducing the hazard to aircraft to a minimum are contained in 
CAAF MOS - Aerodromes, Chapter IT

6.3.1 Specification for ILS

6.3.1.2 Basic requirements
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6.3.1.2.7.1 At those locations where two separate ILS facilities serve opposite ends of a 
single runway and where a Facility Performance Category I — ILS is to be used for auto- 
coupled approaches and landings in visual conditions an interlock shall ensure that only the 
localizer serving the approach direction in use radiates, providing the other localizer is not 
required for simultaneous operational use.

Note.— If both localizers radiate there is a possibility of interference to the localizer signals 
in the threshold region. Additional guidance material is contained in 2.1.8 of Attachment 6C.

6.3.1.2.7.2 At locations where ILS facilities serving opposite ends of the same runway or 
different runways at the same airport use the same paired frequencies, an interlock shall 
ensure that only one facility shall radiate at a time. When switching from one ILS facility to 
another, radiation from both shall be suppressed for not less than 20 seconds.

Note.— Additional guidance material on the operation of localizers on the same frequency 
channel is contained in CAR-ANS Part 13, Chapter 4.

6.3.1.3 VHF localizer and associated monitor

6.3.1.3.3.3 Above 7 degrees, the signals shall be reduced to as low a value as practicable.
• • •
Note 2.— Guidance material on significant airborne receiver parameters is given in 2.2.2 of 
Attachment 6C.

6.3.1.3.4 Course structure
• • •
Note 2.— Guidance material relevant to the localizer course structure is given in 2.1.3, 2.1.5, 
2.1.6 and 2.1.9 of Attachment 6C.

6.3.1.3.6 Course alignment accuracy
• • •
Note 3.— Guidance material on measurement of localizer course alignment is given in 2.1.3 
of Attachment 6C. Guidance material on protecting localizer course alignment is given in 
2.1.9 of Attachment 6C.

6.3.1.3.10 Siting

Note.— Guidance material relevant to siting localizer antennas in the runway and taxiway 
environment is given in 2.1.9 of Attachment 6C.

6.3.1.5 UHF glide path equipment and associated monitor
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6.3.1.5.1.2.1 The glide path angle shall be adjusted and maintained within:
• • •
Note 3.— Guidance material relevant to protecting the ILS glide path course structure is 
given in 2.1.9 of Attachment 6C.

6.3.1.5.4 ILS glide path structure

Note 3.— Guidance material relevant to the ILS glide path course structure is given in 2.1.4 
of Attachment 6C. Guidance material relevant to protecting the ILS glide path course 
structure is given in 2.1.9 of Attachment 6C.

6.3.1.5.7 Monitoring

6.3.1.5.7.1 The automatic monitor system shall provide a warning to the designated control 
points and cause radiation to cease within the periods specified in 6.3.1.5.7.3.1 if any of the 
following conditions persist:

Note 1.— The value of 0.7475 6 from horizontal is intended to ensure adequate obstacle 
clearance. This value was derived from other parameters of the glide path and monitor 
specification. Since the measuring accuracy to four significant figures is not intended, the 
value of 0.75 6 may he used as a monitor limit for this purpose. Guidance on obstacle 
clearance criteria is given in the Procedures for Air Navigation Services — Aircraft 
Operations (PANS-OPS) (Doc 8168).

Note 2.— Subparagraphs f and g) are not intended to establish a requirement for a separate 
monitor to protect against deviation of the lower limits of the half-sector below 0.7475 6from 
horizontal

Note 3.— At glide path facilities where the selected nominal angular displacement sensitivity 
corresponds to an angle below the ILS glide path which is close to or at the maximum limits 
specified in 3.1.5.6, it may be necessary to adjiLst the monitor operating limits to protect 
against sector deviations below 0.7475 0from horizontal.

Note 4. Guidance material relating to the condition described in g) appears in Attachment 
6C, 2.4.11.

6.3.7 Requirements for the Global Navigation Satellite System (GNSS) 
• • •

6.3.7.2 General
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6.3.7.2.4 Signal-in-space performance

6.3.7.2.4.1 The combination of GNSS elements and a fault-free GNSS user receiver shall 
meet the signal-in-space requirements defined in Table 6.3.7.2.4-1 (located at the end of 
section 6.3.7).

Note I.— The concept of a fault-free user receiver is applied only as a means of defining the 
performance of combinations of different GNSS elements. The fault-free receiver is assumed 
to be a receiver with nominal accuracy and time-to-alert performance. Such a receiver is 
assumed to have no failures that affect the integrity, availability and continuity performance.

Note 2. - For GBAS approach service (as defined in Attachment 6D, 7.1.2.1) intended to 
support approach and landing operations using Category 111 minima, performance 
requirements are defined that apply in addition to the signal-in-space requirements defined in 
Table 6.3.7.2.4-1.

6.3.7.3.4 Satellite-based augmentation system (SBAS)

6.3.7.3.4.1 Performance. SBAS combined with one or more of the other GNSS elements and 
a fault-free receiver shall meet the requirements for system accuracy, integrity, continuity and 
availability for the intended operation as stated in 6.3.7.2.4, throughout the corresponding 
service area (see 6.3.7.3.4.3)

6.3.7.3.4.1.1 SBAS combined with one or more of the other GNSS elements and a fault-free 
receiver shall meet the requirements for signal-in-space integrity as stated in 6.3.7.2.4, 
throughout the SBAS coverage area.

Note.— Message Types 27 or 28 can be used to comply with the integrity requirements in the 
coverage area. Additional guidance on the rationale and interpretation of this requirement is 
provided in Attachment 6D, 3.3.

6.3.7.3.4.3 Service area. An SBAS service area for any approved type of operation shall be a 
declared area within the SBAS coverage area where SBAS meets the corresponding 
requirements of 6.3.7.2.4.

Note 1. An SBAS sy.stem can have different service areas corresponding to different types 
of operation (e.g. APV-1, Category 1, etc.).

Note 2.— The coverage area is that area within which the SBAS broadcast can be received 
(i.e. the geostationary satellite footprints).

Note 3.— SBAS coverage and service areas are discussed in Attachment 6D, 6.2.
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6.3.7.3.5 Ground-based augmentation system (GBAS) and ground-based regional 
augmentation system (GRAS)

Note.— Except where specifically annotated, GBAS Standards and Recommended Practices 
apply to GBAS and GRAS.

6.3.7.3.5.1 Performance. GBAS combined with one or more of the other GNSS elements and 
a fault-free GNSS receiver shall meet the requirements for system accuracy, continuity, 
availability and integrity for the intended operation as stated in 6.3.7.2.4 within the service 
volume for the service used to support the operation as defined in 6.3.7.3.5.3.

Note. ~ GBAS is intended to support all types of approach, landing, guided take-off, 
departure and surface operations and may support en-route and terminal operations. GRAS 
is intended to support en-route, terminal, non-precision approach, departure, and approach 
with vertical guidance. The following SARPs are developed to support all categories of 
precision approach, approach with vertical guidance, and a GBAS positioning service.

6.3.7.3.5.3 Service volume

6.3.7.3.5.3.1 General requirement for approach services. The minimum GBAS approach 
service volume shall be as follows, except where topographical features dictate and 
operational requirements permit:

a) laterally, beginning at 140 m (450 ft) each side of the landing threshold point/fictitious 
threshold point (LTP/FTP) and projecting out ±35 degrees either side of the final approach 
path to 28 km (15 NM) and ±10 degrees either side of the final approach path to 37 km (20 
NM); and

b) vertically, within the lateral region, up to the greater of 7 degrees or 1.75 promulgated 
glide path angle (GPA) above the horizontal with an origin at the glide path interception point 
(GPIP) to an upper bound of 3 000 m (10 000 ft) height above threshold (HAT) and 0.45 
GPA above the horizontal or to such lower angle, down to 0.30 GPA, as required, to 
safeguard the promulgated glide path intercept procedure. The lower bound is half the lowest 
decision height supported or 3.7 m (12 ft), whichever is larger.

Note L— LTP/FTP and GPIP are defined in Appendix 6B, 3.6.4.5.1.

Note. 2 — Guidance material concerning the approach service volume is provided in 
Attachment 6D, 7.3.

6.3.7.3.5.3.2 Approach services supporting autoland and guided take-off. The minimum 
additional GBAS service volume to support approach operations that include automatic 
landing and roll-out, including during guided take-off, shall be as follows, except where 
operational requirements permit:
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a) Horizontally, within a sector spanning the width of the runway beginning at the stop end of 
the runway and extending parallel with the runway centre line towards the LTP to join the 
minimum service volume as described in 6.3.7.3.5.3.I.

b) Vertically, between two horizontal surfaces one at 3.7 m (12 ft) and the other at 30 m (100 
ft) above the runway centre line to join the minimum service volume as described in 
6.3.7.3.5.3.1.

Note.— Guidance material concerning the approach service volume is provided in 
Attachment 6D, 7.3.

6.3.7.3.5.3.3 GBASpositioning .service. The service volume for the GBAS positioning service 
shall be where the data broadcast can be received and the positioning service meets the 
requirements of 6.3.7.2.4 and supports the corresponding approved operations.

Note.— Guidance material concerning the positioning service volume is provided in 
Attachment 6D, 7.3.

6.3.7.3.5.4.4 Data broadcast RF field strength and polarization

Note 1.— GBAS can provide a VHP data broadcast with either horizontal (GBAS/H) or 
elliptical (GBAS/E) polarization that employs both horizontal polarization (HPOL) and 
vertical polarization (VPOL) components. Aircraft using a VPOL component will not be able 
to conduct operations with GBAS/H equipment. Relevant guidance material is provided in 
Attachment 6D, 7.1.

Note 2. — The minimum and maximum field strengths are consistent with a minimum distance 
of 80 m (263ft) from the transmitter antenna for a range of 43 km (23 NM).

Note 3.— When supporting approach services at airports with challenging VDB transmitter 
siting constraints, it is acceptable to adjust the service volume when operational 
requirements permit (as stated in the service volume definition sections 6.3.7.3.5.3.1 and 
6.3.7.3.5.3.2). Such adjustments of the service volume may be operationally acceptable when 
they have no impact on the GBAS service outside a radius of 80 m (263 ft) from the VDB 
antenna, assuming a nominal effective isotropically radiated power of 47dBm (Attachment 
6D, Table D-3).

6.3.7.3.5.4.4.1 GBAS/H

6.3.7.3.5.4.4.1.2 The effective isotropically radiated power (EIRP) shall provide for a 
horizontally f>olarized signal with a minimum field strength of 215 microvolts per metre (-99 
dBW/m2) and a maximum field strength of 0.879 volts per metre (-27 dBW/m2) within the 
GBAS service volume as specified in 6.3.7.3.5.3.I. The field strength shall be measured as an 
average over the period of the synchronization and ambiguity resolution field of the burst.
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Within the additional GBAS service volume, as specified in 6.3.7.3.5.3.2, the effective 
isotropically radiated power (EIRP) shall provide for a horizontally polarized signal with a 
minimum field strength of 215 microvolts per metre (-99 dBW/m2) below 36 ft and down to 
12 ft above the runway surface and 650 microvolts per metre (-89.5 dBW/m2 ) at 36 ft or 
more above the runway surface.

Note.— Guidance material concerning the approach service volume is provided in 
Attachment 6D, 7.3.

6.3.7.3.5.4.4.2 GBAS/E
• • •
6.3.7.3.5.4.4.2.2 When an elliptically polarized signal is broadcast, the horizontally polarized 
component shall meet the requirements in 6.3.7.3.5 4.4.1.2, and the effective isotropically 
radiated power (EIRP) shall provide for a vertically polarized signal with a minimum field 
strength of 136 microvolts per metre (-103 dBW/m2) and a maximum field strength of 0.555 
volts per metre (-31 dBW/m2 ) within the GBAS service volume. The field strength shall be 
measured as an average over the period of the synchronization and ambiguity resolution field 
of the burst.

Table 6.3.7.2.4-1 Signal-in-space performance requirements

Tyj>icfll operation

Accurac>'
bomout^

95°o
(Notes 1 and 3)

Accuracy
vctiical

(Notes I and 3)
Integrity 
(Note 2)

Time-to-alert 
(Note 3)

Continuity 
(Note 4)

Availability 
(Note 5)

Eu-route 3.7 km 
(2.0 NM)

N-'.A. 1 - 1 * 10'7/h 5 min 1 - 1 X lo_,/h 
to 1 — 1 K lO 'li

0 99 to 
0.99999

En-ionte.
Tciiiiiiial

0 74 kill 
(0.4 NM)

N/A 1 X 1.^ s 1 - 1 ^ ion'll 
to 1 - 1 X 10“,/li

0 99 to 
0.99999

Initial apj^roacli.
Intelmediate appix>acl). 
Non-precision apfiroach (NPA), 
Depaitiue

220 111 
(720 ft)

N/A 1 _ 1 X 10“7/h 10 s 1 - 1 * lO-4/!! 
to 1 - 1 X lO 'li

0.99 to 
0.99999

Approach ojierations with 
vertical guidance (APV'-I)
(Note 8)

16 0 m 
(?2 ft)

20 ni 
(66 ft)

1 - 2 ^ lO"7 
in any 

approach

10s 1 - 8 X 10”*
per 15 s

0 99 to 
0.99999

Approach operations with 
veilical guidance (APV-II)
(Note 8)

16.0 m 
(52 ft)

8.0 m 
(26 ft)

1 - 2 < 10 7 
in any 

approach

6 s 1 - 8 X lO"6 
per 15 s

0 99 to 
0.99999

Categorv' I precision approach 
(Note 7)

16.0 in 
<52 ft)

6.0 ui to 4.0 111 
<20 ft to 13 ft) 

(Note 6)

1 2 - lO"7
in any 

approach

6 s 1 - 8 X lO-6 
per 15 s

0.99 to
0.99999

NOTES.—
1. The 95th percentile values for GNSS position errors are those required for the intended 
operation at the lowest height above threshold (HA T), if applicable. Detailed requirements 
are specified in Appendix B and guidance material is given in Attachment 6D, 3.2.
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7. GNSS performance requirements intended to support Category II and III precision 
approach operations necessitate lower level requirements in the technical appendix 
(Appendix 6B section 3.6) to he applied in addition to these signal-in space requirements 
(see Attachment 6D, 7.5.1).

APPENDIX 6B. TECHNICAL SPECIFICATIONS 
NAVIGATION SATELLITE SYSTEM (GNSS)

FOR THE GLOBAL

3.5 Satellite-based augmentation system (SBAS)
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1 ZO 145 OllOlllOOl
\z\ 175 OlOlOI11lO
1 ^2 5 2. 1lOlOOlOOO
1 23 2 1 1 lOllOOlOl
1 2d 237 OOOl1lOOOO
1 25 235 01 1lOOOOOl
1 2«. S86 OOOOOOIOI1
1 2T 65 7 1OOO11OOOO
1 2& 634 OOlOlOOlOl
1 29* 762 OlOlOlOl11
1 30 355 1lOOOl11lO
13 1 1 012 lOlOOlOllO
1 32 176 1OlOlOl111
1 33 603 OOOOlOOllO
1 3-4 1 50 1OOOl1lOOl
1 35 359 OlOl1lOOOl
L 3^ 595 1OOOO11111
1 3T 68 O11111lOOO
1 3S 386 lOllOlOl11
1 39 797 1lOOl1lOlO
IdO 456 OOOlOlOlOO
141 499 OOl11lOllO
142 883 OOOlOllOl1
1 43 307 OlOOllOlOl
144 127 OlllOOllll
145 211 OOlOOOl111
146. 121 1111lOOOlO
1 4T 118 11OOO1OO1O
14S 163 11OO1OOO1o
1 49 628 OlOlOlOOl1
1 50 853 oillOl11lO
1 51 484 11100X1101
1 52 289 OOOlOl11lO
1 53 811 OOlOl1lOl1
1 54 202 1 OOOO 1 O 1 1 o
1 55 102 1 OOOOOOOOl1
1 56 46 3 11lOl11OOO
1 5*7 568 OllOOlOlOO
1 5S 904 OOlOOl1lOl

3.5.4.1 PRN mask parameters. PRN mask parameters shall be as follows:

147



PRN code number: a number that uniquely identifies the satellite PRN code and related 
assignments as shown in Table B-25.

Table B-2?. PRN code number a^^isnment*

PRN code cumber A :l^i yrrrjnr

1 - 37 GPS
3S - 61 GLONASS slot numbei plus 37

62 - 119 Spare
120- 15S SBAS
159 - 210 Spare

3.6 Ground-based augmentation 
augmentation system (GRAS)

3.6.1 GENERAL

system (GBAS) and ground-based regional

3.6.1.1 GBAS service types. A GBAS ground subsystem shall support either the positioning 
service, approach service or both types of service.

Note 1. - Service types refers to a matched set of ground and airborne functional and 
performance requirements that ensure that quantifiable navigation performance is achieved 
by the airborne equipment. Guidance material concerning service types is given in 
Attachment 6D, 7.1.

Note 2. - GBAS ground facilities are characterized by a GBAS facility classification (GFC). 
Many GBAS performance and functional requirements depend on the GFC. These SARPs are 
organized according to which requirements apply for a given facility classification element 
(i.e. the facility approach service type (FAST) letter, the facility polarization, etc.). Guidance 
material concerning facility classifications is given in Attachment 6D, 7.1.4.1.

3.6.1.2 All GBAS ground subsystems shall comply with the requirements of 3.6.1, 3.6.2, 
3.6.3, 3.6.4, 3.6.6 and 3.6.7, unless otherwise stated. A FAST D ground subsystem shall 
comply with all FAST C requirements in addition to the specific FAST D requirements.

3.6.2 RF CHARACTERISTICS

3.6.2.6 Emissions in una.ssigned time slots. Under all operating conditions, the maximum 
power over a 25 kHz channel bandwidth, centred on the assigned frequency, when measured 
over any unassigned time slot, shall not exceed -105 dBc referenced to the authorized 
transmitter power.
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Note.— The -105 dBc may not protect reception of emissions in a slot assigned to another 
desired transmitter for receivers within 80 metres from the undesired transmitting antenna.

3.6.4 DATA CONTENT
• • •

3.6.4.2.1 The Type 1 message shall provide the differential correction data for individual 
GNSS ranging sources (Table B-70). The message shall contain three sections:

Note 1.— Transmission of the low-frequency data for SBAS ranging sources is optional.

Note 2.— All parameters in this message type apply to 100-second carrier-smoothed pseudo­
ranges.

Table B-63 GBAS VHP data broadcast messages
Message Type
Identifier Message name

0 Spare
1 Pseudo-range corrections
2 GBAS-related data
3 Null message
4 Final approach segment (FAS) data
5 Predicted ranging source availability
6 Reserved
7 Reserved for national applications
8 Reserved for test applications

9 to 10 Spare
11 Pseudo-range-corrections-30-second

smoothed pseudo-ranges
12 to 100 Spare

101 GRAS pseudo-range corrections
102-255 Spare

Note.- See 3.6.6 for message formats.

3.6.4.2.4 The measurement block parameters shall be as follows:

Ranging source ID: the identity of the ranging source to which subsequent measurement 
block data are applicable.

Coding: 
1 to 36 = GPS satellite IDs (PRN)
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37 = reserved
38 to 61 = GLONASS satellite

IDs (slot number plus 37) 
62 to 119 = spare
120 to 158 = SBAS satellite IDs

(PRN)
159 to 255 = spare

Bi through B4: are the integrity parameters associated with the pseudo-range corrections 
provided in the same measurement block. For the i* ranging source these parameters 
correspond to Bi,i through Bi,4 (3.6.5.5.1.2, 3.6.5.5.2.2 and 3.6.7.2.2.4). During continuous 
operation, the indices “1-4” correspond to the same physical reference receiver for every 
epoch transmitted from a given ground subsystem with the following exception; the physical 
reference receiver tied to any of the indices 1 to 4 can be replaced by any other physical 
reference receiver (including a previously removed one) that has not been used for 
transmissions during the last 5 minutes.

Coding; 1000 0000 
correction.

Reference receiver was not used to compute the pseudo-range

Note 1.— A physical reference receiver is a receiver with an antenna at a fixed location.

Note 2. — Some airborne inertial integrations may expect a largely static correspondence of 
the reference receivers to the indices. Refer to RTCA/DO-253D, Appendix L

GBAS continuity/integrity designator (GCID): numeric designator indicating the operational 
status of the GBAS.

Coding; 0 = spare
1 = GCID 1
2 = GCID 2
3 = GCID 3
4 = GCID 4
5 = spare
6 = spare
7 = unhealthy

Note 1.— The values of GCID, 2 and 4 are specified in order to ensure compatibility of 
equipment with future GBAS.

Note 2.— The value of GCID 7 indicates that all approach services supported by the ground 
facility are unavailable.
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3.6.4.3.1 Additional data block 1 parameters. Additional data block 1 parameters shall be as 
follows:

MAXIMUM USE DISTANCE (Dmax): the maximum distance (slant range) from the GBAS 
reference point within which pseudo-range corrections are applied by the aircraft element.

Note.— This parameter does not indicate a distance within which VHF data broadcast field 
strength requirements are met.

Coding; 0 = distance limitation

GPS EPHEMERIS MISSED DETECTION PARAMETER, GBAS Positioning Service 
(Kmd e posxips): the multiplier for computation of the ephemeris error position bound for the 
GBAS positioning service derived from the probability of missed detection given that there is 
an ephemeris error in a GPS satellite.

For GBAS ground subsystems that do not broadcast corrections for GPS ranging sources or 
that do not provide the GBAS positioning service, this parameter shall be coded as all zeros.

GPS EPHEMERIS MISSED DETECTION PARAMETER, GBAS approach service types A, B 
or C (Kmd e.GPs): the multiplier for computation of the ephemeris error position bound for 
GBAS approach service types A, B and C derived from the probability of missed detection 
given that there is an ephemeris error in a GPS satellite.

For GBAS ground subsystems that do not broadcast corrections for GPS ranging sources, this 
parameter shall be coded as all zeros

GLONASS EPHEMERIS MISSED DETECTION PARAMETER, GBAS Positioning Service 
(Kmd e. pos, G LON ass) '■ the multiplier for computation of the ephemeris error position bound for 
the GBAS positioning service derived from the probability of missed detection given that 
there is an ephemeris error in a GLONASS satellite.

For GBAS ground subsystems that do not broadcast corrections for GLONASS ranging 
sources or that do not provide positioning service, this parameter shall be coded as all zeros.

GLONASS EPHEMERAS MISSED DETECTION PARAMETER, GBAS approach service 
types A, B or C (Kmd_e^GLON.4ss)'. the multiplier for computation of the ephemeris error 
position bound for GBAS approach service types A, B and C derived from the probability of 
missed detection given that there is an ephemeris error in a GLONASS satellite

3.6.4.3.2 Additional data blocks. For additional data blocks other than additional data block 
1, the parameters for each data block shall be as follows;
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ADDITIONAL DATA BLOCK NUMBER: the numerical identifier of the type of additional 
data block.

Coding: 0-1 = Reserved
2 = additional data block 2, GRAS broadcast stations
3 = additional data block 3, CAST D parameters
4 = additional data block 4, VDB authentication

Parameters
5 to 255 = Spare

3.6.4.3.2.2 GAST D parameters

Parameters for additional data block 3 shall include parameters (Table B-65B) to be used 
when the active service type is GAST D as follows;

KmJ e D.GLONASS {KmJ e D.OLONAss): is the multiplier for computation of the ephemeris 
error position bound for GAST D derived from the probability of missed detection given that 
there is an ephemeris error in a GLONASS satellite. For GBAS ground subsystems that do 
not broadcast corrections for GLONASS ranging sources, this parameter is coded as all zeros.

Note.— This parameter, Kmd e D,GLONASS, may be different than the ephemeris 
decorrelation parameter Kmde GLONASS provided in additional data block I of the Type 2 
message. Additional information regarding the difference in these parameters is given in 
A ttachment 6D, 7.5.6.1.2 and 7.5.6.1.3.

Kmd e D,GPS {Kmj e d.gps)'. is the multiplier for computation of the ephemeris error position 
bound for GAST D derived from the probability of missed detection given that there is an 
ephemeris error in a GPS satellite. For GBAS ground sub-systems that do not broadcast 
corrections for GPS ranging sources, this parameter is coded as all zeros.

Note. This parameter, Kmd e D,GPS, may be different than the ephemeris decorrelation 
parameter Kmd e GPS provided in additional data block 1 of the Type 2 message. 
Additional information regarding the difference in these parameters is given in Attachment
60.7.5.6.1.2 and 7.5.6.L3.

Sigma vert iono_gradient_D (OvertjonoJgradient_D): is the standard deviation of a normal 
distribution associated with the residual ionospheric uncertainty due to spatial decorrelation. 
This parameter is used by airborne equipment when its active approach service type is D.

Note.— This parameter. Sigma vert iono gradient D, may be different than the ionospheric 
decorrelation parameter Sigma vert iono gradient provided in the Type 2 message. 
Additional information regarding the difference in these parameters is given in Attachment 
60, 7.5.6.1.2 and 7.5.6.1.3.
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Yeig: is the maximum value of Eig at zero distance from the GBAS reference point. This 
parameter is used by airborne equipment when its active approach service type is D.

Me!g,: is the slope of maximum Eig versus distance from the GBAS reference point. This 
parameter is used by airborne equipment when its active approach service type is D.

3.6.4.3.2.3 VDB authentication parameters

Additional data block 4 includes information needed to support VDB authentication protocols 
(Table B-65C).

Slot group definition: This 8-bit field indicates which of the 8 slots (A-H) are assigned for use 
by the ground station. The field is transmitted LSB first. The LSB corresponds to slot A, the 
next bit to slot B, and so on. A “1” in the bit position indicates the slot is assigned to the 
ground station. A “0” indicates the slot is not assigned to the ground station.

3.6.4.4 TYPE 3 MESSAGE NULL MESSAGE

3.6.4.5 Type 4 message - Final approach segment (FAS). Type 4 message shall contain one 
or more sets of FAS data, each defining a single precision approach (Table B-72). Each Type 
4 message data set shall include the following;

FAS data block: the set of parameters to identify an approach and define its associated 
approach path.

FASLAL approach status: the value of the parameter FASLAL as used in 3.6.5.6.

Coding; 1111 1111 = Do not use approach.

Note. - The Procedures for Air Navigation Services — Aircraft Operations (PANS-OPS) 
(Doc 8168), Volume II, specifies conventions to be used by procedure designers when 
applying the FAS data block definitions and codings below to encode procedures.

Table B-65B Additional Data Block 3 GAST D Parameters

Data content Bits used Range of values Resolution
Kmd c D.OPS 8 Oto 12.75 0.05
Kind e D.CrLON.ViS 8 Oto 12.75 0.05
Overt iono gradient D 8 Oto 25.5 X lO^m/m 0.1 X lO‘m/m
Yraa 5 0 to 3.0 m 0.1
^^EIO 3 0 to 0.7 m/km 0.1

Table B-65C. VDB authentication parameters

Data content Bits used Range of values Resolution
Slot group definition 8 - -
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3.6 4.5.1 FAS data block. The FAS data block shall contain the parameters that define a 
single CAST A, B, C or D approach. The FAS path is a line in space defined by the landing 
threshold point/fictitious threshold point (LTP/FTP), flight path alignment point (FPAP), 
threshold crossing height (TCH) and glide path angle (GPA). The local level plane for the 
approach is a plane perpendicular to the local vertical passing through the LTP/FTP (i.e. 
tangent to the ellipsoid at the LTP/FTP). Local vertical for the approach is normal to the 
WGS-84 ellipsoid at the LTP/FTP. The glide path intercept point (GPIP) is where the final 
approach path intercepts the local level plane. FAS data block parameters shall be as follows:

Note.— Offset procedures are straight-in procedures and coded as “0”.

Approach performance designator: the general information about the approach design. 

Coding;
0 = GAST A or B
1 = GAST C
2 = GAST C and GAST D
3 = GAST C, GAST D and an additional approach service type to be defined in the future
4 = GAST C, GAST D and two additional approach service types to be defined in the future
5 to 7 = spare

3.6.4.10 TYPE 101 MESSAGE —GRAS PSEUDO-RANGE CORRECTIONS

3.6.4.10.1 The Type 101 message shall provide the differential correction data for individual 
GNSS ranging sources (Table B-70A). The message shall contain three sections:

c) satellite data measurement blocks.

Note.— All parameters in this message type apply to 100-second carrier-smoothed pseudo­
ranges.

3.6.4.11 TYPE 11 MESSAGE — PSEUDO-RANGE CORRECTIONS —30-SECOND 
SMOOTHED PSEUDO-RANGES

3.6.4.11.1 The Type 11 message shall provide the differential correction data for individual 
GNSS ranging sources (Table B-70B) with 30-second carrier-smoothing applied. The 
message shall contain three sections:
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a) message information (time of validity, additional message flag, number of measurements 
and the measurement type);

b) low-frequency information (ephemeris decorrelation parameter); and

c) satellite data measurement blocks.

Note.— Transmission of the low-frequency data for SB AS ranging sources is optional.

3.6.4.11.2 Each Type 11 message shall include the ephemeris decorrelation parameter for one 
satellite ranging source. The ephemeris decorrelation parameter shall apply to the first 
ranging source in the message.

Note.— The ephemeris CRC and source availability duration parameters are not included in 
the Type II message became they are provided in the Type I message.

3.6.4.11.3 Pseudo-range correction parameters for the Type 11 message shall be as follows: 

Modified Z-count: as defined in 3.6.4.2.3.

Additional message flag: an identification of whether the set of measurement blocks in a 
single frame for a particular measurement type is contained in a single Type 11 message or a 
linked pair of messages.

Coding: 0 = All measurement blocks for a particular measurement type
are contained in one Type 11 message.

1 = This is the first transmitted message of a linked pair of Type
11 messages that together contain the set of all measurement 
blocks for a particular measurement type.

= Spare2

3 = This is the second transmitted message of a linked pair of 
Type 11 messages that together contain the set of all 
measurement blocks for a particular measurement type.

Number of measurements: the number of measurement blocks in the message.

Measurement type: as defined in 3.6.4.2.3.

Ephemeris decorrelation parameter D (Pd): a parameter that characterizes the impact of 
residual ephemeris errors due to decorrelation for the first measurement block in the message.
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Note.— This parameter, Pd, may he different than the ephemeris decorrelation parameter P 
provided in the Type 1 message. Additional information regarding the difference in these 
parameters is given in Attachment 6D, 7.5.6.1.3 and 7.5.6.1.4.

For an SBAS geostationary satellite, the ephemeris decorrelation parameter, if transmitted, 
shall be coded as all zeros.

3.6.4.11.4 The measurement block parameters shall be as follows;

Ranging source ID: as defined in 3.6.4.2.3.

Pseudo-range correction (PRCio): the correction to the ranging source pseudo-range based 
on 30-second carrier smoothing.

Range rate correction (RRCho): the rate of change of the pseudo-range correction based on 
30-second carrier smoothing.

Sigma PR gnd D (aPr_gnd_D) : the standard deviation of a normal distribution associated with 
the signal-in-space contribution of the pseudo-range error in the 100-second smoothed 
correction in the Type 1 message at the GBAS reference point (3.6.5.5.1 and 3.6.7.2.2.4).

Note. The parameter aPr^ d differs from oprjgnd_for the corresponding measurement in 
the Type 1 message in that (Tpr^nd_D shall include no inflation to address overhounding of 
decorrelated ionospheric errors.

Coding; 1111 1111= Ranging source correction invalid.

Sigma PR gnd 30 ((rPr_gmtjo): the standard deviation of a normal distribution that describes 
the nominal accuracy of corrected pseudo-range smoothed with a time constant of 30 seconds 
at the GBAS reference point.

Note.— The normal distribution N(0, apr_gnjj)) is intended to he an appropriate description of 
the errors to he used in optimizing the weighting used in a weighted least squares position 
solution. The distribution need not bound the errors as described in 3.6.5.5.1 and 3.6.7.2.2.4.

Coding; 1111 1111= Ranging source correction invalid.

3.6.5 DEFINITIONS OF PROTOCOLS FOR DATA APPLICATION

3.6.5.1 Measured and carrier smoothed pseudo-range. The broadcast correction is applicable 
to carrier smoothed code pseudo-range measurements that have not had the satellite broadcast 
troposphere and ionosphere corrections applied to them. The carrier smoothing is defined by 
the following filter;
• • •
where
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Pcscn = the smoothed pseudo-range;
Pcscn-i = the previous smoothed pseudo-range;
P = the raw pseudo-range measurement where the raw pseudo-range measurements are 
obtained from a carrier driven code loop, first order or higher and with a one-sided noise 
bandwidth greater than or equal to 0.125 Hz;

k = the LI wavelength;
= the carrier phase;

(^1 = the previous carrier phase; and 
a = the filter weighting function equal to the sample interval divided by the smoothing time 
constant. For GBAS pseudo-range corrections in message Type 1 and message Type 101, the 
smoothing time constant is 100 seconds, except as specified in 3.6.8.3.5.1 for airborne 
equipment. For GBAS pseudo-range corrections in message Type 11, the smoothing time 
constant is 30 seconds.

3.6.5.2 Corrected pseudo-range. The corrected pseudo-range for a given satellite at time t is: 

PRcoTKttd^ Pc^ * PRC - RRC '< (t - tz-coimt) ^ TC + c x (Atsv)u
where

Pcsc = the smoothed pseudo-range (defined in 3.6.5.1);

PRC = the pseudo-range correction from the appropriate message:

a) for 100-second smoothed pseudo-ranges, PRC is taken from message Type 1 or Type 101 
defined in 3.6.4.2; and

b) for 30-second smoothed pseudo-ranges, PRC is PRC30 taken from message Type 11 
defined in 3.6.4.11;

RRC = the pseudo-range correction rate from the appropriate message:

a) for 100-second smoothed pseudo-ranges, RRC is taken from message Type 1 or Type 101 
defined in 3.6.4.2; and

b) for 30-second smoothed pseudo-ranges, RRC is RRC30 taken from message Type 11 
defined in 3.6.4.11;

t = the current time;

tz-count = the time of applicability derived from the modified Z-count of the message 
containing PRC and RRC;
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TC = the tropospheric correction (defined in 3.6.S.3); and 
c and (Atsv)Li are as defined in 3.1.2.2 for GPS satellites.

3.6.5.3 TROPOSPHERIC DELAY

3.6.5.4 Residual ionospheric uncertainty. The residual ionospheric uncertainty for a given 
satellite is:

Gjono “ Fjp Ong X (X*n + 2 x t x v^,)

where
Fpp = the vertical-to-slant obliquity factor for a given satellite (3.5.5.5.2);

Ovig = is dependent on the active GAST. For CAST A, B or C, Ovig = Overtjono_gradient (as 
defined in 3.6.4.3); For GAST D, avig= Oveit itmogradient o (as defined in 3.6.4.3.2.2);

Xair = the distance (slant range) in metres between current aircraft location and the GBAS 
reference point indicated in the Type 2 message;

T = is dependent on the active GAST.
For GAST A, B or C, t =100 seconds (time constant used in 3.6.5.1); and For GAST D, the 
value of T depends on whether Oiono is applied in measurement weighting or in integrity 
bounding, t = 100 seconds when Oumo is used for integrity bounding (per
section.3.6.5.5.1.1.1) and t = 30 seconds when aiono is used for measurement weighting (per 
section 3.6.5.5.1.1.2);

Vair = the aircraft horizontal approach velocity (metres per second).

3.6.5.5 PROTECTION LEVELS

3.6.5.5.1 Protection levels for all GBAS approach service types. The signal-in-space vertical 
and lateral protection levels (VPL and LPL) are upper confidence bounds on the error in the 
position relative to the GBAS reference point defined as;

VPL = MAX { VPLho, VPLh i}

LPL = MAX{LPLho,LPLhi}

3.6.5.5.1.1 Normal measurement conditions
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3.6.5.5.1.1.1 The vertical protection level (VPLuo) and lateral protection level (LPLho), 
assuming that normal measurement conditions (i.e. no faults) exist in all reference receivers 
and on all ranging sources, is calculated as:

\TLho = Ke6ndOx-*n +D\'

LPLho «"'’Dl

where

\ert(7_= J > 5 verrxcT-) 2
I I

.V

(T,a=J'L5-hr'x(^'
1=1

and

J __ J I I Z -i--.
o 1-0 pr_gn<Li O tropo.iO prair.i ' O lono.i*

Opi_jndj is dependent on the acti\ e GAST.
For GAST A. B or C: op,_gail - opa_?nd for the i* ranging source as defined in 3.6.4.2
For GAST D: Op, ^a, = opr_,nd_D for the itb ranging source (3.6.4.11); 

o'wwj o*pi uiiand GTonoiai^ as defined in section 3.6.5.5.1.1.2;

Kffmd = the multiplier derived from the probability of fault-free missed detection;

s vert, = Sv,i + Sx,ix tan (GPA);

s_lati Sy,!,

Sx,i = the partial derivative of position error in the x-direction with respect to pseudo­
range error on the ith satellite;

Sy,i = the partial derivative of position error in the y-direction with respect to pseudo­
range error on the ith satellite;

Sv.i = the partial derivative of position error in the vertical direction with respect to 
pseudo-range error on the i* satellite;

GPA = the glidepath angle for the final approach path (3.6.4.5.1);
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N = the number of ranging sources used in the position solution; and

i = the ranging source index for ranging sources used in the position solution;

Dv = an airborne determined parameter depending on the active CAST. For GAST A, B 
or C: Dv = 0;
For GAST D: Dv is calculated as the magnitude of the vertical projection of the 
difference between the 30-second and 100-second position solutions;

Dl = an airborne determined parameter depending on the active GAST. For GAST A, B 
or C; Dl = 0; For GAST D: Dl is calculated as the magnitude of the lateral 
projection of the difference between the 30-second and 100-second position 
solutions.

Note 1.— The airborne 30-second and 100-second position solutions, Dvand Dl are defined 
in RTCA MOPS DO-253D.

Note 2.— The coordinate reference frame is defined such that x is along track positive 
forward, y is crosstrack positive left in the local level tangent plane and v is the positive up 
and orthogonal to x and y.

3.6.5.5.1.1.2 For a general-least-squares position solution, the projection matrix S is defined 
as:

s =
rSx.1 Sx.2
Sy.l Sy.2
Sv,l Sv.2

LSt.x St.2 S^N.

= (Gt X W X G)_i X Gt X W

where
Gi = [-cos Elj cos AZj-cos Elj sm AZj-sin Eli 1] = i* row of G; and

w=
K, 0
0 O-h.2

0
0

n-1

0 0 ... (Tly

where 0*w j = o "pr jadi O 'copo l+ o ‘prjnr.,® 'waoa- 

where
apr_gnd,i = is dependent on the active GAST.
For GAST A, B or C or the GBAS positioning service: Opr^gnd.i = o pr^gnd for the i,h ranging 
source as defined in (3.6.4.2);

For GAST D: aPr_gnd,l = Oprjndjo for the ith ranging source (3.6.4.11);
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Otropo.i=the residual tropospheric uncertainty for the ilh ranging source (3.6.5.3);

a1ono,i= the residual ionospheric delay (due to spatial decorrelation) uncertainty for the ith 
ranging source (3.6.5.4); and

- p*c*»vfrv(EIj) . the %Tandaid deviation of the aircraft contribution to the corrected

pseudo-range error for the ranging source The total aircraft contribution includes the receiver 
contribution (3.6.8.2.1) and a standard allowance for air&ame multipath.

3.6.5.5.1.2 Faulted measurement conditions. When the Type 101 message is broadcast 
without B parameter blocks, the values for VPLhi and LPLhi are defined as zero. Otherwise, 
the vertical protection level (VPLhi) and lateral protection level (LPLhi), assuming that a 
latent fault exists in one, and only one reference receiver, are:

VPLHI = max [VPLj] + Dv 
LPLHI = max [LPLj] + DL

where VPLj and LPLj for j = 1 to 4 are

VPLj lB_vertjl ~>r Kmd Overt,Hl , and 
LPLj = iBjatjl + KmdOlaUll ;
Dv = an airborne determined parameter depending on the active CAST (3.6.5.5.1.1.1); 
Dl = an airborne determined parameter depending on the active GAST (3.6.5.5.1.1.1); 
and

B_vcrt, = 

B..

Kr>
O'vmtlli

Op*

Sf?=i(s_v0rt1 X B,.,).
- x Blt)
= die broadcast differences between the broadcast pseudo-range corrections and the corrections obtained 

excluding the reference receiver measurement for the 1th ranging source.
= the multiplier derived from the piobabilits' of missed detection given that the ground subsystem is faulted. 
= <s-verTf x o-Hir)
= J!!!, (sjatf X

(^) ^ pt ° .1 ° »opo 1 *" ° uaea-

is dependent on die active GAST
For GAST A, B or C or,_f^. = ovt_gaA for the ift ranging source as defined m (3.6.4.2).
For GAST D Op* = Op* fad d for the rangmg source (3 6 4 11).

~v> nt.iand o are as defined in section 3 6 5 5 1 1 2.
= the number of reference receivers used to compute the pseudo-range corrections for die ranging source 

(indicated b\ the B values), and
= die number of reference receivers used to compute die pseudo-range corrections for the /f* rangmg source, 

excludmg the reference receiver

Note.— A latent fault includes any erroneous measurement(s) that is not immediately 
detected by the ground subsystem, such that the broadcast data are affected and there is an 
induced position error in the aircraft subsystem.
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3.6.5.5.1.3 Definition ofK multipliers for GBAS approach services. The multipliers are given 
in Table B-67.

Table B-67. K-multipliers for GBAS approach services

M.
Multiplier 1 Dole 2 3 4

K.fTind 6.86 5.762 5.81 5.847

K-md Not used 2.935 2.898 2.878

Note. - For GAST A supported by Type 101 message broadcast without the B parameter 
block.

3.6.5.5.2 GBAS positioning service. The signal-in-space horizontal protection level is an 
upper confidence bound on the horizontal error in the position relative to the GBAS reference 
point defined as;

HPL = MAX {HPLi io.HPLh i ,HEB}
• • •

3.6.5.5.2.2 Faulted measurement conditions,

HPLj |B_horzjl + KnKlPOsdmajorJU
• • •

3.6.S.6 ALERT LIMITS

Note I. Guidance concerning the calculation of alert limits, including approaches 
associated with channel numbers 40 000 to 99 999, is provided in Attachment 6D, 1.13.

Note 2. — Computation of alert limits depends on the active service type.

3.6.5.6.1 CAST C and D alert limits. The alert limits are defined in Tables B-68 and B-69. 
For aircraft positions at which the lateral deviation exceeds twice the deviation at which full- 
scale lateral deflection of a course deviation indicator is achieved, or vertical deviation 
exceeds twice the deviation at which full-scale fly-down deflection of a course deviation 
indicator is achieved, both the lateral and vertical alert limits are set to the maximum values 
given in the tables.

3.6.5.6.2 GAST A and B alert limits. The alert limits are equal to the FASLAL and FASVAL 
taken from the Type 4 message for approaches with channel numbers in the range of 20 001

162



to 39 999. For approaches with channel numbers in the range 40 000 to 99 999, the alert 
limits are stored in the on-board database.

3.6.5.7 Channel number. Each GBAS approach transmitted from the ground subsystem is 
associated with a channel number in the range of 20 001 to 39 999. If provided, the GBAS 
positioning service is associated with a separate channel number in the range of 20 001 to 39 
999. The channel number is given by;

Channel number = 20 000 + 40(F - 108.0) + 411(S)

where

F = the data broadcast frequency (MHz)
S = RPDS or RSDS

and

RPDS = the reference path data selector for the FAS data block (as defined in 3.6.4.5.1)
RSDS = the reference station data selector for the GBAS ground subsystem (as defined in 
3.6.4.3.1)

Table B-68. CAST C and D lateral alert limit

Horizontal distance of aircraft position from 
the LTP/FTP as translated along the final 
approach path (metres) Lateral alert limit 

(metres)
D < 873 FASLAL

873< D < 7 500 0.0044D (m) + FASLAL -3.85

D > 7 500 FASLAL+ 29.15

Table B-69. CAST C and D vertical alert limit

Height above LTP/FTP of aircraft position 
translated onto the final approach path 

(feet)
Vertical alert limit 

(metres)
H < 200 FASVAL

200< H < 1 340 0.02925H (ft) + FASVAL - 5.85

H > 1 340 FASVAL + 33.35
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For channel numbers transmitted in the additional data block 2 of Type 2 message (as defined 
in 3.6.4.3.2.1), only RSDS are used.

Note I. - When the FAS is not broadcast for an approach supported by CAST A or B, the 
GBAS approach is associated with a channel number in the range 40 000 to 99 999.

Note 2.— Guidance material concerning channel number selection is provided in Attachment 
6D, 1.7.

3.6.5.8 EPHEMERIS ERROR POSITION BOUND

3.6.5.8.1 GBAS approach. The vertical and lateral ephemeris error position bounds are 
defined as:

VEB = MAX{VEBj}+ Dv
j

LEB = MAX{LEBj)+ Di,
J

The vertical and lateral ephemeris error position bounds for the j* core satellite constellation 
ranging constellation ranging source used in the position solution are given by;

VEB s vert: X P +Kyvaii- ej ■L^md_ej
Jz s.vertfxof

LEB S ktj X P +K',vairA ej A^md_ej

N

Xsjatfxa:
1=1

164



where:

D\- =
Dl
5_vert10IJ

OCJ

^«r
N
<J.

an airborne determined parameter depending on the active CAST (3 6.5.5.1.1.1); 
an airborne determined parameter dependmg on the active CAST (3.6.5 5.1.1.1);
« defined m 3 6 5.5 1 1:
K defined in 3 6 5 5 1 1;
ISdefinedm3 6 5 4;
IS the number of rangmg sources used m the position solution:
IS defined m 3 6 5 5 1 1:
IS the broadcast ephemens decorrelation parameter for the j* rangmg source. The source of this parameter 
depends on the active GBAS approach service t>-pe:
GAST A. B or C: P,= P from the T>pe 1 or Tspe 101 Message correspondmg to die j* ranging source, (section 
3 6 4.2 3);
GAST D: Pe = PD from the T>pe 11 Message correspondmg to the j* rangmg source (section 3 6 4 11 3).
IS the broadcast ephemens missed detection multipher for GAST A-C associated widi the sateUite constellation 
for the j* rangmg source The source of this parameter depends on the active GBAS approach service r>pe: 
GAST A. B or C: = Ka4_f,ops or Ko4_to:.ONASs as obtamed from die T>-pe 2 Message Additional Data
block 1 (section 3 64 3 1).
GAST D Kn<l_ej = Kari, DGPS or Kj,!, d olonass as obtained from the Type 2 Message Additional Data block 3 
(section 3.64.3 2.2)

3.6.5.8.2 GBAS positioning service. The horizontal ephemeris error position bound is defined 
as:

HEB = MAX{HEBj}
j

The horizontal ephemeris error position bound for the jth core satellite constellation ranging 
source used in the position solution is given by:

HEBj — jsiiomlx MrP| 4- KBU|_>_posdISU|0r

where:

®hor7.j" —

Sxj is as defined in 3.6.5.5.2.1 

Syj is as defined in 3.6.5.5.2.1 

Xair is defined in 3.6.5.4

Pj is the broadcast ephemeris decorrelation parameter for the j* ranging source. The source of 
this parameter does not depend on the active GBAS approach service type. In all cases, Pj=P 
from the Type 1 or Type 101 Message (section 3.6.4.2.3) corresponding to the j111 ranging
source.
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Kmd_e_P(js is the broadcast ephemeris missed detection multiplier for the GBAS positioning 
service associated with the satellite constellation for the jth ranging source (Kmd e pos.gps or
Kmd e POS.GLONASs)

d major is as defined in 3.6.5.5.2.1 

3.6.5.9 Ionospheric gradient error

The maximum undetected 30-second smoothed corrected pseudo-range error due to an 
ionospheric gradient (Eig) is calculated based on the broadcast parameters Yeig and Meig, as;

Eig ^ Yeig + MeigxDeig

where

Yeig = maximum value of Eig (metres) in the Type 2 message;
Meig = slope of maximum Eig (m/km) in the Type 2 message;
Deig = the distance in kilometres between the LTP location for the selected approach 
broadcast in the Type 4 Message and the GBAS reference point in the Type 2 message.

3.6.6 MESSAGE TABLES

Each GBAS message shall be coded in accordance with the corresponding message format 
defined in Tables B-70 through B-73.

Note. Message type structure is defined in 3.6.4.1
• • •
Table B-70B. Type 11 pseudo-range corrections (30-second smoothed pseudo-ranges)

Data content Bits
used

Range of values Resolution

Modified Z-count 14 0-1199.9 sec 0.1 sec
Additional message flag 2 0-3 1
Number of measurements 5 0-18 1
Measurement type 3 0-7 1
Ephemeris decorrelation parameter D (Pd) 8 0-1.275 X lO'3 m/m 5 X lO-6 m/m
(Notes 1,3)
For N measurement blocks:

Ranging source ID 8 1-255 1
Pseudo-range correction (PRC30) 16 ±327.67 m 0.01 m
Range rate correction (RRC30) 16 ±32.767 m/s 0.001 m/s

Sigma PR_gnd D(opr g„d o)(Note 2) 8 0-5.08 m 0.02m
Sigma PR_g,r\A JXopr gnd 30> 8 0-5.08 m 0.02 m

Notes:
1. For SB AS satellites, the parameter is .set to all zeros.
2. 1111 1111 indicates the source is invalid.
3. Parameter is as.sociated with the first transmitted measurement block
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Table B-71A, Type 2 GBAS-related data message

Data content
GBAS reference receivers 
Ground accuracy designator letter 
Spare
GBAS continuity/integrity designator 
Local magnetic variation 
Reserved and set to zero(OOOOO)
G\crt iono gradient

Refractivity index 
Scale height 
Refractivity uncertainty 
Latitude 
Longtitude
GBAS reference point height 
Additional data block 1 (if provided) 

Reference station data selector 
Maximum use distance (Do,,*)
Kmd e POS (il’S 
Rnid e GPS 
Kmd e POS,GlX)NASS 
Kmd e OU)NASS

Additional data blocks (repeated for all 
provided)
Additional data block length 
Additional data block number 
Additional data parameters

Bits used
2
2
1
3
11
5
8
g
8
8

32
32
24

8
8
8
8
8
8

8 
8

Variable

2 to 4

0 to 7 
± 180°

Oto 25.5 X I O'6 m/m 
16 to 781 

0 to 25 500 m 
0 to 255 
±90°

± 180°
± 83 886.07 m

Oto 48 
2 to 510 km 
Oto 12.75 
Oto 12.75 
Oto 12.75 
Oto 12.75

2 to 255 
2 to 255

Range values_____Resolution

I
0.25°

0.1 X 10'6m/m 
3

100 m 
I

0.0005 arcsec 
0.0005 arcsec 

0.01 m

1
2 km 
0.05 
0.05 
0.05 
0.05

Nou... MuInpleliSMJata blocks may he appended t'o a Type 2 message:
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Table B-72. Type 4 FAS data message

Data content Bits used Range of value Resolution
For N data sets

Data set length 8 2 to 212 1 byte
FAS data block 304 - -
FAS vertical alert limit /approach 8

status
(l .)when associated approach 
performance designator (APD) is 
coded as 0

0 to 50.8 m 0.2m

(2.) when associated approach 
performance designator! APD) 
is not coded as 0

0 to 25.4m 0.1m

FAS lateral approach alert
limit/approach status

8 0 to 50.8 m 0.2 m

3.6.7 NON-AIRCRAFT ELEMENTS

3.6.7.1 PERFORMANCE

3.6.7.1.1 Accuracy

3.6.7.1.1.1 The root-mean-square (RMS) (1 sigma) of the ground subsystem contribution to 
the corrected 100-second smoothed pseudo-range accuracy for GPS and GLONASS satellites 
shall be:
• • •

Note I.— The GBAS ground subsystem accuracy requirement is determined by the GAD 
letter and the number of reference receivers.

Note 2.— The ground subsystem contribution to the corrected 100-second smoothed pseudo­
range error specified by the curves defined in Tables 8-7-4 and B-75 and the contribution to 
the SBAS satellites do not include aircraft noise and aircraft multipath.

3.6.7.1.1.2 The RMS of the ground subsystem contribution to the corrected 100-second 
smoothed pseudo-range accuracy for SBAS satellites shall be:
• • •

3.6.7.1.2 Integrity

3.6.7.1.2.1 GBAS ground subsystem integrity risk

3.6.7.1.2.1.1 Ground subsystem integrity risk for GBAS approach .services

3.6.7.1.2.1.1.1 Ground subsystem signal-in-space integrity risk for GBAS approach service 
types A, B or C. For a GBAS ground subsystem classified as FAST A, B or C, the integrity 
risk shall be less than 1.5 x 10“7 per approach.

168



Note 1.— The integrity risk assigned to the GBAS ground subsystem is a subset of the GBAS 
signal-in-space integrity risk, where the protection level integrity risk (3.6.7.1.2.2.1) has been 
excluded and the effects of all other GBAS, SBAS and core satellite constellations failures are 
included. The GBAS ground subsystem integrity risk includes the integrity risk of satellite 
signal monitoring required in 3.6.7.3.3.

Note 2. - GBAS signal-in-space integrity ri.sk is defined as the probability that the ground 
subsystem provides information which when processed by a fault-free receiver, using any 
GBAS data that could be used by the aircraft in the service volume, results in an out-of- 
tolerance lateral or vertical relative position error without annunciation for a period longer 
than the maximum signal-in-space time-to-alert. An out-of-tolerance lateral or vertical 
relative position error is defined as an error that exceeds the GBAS approach services 
protection level and, if additional data block 1 is broadcast, the ephemeris error position 
bound.

3.6.7.1.2.1.1.2 Ground subsystem signal-in-space integrity risk for GBAS approach service 
type D. For a GBAS ground subsystem classified as FAST D the integrity risk for all effects 
other than errors induced by anomalous ionospheric conditions shall be less than 1.5 x lO-7 
per approach.

Note 1.— The integrity risk assigned to the GBAS ground subsystem classified as FAST D is 
a subset of the GBAS signal-in-space integrity risk, where the protection level integrity risk 
(3.6.7.1.2.2.1) has been excluded and the effects of all other GBAS, SBAS and core satellite 
constellations failures are included.

Note 2.— For GAST D the GBAS signal-in-space integrity risk is defined as the probability 
that the ground subsystem provides information which when processed by a fault-free 
receiver, using any GBAS data that could be used by the aircraft in the service volume, in the 
absence of an ionospheric anomaly results in an out-of-tolerance lateral or vertical relative 
position error without annunciation for a period longer than the maximum signal-in-space 
time-to-alert. An out-of-tolerance lateral or vertical relative position error is defined as an 
error that exceeds the GBAS approach .services protection level and the ephemeris error 
position bound. For GAST D, out of tolerance conditions caused by anomalous ionospheric 
errors are excluded from this integrity risk as the risk due to ionospheric anomalies has been 
allocated to and is mitigated by the airborne segment.

3.6.7.1.2.1.1.3 Ground .subsystem integrity risk for GAST D. For a GBAS ground subsystem 
classified as FAST D, the probability that the ground subsystem internally generates and 
transmits non-compliant information for longer thanl.5 seconds shall be less than 1 x 10“9 in 
any one landing.

Note 1.— This additional integrity risk requirement assigned to FAST D GBAS ground 
subsystems is defined in terms of the probability that internal ground subsystem faults 
generate non-compliant information. Non-compliant information in this context is defined in 
terms of the intended function of the ground .subsystem to support landing operations in 
Category 111 minima. For example, non-compliant information includes any broadcast signal 
or broadcast information that is not monitored in accordance with the standard.
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Nofe 2.— Environmental conditions (anomalous ionosphere, troposphere, radio frequency 
interference, GNSS signal multipath, etc.) are not considered faults; however, faults in 
ground subsystem equipment, used to monitor for or mitigate the effects of these 
environmental conditions, are included in this requirement. Similarly, the core satellite 
constellation ranging source faults are excluded from this requirement; however, the ground 
subsystem s capability to provide integrity monitoring for these ranging sources is included. 
Monitoring requirements for ranging source faults and ionosphere environmental conditions 
are separately specified in 3.6.7.3.3.2, 3.6.7.3.3.3 and. 3.6.7.3.4.

Note 3. Faults that occur in ground receivers used to generate the broadcast corrections 
are excluded from this requirement if they occur in any one, and only one, ground receiver at 
any time. Such faults are constrained by the requirement in 3.6.7.1.2.2.1.2 and the associated 
integrity risk requirements in 3.6.7.1.2.2.1 and 3.6.7.1.2.2.1.1.

3.6.7.1.2.1.2 Ground subsystem time-to-alert for GBAS approach services

3.6.7.1.2.1.2.1 Maximum time-to-alert for approach services

3.6.7.1.2.1.2.1.1 For a ground segment classified as FAST A, B, C or D, the GBAS ground 
subsystem maximum time-to-alert shall be less than or equal to 3 seconds for all signal-in­
space integrity requirements (see Appendix 6B, 3.6.7.1.2.1.1.1, 3.6.7.1.2.1.1.2, 3.6.7.1.2.2.1) 
when Type 1 messages are broadcast.

Note 1. The ground subsystem time-to-alert above is the time between the onset of the out 
of tolerance lateral or vertical relative position error and the transmission of the last bit of
the message that contains the integrity data that reflects the condition (see Attachment 6D 
7.5.14)
Note 2. For FAST D ground subsystems, additional range domain monitoring requirements 
apply as defined in section 3.6.7.3.3.2, 3.6.7.3.3.3 and 3.6.7.3.4. In these sections, time limits 
are defined for the ground system to detect and alert the airborne receiver of out-of-tolerance 
differential pseudo-range errors

3.6.7.1.2.1.2.1.2 For a ground segment classified as FAST A, the GBAS ground subsystem 
maximum signal-in-space time-to-alert shall be less than or equal to 5.5 seconds when Type 
101 messages are broadcast.

3.6.7.1.2.1.3 Ground subsystem FASLAL and FASVAL

3.6.7.1.2.1.3.1 For message Type 4 FAS data blocks with APD coded as 1, 2, 3 or 4, the 
value FASLAL for each FAS block, as defined in the FAS lateral alert limit field of the Type 
4 message shall be no greater than 40 metres, and the value FASVAL for each FAS block, as
defined in the FAS vertical alert limit field of the Type 4 message, shall be no greater than 10 
metres.

^ For message Type 4 FAS data blocks with APD coded as zero, the value
h ASLAL and FASVAL shall be no greater than the lateral and vertical alert limits given in 
CAR-ANS 6.3.7.2.4 for the intended operational use.
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3.6.7.1.2.1.4 Ground subsystem signal-in-space integrity risk for GBAS positioning service. 
For GBAS ground subsystem that provides the GBAS positioning service, integrity risk shall 
be less than 9.9 x lO-8 per hour.

Note 1.— The integrity risk assigned to the GBAS ground subsystem is a subset of the GBAS 
signal in-space integrity risk, where the protection level integrity risk (3.6.7.1.2.2.2) has been 
excluded arui the effects of all other GBAS, SB AS and core satellite constellations failures are 
included. The GBAS ground subsystem integrity risk includes the integrity risk of satellite 
signal monitoring required in 3.6.7.3.3.
• • •

3.6.7.1.2.1.4.1 Time-to-alert for GBAS positioning service. The GBAS ground subsystem 
maximum time-to-alert shall be less than or equal to 3 seconds when Type 1 messages are 
broadcast and less than or equal to 5.5 seconds when Type 101 messages are broadcast.

3.6.7.1.2.2 Protection level integrity risk

3.6.7.1.2.2.1 For a GBAS ground subsystem that provides GBAS approach services, the 
protection level integrity risk shall be less than 5 x lO-8 per approach.

Note.— For approach services, the protection level integrity risk is the integrity risk due to 
undetected errors in the 100- second smoothed position solution relative to the GBAS 
reference point greater than the associated protection levels under the two following 
conditions:

a) normal measurement conditions defined in 3.6.5.5.1.1 with Dv and Dl set to zero; and

b) faulted measurement conditions defined in 3.6.5.5.1.2 with Dvand Dl set to zero.

Note.— The ground subsystem bounding of the 100-second smoothed GAST D position 
solution will ensure that the 30 smoothed GAST D position solution is bounded

3.6.7.1.2.2.1.1 Additional bounding requirements for FAST D ground subsystems. The Overt 
(used in computing the protection level VPLho) and oiat (used in computing the protection 
level LPLho) for GAST D formed, based on the broadcast parameters (defined in 
3.6.5.5.1.1.1) and excluding the airborne contribution, shall satisfy the condition that a 
normal distribution with zero mean and a standard deviation equal to Oven and out bounds the 
vertical and lateral error distributions of the combined differential correction errors as 
follows;
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where

fn(x) - probability density function of the differential vertical or lateral position 
excluding the airborne contribution, and

error

Q(x)
oo f

V2k iX

e Overt,111 (used in computing the protection level VPLhi) and oiat.m (used in computing the 
protection level LPLm) for CAST D formed, based on the broadcast parameters (defined in 
3.6.5.5.1.2) and excluding the airborne contribution, shall bound the combined differential 
correction errors (as defined above) formed by all possible subsets with one reference 
receiver excluded.

N°te I. The airborne contribution is addressed in 3.6.8.3.2.1 in combination with the use of
the standard airborne multipath model defined in 3.6.5.5.1.1.2

Note 2 The combined differential correction errors refer to code-carrier-smoothed 
corrections based on 100-second smoothing time constant.

3.6.7.1.2.2.1.2 For a GBAS ground subsystem classified as FAST D, the rate of faulted
measurements from any one, and only one, reference receiver shall be less than 1 x io~5 per 
150 seconds. K

Note. Faulted measurements can occur from faults within the receiver or from 
environmental conditions unique to a single reference receiver location
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3.6.7.1.3 Continuity of service

3.6.7.1.3.1 Continuity of service for approach services. The GBAS ground subsystem 
continuity of service shall be greater than or equal to 1 - 8.0 x lO-6 per 15 seconds.
• • •

3.6.7.1.3.2 Additional continuity of service requirements for FAST D. The probability of a 
GBAS ground subsystem failure or false alert, excluding ranging source monitoring, causing 
an unscheduled interruption of service for a period equal to or greater than 1.5 seconds shall 
not exceed 2.0 x lO-6 during any 15 second interval. The probability that the ground 
subsystem excludes any individual fault-free ranging source from the Type 1 or Type 11 
corrections due to a false detection by the ground integrity monitors shall not exceed 2.0 x 
10“7 during any 15 second interval

Note 1.— Loss of service includes failures resulting in loss of the VHF data broadcast, 
failure to meet the VHF data broadcast field strength, failures resulting in transmission of 
out-of-tolerance VHF broadcast data, and alert due to an integrity failure. Guidance 
material on the potential causes of loss of service and monitor false detections are contained 
in Attachment 6D, 7.6.2.1

Note 2. - Continuity for FAST D is defined as the probability that the ground subsystem 
continues to provide the services associated with the intended ground subsystem functions. 
Total aircraft continuity of navigation system performance in the position domain must be 
evaluated in the context of a specific satellite geometry and aeroplane integration. 
Evaluation of position domain navigation service continuity is the responsibility of the 
airborne user for CAST D. Additional information regarding continuity is given in 
Attachment 6D, 7.6.2.1.

3.6.7.1.3.3 Continuity of service for positioning service

Note.— For GBAS ground subsystems that provide the GBAS positioning service, there may 
be additional continuity requirements depending on the intended operations.

3.6.7.2 FUNCTIONAL REQUIREMENTS

3.6.7.2.1 General

3.6.7.2.1.1 Data broadcast requirements.

3.6.7.2.1.1.1 A GBAS ground subsystem shall broadcast message types as defined in Table 
B-75A according to the service types supported by the ground subsystem.

3.6.7.2.1.1.2 Each GBAS ground subsystem shall broadcast Type 2 messages with additional 
data blocks as required to support the intended operations.

Note.— Guidance material concerning usage of the Type 2 message additional data blocks is 
provided in Attachment 6D, 7.17.

173



('GAST^RP^rn Tut gr?nd ^ubsystem which supports GBAS approach service type 
GRASSTirn’ CH K SHa br°adcast FAS b,ocks TyPe 4 messages for these approaches Ifa 
FA^hlnrL fd S!ibSy SUP1^TtS any aPProach using CAST A or B and does Lt broadcast 

9 ^ correspond,ng approaches, it shall broadcast additional data block 1 in the
1 ype z message.

• • •

f 7 f f S hlo^Ĵ sfor ^PVprocedures may be held within a database on board the aircraft 
adcasting additional data block 1 allows the airborne receiver to select the GBAS ground 

subsystem that supports the approach procedures in the airborne database. FAS blocks may
nZ. J br0adcapJ° SUPP°rt operations by aircraft without an airborne database. These 
procedures use different channel numbers as described in Attachment 6D, 7.7.

Tvn! s h1'4 Whe" the TyPe 5 meSSage is used’ the 8round subsystem shall broadcast the 
Type 5 message at a rate m accordance with Table B-76.

meetiL^^he^ F°r al1 meSSage typeS required to be broadoast, messages
^ u 8^h re£lu,renients of CAR-ANS 6.3, 6.3.7.3.5.4.4.1.2 and 

Z .u A'2 2 and he minimum rates shown in Table B-76 shall be provided at every point
CTound IT1Ce V0 Te- Jhf t,?tal message broadcast rates from all antenna system7ofthe 
gr und subsystem combined shall not exceed the maximum rates shown in Table B-76.

AZchf'ftD.C7jTrial COnCemmg ,he me of muUiPk ftprovM in

iATZ 1.2 Mes^nge hhck nianufier. The MBl shall be set to either normal or test according 
to the coding given in 3 6.3.4.1.

Table B-75A, GBAS message types for supported service types

y«uK GASTA-Notel CAST B-Note I GASTC-Noiel CAST D-Note I
^m
MT2

MT2-.ADB I 
MT2-ADB 2 
MT2-ADB 3 
MT2-ADB 4 
MT3-Note 5

MT 4 
-MT5

Mill - Note 6
xmol

Optional - Note 2
Required 

Optional - Note 3 
Opnonal - Note 4 

Not
Recommended
Recommended

Optional
Optional
Not used

Optional - Note 2

Required
Required 

Optional - Note 3 
Optional-Note 4

Not need 
Recommended 
Recommended 

Required 
Opnonal
Not u:ed

Not allowed

Required 
Required 

Opnonal - Note 3 
Opnonal-Note 4

Not uied 
Recommended 
Recommended 

Required
Opnonal
Not iced

Not allowed

Required
Required
Required
Opnonal
Required
Required
Required
Required
Opnonal
Required

Not allowed
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Note /.— Definition of terms:

• Required: Message needs to he transmitted when supporting the service type;
• Optional: Message transmission is optional when supporting the service type (not 

used hy some or all airborne subsystemsf;
• Recommended: Use of the message is optional, hut recommended, when supporting 

the service type;
• Not used: Message is not used hy airborne subsystems for this service type;
• Not allowed: Message transmission is not allowed when supporting the service type.

Note 2. Ground subsystems supporting GAST A service types may broadcast Type I or 101 
Messages, hut not both. Guidance material concerning usage of the Type 101 message is 
provided in Attachment 6D, 7.18.

Note 3. MT2-ADR1 is required if positioning service is offered.

Note 4.— M12-ADB2 is required if GRAS service is offered.

Note 5. - MTS is recommended (GAST A, B, C) or required (GAST-D) to he used only in 
order to meet slot occupancy requirements in 3.6.7.4.1.3.

Note 6. Guidance material concerning usage of the Type 11 message is provided in 
Attachment 61), 7.20.

Table B-76. GBAS VHP data broadcast rates

Message Type Minimum broadcast rate Maximum broadcast rate
1 or 101 For each measurement type;

All measurement blocks once 
per frame (Note)

2 Once per 20 consecutive 
frames

3 Rate depends on message 
length and scheduling of other 
messages (see section 
3.6.7.4.1.3)

4 All FAS blocks once per 20 
consecutive frames

5 All impacted sources once per 
20 consecutive frames;

For each measurement type;
All measurement blocks once per slot

Once per frame (except as stated in 
3.6.74.1.2)
Once per slot and eight times per frame

All FAS blocks once per frame

All impacted sources once per 5 
consecutive frames

11 For each measurement type; For each measurement type;
All measurement blocks once All measurement blocks once per slot 
per frame(see Note)
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3.6.7.2.1.3 VDB authentication

3 6.7.2.1.3.1 All GBAS ground subsystems shall support VDB authentication (see 3.6.7.4).

A" gr0Und Subs>'stenls dassifi«' fast D shall support VDB authentication

3.6.7.2.2 Pseudo-range corrections

and the last bit of^ihe'bro^calt'Ty^6]5?^6" Tor "0ICated by theh71°dified Z-count 
seconds. ype Jype H or Type 101 message shall not exceed 0.5

fn6the2-n tYrC""8 3,1 eP\eTnS Change’1,16 first ran^nH —
decorrelation parameter ephemeris CRC 'anH5386 S 3 seq“ence 80 that the ephemeris
satellite constellation’seran^ngIsource^^tra^mltt^L ?vada^1 d-ation for each core
an ephemeris change tht 1!; tran5mitted at least once every 10 seconds. During
decorrelation parameter ephemerir1^?? an^CC Sha11 Seqifnce 80 that the ephemeris 
satellite constenatione,serai^ngsourc^^e t^ism^H6 aIvad^^, d-at.on for each core 
new ephemeris data are re^efyen^nr ! ^anSmifdat ,ea8t once every 27 seconds. When 
ground subsystem shall use the orevions pr^h6 83 6 !ite c^8te,latlon’s ranging source, the 
ephemeris data have been continuously reS^^L Tn thG
transition to the new ephemeris data before t ? i! 1 2 minute8 but shaH make a
made to using the new ephemeris data fJr a given randngTolr^Th Whcn .thisK tran8ition is 
broadcast the new ephemeris TRP anH aC g . j , ® source, the ground subsystem shall
PD for all occurren«s^et^t^raMhi'^^u^ai^theV|rf^UenC^ inf0T,i0n- n0,ably P a"d 

Type 11 orTvnp mi .v, dnpng source in the low-frequency information of Tvoe 1
the ground sulTyst.m d' ^ ranging S0Urre:
data until the new CRC ephemeris is transmittpH • tu spo"din8to the previous ephemeris 
11 or Type 101 message (see Note) If the ephemeris CR W'^requency £jata of Type 1, Type 
ground subsystem shall consider the ranging Ilturce invSS. '0D d°eS n0t• ‘be

allow sufflcieni

• • •

be deteimined by confb'in'mg thepscudo^'ranre f80*1 b™adcaSt Psoodo-range correction shall 

SM. be b^ on sraoothr^^rplrotrg:
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.CZ1nelmeaSUrem!nt fr0m ajSm00thing fi,ter and the approach service type specific 
smoothing parameters in accordance with Appendix 6B, section 3.6.5.1.

Br0ad^alt Slgnal-m-sPace integrity parameters. The ground subsystem shall 
prf,dfand)B Parameters for each pseudo-range correction in Type 1 message such 

mat the protection level integrity risk requirements defined in 3.6.7.1.2.2 for CAST A B and
secfiLSaf6fi4d2 T B that are n0t USin8 the Special coding (as defined in

t i v } ai he provided Wlth each pseudo-range correction. The ground
subsystem shdl provide apr_gnd and, if necessary, B parameters for each pseudo-range
defin^^n 3I6.7J^.2^ ‘hat ,,K Pr°t,:C,i0" 'eVd in,egri,y riSk re^“irements

Note.-- Broadcast of the B parameters are optional for Type 101 messages. Guidance 
material regardmg the B parameters m Type 101 messages is contained in Attachment 6D,

^f^72.2 4.1 Br()adcalt signal-in-space integrity parameters for FAST D ground subsystems. 
Ground subsystems that support CAST D shall provide Sigma_PR_gnd D in the Type 11 
message and B parameters for each pseudo-range correction in the Type 1 message, such that 
the protection level integrity risk requirement defined in 3.6.7.1.2.2.1 is satisfied.

FA,ST D SyS,T brf dcas,i"8 the TyP« ' I tnessage, if is coded as 
mvahd in the Type I message, then the Sigma_PR_gnd_D for the associated satellite in the 
type 11 message shall also be coded as invalid.

3.6.7.2.2.6 Repeated transmission of Type 1, Type 2. Type 11 or Type 101 messages. For a 
given measurement type and within a given frame, all broadcasts of Type 1 Type 2 Tyne 11
?R\yrJ01. P3"5 fi-0"1311 GBAS broadcast stations that share a co^on
UdAJ) identification, shall have identical data content.

3.6.7.2.2.9 Linked pair of Type 1. Type 11 or Type 101 messages. If a linked pair of Type 1 
1 ype 11 or Type 101 messages is transmitted then, ’

•••
d) the two messages shall be broadcast in different time slots;

e) the order of the B values in the two messages shall be the same;

f) for a particular measurement type, the number of measurements and low-frequency data 
shall be computed separately for each of the two individual messages;

'n.t!ie ^.aS.e FAS^D, when a pair of linked Type 1 messages are transmitted, there shall 
also be a linked pair of Type 11 messages; and

h) if linked message types of Type I or Type 11 are used, the satellites shall be divided into 
the same sets and order in both Type 1 and Type 11 messages.
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Type II messages. Airborne processing is not po.ssihIe for satellites included in the Type II 
message, but also not included in the associated Type I message.

3.6.7.2.2.9.1 Linked messages shall only be used when there are more pseudo-range 
corrections to transmit than will fit in one Type 1 message.

3.6.7.2.2.10 ModifiedZ-count requirements

3.6.7.2.2.10.1 Modified Z-count update. The modified Z-count for Type 1, Type 11 or Type 
101 messages of a given measurement type shall advance every frame.

3.6.7.2.2.10.2 If message Type 11 is broadcast, the associated Type 1 and Type 11 messages 
shall have the same modified Z-count

3.6.7.2.2.11 Ephemeris decorrelation parameters

3.6.7.2.2.11.1 Ephemeris decorrelation parameter for approach services. For ground 
subsystems that broadcast the additional data block 1 in the Type 2 message, the ground 
subsystem shall broadcast the ephemeris decorrelation parameter in the Type 1 message for 
each core satellite constellation ranging source such that the ground subsystem integrity risk 
of 3.6.7.1.2.1.1.1 is met.

3.6.7.2.2.11.2 Ephemeris decorrelation parameter for CAST D. Ground subsystems classified 
as FAST D shall broadcast the ephemeris decorrelation parameter in the Type 11 message for 
each core satellite constellation ranging source such that the ground subsystem signal-in­
space integrity risk of 3.6.7.1.2.1.1.2 is met.

3.6.7.2.2.11.3 GBAS positioning service. For ground subsystems that provide the GBAS 
positioning service, the ground subsystem shall broadcast the ephemeris decorrelation 
parameter in the Type 1 message for each core satellite constellation’s ranging source such 
that the ground subsystem signal-in-space integrity risk of 3.6.7.1.2.1.4 is met.

3.6.7.2.3 GBAS-related data 

3.6.7.2.3.2 GCID indication

3.6.7.2.3.2.1 GCID indication for FAST A, B or C. If the ground subsystem meets the 
requirements of 3.6.7.1.2.1.1.1, 3.6.7.1.2.2.1, 3.6.7.1.3.1,.3.6.7.3.2 and 3.6.7.3.3.1 but not all 
of 3.6.7.1.2.1.1.2, 3.6.7.1.2.1.1.3,.3.6.7.1.2.2.1.1, and 3.6.7.1.3.2 the GCID shall be set to 1, 
otherwise it shall be set to 7.

Note.— Some of the requirements applicable to FAST D are redundant with the FAST A, B 
and C requirements. The phrase "not all of" refers to the condition where a ground 
subsystem may meet some of the requirements applicable to FAST D but not all of them. 
Therefore, in that condition, the GCID would be set to I, indicating that the ground 
subsystem meets only FAST A, B or C.
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3.6.7.2.3.2.2 GCID indication for FAST D. If the ground subsystem meets the requirements 
of 3.6.7.1.2.1.1.1, 3.6.7.1.2.1.1.2, 3.6.7.1.2.1.1.3, 6 3.6.7.1.2.2.1.1, 3.6.7.1.2.2.1, 3.6.7.1.3.1, 
3.6.7.1.3.2, .3.6.7.3.2 and 3.6.7.3.3, the GCID shall be set to 2, otherwise it shall be set in 
accordance with 3.6.7.2.3.2.I.

3.6.7.2.3.2.3 GCID values of 3 and 4 are reserved for future service types and shall not be 
used.

3.6.7.2.3.5 Ionospheric uncertainty estimate parameter

3.6.7.2.3.5.1 Ionospheric uncertainty estimate parameter for all ground subsystems. The 
ground subsystem shall broadcast an ionospheric delay gradient parameter in the Type 2 
message such that the protection level integrity risk requirements defined in 3.6.7.1.2.2 are 
satisfied.

3.6.7.2.3.5.2 Ionospheric uncertainty estimate parameter for FAST D ground subsystems. 
The ground subsystem shall broadcast an ionospheric delay gradient parameter in the Type 2 
message, additional data block 3, such that the protection level integrity risk requirements 
defined in 3.6.7.1.2.2 are satisfied.

Note. Guidance material concerning FAST D position domain error bounding for 
ionospheric errors may be found in Attachment 6D, 7.5.6.1.3 and 7.5.6.1.4.

3.6.7.2.3.8.1 Maximum use distance. The ground subsystem shall provide the maximum use 
distance (Dmax). When the positioning service is provided the ground subsystem integrity risk 
in 3.6.7.1.2.1.4 and the protection level integrity risk in 3.6.7.1.2.2.2 shall be met within 
Dmax. When approach service is provided, the maximum use distance shall at least encompass 
all approach service volumes supported.

3.6.7 2.4.4 LTP/FTP for FASTD. For an approach that supports GAST D, the LTP/FTP point 
in the corresponding FAS definition shall be located at the intersection of the runway centre 
line and the landing threshold.

Note.— Airborne systems may compute the distance to the landing threshold using the 
LTP/FTP. For GAST D approaches, the LTP/FTP is to be at the threshold so that these 
distance-to-go computations reliably reflect the distance to the threshold.

3.6.7.2.4.5 FPAP location for FAST D. For an approach that supports GAST D, the FPAP 
point in the corresponding FAS definition shall be located on the extended runway centre line 
and the ALength offset parameter shall be coded to correctly indicate the stop end of the 
runway.

3.6.7.2.5 Predicted ranging source availability data
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Note.— Ranging source availability data are optional for FAST A, B, C or D ground 
subsystems and may be required for possible future operations.

3.6.7.2.6 General functional requirements on augmentation

3.6.7.2.6.1 GBAS ground subsystems classified as FAST C or FAST D shall provide 
augmentation based on GPS at a minimum.

3.6.7.2.6.2 Ground subsystems classified as FAST C shall be able to process and broadcast 
corrections for at least 12 satellites of each core constellation for which differential 
corrections are provided.

3.6.7.2.6.3 Ground subsystems classified as FAST D shall be able to process and broadcast 
differential corrections for at least 12 satellites of one core constellation.

Note.— Technical validation has only been completed for GAST D when applied to GPS.

3.6.7.2.6.4 Whenever possible, differential corrections for all visible satellites with an 
elevation greater than 5 degrees above the local horizontal plane tangent to the ellipsoid at the 
ground subsystem reference location shall be provided for each core constellation for which 
augmentation is provided.

Note.— The phrase “whenever possible" in this context means whenever meeting another 
requirement in these SARPs (e.g. 3.6.7.3.3.1) does not preclude providing a differential 
correction for a particular satellite.

3.6.1.2 MONITORING

3.6.7.3.1 RF monitoring

3.6.7.3.1.1 VHP data broadcast monitoring. The data broadcast transmissions shall be 
monitored. The transmission of the data shall cease within 0.5 seconds in case of continuous 
disagreement during any 3-second period between the transmitted application data and the 
application data derived or stored by the monitoring system prior to transmission. For FAST 
D ground subsystems, the transmission of the data shall cease within 0.5 seconds in case of 
continuous disagreement during any 1-second period between the transmitted application data 
and the application data derived or stored by the monitoring system prior to transmission.

Note.— For ground subsystems that support authentication, ceasing the transmission of data 
means ceasing the transmission of Type I messages and Type 11 messages if applicable or 
ceasing the transmission of Type 101 messages. In accordance with 6.3.6.7.4.1.3, the ground 
subsystem must still transmit messages such that the defined percentage or more of every 
assigned slot is occupied. This can be accomplished by transmitting Type 2, Type 3, Type 4 
and/or Type 5 messages.

3.6.7.3.2 Data monitoring
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3.6.7.3.2.1 Broadcast quality monitor. The ground subsystem monitoring shall comply with 
the time-to-alert requirements given in 3.6.7.1.2.1. The monitoring action shall be one of the 
following:

a) to broadcast Type 1 (and Type 11 if broadcast) or Type 101 messages with no 
measurement blocks; or

b) to broadcast Type 1 (and Type 11 if broadcast) or Type 101 messages with the Opr_gnd,i (and 
CTpr_gnd_D.i if broadcast) field set to indicate the ranging source is invalid for every ranging 
source included in the previously transmitted frame; or

c) to terminate the data broadcast.

Note.— Monitoring actions a) and b) are preferred to c) if the particular failure mode 
permits such a response, because actions a) and b) typically have a reduced signal-in-space 
time-to-alert.

3.6.7.3.3 Integrity monitoring for GNSS ranging sources

3.6.7.3.3.1 The ground subsystem shall monitor the satellite signals to detect conditions that 
will result in improper operation of differential processing for airborne receivers complying 
with the tracking constraints in Attachment 6D, 8.11. The monitor time-to-alert shall comply 
with 3.6.7.1.2. The monitor action shall be to set Opr_gnd to the bit pattern “1111 1111” for the 
satellite or to exclude the satellite from the Type 1, Type 11 or Type 101 message.

3.6.7.3.3.1.1 The ground subsystem shall use the strongest correlation peak in all receivers 
used to generate the pseudo-range corrections. The ground subsystem shall also detect 
conditions that cause more than one zero crossing for airborne receivers that use the early-late 
discriminator function as described in Attachment 6D, 8.11.

3.6.7.3.3.2 For FAST D ground subsystems, the probability that the error at the landing 
threshold point (LTP) of any runway for which the ground subsystem supports CAST D, |Er|, 
on the 30-second smoothed corrected pseudo-range (see 3.6.5.2) caused by a ranging source 
fault, is not detected and reflected in the broadcast Type 11 message within 1.5 s shall fall 
within the region specified in Table B-76A.

Ranging source faults for which this requirement applies are:

a) signal deformation (Note 1.);

b) code/carrier divergence;

c) excessive pseudo-range acceleration, such as a step or other rapid change; and

d) erroneous broadcast of ephemeris data from the satellite.

181



Note I.— Refer to Attachment 6D, 8.11 for further information on GAEC-D avionics relating 
to signal deformation fault.

Note 2.— Upon detection, a ranging source fault may be reflected in the Type 11 message by 
either:

a) removing the correction for the associated .satellite from the Type 11 message; or

b) marking the satellite as invalid using the coding of aPr g,u] d (see 3.6.4.11.4).

Note 3.— The acceptable probability of a missed detection region is defined with respect to 
differentially corrected pseudo-range error. The differentially corrected pseudo-range error, 
Er., includes the error resulting from a single ranging source fault, given the correct 

application of GBAS ground subsystem message Type 11 broadcast corrections (i.e. 
pseudorange correction and range rate corrections defined in .section 3.6.4.11) by the 
aircraft avionics as specified within section 3.6.8.3. Evaluation of Pmdperformance includes 
GBAS ground sub.sy.stem fault-free noi.se. The growth of\Er\ with time shall consider the data 
latency of the ground subsystem, but not the airborne latency, as described in Attachment 6D, 
7.5.14.

Note 4.— Additional information regarding the ranging .source fault conditions and 
monitoring requirements for EAST D ground subsystems may be found in Attachment 6D, 
7.5.14. Missed mes.sages do not need to be considered as part of compliance with this 
requirement.

Table B-76 A. Pmd limit Parameters

Probability of Missed Detection Pseudo-ran ge Error (metres)
Pmd limit < 1 o< Er 1 < 0.75

Pmd limit S 10

0.75 < I Er I < 2.7 

2.7 < I Erl <00

3.6.7.3.3.3 For FAST D ground subsystems, the probability that an error at the landing 
threshold point (LTP) of any runway for which the ground subsystem supports GAST D, |Er|, 
greater than 1.6 metres on the 30-second smoothed corrected pseudo-range (see 3.6.5.2), 
caused by a ranging source fault, is not detected and reflected in the broadcast Type 11 
message within 1.5 seconds shall be less than 1 x lO-9 in any one landing when multiplied by 
the prior probability (Paprion)- Ranging source faults for which this requirement applies are;

a) signal deformation (Note 1);
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b) code/carrier divergence;

c) excessive pseudo-range acceleration, such as a step or other rapid change; and

d) erroneous broadcast of ephemeris data from the satellite.

Note I.— Refer to Attachment 6D, 8.11 for further information on GAEC-D avionics relating 
to signal deformation fault.

Note 2.— It is intended that the prior probability of each ranging source fault (Paprion) be the 
same value that is used in the analysis to show compliance with error bounding requirements 
for FAST C andD (see Appendix 6B, 3.6.5.5.1.1.1).

Note 3.— Upon detection, a ranging source fault may be reflected in the Type 11 message by 
either:

a) removing the fatdty satellite correction from the Type 11 message; or

b) marking the .satellite as invalid using the coding of Oprjgnd_D(see 3.6.4.11.4).

Note 4.— Additional information regarding the ranging source fault conditions and 
monitoring requirements for FAST D ground subsystems may be found in Attachment 6D, 
7.5.14. Missed mes.sages do not need to be considered as part of compliance with this 
requirement.

3.6.7.3.4 Ionospheric gradient mitigation

For FAST D ground subsystems, the probability of an error (|Er|) in the 30-second smoothed 
corrected pseudo-range at the landing threshold point (LTP) for every CAST D supported 
runway that: a) is caused by a spatial ionospheric delay gradient,b) is greater than the Eio 
value computed from a broadcast Type 2 message, and c) is not detected and reflected in the 
broadcast Type 11 message within 1.5 seconds shall be less than 1 x lO-9 in any one landing. 
The FAST D ground subsystem shall limit the Type 2 broadcast parameters to ensure that the 
maximum Eio at every LTP supporting CAST D operations shall not exceed 2.75 metres.

Note 1.— The total probability of an undetected delay gradient includes the prior probability 
of the gradient and the monitor(s) probability of missed detection.

Note 2— Validation guidance for this requirement can be found in 7.5.6.1.8

3.6.7.4 FUNCTIONAL REQUIREMENTS FOR AUTHENTICATION PROTOCOLS
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3.6.7.4.1.2 The ground subsystem shall broadcast every Type 2 message only in one of a set 
of slots defined as the MT 2 sanctioned slots. The first slot in the group of MT 2 sanctioned 
slots corresponds to the SSID coding for the ground subsystem. Slot A is represented by 
SSID = 0, B by 1, C by 2, and H by 7. The group of MT 2 sanctioned slots then also includes 
the next slot after the slot corresponding to the station SSID if it exists in the frame. If there is 
not an additional slot before the end of the frame, only the SSID is included in the set.

Note.— For example, the MT 2 sanctioned slot group for SSID = 0 would include slots {A, B} 
while the MT 2 .sanctioned slot group for SSID = 6 would include slots {G, H}. The MT 2 
sanctioned slot group for SSID = 7 includes slot {H} only.

3.6.7.4.1.2.1 The set of slots assigned to a ground station shall include at a minimum all the 
slots in the MT 2 sanctioned slots as described in section 3.6.7.4.1.2.

3.6.7.4.1.3 Assigned slot occupancy. The ground subsystem shall transmit messages such that 
89 per cent or more of every assigned slot is occupied. If necessary. Type 3 messages may be 
used to fill unused space in any assigned time slot.

Note 1.— More information on the calculation of the slot occupancy is provided in 
Attachment 6D, 7.21.

Note 2.— The requirement applies to the aggregate transmissions from all transmitters of a 
GBAS ground subsystem. Due to signal blockage, not all of tho.se transmissions may be 
received in the service volume.

3.6.7.4.1.4 Reference path identifier coding. Every reference path identifier included in every 
final approach segment data block broadcast by the ground subsystem via the Type 4 
messages shall have the first letter selected to indicate the SSID of the ground subsystem in 
accordance with the following coding.

Coding: A
X
Z
J
C
V
p
T

= SSID of 0 
= SSID of 1 
= SSID of 2 
= SSID of 3 
= SSID of 4 
= SSID of 5 
= SSID of 6 
= SSID of 7

3.6.7.4.2 Functional requirements for ground subsystems that do not support authentication

3.6.7.4.2.1 Reference path identifier coding. Characters in this set: {A X Z J C V P T} shall 
not be used as the first character of the reference path identifier included in any FAS block 
broadcast by the ground subsystem via the Type 4 messages.

3.6.8 AIRCRAFT ELEMENTS
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3.6.8.1 GNSS receiver. The GBAS-capable GNSS receiver shall process signals of GBAS in 
accordance with the requirements specified in this section as well as with requirements in
3.1.3.1 and/or 3.2.3.1 and/or 3.5.8.1.

Note.— In order to ensure the required performance and functional objectives for CAST D 
are achieved, it is necessary for the airborne equipment to meet defined performance and 
functional standards. The relevant minimum operational performance .standards are detailed 
in RTCA DO-253D.

3.6.8.2.2.3 VHF data broadca.st message failure rate. The VHF data broadcast receiver shall 
achieve a message failure rate less than or equal to one failed message per 1 000 full-length 
(222 bytes) application data messages, within the range of the RF field strength defined in
3.7.3.5.4.4 as received by the airborne antenna, provided that the variation in the average 
received signal power between successive bursts in a given time slot does not exceed 40 dB. 
Failed messages include those lost by the VHF data broadcast receiver system or which do 
not pass the CRC after application of the FEC.

Note 1.— An aircraft VHF data broadcast receiving antenna can be horizontally or vertically 
polarized. Due to the difference in the signal strength of horizontally and vertically polarized 
components of the broadcast signal, the maximum total aircraft implementation loss for 
horizontally polarized receiving antennas is 4 dB higher than the maximum loss for vertically 
polarized receiving antennas. For guidance in determining aircraft implementation loss see 
Attachment 6D, 7.2.

Note 2. It is acceptable to exceed the signal power variation requirement in limited parts of 
the service volume when operational requirements permit. Refer to Attachment 6D, 7.12.4.1 
for guidance.

3.6.8.2.2.4 VHF data broadcast time slot decoding. The VHF data broadcast receiver shall 
meet the requirements of 3.6.8.2.2.3 for all message types required (see 3.6.8.3.1.2.1) from 
the selected GBAS ground subsystem. These requirements shall be met in the presence of 
other GBAS transmissions in any and all time slots respecting the levels as indicated in 
3.6.8.2.2.5.1 b).

Note.— Other GBAS transmissions may incliude: a) other message types with the same SSID, 
and b) messages with different SSlDs.

3.6.8.2.2.5 Co-channel rejection

3.6.8.2.2.5.1 VHF data broadcast as the unde.sired signal .source. The VHF data broadcast 
receiver shall meet the requirements specified in 3.6.8.2.2.3 in the presence of an undesired 
co-channel VHF data broadcast signal that is either;

a) assigned to the same time slot(s) and 26 dB below the desired VHF data broadcast signal 
power at the receiver input or lower; or
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b) assigned different time slot(s) and no more than 72 dB above the minimum desired VHP 
data broadcast signal field strength defined in 3.7.3.5.4.4.

3.6.8.2.2.5.2 VOR as the undesired signal. The VHP data broadcast receiver shall meet the 
requirements specified in 3.6.8.2.2.3 in the presence of an undesired co-channel VOR signal 
that is 26 dB below the desired VHP data broadcast signal power at the receiver input.

3.6.8.2.2.6 Adjacent channel rejection

3.6.8.2.2.6.1 First adjacent 25 kHz channels (±25 kHz). The VHP data broadcast receiver 
shall meet the requirements specified in 3.6.S.2.2.3 in the presence of a transmitted undesired 
signal offset by 25 kHz on either side of the desired channel that is either:

a) 18 dB above the desired signal power at the receiver input when the undesired signal is 
another VHP data broadcast signal assigned to the same time slot(s); or

b) equal in power at the receiver input when the undesired signal is VOR.

3.6.8.2.2.6.2 Second adjacent 25 kHz channels (±50 kHz). The VHP data broadcast receiver 
shall meet the requirements specified in 3.6.8.2.2.3 in the presence of a transmitted undesired 
signal offset by 50 kHz on either side of the desired channel that is either:

a) 43 dB above the desired signal power at the receiver input when the undesired signal is 
another VHP data broadcast source assigned to the same time slot(s); or

b) 34 dB above the desired signal power at the receiver input when the undesired signal is 
VOR.

3.6.8.2.2.6.3 Third and beyond adjacent 25 kHz channels (±75 kHz or more). The VHP data 
broadcast receiver shall meet the requirements specified in 3.6.8.2.2.3 in the presence of a 
transmitted undesired signal offset by 75 kHz or more on either side of the desired channel 
that is either:

a) 46 dB above the desired signal power at the receiver input when the undesired signal is 
another VHP data broadcast signal assigned to the same time slot(s); or

b) 46 dB above the desired signal power at the receiver input when the undesired signal is 
VOR.

3.6.8.2.2.8 2 Desensitization. The VHP data broadcast receiver shall meet the requirements 
specified in 3.6.8.2.2.3 in the presence of VHP PM broadcast signals with signal levels 
shown in Tables B-80 and B-81.
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Table B-79. Maximum levels of undesired signals

Frequency Maximum level of undesired signals at the receiver 
input (db above S max)

50 kHz up to 88 MHz 
88 MHz-107.900 MHz
108.000 MHz-117.975 MHz
118.000 MHz 
118.025 MHZ
118.050 MHz up to 1 660.5 MHz

-12
(see 3.6.8.2.2.8.2 and 3.6.8.2.2.8.3) 

Excluded 
-43 
-40 
-12

Frequency Maximum level of undesired signals at the 
receiver input (dB above S max)

50 kHz up to 88 MHz 
88 MHz-107.900 MHz 
108.000Mhz-l 17.975 MHz 
108.000 MHz 
118.025 MHz
118.050 MHz up to 1 660.5 MHz

-12
(see 3.6.8.2.2.8.2) 

Excluded 
-43 
-40 
-12

Notes.—
/. The relationship is linear between single adjacent points designated by the above 

frequencies.

2. These interference immunity requirements may not he adequate to ensure compatibility 
between VHP' data broadcast receivers and VHF communication .systems, particularly for 
aircraft that use the vertically polarized component of the VHP' data broadcast. Without 
coordination between COM and NA V frequencies assignments or respect of a guard band at 
the top end of the 112 - 117.975 MHz hand, the maximum levels quoted at the lowest COM 
VHF channels (118.000, 118.00833, 118.01666, 118.025, 118.03333, 118.04166, 118.05) 
may be exceeded at the input of the VDB receivers. In that case, some means to attenuate the 
COM signals at the input of the VDB receivers (e.g. antenna .separation) will have to he 
implemented. The final compatibility will have to be a.ssured when equipment is installed on 
the aircraft.

3. Sma\ is the maximum desired VHP' data broadcast signal power at the receiver input.

Table B-80. Desensitization frequency and power requirements 
that apply for VDB frequencies from 108.025 to 111.975 MHz

Frequency Maximum level of undesired signals at the 
receiver input (dB above Smax)

88 MHz < f < 102 MHz 
104 MHz 
106 MHz 
107.9 MHz

16
11
6
-9
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Notes.—
1. The relationship is linear between single adjacent points designated by the above 

frequencies.

2. This desensitization requirement is not appliedfor FMcarriers above 107.7 MHz and VDB 
channels at108.025 or 108.050 MHz. See Attachment 6D, 7.2.1.2.2.

3. Smax is the maximum desired VHF data broadcast signal power at the receiver input.

Table B-81. Desensitization frequency and power requirements 
that apply for VDB frequencies from 112.000 to 117.975 MHz

Frequency Maximum level of undesired signals at the 
receiver input (dB above Smax)

88 MHz < f < 104 MHz
106 MHz
107 MHz 
107.9 MHz

16
11
6
1

Notes.—
1. The relationship is linear between single adjacent points designated by the above 

frequencies.

2. Smax is the maximum desired VHF data broadcast signal power at the receiver input.______

3.6.8.2.2.8.3 VHF data broadcast FM intermodulation immunity. The VHF data broadcast 
receiver shall meet the requirements specified in 3.6.8.2.2.3 in the presence of interference 
from two-signal, third-order intermodulation products of two VHF FM broadcast signals 
having levels in accordance with the following:

2N, + Nj + 3 [23 - SaMX] 5= 0

for VHF FM sound broadcasting signals in the range 107.7 - 108.0 MHz and

2Ni + N2 + 3 [23 - Smax 20 Log (Af 0.4)] < 0
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for VHF FM sound broadcasting signals below 107.7 MHz

where the frequencies of the two VHF FM sound broadcasting signals produce, within the 
receiver, a two signal, third-order intermodulation product on the desired VDB frequency.

Ni and N2 are the levels (dBm) of the two VHF FM sound broadcasting signals at the VHF 
data broadcast receiver input. Neither level shall exceed the desensitization criteria set forth 
in 3.6.8.2.2.8.2.

Af = 108.1 - fi, where fi is the frequency of Ni, the VHF FM sound broadcasting signal 
closer to 108.1 MHz.

Smax is the maximum desired VHF data broadcast signal power at the receiver input.

Note. The FM intermodulation immunity requirements are not applied to a VHF data 
broadcast channel operating below 108.1 MHz, hence frequencies below 108.1 MHz are not 
intended for general assignments. Additional information is provided in Attachment 6D, 
7.2.1.2.

3.6.8.3 AIRCRAFT FUNCTIONAL REQUIREMENTS

Note.— Unless otherwise specified, the following requirements apply to all GBAS airborne 
equipment classifications as described in Attachment 6D, 7.1.4.3.

3.6.8.3.1.2.1 GBAS message processing capability. The GBAS receiver shall at a minimum 
process GBAS message types in accordance with Table B-82.

Table B-82. Airborne equipment message type processing
GBAS airborne equipment 

classification (GAEC)
Minimum message types processed

GAEC A 
GAEC B 
GAEC C 
GAEC D

MT 1 or 101, MT 2 (including ADB 1 and 2 if provided) 
MT 1, MT 2 (including ADB 1 and 2 if provided), MT4 
MT 1, MT 2 (including ADB 1 if provided ), MT 4 
MT 1, MT2 (including ADB 1,2,3 and 4), MT 4 and MT 11

3.6.8.3.1.5 The receiver shall only apply pseudo-range corrections from the most recently 
received set of corrections for a given measurement type. If the number of measurement 
fields in the most recently received message types (as required in App)endix 6B, section 
3.6.7.2.1.1.1 for the active service type) indicates that there are no measurement blocks, then 
the receiver shall not apply GBAS corrections for that measurement type.

3.6.8.3.1.6 Validity of pseudo-range corrections
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3.6.8.3.1.6.1 When the active service type is A, B or C, the receiver shall exclude from the 
differential navigation solution any ranging sources for which Oprj^id in the Type 1 or Type 
101 messages is set to the bit pattern “1111 1111”.

3.6.8.3.1.6.2 If the active service type is D, the receiver shall exclude from the differential 
navigation solution any ranging source for which aPr_jgnd_D in the Type 11 message or Oprin 
the Type 1 message is set to the bit pattern “1111 1111”.

3.6.8.3.1.7 The receiver shall only use a ranging source in the differential navigation solution 
if the time of applicability indicated by the modified Z-count in the Type 1, Type 11 or Type 
101 message containing the ephemeris decorrelation parameter for that ranging source is less 
than 120 seconds old.

3.6.8.3.1.8 Conditions for use of data to support approach services

3.6.8.3.1.8.1 During the final stages of an approach, the receiver shall use only measurement 
blocks from Type 1, Type 11 or Type 101 messages that were received within the last 3.5 
seconds.

Note.— Guidance concerning time-to-alert is given in Attachment 6D, 7.5.14

3.6.8.3.1.8.2 GCID indications

3.6.8.3.1.8.2.1 When the active service type is A, B or C, the receiver shall use message data 
from a GBAS ground subsystem for guidance only if the GCID indicates 1, 2, 3 or 4 prior to 
initiating the final stages of an approach.

3.6.8.3.1.8.2.2 When the active service type is D, the receiver shall use message data from a 
GBAS ground subsystem for guidance only if the GCID indicates 2, 3 or 4 prior to initiating 
the final stages of an approach.

3.6.8.3.1.8.9.2 The receiver shall use the Type 4 messages to determine the FAS for 
approaches which are supported by GBAS approach service type (GAST) A or B associated 
with a channel number between 20 001 and 39 999.

3.6.8.3.1.8.9.3 The receiver shall use the FAS held within the on-board database for 
approaches which are supported by GBAS approach service type (GAST) A associated with a 
channel number between 40 000 and 99 999.

3.6.8.3.2.2 Use of GBAS integrity parameters. The aircraft element shall compute and apply 
the vertical, lateral and horizontal protection levels described in 3.6.5.5. If a Bij parameter is 
set to the bit pattern “1000 0000” indicating that the measurement is not available, the aircraft 
element shall assume that Bij has a value of zero. For any active service type, the aircraft 
element shall verify that the computed vertical and lateral protection levels are no larger than 
the corresponding vertical and lateral alert limits defined in 3.6.5.6.
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3.6.8.3.3.2 CRC check. The receiver shall compute the ephemeris CRC for each core satellite 
constellation’s ranging source used in the position solution. The computed CRC shall be 
validated against the ephemeris CRC broadcast in the Type 1 or Type 101 messages prior to 
use in the position solution and within one second of receiving a new broadcast CRC. The 
receiver shall immediately cease using any satellite for which the computed and broadcast 
CRC values fail to match.

3.6.8.3.3.3 Ephemeris error position bounds

3.6.8.3.3.3.1 Ephemeris error position bounds for GBAS approach services. If the ground 
subsystem provides additional data block 1 in the Type 2 messages, the aircraft element shall 
compute the ephemeris error position bounds defined in 3.6.5.8.1 for each core satellite 
constellation’s ranging source used in the approach position solution within Is of receiving 
the necessary broadcast parameters. The aircraft element shall verily that the computed 
vertical and lateral ephemeris error position bounds (VEBj and LEBj) are no larger than the 
corresponding vertical and lateral alert limits defined in 3.6.5.6.

3.6.8.3.3.3.2 Ephemeris error position bound for the GBAS positioning service. The aircraft 
element shall compute and apply the horizontal ephemeris error position bound (HEBj) 
defined in 3.6.5.8.2 for each core satellite constellation’s ranging source used in the 
positioning service position solution.

3.6.8.3.4 Message loss

3.6.8.3.4.1 For airborne equipment operating with CAST C as the active service type, the 
receiver shall provide an appropriate alert if no Type 1 message was received during the last 
3.5 seconds.

3.6.8.3.4.2 For airborne equipment operating with CAST A or B as the active service type, 
the receiver shall provide an appropriate alert if no Type 1 and no Type 101 message was 
received during the last 3.5 seconds.

3.6.8.3.4.3 For the airborne equipment operating with CAST D as the active service type, the 
receiver shall provide an appropriate alert or modify the active service type if any of the 
following conditions are met:

a) The computed position solution is less than 200 ft above the LTP/FTP for the selected 
approach and no Type 1 message was received during the last 1.5 seconds.

b) The computed position solution is less than 200 ft above the LTP/FTP for the selected 
approach and no Type 11 message was received during the last 1.5 seconds.

c) The computed f)osition solution is 200 ft or more above the LTP/FTP of the selected 
approach and no Type 1 message was received during the last 3.5 seconds.
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d) The computed position solution is 200 ft or more above the LTP/FTP of the selected 
approach and no Typ>e 11 message was received during the last 3.5 seconds.

3.6.8.3.4.4 For the GBAS positioning service using Type 1 messages, the receiver shall 
provide an appropriate alert if no Type 1 message was received during the last 7.5 seconds.

3.6.8.3.4.5 For the GBAS positioning service using Type 101 messages, the receiver shall 
provide an appropriate alert if no Type 101 message was received during the last 5 seconds.

3.6.8.3.5 Airborne pseudo-range measurements

3.6.8.3.5.1 Carrier smoothing for airborne equipment. Airborne equipment shall utilize the 
standard 100-second carrier smoothing of code phase measurements defined in 3.6.5.1. 
During the first 100 seconds after filter start-up, the value of a shall be either;

a) a constant equal to the sample interval divided by 100 seconds; or

b) a variable quantity defined by the sample interval divided by the time in seconds since 
filter start-up.

3.6.8.3.5.2 Carrier smoothing of airborne equipment operating with CAST D as the active 
service type. Airborne equipment operating with GAST D as the active service type shall 
utilize 30-second carrier smoothing of code phase measurements as defined in 3.6.5.1.

Note. - For equipment that supports GAST D, two sets of .smoothed pseudo-ranges are used. 
The form of the smoothing filter given in section 3.6.5.1 is the same for both sets, and only the 
time constant differs (i.e. WO seconds and 30 seconds). Guidance concerning carrier­
smoothing for GAST D is given in Attachment 6D, 7.19.3.

3.6.8.3.6 Service type specific differential position solution requirements. The airborne 
equipment shall compute all position solutions in a manner that is consistent with the 
protocols for application of the data (see 3.6.5.5.1.1.2).

Note. The general form for the weighting used in the differential position solution is given 
in 3.6.5.5.1.1.2. Exactly which information from the ground subsystem is used in the 
differential position solution depends on the type of service (i.e. positioning service vs. 
approach service) and the active approach .service type. The specific requirements for each 
service type are defined in RTCA DO 253D. Additional information concerning the normal 
processing of position information is given in Attachment 6D, 7.19.

ATTACHMENT 6B. STRATEGY FOR INTRODUCTION AND APPLICATION OF 
NON-VISUAL AIDS TO APPROACH AND LANDING

(see 6.2, 6.2.1)

2. Objectives of strategy
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The strategy must:

a) maintain at least the current safety level of all weather operations;

b) retain at least the existing level or planned improved level of service;

c) support lateral and vertical path guidance as outlined in Resolution A37-11;

d) maintain global interoperability;

e) provide regional flexibility based on coordinated regional planning;

f) support infrastructure investment planning cycles;

g) be maintained by periodic review; and

h) take account of economic, operational and technical issues.
• • •
3. Considerations 
• • •
3.2 ILS-related considerations

a) There is a limited risk that ILS Category 11 or III operations cannot be safely sustained at 
specific locations;

b) ILS receivers have implemented interference immunity performance Standards contained 
in CAR-ANS 6.3, 6.3.1.4;

c) in some regions, expansion of ILS is limited by channel availability (40 paired ILS/DME 
channels);

d) in most areas of the world, ILS can be maintained in the foreseeable future;

e) due to cost and efficiency considerations, some States are rationalizing some of their ILS 
infrastructure at Category I airports with limited operational usage; and

f) based on user-equipage considerations, GNSS-based approaches providing lateral and 
vertical path guidance may offer a cost-effective option when considering introduction of 
Category 1 approach service or when replacing or removing an existing ILS.

3.3 MLS-related considerations

a) MLS Category III is operational;

b) MLS has been implemented at specific locations to improve runway utilization in low 
visibility conditions; and
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c) further MLS deployment is unlikely.

3.4 GNSS-related considerations

a) Standards and Recommended Practices (SARPs) are in place for GNSS with augmentation 
to support APV and Category I precision approach;

b) GNSS with satellite-based augmentation system (SBAS) for APV and Category I precision 
approach operations is operational;

c) GNSS with ground-based augmentation system (GBAS) for Category I precision approach 
operations is operational;

d) it is expected that an internationally accepted GBAS will be available for Category II and 
III operations in the 2018-2020 timeframe;

e) ongoing dual-frequency, multi-constellation (DFMC) GNSS developments will enhance 
performance of GNSS augmentations as well as enable new operational capabilities in the 
2025 timeframe

f) technical and operational issues associated with GNSS approach, landing and departure 
of>erations, such as vulnerabilities due to ionospheric propagation and radio frequency 
interference, must be addressed in a timely manner; and

g) issues associated with DFMC GNSS must be addressed in a timely manner.

3.6 Other considerations

a) There is an increasing demand for Category II and/or III operations in some areas;

b) GNSS can potentially offer unique operational benefits for low-visibility operations, 
including new procedures, flexible siting requirements and provision of airport surface 
guidance;

c) only the three standard systems (ILS, MLS and GNSS with augmentation as required) are 
considered to play a role in supporting all weather operations. The use of head-up displays in 
conjunction with enhanced and synthetic vision systems may provide operational benefits;

d) a consequence of the global strategy is that there will not be a rapid or complete transition 
from ILS to GNSS or MLS. It is therefore essential for the implementation of the strategy 
that the radio frequency spectrum used by all of these systems be adequately protected;

e) the potential operational benefits resulting from the introduction of new landing systems 
may be limited by the constraints of mixed-system aircraft equipage;
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f) APV operations may be conducted using GNSS with augmentation as required or 
barometric vertical guidance, and GNSS with ABAS lateral guidance;

g) APV operations provide enhanced safety and generally lower operational minima as 
compared to non-precision approaches;

h) adequate redundancy shall be provided when terrestrial navigation aids are withdrawn; and

i) rationalization shall be part of a national or regional strategy on terrestrial navigation aids; 
guidance is provided in Attachment 6H.

4. Strategy

Based on the considerations above, the need to consult aircraft operators, airport operators 
and international organizations, and to ensure safety, efficiency and cost-effectiveness of the 
proposed solutions, the global strategy is to:

a) continue ILS operations to the highest level of service as long as operationally acceptable 
and economically beneficial;

b) continue MLS operations where operationally required and economically beneficial;

c) implement GNSS with augmentation (i.e. ABAS, SBAS, GBAS) as required for APV and 
precision approach operations where operationally required and economically beneficial;

d) promote the continuing development and use of a multi-modal airborne approach and 
landing capability;

e) promote the use of APV operations, particularly those using GNSS vertical guidance, to 
enhance safety and accessibility; and

f) enable each region to develop an implementation strategy for these systems in line with 
this global strategy.

ATTACHMENT 6C. INFORMATION AND MATERIAL FOR GUIDANCE IN THE 
APPLICATION OF THE STANDARDS AND RECOMMENDED PRACTICES FOR 

ILS, VOR, PAR, 75 MHz MARKER BEACONS (EN-ROUTE), NDB AND DME

2. Material concerning ILS installations

2.1.9 ILS multipath interference
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Note 1.— This guidance material reflects how new larger aeroplanes (NLA) may impact the 
size of the ILS critical and sensitive areas. It also documents established engineering 
practices for determining critical and sensitive area dimensions, outlines the associated 
operational trade-offs, and presents indicative examples of the resulting sizes of the areas. In 
practice, however, the size of critical and sensitive areas at an aerodrome may need to he 
determined by specific assessments at that aerodrome.

Note 2.— This guidance material is not intended to create a need to review established 
critical and sensitive area dimensions which have been demonstrated to be satisfactory at a 
particular aerodrome, unless the operational environment has evolved significantly (such as 
through the introduction of NLA operations at the aerodrome or the construction of new 
buildings) or the ILS installation has been changed in a way that may affect the dimensions of 
the areas.

2.1.9.1 ILS environmental effects. Large reflecting objects within the ILS coverage volume, 
whether fixed objects or vehicles, including aircraft, can potentially cause degradation of the 
signal-in-space, through signal blockage and/or multipath interference, with the consequence 
that the signal-in-space tolerances defined in CAR-ANS 6.3, 6.3.1 may be exceeded. The 
amount of degradation is a function of the location, size and orientation of the reflecting 
surfaces, and of the ILS antenna characteristics. The objective of identifying critical and 
sensitive areas (see 2.1.9.2) and associated management procedures is to prevent such 
degradation and ensure that aircraft using the ILS can rely on the signal-in-space meeting the 
requirements of CAR-ANS 6.3, 6.3.1.

2.1.9.2 ILS critical and sensitive areas. States differ in the way they choose to identify ILS 
protection areas. Practices also differ in how vehicle movement restrictions are managed. One 
method is to identify critical areas and sensitive areas as follows:

a) the ILS critical area is an area of defined dimensions about the localizer and glide path 
antennas where vehicles, including aircraft, are excluded during all ILS operations. The 
critical area is protected because the presence of vehicles and/or aircraft inside its boundaries 
will cause unacceptable disturbance to the ILS signal-in-space;

b) the ILS sensitive area is an area where the parking and/or movement of vehicles, including 
aircraft, is controlled to prevent the possibility of unacceptable interference to the ILS signal 
during ILS operations. The sensitive area is protected against interference caused by large 
moving objects outside the critical area but still normally within the airfield boundary.

Note 1.— In .some States, the term “critical area ” is used to describe an area that combines 
the critical and sensitive areas identified in this guidance material. In cases where the 
critical area overlaps operational areas, specific operational management procedures are 
required to ensure protection of aircraft using the ILS for intercept and final approach 
guidance.

Note 2.— It is expected that at sites, where ILS and MLS are to be collocated, the MLS might 
be located within ILS critical areas in accordance with guidance material in Attachment 6G, 
4.1.
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2.1.9.3 Technical and operational logic associated with critical and sensitive areas. Ideally, 
the critical area is enforced during all ILS operations with protection afforded down to at 
least the Category I decision height. A critical area disturbance would normally impact all 
aircraft using the ILS signal at a given time (entire approach). The critical area is typically 
safeguarded through marked boundaries, limiting access to the area or through procedural 
means if there are overlaps into operational areas. From an operational perspective, the 
sensitive area would ideally protect aircraft operations at least from the Category I decision 
height down to the runway, and be activated during low visibility conditions only (e.g. 
Category II and III). A sensitive area disturbance would normally be of a transient nature, and 
produce a local disturbance affecting a single aircraft only. However, at many locations, it 
may not be possible to achieve this ideal situation, and corresponding technical and 
operational mitigations will be required.

Note.— Guidance on operational procedures for the protection of critical and sensitive areas 
is provided in ICAO EUR DOC 013, "European Guidance Material on All Weather 
Operations at Aerodromes ".

2.1.9.4 Technical determination of critical and sensitive area dimensions. Critical and 
sensitive areas are normally calculated in the planning stage, prior to ILS installation, using 
computer simulation. A similar process is used when there are changes to the installation or 
to the environment. When using computer simulations, it is necessary to allocate the 
protection of individual parts of the approach to either the critical or sensitive area. It is 
desirable to ensure that the combined critical and sensitive areas protect the entire approach. 
However, this may not be possible in all cases. Furthermore, if the logic described in 2.1.9.3 
is used, this may lead to restrictively large critical areas. Some States have found that a 
reasonable compromise can be achieved using a different logic, whereby the critical area 
protects the segment from the edge of coverage down to 2 NM from the runway threshold, 
while the sensitive area protects the approach from 2 NM down to the runway. In this case, a 
Category I sensitive area will exist and may require operational mitigation. Depending on the 
operational environment (such as timing between leading aircraft on runway roll-out and 
trailing aircraft on final approach), no particular measures may be needed. There may not 
necessarily be a direct link between the approach allocation used in simulations to determine 
critical and sensitive areas, and their operational management. It is a State’s responsibility to 
define the relevant areas. If different disturbance acceptance criteria or different flight 
segment protections are to be applied, they must be validated through a safety analysis. The 
safety analysis must take all relevant factors into account, including the aerodrome 
configuration, traffic density and any operational issues or capacity restrictions.

2.1.9.5 Factors impacting the sizes of critical and sensitive areas. Localizer and glide path 
antennas with optimized radiation patterns, especially when combined with two-frequency 
transmitters, can be very effective in reducing the potential for signal disturbance and hence 
the sizes of the critical and sensitive areas. Other factors affecting the sizes of the areas 
include the category of approach and landing operation to be supported, the amount of static 
disturbance, locations, sizes and orientations of aircraft and other vehicles (particularly of 
their vertical surfaces), runway and taxiway layout, and antenna locations. In particular, the 
maximum heights of vertical aircraft tail surfaces likely to be encountered must be
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established, together with all possible orientations at a given location, which may include 
non-parallel or non-perpendicular orientations with respect to the runway. While critical and 
sensitive areas are evaluated in a two-dimensional (horizontal) context, protection shall 
actually be extended to volumes, as departing aircraft and/or manoeuvring helicopters/aircraft 
can also cause disturbances to the ILS signals. The vertical profiles of the protection volumes 
depend on the vertical patterns of the transmitting arrays.

2.1.9.6 Allocation of multipath error budget. It is convenient to consider disturbances caused 
by mobile objects such as aircraft and other vehicles separately from the static disturbances 
caused by fixed objects such as buildings and terrain. Once the static multipath is known, the 
remainder can be allocated to dynamic disturbances. If measurements indicate that the real 
static multipath is significantly different from that assumed in the simulations, the allocation 
may need to be revised. In most cases, the root sum square combination of the disturbances 
due to fixed and mobile objects gives a more statistically valid representation of the total 
disturbance than an algebraic sum. For example, a limit of plus or minus 5pA for localizer 
course structure would be respected with plus or minus 3pA of disturbance due to static 
objects and an allowance of plus or minus 4pA for dynamic objects:

= 5//A
2.1.9.7 Site study and computer simulations. Normally, a site specific study is conducted for a 
particular airport installation. The study will take into account different assumptions for the 
static multipath environment, airport topography, types and effective heights of ILS arrays, 
and orientations of maneuvering aircraft, such as runway crossings, 180° turns at threshold or 
holding orientations other than parallel or perpendicular. Simulation models can be employed 
to calculate the probable location, magnitude and duration of ILS disturbances caused by 
objects, whether by structures or by aircraft of various sizes and orientation at different 
locations. Air navigation service providers (ANSPs) will need to ensure that simulation 
models used have been validated by direct comparison with ground and flight measurements 
for a variety of specific situations and environments, and that the subsequent application of 
such models is conducted by personnel with appropriate engineering knowledge and 
judgement to take into account the assumptions and limitations of applying such models to 
specific multipath environments.

2.1.9.8 Changes in airport environment. Shall major changes in the airport environment 
cause an increase in the static disturbances of the localizer and/or glide path, the sizes of the 
critical and sensitive areas may need to be redefined, with potential impact on airport 
efficiency or capacity. This is particularly significant when considering the location, size and 
orientation of proposed new buildings within or outside the airport boundary. It is 
recommended that suitable safeguarding criteria be employed to protect the ILS operations.

Note. Example guidance can he found in ICAO EUR DOC 015 "European Guidance 
Material on Managing Building Restricted Areas”
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2.1.9.9 Typical examples of critical and sensitive areas. Figures C-3 and C-4 (including 
associated Tables C-1, C2-A and C2-B)) show examples of critical and sensitive areas for 
different classes of vehicle/aircraft heights and several localizer and glide path anteima types. 
The calculation of these examples has been done with a simulation model using an exact 
method of resolution of ILS propagation equations applied to a 3D model of corresponding 
aircraft. The dimensions are based on assumptions of flat terrain, 3.0° glide path, allocations 
of 60 per cent of applicable tolerances for static multipath and 80 per cent for dynamic 
multipath, an approaching aircraft at 105 knots, i.e. with a 2.1 rad/s low-pass filter and an 
omnidirectional receiving antenna pattern. The examples consider typical orientations of 
reflecting surfaces of taxiing, holding and maneuvering aircraft/large ground vehicles. The 
tail heights for the ground vehicles/small aircraft, medium, large and very large aircraft 
categories correspond to CAAP MOS Aerodromes reference code letters A, B/C, D/E and F, 
respectively, as detailed within FAA Advisory Circular 150/5300-13. In case of uncertainty 
about which category an aircraft belongs to for the purposes of critical and sensitive areas 
assessment, the tail height is the determining feature.

2.1.9.9.1 Purpose and correct application of typical examples. Since it will be rare that an 
actual installation fits exactly the assumptions used in these examples, adaptation to local 
conditions will be required. The examples serve to provide a rough order of magnitude 
indication of critical and sensitive area sizes, depending on how much local conditions differ 
from assumptions used in these examples. The example tables may also be used to assess the 
tools used in simulations, using the listed assumptions. In many installations, airports have 
established critical and sensitive areas which are different from those listed in these 
examples, through a combination of further technical optimizations, operational mitigations, 
experience, and safety assessments applicable to the particular operational environment. In 
the case of new airport construction projects, potential conflicts of the example areas 
provided here with planned operational uses shall lead to further evaluations, and may lead to 
implementing more advanced ILS antenna systems, for example wider aperture localizer 
antennas, including advanced designs such as very large aperture arrays. The typical 
examples provided here do not take such specific optimized systems into account. The tables 
differ slightly between the localizer and the glide path in terms of how different aircraft 
orientations are considered. These details are explained in the notes to Tables C-1 (note 9), C- 
2A and C-2B (note 8). In accordance with these notes, in some glide path cases the half­
wingspan of aircraft needs to be added to ensure that no portion of the aircraft enters the 
critical or sensitive areas.

2.1.9.9.2 Limits of multipath assumptions used in example simulations. The allocation of 60 
per cent for static and 80 per cent for dynamic multipath used in 2.1.9.6 represents a 
conservative approach which is suitable in locations where both types of multipath coincide. 
A different allocation may be appropriate for the glide path, especially in the case of flat 
terrain, as in that case the static multipath will be very small. In locations where static and 
dynamic multi-path do not coincide, due to the specific layout of the airport, the full tolerance 
can be consumed by the dynamic multipath. A simulation tool able to model the complete 
environment (static and dynamic reflection sources) and to compute the combined effect may 
avoid having to apply the root sum square approximation. This may lead to an optimization 
of the critical and/or sensitive area dimensions
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2.1.9.9.3 Flight segment protection allocations used in example simulations. The examples 
given in Figure C-3 for the localizer use a 2 NM transition point as described in 2.1.9.4. The 
examples given in Figure C-4 for the glide path use a 0.6 NM transition point (corresponding 
to the Category 1 decision height). Depending on local operations, other transition points may 
be more suitable.

Critical areaRear sensitive area

Sensitvc area
Additional sensitive area for non-perpendicular, non-parallel to runway 
onentatons

Additional rear sensitive area for 
perpendicular to runway orientations

Runway

1 500 m
; Localizer 

antenna an’ay

Not to scale 
dimensions in metres Note — Y3 and XIH are determined by a site-specific study. Where no site-specific study has 

been undertaken, the default value for XrH Is zero

Figure C-3. Example of localizer critical and sensitive area dimensions (values in associated 
Table C-1 below)
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Table C-1. Typical localizer critical and sensitive area sizes
AircrdfVvehicle 
height

H< 6 m (see Note 1) Ground 
vehicle

6m < H< 14 m
Medium aircraft

14 m < 11 < 20 m 
Large aircraft

20 m < H < 25 m 
Very large aircraft

Antenna aperture 
(see Note 3)

Small Medium Large Small Mediu
m

Large Medium i.arge Medium Irirge

Critical area CAT I 
Xc

180 m 65 m 45 m 360 m 200 m 150 m 500 m 410m 660 m 580 m

Zc 10 m 10 m 10 m 35 m 35 m 35 m 50 m 50 m 60 m 60 m
(see Note 10) Yc 50 m 15 m 20 m 110m 25 m 25 m 50m 30 m 55 m 40 m
Sensitive area CAT 1 X« 200 m

No sensitive area

500 m

No sensitive area No sensitive area

1 300 m 1 100m
Y, 40 m 90m 90m 50 m
y2 40 m 90m 90m 50 m
Zsi 15 m 35 m 60 m 60 m

(see Note 7) Zsj 15 m 35 m 60m 60 m

Aircraft'vehicle
height

H ^ 6 m (see Note 1) 
Ground vehicle

6 m < H ^ 14 m 
Medium aircraft

14 m < H ^ 20 m 
Large aircraft

20 m < H i 25 m 
Very large aircraft

Antenna aperture 
(see Note 3)

Medium Large Medium Large Medium Large Medium Large

Critical area CATII
Xc

75 m 55 m 200 m 200 m 500 m 475 m 750 m 675 m

Zc 10 m 10 m 35 m 35 m 50 m 50 m 60 m 60 m

(see Note 10) Yc 15 m 20 m 25 m 25 m 50 m 30 m 70 m 50 m

Sensitive area CATII Xs 75 m

No sensitive
area

500 m

No sensitive
area

2 100m 1 400 m Localizer
to
threshold
distance

Localizer
to
threshold
distance

Yi 15 m 50 m 125 m « K 60m X K 180m X K 100 m X K

Y2 15 m 50 m 125 m X K 60 m X K 180m X K 125m X K

Z.S1 15 m 15 m 35 ra 35 m 60 m 60 m 70 m 70 m

(see Note 7) Zsi 15 m 15 m 45 m 45 m 160 m 160 m 250 m 250 m

Aircraft/vehicle height H < 6 m (see Note 1) 
Ground vehicle

6m < H < 14 m 
Medium aircraft

14 m < H < 20 m 
l>arge aircraft

20m< L 
Ver\ l>arg

< 25 m 
le aircraft

Antenna aperture (see 
Note 3)

Medium I^rge Medium l^rge Medium l^rge Medium l^rge

Critical area CAT III
Xc

75 m 55 m 200 m 200 m 500 m 475 m 750 m 675 m

Zc 10 m 10 m 35 m 35 m 50 m 50 m 60 m 60 m
(see Note 10) Yc 15 m 20 m 25 m 25 m 50 m 30 m 70 m 50 m
Sensitive area CAT III

Xs
100 m

No
sensitive
area

900m

No
sensitive

area

3 100 m 3 100 m Localizer
to

Threshold
distance

Localizer
to

Ilireshold
distance

Y1 15 m 50 m 140 m xK. 120 m X K. 180 m X K 150 m X K
Y2 15 m 50 m 160 m X K 120 m X K 260 m X 1C 180 m X 1C

Zsl 15 m 15 m 35 m 35 m (yO m 60 m 70 m 70 m
(see Note 7) Zs2 15 m 15 m 45 m 45 m 160m 160 m 250 m 250 m
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Notes:
1. For vehicles smaller than 2.5 m in height, Zx: = 2 m, assuming a 23 dB front/back ratio for 
the transmitting antenna for both course and clearance signals.

2. For systems with near-field monitor antennas, vehicles must not enter between the monitor 
antennas and the transmitting antenna.

3. Small aperture: II elements or less. Medium aperture: 12 to 15 elements. Large aperture: 
16 elements or more. Simulations have been conducted using a commonly installed 12 
element system for the medium and a commonly installed 20 element system for the large 
aperture cases. It is assianed that Category ////// operations are not conducted on runways 
equipped with small aperture localizers, and that aircraft as large as a 747 are not operating 
on such runways.
4. For localizer arrays with very low height, additional critical area will be needed due to the 
greater attenuation of the direct signal at low vertical angles.

5. A specific study for a particular airport, considering realistic orientations, static multipath 
environment, and airport topography and type of ILS antennas, may define different critical

areas.

localizer to threshold distance 
3 300 m

6.
7. The rear dimensions for sensitive areas may be changed based on specific study results 
considering fielded antenna pattern characteristics. A directional array with a 23 dB 
front/back ratio is assumed for course and clearance signals.

8. Single aircraft taxiing or holding parallel to the runway does not generate out-of-tolerance 
signals.

9. Boundaries for critical areas or rear .sensitive areas apply to the entire longitudinal axis 
(both tail and fuselage) of the interfering aircraft. Boundaries for sensitive areas apply only 
to the tail of the interfering aircraft.

10. The critical area semi-width, Yc, shall exceed the actual physical dimension of the 
localizer antenna array by at least 10 m laterally (on both sides) in its portion between the 
localizer antenna array and the stop end of the runway.
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Example taxiway

I I Sensitive area

Glide path 
antenna

' Runway

300m(1 000 ft)
Ctirection of 
approach(not to scale)Critical area

Figure C-4. Example of the glide path critical and sensitive area dimensions 
(values in associated Tables C-2A below)

Table C-2A. Example of glide path critical and sensitive area dimensions for parallel

Aircraft/vehicle height Ground vehicle Medium aircraft Large aircraft Very large aircraft
H< 6m 6 m < H ^ 14 m 14 m < H 1 20 m 20 m < H < 25 m

Glide path type M-anay | Null-ref M-array | Null-ref M-array | Null-ref M-array | Null-ref
CAT I critical area

X 299 m 191 m 329 m 829 m 467 m 1 117m 610 m 1 360 m
Y 29 m 29 m 20 m 20 m 22 m 22 m 15 m 15 m

CAT I sensitive area

X 299 m 399 m 279 m 529 m 417 m 717m 510m 760 m
Y 29 m 15 m 20 m 20 m 22 m 16 m 15 m 15 m

CAT II/III critical area
X 299 m 449 m 329 m 829 m 567 m 1 267 m 660 m 1 410 m
Y 29 m 29 m 20 m 20 m 22 m 22 m 15 m 15 m

CAT n/lll sensitive area
X 299 m 449 m 429 m 629 m 517m 767 m 560 m 1 010m
Y 29 m 29 m 20 m 20 m 22 m 22 m 15 m 15 m
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Table C-2B. Example of glide path critical and sensitive area dimensions for other orientations
.Aircraft xehicle Iteighi Gronod vehicle Medium aircraft Larse aircrait \’er>' large aircraft

Hl 6 m 6 m-'H 5 14 m 14 m' H20 m 20 m ■' H ; 25 m
Glide path type M-amy Null-ref M-array NuU-ref M-artay NuU-ref M-array NuU-ief

CAT I critical area
X :98 m 191 m 29-m 829 m 444 m 1167 m 591 m 1 360 m
Y 24 m 15 m .’19 m 49 m 35 m 55 m 44m 55 m

CAT I sensitive area
X :98 m 394 m 297 m 547 m 444 m ni 541 m 710 m
Y 24 m 24 m .49 m 49 m 25 m 18 m 24 m 24 m

CAT II'in critical area
X 298 m 445 m 447 m 829 m 544 m 1 267 m 672 m 1410 m
Y 24 m 25 m .49 m 49 m 35 m 55 m .44 m 55 m

CAT n ni seiisitir e
area

X 298 m 445 m 29-m 829 m 528 m 817m 610 m 1 010 m
Y 24 m 24 lu .49 m 39 m 25 m 25 m 24 m 24 m

Notes:
1. Xh - 5U m and applies to both critical and sensitive areas for the large and very large 
aircraft category only. Otherwise, Xh = 0 m.

2. The ground vehicle category also applies to small aircraft. Simulations have approximated 
these aircraft or large ground vehicles using a rectangular box (4 m high 12 m long 3 m 
wide). Depending on local conditions, it may be po.ssible to reduce especially Category I 
critical area dimensions such that taxiing or driving on the taxiway directly in front of the 
glide path antenna may be allowed.

3. Separate tables (C-2A and C-2B) are given for parallel perpendicular and for other 
orientations in order to not penalize parallel taxiway operations. To derive worst-case keep- 
out areas, the largest number among the two tables must be used. Values in Table C-2B 
("other orientations ’’) that are larger than the corresponding ones in Table C-2A (“parallel 
and perpendicular orientations ’) are highlighted in bold. Perpendicular orientations covered 
in Table C-2A include only the orientation where the nose of the aircraft is pointing towards 
the runway. Perpendicular orientations with the tail of the aircraft pointing towards the 
runway are covered in Table C-2B. Table C-2B also considers aircraft turning towards the 
runway for line-up at angles of 15, 30, 45, 60 and 75 degrees. Orientations causing the 
largest keep-out areas (i.e. worst aircraft orientation among all orientations causing out-of­
tolerance signal.s) have been derived based on an A380 using an M-array antenna. Since the 
number of simulations required to cover all possible orientations for all categories of 
vehicles over a large area would be excessive, the impact of worst-case orientations on the 
critical and sensitive areas may need to be verified taking into account the particular taxiway 
layout.

4. Simulations are referenced to the glide path antenna mast using a typical perpendicular 
distance to the runway centre line of 120 m and a nominal parallel distance from the runway
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threshold of 300 m. For different antenna-to-runway offsets, the critical and sensitive areas 
have to be shifted accordingly.

5. The edge of the runway closer to the glide path antenna defines the inner limit of the 
critical area. The farther edge of the runway defines the inner limit of the .sensitive area. This 
sensitive area limit needs to be extended by another 50 m on the opposite side of the runway 
(starting from the runway centre line) for the large and very large aircraft categories when 
using a Null-Ref antenna.

6. Depending on simulation choices (transition point), the critical area may be larger than 
the sensitive area and impact as.sociated management procedures.

7. In line with the operational logic de.scribed in 2.1.9.4 (no protection of the Category I glide 
path is required below decision height) as well as the observation that in Tables C-1, C-2A 
and C-2B, the Category I critical area is typically equal or larger than the sensitive area, 
protecting the Category I sensitive area may not be necessary.

8. Boundaries for critical and sensitive areas apply to the entire aircraft (entire fuselage and 
wings).

Table C- 3 Required distance separation

Frequency separation Minimum separation between second facility 
and the protection point of the first facility 
km(NM)

List A List B List C

Localizer Co-channel 148(80) 148 (80) 148(80)
50 kHz — 37 (20) 9(5)
lOOkHz 65(35) 9(5) 0
150 kHz — 0 0
200 kHz 11(6) 0 0

Glide path Co-channel 93 (50) 93 (50) 93 (50)
150 kHz — 20(11) 2(1)
300 kHz 46 (25) 2(1) 0
450 kHz — 0 0
600 kHz 9(5) 0 0

List A refers to the use of localizer receivers designed for 200 kHz channel spacing coupled 
with glide path receivers designed for 600 kHz channel spacing and applicable only in 
regions where the density of facilities is low.

List B refers to the use of localizer receivers designed for 100 kHz channel spacing coupled 
with glide path receivers designed for 300 kHz channel spacing

List C refers to the use of localizer receivers designed for 50 kHz channel spacing coupled
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with glide path receivers designed for 150 kHz channel spacing.

Note I.- The above figures are based on the assumption ofprotection points for the localizer 
at 46 km (25 Nm) distance and 1 900 m (6 250ft) height and for the ILS glide path at 18.5 km 
(10 NM) distance and 760 m (2 500ft) height.

Note 2. ~ States, in applying the separations shown in the table, have to recognize the 
necessity to site the ILS and VOR facilities in a manner which will preclude the possibility of 
airborne receiver error due to overloading by high unwanted signal levels when the aircraft 
is in the initial and final approach phases.

Note 3. - States, in applying the separations shown in the table, have to recognize the 
necessity to site the ILS glide path facilities in a manner which will preclude the possibility of 
erroneous glide indications due to reception of adjacent channel signals when the desired 
signal cea.ses to radiate for any reason while the aircraft is in the final approach phase.

Table C-4. Integrity and continuity of service objectives

Level Localizer or glide path

Integrity Continuity of service MTBO (hours)

2.

3.

4.

1 - lO"7 in any one landing 

1-0.5 X lO"9 in any one landing 

1-0.5 X lO-9 in any one landing

Not demonstrated, 
or less than required for 

Level 2

1-4 X 10^ in any period of 15 seconds

1-2 X 10^ in any period of 15 seconds

1-2 X lO-6 in any period of 
30 seconds (localizer)
15 seconds (glide path)

1000

2000

4000 (localizer) 
2000(glidc path)

Note. - For currently installed systems, in the event that the level 2 integrity value is not 
available or cannot be readily calculated , it is necessary to at least perform a detailed 
analysis of the integrity to assure proper monitor fail-safe operation.
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Table C-5. Values of geographical separation distances for co-channei operation

VOR fjcilities of 
equal effective 
radiated power

TOR facilities which diffei m effectn-e 
radiated powd by 6 dB

VOR facilities which differ m effective 
radiated power by 12 dB

Mmunmn eeo-
oaptucal sepannon Mimmum geopaphical sepantios Minimum geofriphical separation
between facilities between fKibdes between Rohdes

IS 2Di - — b2Di+ -0' K tfDi D:+ K u2Dj+ 20' K p >Dj+ K
s s s s

ifDi 1):
20or 2D:- — s 20 + K _ _ K or2D;+ Pi D:+ oc2D:+ •!0 + K pi D:+ K

iP: Di
S s S s

Altitude S K 20 K K 20-K 20-K K K 20-K 20 *K
s S S S S S S

m(ft) dBbn(NM) dB km(NK0 dB lon(NM) km(NM) km(NM) dB km(NM) lan(Nhl) km(NM)

i 2 3 4 5 6 7 8 9 10 11 12

1 200(4000) 0.32(060) 0 61(33) 6 19(10) 43(23) 80(43) 12 37(20) 24(13) 98(53)
3000(10000) 0 23(04.3) 0 87(47) 6 26(14) 61(33) 113(61) 12 52(28) 35(19) 137(74)
4 500(15000) 0 18(034) 0 109(59) 6 3.3(18) 76(41) 143(77) 12 67(36) 44(24) 174(94)
6000(20 000) 0 15 (0 29) 0 128(69) 6 39(21) 89(48) 167 (90) 12 78(42) 52 (28) 206(110)
7 500(25000) 0 13(025) 0 148(80) 6 44(24) 104(56) 193 (104) 12 89(48) 59 (32) 237(128)
9000(30000) 0 12(023) 0 161 (87) 6 48(26) 113(61) 209(113) 12 96(52) 65 (35) 258(139)
12000(40 000) 0.10(0.19) 0 195(105) 6 59(32) 135 (73) 254(137) 12 119(64) 78(42) 311(168)
18000(60 000) 0.09(0.17) 0 219(118) 6 65(35) 154(83) 284(153) 12 130(70) 87(47) 348(188)

.Vote — S, r and the sign o/i' are defined in 14.5
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Table C- 6. Protection ratio D/IJ (dB)
Type of assignment B
Co-frequency ;
Same pulse code 8
Different pulse code 8

First adjacent frequency:
Same pulse code -(Pu - 1)
Different pulse code -(Pu+7)

Second adjacent frequency
Same pulse code -(Pu+19)
Different pulse code -(Pu+27)

8
-42

-42
-75

-75
-75

Note I.- The D/Uratios column A protect those DME N interrogators
Operating on x or y channels. Column A applies to decoder rejection of 6
microseconds

Note 2.- The D/u ratios in column B protect those in DME/N or DME/P 
interrogators utilizing discrimination in conformance with 6.3.5.5.3.4.2 and 
6.3.5.5.3.4.3 of CAR-ANS 6.3 and providing a decoder rejection conforming 
6.3.5.5.3.5 of CAR-ANS 6.3.

Note 3.- Pu is the peak effective radiated power of the undesired signal in dBw.

Note- 4. The frequency protection requirement is dependent upon the antenna 
patterns of the desired and undesired facility and the ERI:> of the undesired ERP of 
the underside facility

Note.- 5 In assessing adjacent channel protection, the magnitude of D/U ratio in 
Column A should not exceed the magnitude of the value in column B.
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Tabk C-7.

Function
Typical distance from 

tbe threshold
PFE

(95* • proMihty)
CMN

<95*« probabibt}')

Approach (7.3.2.1.3)
— extended runway centre line 37 km (20 XM) ±250 m (±820 ft) ±68 m (±223 ft)
— at 40c azumitb 37 km (20 NM) ±375 m (±1 230 ft) ±68 m (±223 ft)

Ai^oach (7.3.2.1.4)
— extended runway centre line 9 km (5 NM) ±85 m (±279 ft) ±34 m (±111 ft)
— at 40° azimuth 9 km (5 NM) ±127 m (±417 ft) ±34 m (±111 ft)

Marker replacement
— outer marker 9 km (5 N^0 ±800 m (±2 625 ft) not applicable
— middle marker 1 060 m (0 57 NM) ±400 m (±1 312 ft) not apphcable

30 m decision height determmation (100 ft) 556 m (0 3 NM) ±30 m (±100 ft) not applicable
(7.3.2.1.5) 556 m (0.3 NM) ±15 m (±50 ft) not ^qipbcable

— 3° glide path (CTOL)
— 6= glide path (STOL)

Flare imtiation over imeven terrain 
(7 3.2.1.6)

— 3° glide path (CTOL) 0 ±30 m (±100 ft) ±18 m (±60 ft)
— 6D ghde path (STOL) 0 ±12 m (±40 ft) ±12 m (±40 ft)

Sensitivits' modifications (7 3 2 1.7)
(autc^ilot gam schedulmg) 37 km (20 NM) to 0 ±250 m (±820 ft) not applicable

Flare manoeusTe with MLS flare elevation 
(7 3.2 1 8)

— CTOL 0 ±30 m (±100 ft) ±12 m (±40 ft)
— STOL 0 ±12 m (±40 ft) ±12 m (±40 ft)

Long flare alert (7.3.2.1.9) Runway region ±30 m (±100 ft) not applicable

CTOL high speed roll-out/tiimoffs (7 3 2.1.10) Runway region ±12 m (±40 ft) ±30 m (±100 ft)

Departure climb and missed approach 0 to 9 km (5 NM) ±100 m (±328 ft) ±68 m (±223 ft)
VTOL approaches (7 3.2.1.11) 925 m(0 5 NM) toO ±12 m (±40 ft) ±12 m (±40 ft)

Coordinate translations (7.3.2.1.12) — ±12 m to ±30 m 
(±40 ft to ±100 ft)

±12 m (±40 ft)
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Table C-8. Example of DME/P error budget

Error source Error component

FA mode Standard 1 FA mode Standard 2 lA mode
PEE 

m (ft)
CMN 
m (ft)

PFE 
m (ft)

CMN 
m (ft)

PFE 
m (ft)

CMN 
m (ft)

Instrumentation Transponder ±10 (±33) ±8 (±26) ±5( ±16) ±5(±16) ±I5(±50) ±10(±33)
Interrogator ± I5( ±50) ±7( ±23) ±7(±23) ±30(±100) ±15(±50)

Site related l>)wn-link specular multipath ±10 (±33) ±8( ±26) ±3( ±10) ±3(±10) ±37( ±121) ±20( ±66)

Up-link specular muhipath ±10 (±33) ±8(±26) ±3(±10) ±3(±10) ±37( ±121) ±20(±66)

Non-specular(Difl'u.sc) multipath ±3( ±10) ±3( ±10) ±3(±10) ±3( ±10) ±3( ±10) ±3( ±10)
Garble ±6 (±20) ±6( ±20) ±6( ±20) ±6( ±20) ±6( ±20) ±6( ±20)

Note The figures for “non-specular multipath" and for “garble" are the totals of the up­
link and down-link components.

Note 2.- FT'K contains both bias and time varying components. In the above table the time 
varying components and most site related errors are assumed to be essentially statistically 
independent. The bias components may not conform to any particular .statistical distribution.

In considering these error budgets, caution is to be exercised when combining the individual 
components in any particular mathematical manner.

Note 2. The transmitter wave form is assumed to have a I 200 nanosecond rise time.
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Table (-9. C TOL gi ound-to-aii power budget

Power budeet items
41 km

(11NM)
13 km

(7NM)
Ref.

datum Roll-out

Peak effective radiated power. dBm 55 55 55 55

Ground multipath loss. dB -5 -3 -4 -17

Antenna pattern loss. dB -4 _2 -5 -5

Path loss. dB -125 -115 -107 -103

Momtor loss. dB -1 -1 -1 -1

Polarization and ram loss. dB -1 -1 0 0

Received signal at aircraft. dBm
w

-81 -61 -62 -71

Power densitv’ at aircraft. dBW m" -89 -75 -70 -79

Aircraft antenna gam. dB 0 0 0 0

Aircraft cable loss. dB -4 -4 -4 -4

Received signal at mterrogator. dBm -85 -71 -66 -75

Receiver noise ndeo. dBm 

(Noise factor (NF) = 9 dB)
IF BW; 3.5 MHz
IF BW; 0.8 MHz -109

-103 -103 -103

Signal-to-noise ratio (video). dB 24 32 37 28
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Table C-10. C TOL air-to-gi ouud pon er budget

Power budget items
41 km

C: NM)
13 km

(7NM)
Ref

datum RoU-out

Interrogator transmitter power. dBm 57 57 57 57

Aircraft antenna gam. dB 0 0 0 0

Aircraft cable loss. dB -4 —4 -4 —4

Peak effective radiated power. dBm S3 53 53 53

Ground multipatli loss. dB -5 -3 -4 -17

Path loss. dB -125 -115 -107 -103

Polarization and ram loss. dB -1 -1 0 0

Received signal at transponder antenna. dBm -78 -66 -58 -67

Ground antenna gam. dB 8 8 8 8

Pattern loss. dB -4 -2 -5 -5

Cable loss. dB -3 -3 -3 -3

Received signal at transponder, dBm -77 -63 -58 -67

Receiver noise video. dBm 
(Noise factor (NF) = 9 dB)

IF BW 3 5 MHz
IF BW: 0 8 MHz -112

-106 -106 -106

Signal-to-noise ratio (video). dB 35 43 48 39

Table C-11. Power supph switch-over times for ground-based radio aids used at aerodromes

Maximum 
swtch-ovei times

Type of runway Aids lequiricg power (seconds)

Instrument approach SR£ 15
VOR 15
NDB 15
D F facihty 15

Precision approach. Category I ELS localizer 10
ELS glide path 10
ILS middle marker 10
ILS outer marker 10
PAR 10

Precision approach. Caiegorv' n ILS localizer 0
ILS glide path 0
ILS inner marker 1
ILS nuddle marker 1
ELS outer marker 10

Precision approach. Category m (same as Category II)
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7.2 Guidance material concerning DME/N only

7.2.3 DME-DME RNA V

1.233 Errors in published DME facility locations will result in RNAV position errors. It is 
therefore important that DME positions are correctly surveyed and that adequate procedures 
are in place to ensure that the location data are correctly published. For DME facilities 
collocated with VOR, the DME position shall be separately surveyed and published if the 
separation distance exceeds 30 m (100 ft).

Note. Specifications concerning data quality and publication of DME location information 
are contained in PANS-AIM(Doc 10066), Appendix 1.

ATTACHMENT 6D. INFORMATION AND MATERIAL FOR GUIDANCE IN THE 
APPLICATION OF THE GNSS STANDARDS AND RECOMMENDED PRACTICES

3. NAVIGATION SYSTEM PERFORMANCE REQUIREMENTS

3.2 Accuracy

3.2.7.1 Requirements for position domain accuracy to support precision approach operations 
below Category I are not defined in the SARPs. GBAS service types intended to support 
operations with lower than Category I minima are required to meet the SIS accuracy 
requirements for Category I at a minimum. In addition, specific pseudo-range accuracy 
requirements apply to support the assessment of adequate performance during aircraft 
certification. The additional requirements on pseudo-range accuracy may be combined with 
geometry screening to ensure the resulting position domain accuracy is adequate for a given 
aeroplane design to achieve suitable landing performance. See 7.5. 13.

3.2.9 SBAS and GBAS receivers will be more accurate, and their accuracy will be 
characterized in real time by the receiver using standard error models, as described in CAR- 
ANS 6.3, 6.3.5, for SBAS and 6.3, 6.3.6, for GBAS.

Note 2.— The term "GBAS receiver" designates the GNSS avionics that at least meet the 
requirements for a GBAS receiver as outlined in Annex 10, Volume 1 and the specifications of 
the RTCA documents covering the applicable performance types, amended by United States 
FAA ISO (or equivalent).
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3.3 Integrity

3.3.10 For GBAS, a technical provision has been made to broadcast the alert limit to aircraft. 
For SBAS, technical provisions have been made to specify the alert limit through an 
updatable database (see Attachment 6C).

3.3.10.1 For GBAS approach service type D (see 7.1.2.1) additional lower level performance 
and functional requirements are introduced in order to achieve a total system capable of 
supporting aircraft landing operations. This service type also supports guided take-off 
operations.
• • •
3.3.15 Another environmental effect that shall be accounted for in the ground system design 
is the errors due to multipath at the ground reference receivers, which depend on the physical 
environment of monitoring station antermas as well as on satellite elevations and times in 
track.

3.3.16 SBAS needs to assure the integrity of its broadcast corrections as required in 3.7.2.4 
throughout its coverage area. This requirement also applies outside the intended service area, 
where user receivers could navigate using either an SBAS navigation solution, if available, or 
a fault detection and exclusion (FDE) navigation solution. The SBAS contributions to a FDE 
navigation solution are limited to assuring the integrity of the transmitted corrections. SBAS 
systems have to comply with all the integrity requirements for all typical operations from En- 
route to Category I, defined in Table 6.3.7.2.4-1, in the coverage area when, for a given 
operation, the horizontal and vertical protection levels are lower than the corresponding alert 
limits. This is of particular importance for vertically guided operations using SBAS that are 
not controlled by FAS data block.

6.2 SBAS coverage area and service areas

6.2.1 It is important to distinguish between the coverage area and service areas for an SBAS. 
A coverage area typically corresponds to the GEOs footprint areas and comprises one or 
more service areas. Service areas are declared by SBAS service providers or by the State or 
group of States managing the SBAS, for the typical operations defined in Table 6.3.7.2.4-1 
(e.g. En-route, APV-I, Category I) where the corresponding accuracy, integrity and continuity 
requirements are met with a certain availability (e.g. 99 per cent). Some SBAS service 
providers publish service areas of their systems (e.g. WAAS Performance standard, EGNOS 
Service Definition Document and AIPs). The service area for En-route may be wider than the 
service area for APV-I. For the GNSS receiver, the SIS is usable whenever the protection 
levels are lower than the alert limits for the intended operation (VPL<VAL and HPL<HAL), 
irrespective of whether or not the GNSS receiver is inside the corresponding service area 
defined by the SBAS service provider.
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6.2.1.1 SBAS systems support operations based on some or all of the SBAS functions defined 
in CAR-ANS 6.3, 6.3.7.3.4.2. These functions can be related to the operations that are 
supported as follows:

a) Ranging. SBAS provides a ranging source for use with other augmentation(s) (ABAS, 
GBAS or other SBAS);

b) Satellite status and basic differential corrections: SBAS provides en-route, terminal, and 
non-precision approach service. Different operations (e.g. performance-based navigation 
operations) may be supported in different service areas;

c) Precise differential corrections: SBAS provides APV and precision approach service (i.e. 
APV-I, APV-II and precision approach may be supported in different service areas).

6.2.2 Satellite-based augmentation services are provided by the Wide Area Augmentation 
System (WAAS) (North America), the European Geostationary Navigation Overlay Service 
(EGNOS) (Europe and Africa), the Multifunction Transport Satellite (MTSAT) Satellite- 
based Augmentation System (MSAS) (Japan) and the GPS-aided Geo-augmented Navigation 
(GAGAN) (India). The System of Differential Correction and Monitoring (SDCM) (Russia) 
and other SBAS systems are also under development to provide these services.

6.2.3 An SBAS may provide accurate and reliable service outside the defined service area(s). 
The ranging, satellite status and basic differential corrections functions are usable throughout 
the entire coverage area. The performance of these functions may be technically adequate to 
support en-route, terminal and non-precision approach operations by providing monitoring 
and integrity data for core satellite constellations and/or SBAS satellites. SBAS mitigates 
errors which cannot be monitored by its ground network through message Types 27 or 28.

6.2.4 Each State is responsible for approving SBAS-based operations within its airspace. In 
some cases. States will field SBAS ground infrastructure linked to an SBAS. In other cases. 
States may simply approve service areas and SBAS based operations using available SBAS 
signals. In either case, each State is responsible for ensuring that SBAS meets the 
requirements of CAR-ANS 6.3, 6.3.7 2.4, within its airspace, and that appropriate operational 
status reporting and NOTAMs are provided for its airspace.

6.4 RF characteristics
• • •
6.4.6 SBAS pseudo-random noise (PRN) codes. Receivers compliant with RTCA DO-229D 
with Change 1 and earlier versions only search for PRN codes in the range 120 to 138 only 
(out of the full 120 to 158 range in Table B-23), and therefore will not acquire and track 
SBAS signals identified by a PRN code in the range 139 to 158. Receivers compliant with 
DO-229E and subsequent versions can acquire and track SBAS signals identified by all PRN 
codes in Table B-23.
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7.GROIIND-BASED AUGMENTATION SYSTEM (GBAS)
AND GROUND-BASED REGIONAL AUGMENTATION SYSTEM (GRAS)

7.1 System description

7.1.1 GBAS consists of ground and aircraft elements. A GBAS ground subsystem typically 
includes a single active VDB transmitter and broadcast antenna, referred to as a broadcast 
station, and multiple reference receivers. A GBAS ground subsystem may include multiple 
VDB transmitters and antennas that share a single common GBAS identification (GBAS ID) 
and frequency as well as broadcast identical data. The GBAS ground subsystem can support 
all the aircraft subsystems within its service volume providing the aircraft with approach data, 
corrections and integrity information for GNSS satellites in view. GBAS ground and aircraft 
elements are classified according to the types of service they support (as defined in section 
7.1.2).

7.1.2 GBAS systems may provide two types of services: approach services and the GBAS 
positioning service. The approach service provides deviation guidance for FASs within the 
approach service volume. The GBAS positioning service provides horizontal position 
information to support RNAV oporations within the positioning service volume. The two 
typos of services are also distinguished by different porformance requirements associated 
with the particular oporations supported (see Table 6.3.7.2.4-1) including different integrity 
requirements as discussed in 7.5.1.

7.1.2.1 GBAS approach services are further differentiated into multiple typos referred to as 
GBAS approach service typos (GAST). A GAST is defined as the matched set of airborne 
and ground porformance and functional requirements that are intended to be used in concert 
in order to provide approach guidance with quantifiable porformance. Four typos of approach 
service, GAST A, GAST B, GAST C and GAST D are currently defined. GAST A, B and C 
are intended to support typical APV I, APV II and Category I oporations, respoctively. GAST 
D has been introduced to support landing and guided take-off oporations in lower visibility 
conditions including Category III oporations. Note that provisions for a separate service type 
to support Category II oporations, but not Category I nor Category III, have not been made. 
Since equipment supporting GAST D will function the same when supporting Category II 
minima as when supporting Category III minima, GAST D provides one means of supporting 
Category II operations. Category II operations may potentially be supported using GAST C in 
conjunction with an appropriate aeroplane level integration. A relevant analogy is the 
authorization in at least one State of lower than Category I minima based on guidance from a 
facility performance Category I ILS used in conjunction with a head-up display (HUD). 
Requirements for the approval of Category II oporations using GBAS will be defined by the 
airworthiness and oporational approval authorities within States

7.1.2.1.1 A GBAS ground subsystem may support multiple service typos simultaneously. 
There are two typos of ground subsystems, those that support multiple typos of approach 
service and those that do not. Equipment designed in compliance with earlier versions of 
these SARPs may only support a single typo of approach service, GAST C. Equipment
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designed in compliance with these SARPs may or may not support multiple types of service 
on one or more runway ends. The type of services supported for each approach are indicated 
in the approach performance designation field in a FAS data block within the Type 4 
message. The GBAS continuity/integrity designator (GCID) parameter in the Type 2 message 
indicates whether a GBAS ground subsystem is currently supporting multiple types of 
approach service. Airborne equipment that can support multiple service types will first check 
the GCID to determine if the ground segment supports multiple types of service. If it does, 
the equipment will then check the approach performance designator (APD) field of the 
selected FAS data block within the Type 4 message to determine which types of service are 
supported by the ground segment for the approach selected (using the channel selection 
scheme described in section 7.7 below). The airborne equipment will then determine which 
approach service to select based on APD, the current status of GCID and the airborne 
equipment type. Operators shall understand that the available operations may be restricted by 
many factors including pilot qualifications or temporary ANSP limitations which are not 
reflected in the APD value. Therefore, APD shall not be interpreted as an indication of the 
availability of any operational use, only as an indication of the service types that are 
supported for the given runway.

7.1.2.1.2 GBAS airborne equipment may attempt to automatically select the highest type of 
service supported by both the airborne equipment and the ground segment for the selected 
approach (as indicated in APD). If the desired type of service is not available, the airborne 
equipment may select the next lower available type of service and annunciate this 
appropriately. Therefore, during a GBAS operation, there is the selected service type (SST) 
and the active service type (AST). The SST is the service type that the airborne equipment 
would use if it were available, and can be no higher than the highest type of service offered 
by the ground segment for the selected approach. The AST is the service type that the 
airborne equipment is actually using at a particular time. The AST may differ from the SST if 
the SST is unavailable for some reason. The airborne equipment annunciates both the SST 
and AST so that proper action (e.g. annunciations) may be taken in the context of the airborne 
integration and operational procedures.

7.1.2.1.3 Service providers shall give consideration to what service type or types are actually 
required for each runway given the planned operations and encode the availability of the 
appropriate service types in the APD field of the associated FAS block.

7.1.2.1.4 When the ground subsystem is no longer capable of meeting FAST D requirements 
there are several options, depending upon which requirements are not met. If the ground 
subsystem cannot meet all of the FAST D integrity requirements (Appendix 6B, 
3.6.7.1.21.1.2, 3.6.7.1.2.1.1.3, and 3.6.7.1.2.2.1.1, 3.6.7.3.2) FAST D needs to be removed 
within the time-to-alert defined in Appendix 6B, 3.6.7.1.2.1.1.3. If it is still capable of 
meeting FAST C integrity requirements, the ground subsystem shall only remove FAST D 
and continue to broadcast in FAST C mode. The procedure for removing FAST D includes 
two options for reflecting this in the corrections (Appendix 6B, 3.6.7.3.2.1).

7.1.2.1.4.1 When downgrading from FAST D to C, the GCID in the Type 2 message 
(Appendix 6B, 3.6.7.2.3.2) also needs to change. A FAST D ground subsystem normally 
broadcasts a GCID of 2, indicating it supports FAST C and FAST D. When the ground
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subsystem can no longer support FAST D, but can still support FAST C, the GCID shall 
change to 1. Note that it is assumed here that a FAST D ground subsystem would downgrade 
to FAST C only, and not to FAST A or B.

7.1.2.1.4.2 Another condition that could result in the ground subsystem no longer being 
capable of supporting FAST D would be a failure such that FAST D continuity (Appendix 
6B, 3.6.7.1.3.1 and 3.6.7.1.3.2) cannot be met (e.g. failure of redundant components). If 
FAST D integrity requirements are still met, the ground subsystem is not required to remove 
the corrections in the Type 11 messages. However, the GCID needs to change to 1. 
Communicating the change in GCID nominally would take 10 seconds, as the minimum 
update rate for Type 2 messages is 10 seconds. It may take as long as one minute. A change 
in FAST shall be reflected in the next scheduled broadcast of the Type 2 message. In 
addition, changes to GCID are ignored by the airborne equipment when the aircraft is in the 
final stages of the approach. Therefore, GCID changes only affect the FAST for aircraft 
outside of the final stages of the approach.

7.1.3 A significant distinguishing feature for GBAS ground subsystem configurations is 
whether additional ephemeris error position bound parameters are broadcast. This feature is 
required for the positioning service, but is optional for some approach services. If the 
additional ephemeris error position bound parameters are not broadcast, the ground 
subsystem is responsible for assuring the integrity of ranging source ephemeris data without 
reliance on the aircraft calculating and applying the ephemeris bound as discussed in 7.5.9.

7.1.4 GBAS configurations. There are multiple configurations possible of GBAS ground 
subsystems conforming to the GNSS Standards, examples of such configurations are:

a) a configuration that supports GAST C only;

b) a configuration that supports GAST A, GAST B, GAST C, and also broadcasts the 
additional ephemeris error position bound parameters;

c) a configuration that supports only GAST C and GAST D, and the GBAS positioning 
service, while also broadcasting the ephemeris error position bound parameters referred to in 
b); and

d) a configuration that supports only GAST A and the GBAS positioning service, and is used 
within a GRAS.

7.1.4.1 GBAS facility classification (GFC). A GBAS ground subsystem is classified 
according to key configuration options. A GFC is composed of the following elements:

a) facility approach service type (FAST);

b) ranging source types;

c) facility coverage; and
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d) polarization.

7.1.4.1.1 Facility approach service type (FAST). The FAST is a collection of tetters from A 
to D indicating the service types that are supported by the ground subsystem. For example, 
FAST C denotes a ground subsystem that meets all the performance and functional 
requirements necessary to support GAST C. As another example, a FAST ACD designates a 
ground subsystem that meets the performance and functional requirements necessary to 
support service types A, C and D.

Note.— The facility classification scheme for GBAS includes an indication of which Service 
Types the ground .subsystem can .support. This means the ground subsy.stem meets all the 
performance requirements and functional requirements such that a compatible airborne user 
can apply the information from the ground subsystem and have quantifiable performance at 
the output of the processing. It does not necessarily mean that the groimd subsystem supports 
all service types on every runway end. Which GBAS approach .service types are supported on 
a given runway end is indicated in the Type 4 message and is included as part of the 
approach facility designation defined in .section 7.1.4.2.

7.1.4.1.2 Ranging source types: The ranging source type designation indicates what ranging 
sources are augmented by the ground subsystem. The coding for this parameter is as follows:

G1 - GPS
G2-SBAS
G3 - GLONASS
G4 - Reserved for Galileo
G5+ - Reserved for future ranging sources

7.1.4.1.3 Facility coverage: The facility coverage designation indicates positioning service 
capability and maximum use distance. The facility coverage is coded as 0 for ground 
facilities that do not provide the positioning service. For other cases, the facility coverage 
indicates the radius of Dmax expressed in nautical miles.

Note.— The service volume for specific approaches is defined as part of the approach facility 
designations defined in section 7.1.4.2.

7.1.4.1.4 Polarization: The polarization designation indicates the polarization of the VHF 
data broadcast (VDB) signal. E indicates elliptical polarization and H indicates horizontal 
polarization.

7.1.4.1.5 GBAS facility classification examples. The facility classification for a spocific 
facility is spocified by a concatenated series of codes for the elements described in sections 
7.1.4.1 through 7.1.4.1.4. The general form of the facility classification is:

GFC = Facility Approach Service Typo/Ranging Source Typo /Facility 
Coverage/Polarization.
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For example, a facility with the designation of GFC - C/G1/50/H, denotes a ground 
subsystem that meets all the performance and functional requirements necessary to support 
service type C on at least one approach, using GPS ranges only, with the GBAS positioning 
service available to a radius of 50 NM from the GBAS reference position and a VDB that 
broadcasts in Horizontal polarization only. Similarly, GFC-CD/G1G2G3G4/0/E denotes a 
ground subsystem that supports at least one approach with a service type of C and D, 
provides corrections for GPS, SBAS, GLONASS and Galileo satellites, does not support the 
positioning service and broadcasts on elliptical polarization.

7.1.4.2 Approach facility designations. A GBAS ground subsystem may support many 
approaches to different runway ends at the same airport or even runways at adjacent airports. 
It is even possible that a GBAS will support multiple approaches to the same runway end 
with different types of service (intended, for example, to support different operational 
minima). Each approach provided by the ground system may have unique characteristics and 
in some sense may appear to the user to be a separate facility. Therefore, in addition to the 
GBAS facility classification, a system for classifying or designating the unique characteristics 
of each individual approach path is needed. For this purpose, a system of approach facility 
designations is defined. Figure D-10 illustrates the relationship between GBAS facility 
classifications and approach facility designations. The classification is intended to be used for 
pre-flight planning and published in the AIP.

7.1.4.2.1 Approach facility designation elements. Each approach supported by a GBAS can 
be characterized by an approach facility designation (AFD). The AFD is composed of the 
following elements:

GBAS identification: Indicates the GBAS facility identifier that supports the approach 
(4-character GBAS ID).

Approach identifier: This is the approach identifier associated with the approach in the 
message Type 4 data block. It is 4 characters and must be unique 
for each approach within radio range of the GBAS facility.

Channel number: This is the channel number associated with the approach selection. 
It is a 5 digit charmel number between 20001 and 39999.

Approach service volume: Associated with each published approach, indicates the service
volume either by a numerical value in feet corresponding to the 
minimum decision height (DH) or by the GBAS points as defined 
below (i.e. GBAS Points A, B, C, T, D, E, or S).

Supported service types: Designates the GBAS service types (A-D) that are supported for the 
approach by the ground subsystem. This field can never be given a value greater than the 
facility approach service type for the GBAS ground subsystem that supports the approach.

The GBAS points A, B, C, T, D and E define the same locations relative to the runway as the 
ILS Points in Attachment 6C, Figure C-1 used to define the ILS localizer course and glide 
path bend amplitude limits. Point S is a new point defining the stop end of the runway. For

220



GBAS, the points are used to indicate the location along the nominal approach and/or along 
the runway for which GBAS performance for the supported service type(s) has been verified. 
When a decision height is used instead to define the approach service volume, the service 
volume is provided to a height of half the DH as defined in CAR-ANS 6.3, 6.3.7 3.5.3.1. The 
choice of coding using a DH or GBAS points depends upon the intended operational use of 
the runway. For example, if the approach identifier corresponds to a Category I instrument 
approach procedure from which automatic landings are authorized, the approach service 
volume element is intended to indicate at what point along the runway the performance has 
been verified. The point definitions are given below:

GBAS Point “A A point on a GBAS final approach segment measured along the extended 
runway centre line in the approach direction a distance of 7.5 km (4 NM) from the threshold.

GBAS Point “B”. A point on the GBAS final approach segment measured along the 
extended runway centre line in the approach direction a distance of 1 050 m (3 500 ft) from 
the threshold.

GBAS Point “C”. A point through which the downward extended straight portion of the 
nominal GBAS final approach segment passes at a height of 30 m (100 ft) above the 
horizontal plane containing the threshold.

GBAS Point “D”. A point 3.7 m (12 ft) above the runway centre line and 900 m (3 000 ft) 
from the threshold in the direction of the GNSS azimuth reference point (GARP).

GBAS Point “E'\ A point 3.7 m (12 ft) above the runway centre line and 600 m (2 000 ft) 
from the stop end of the runway in the direction of the threshold.

GBAS Point “S”. A point 3.7 m (12 ft) above the runway centre line at the stop end of the 
runway.

GBAS reference datum (Point “T”). A point at a height specified by TCH located above the 
intersection of the runway centre line and the threshold.

7.1.4.2.2 Approach facility designation examples

The approach facility designation consists of the concatenation of the parameters defined in 
section 7.1.4.2.1 as: GBAS ID/approach ID/ranging sources/approach service 
volume/required service type. An example application of this concept to a particular approach 
at the US Washington, DC Ronald Reagan International Airport is:

‘KDCA/XDCA/21279/150/CD’

where:

KDCA - indicates the approach is supported by the GBAS installation at DCA
XDCA — indicates the approach ident (echoed to the pilot on approach selection) for this
specific approach is “XDCA”
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I
21279 - is the 5-digit channel number used to select the approach
150 - indicates the GBAS coverage has been verified to be sufficient to support a DH as low 
as 150 ft.
CD - indicates that GBAS approach service types C and D are supported by the ground 
subsystem for the approach

Another example application of this concept to a particular approach at Boeing Field is;

“KBFI/GBFI/35789/S/C”

where:

KBFI - indicates the approach is supported by the GBAS installation at BFI (with GBAS 
Station identifier KBFI)
GBFI - indicates the approach ident (echoed to the pilot on approach selection) for this 
specific approach is “GBFI”
35789 - is the 5-digit channel number used to select the approach.
S - indicates the GBAS service volume extends along the approach and the length of the 
runway surface (i.e. 12 ft above the runway to the stop end).
C - indicates that GBAS approach service type C is supported by the ground subsystem for 
this FAS.

7.1.4.3 GBAS airborne equipment classification (GAEC)

7.1.4.3.1 GBAS airborne equipment may or may not support multiple typ>es of approach 
service that could be offered by a specific ground subsystem. The GBAS airborne equipment 
classifications (GAEC) specifies which subsets of potentially available services types the 
airborne equipment can support. The GAEC includes the following elements:

Airborne approach service type (AAST): The AAST designation is a series of letters in the 
range from A to D indicating which GASTs are supported by the airborne equipment. For 
example, AAST C denotes airborne equipment that supports only GAST C. Similarly, AAST 
ABCD indicates the airborne equipment can support GASTs A, B, C & D.

Note.— hor airborne equipment, designating only the highest GBAS approach service type 
supported is insufficient as not all airborne equipment is required to support all service 
types. For example, a particular type of airborne equipment may be classified as AAST CD, 
meaning the airborne equipment supports GAST C and D (but not A or B).

Ranging source types: This field indicates which ranging sources can be used by the 
airborne equipment. The coding is the same as for the ground facility classification (see 
section 7.1.4.1.2)

7.1.4.3.2 Multiple service type capable equipment. Ground and airborne equipment designed 
and developed in accordance with previous versions of these SARPs (Amendment 80) and 
RTCA DO-253A will only support GAST C. The current version of the Standards has been 
designed such that legacy GBAS airborne equipment will still operate correctly when a
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ground subsystem supports multiple types of service. Also, airborne equipment which can 
support multiple types of service will operate correctly when operating with a ground 
subsystem that supports only GAST C.

7.1.4.3.3 GBAS airborne equipment classification examples. GBAS airborne equipment 
classifications consist of a concatenated series of codes for the parameters defined in 7.1.4.3. 
The general form of the GAEC is:

GAEC = (airborne approach service type)/(ranging source type)

For example:

GAEC of C/Gl - denotes airborne equipment that supports only GAST C and uses only GPS 
ranges.

Similarly:

GAEC of ABC/G1G4 - denotes airborne equipment that supports all GASTs except GAST D 
and can use both GPS and Galileo ranging sources.

GAEC of ABC/G1G3 - denotes airborne equipment that supports all GASTs except GAST D 
and can use both GPS and GLONASS ranging sources.

Finally:

GAEC - CD/G1G2G3G4 - denotes airborne equipment that supports GASTs C and D and 
uses GPS, SBAS, GLONASS and Galileo ranging sources.

7.1.5 GRAS configurations. From a user perspective, a GRAS ground subsystem consists of 
one or more GBAS ground subsystems (as described in 7.1.1 through 7.1.4), each with a 
unique GBAS identification, providing the positioning service and one or more approach 
service types where required. By using multiple GBAS broadcast stations, and by 
broadcasting the Type 101 message, GRAS is able to support en-route operations via the 
GBAS positioning service, while also supporting terminal, departure, and operations 
supported by GAST A or B over a larger coverage region than that typically supported by 
GBAS. In some GRAS applications, the corrections broadcast in the Type 101 message may 
be computed using data obtained from a network of reference receivers distributed in the 
coverage region.

7.1.7 Interoperability of the GBAS ground and aircraft elements compatible with RTCA/DO- 
253() is addressed in Appendix 6B, 3.6.8.1. GBAS receivers compliant with RTCA/DO- 
253A will not be compatible with GRAS ground subsystems broadcasting Type 101 
messages. However, GRAS and GBAS receivers compliant with RTCA/DO-310 GRAS 
MOPS, will be compatible with GBAS ground subsystems. SARPs-compliant GBAS 
receivers may not be able to decode the FAS data correctly for GAST A transmitted from
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GBAS ground subsystems (i.e. a FAS data block with APD coded as “0”). These receivers 
will apply the FASLAL and FASVAL as if the active service type is GAST C. ANSPs shall 
be cognizant of this fact and relevant operational restrictions may have to be applied to 
ensure the safety of the operation. For GBAS ground subsystems providing GAST D, APD in 
the FAS data blocks may be coded as values of 1 or 2 (Appendix 6B, 3.6.4.5.1). SARPs 
compliant GBAS receivers developed in accordance with SARPs prior to Amendment 91 
may not be able to use FAS data blocks with APD equal to 2 or above.

7.1.11 Availability considerations for GBAS. A single GBAS ground subsystem may provide 
multiple types of service to multiple users and service for multiple runway ends 
simultaneously. These different types of service may have different availability and 
consequently one type of service may be available when another is not. Furthermore, as some 
elements of GBAS are optional (e.g. augmentation of multiple constellations or use of SBAS 
ranging sources), the capabilities of different users will vary. For this reason, it is not 
practical for the service provider to predict if a given user will find a specific service type to 
be available at any given time. All that can be known by the service provider is the status of 
the ground subsystem and satellite constellation. An assessment can be made as to whether 
the ground subsystem is meeting the allocated requirements for some target service type and 
further, the availability of service can be predicted based on an assumed level of performance 
and a nominal user. The definition of the nominal user includes which elements of GNSS are 
used (core satellite systems, SBAS ranges etc.) and within that, which subset of satellites are 
used in the position solution. For GBAS supporting GAST D this is further complicated by 
the fact that certain parameters (e.g. geometry screening thresholds) may be adjusted by the 
airframe designer to ensure adequate landing performance given the characteristics of the 
specific aircraft type. ANSPs and air space designers shall be cognizant of the fact that 
availability of service for GNSS augmentation systems in general is less predictable than 
conventional navigation aids. Variations in user capabilities will result in times where service 
may be available to some users and unavailable to others.

7.2 RF characteristics

7.2.1 Frequency coordination

7.2.1.1 Performance factors

7.2.1.1.1 The geographical separation between a candidate GBAS station, a candidate VOR 
station and existing VOR or GBAS installations must consider the following factors:

a) the service volume, minimum field strength and effective isotropically radiated power 
(EIRP) of the candidate GBAS including the GBAS positioning service, if provided. The 
minimum requirements for service volume and field strength are found in CAR-ANS 6.3, 
6.3.7.3.5.3 and 6.3.7.3.5.4.4, respectively. The EIRP is determined from these requirements;

b) the coverage and service volume, minimum field strength and EIRP of the surrounding 
VOR and GBAS stations including the GBAS positioning service, if provided. Specifications
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for coverage and field strength for VOR are found in CAR-ANS 6.3, 6.3.3, and respective 
guidance material is provided in Attachment 6C;

h) the four-character GBAS ID to differentiate between GBAS ground subsystems. The 
GBAS ID is normally identical to the location indicator at the nearest aerodrome. The 
requirement is found in Appendix 6B, 3.6.3.4.1; and

i) Slot assignment. The relative assignment of slots to a GBAS ground subsystem can impact 
performance in instances where messages in multiple slots need to be received by the 
airborne subsystem prior to processing. This will occur when using linked messages and/or 
for a GAST D ground subsystem where correction data is contained in both the Type 1 and 
Type 11 messages. In these cases slot assignments for all MT 1 and 11 should be adjacent to 
avoid unnecessary latency and complexity of design. Non-adjacent assignments may, 
depending on the design of the ground subsystem, result in a lack of time for the ground 
subsystem to process fault detections, render some slot combinations unusable and thus result 
in lower efficiency of spectrum use.

7.2.1.1.2 Nominal link budgets for VDB are shown in Table D-3. The first example in Table 
D-3 assumes a user receiver height of 3 000 m (10 000 ft) MSL and a transmit antenna 
designed to suppress ground illumination in order to limit the fading losses to a maximum of 
10 dB at VDB coverage edge. In the case of GBAS/E equipment, the 10 dB also includes any 
effects of signal loss due to interference between the horizontal and vertical components. The 
second example in Table D-3 provides a link budget for longer range positioning service. It is 
for a user receiver height sufficient to maintain radio line-of-sight with a multi-path limiting 
transmitting antenna. No margin is given in Table D-3 for fading as it is assumed that the 
receiver is at low elevation angles of radiation and generally free from significant null for the 
distances shown in the table (greater than 50 NM). In practice, installations will experience a 
fade margin that will be dependent on many parameters including aircraft altitude, distance 
from transmit antenna, antenna type/design and ground reflectors.

7.2.1.4 Example of GBAS/GBAS geographical separation criteria
• • •
7.2.1.4.2 The geographic separation for co-channel, co-slot GBAS VDB assignments is 
obtained by determining the distance at which the transmission loss equals 145 dB for 
receiver altitude of 3 000 m (10 000 ft) above that of the GBAS VDB transmitter antenna. 
This distance is 318 km (172 NM) using the free-space attenuation approximation and 
assuming a negligible transmitter antenna height. The minimum required geographical 
separation can then be determined by adding this distance to the nominal distance between 
the edge of VDB coverage and the GBAS transmitter 43 km (23 NM). This results in a co­
channel, co-slot reuse distance of 361 km (195 NM).

7.2.1.6 Guidelines on GBASA/OR geographical separation criteria. The GBASA/OR 
minimum geographical separation criteria are summarized in Table D-5 based upon the 
same methodology and the nominal VOR coverage volumes in Attachment 6C.
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Table D-3 Nominal VDB link budget

VDB link elements
Vertical component at Horizontal component at

For approach service coverage edge coverage edge
Required receiver sensitivity (dBm) -87 -87
Maximum aircraft implementationloss (dB) 11 15
Power level after aircraft antenna (dbm) -76 -72
(Operating margin (dB) 3 3
Fade margin (dB) 10 10
Free space path loss (dB)at 43 km (23 hJM) 106 106
Nominal eflective isotropically radiated 
power (EIRP) (dBm)

43 47

For longer range and low radiation angle 
associated with positioning service Vertical component Horizontal component
Required receiver sensitivity (dBm) -87 -87
Maximum aircraft implementation loss (dB) II 15
Power level after aircraft antenna (dBm) -76 -72
Operating margin (dB) 3 3
Fade margin (dB)
Nominal EIRP (dBm)

0 0

Range Free space loss EIRP EIRP EIRP EIRP
(Inn (NM)) (dB) (dBm) (W) (dBm) (W)
93 (50) 113 39.9 10 43.9 25
185 (100) 119 45.9 39 49.9 98
278(150) 122 49.4 87 53.4 219
390(200) 125 51.9 155 55.9 389

Notes.—
1 It is possible, with an appropriately sited multipath limiting VDB transmitting antenna with 
an effective radiated power sufficient to meet the field strength requirements for approach 
service and considering local topographical limitations, to also satisfy the field strength 
requirements such that positioning service can be supported at the ranges in this table.

2. Actual aircraft implementation loss (including antenna gain, mismatch lo.ss, cable loss, 
etc.) and actual receiver sensitivity may be balanced to achieve the expected link budget. For 
example, if the aircraft implementation loss for the horizontal component is 19 dB, the 
receiver sensitivity must exceed the minimum requirement and achieve -91 dBm to satisfy the 
nominal link budget.

2. The long-range performance estimates may generally be optimistic with the assumption of 
no fade margin, i. e., link budget performance will generally not be as good as these estimates 
indicate.

Note 1. When determining the geographical separation between VOR and GBAS, VOR as 
the desired signal is generally the constraining case due to the greater protected altitude of 
the VOR coverage region.

226



Note 2.— Reduced geographical separation requirements can he obtained using standard 
propagation models defined in ITU-R Recommendation P.528-2.

7.2.2 The geographical separation criteria for GBAS/ILS and GBAS/VHF communications 
are under development.

7.2.3 Compatibility with ILS. Considerations for assignment of VDB channels include the 
frequency separation between the ILS and the VDB, the distance separation between the ILS 
coverage area and the VDB, the VDB and ILS field strengths, and the VDB and ILS localizer 
receiver sensitivity. Until compatibility criteria are developed for GBAS VDB and ILS, VDB 
can generally not be assigned to channels below 112.025 MHz (i.e. a minimum frequency 
separation of 75 kHz from the highest assignable ILS localizer frequency).

7.2.3.1 Inter-airport compatibility. The minimum geographical separation based on a 
minimum frequency separation of 75 kHz between ILS localizer and GBAS ground station 
deployed at different airports is 3 NM between the undesired transmitter antenna location and 
the edges of the coverage of the desired service that are assumed to be at minimum signal 
power. Smaller necessary separation distance values may be obtained by taking into account 
additional information such as the actual desired service field strength and actual undesired 
service transmit antenna radiation patterns.

Note.— The coverage of the ILS localizer is standardized in CAR-ANS 6.3, section 6.3.1.3.3 
and the GBAS service volume is standardized in CAR-ANS 6.3, section 6.3.7.3.5.3, 
respectively.

7.2.3.2 Same-airport compatibility. To analyse the constraints for the deployment of a GBAS 
ground station at the same airport as ILS, it is necessary to consider ILS and VDB 
compatibility in detail taking into account information such as the actual desired service field 
strength and actual undesired service transmit antenna radiation patterns. For GBAS 
equipment with transmitter power such that the maximum field strength of 0.879 volts per 
metre (-27 dBW/m2) for the horizontally polarized signal component is not exceeded in the 
ILS coverage volume, the 16th channel (and beyond) will be below -100.5 dBm in a 25 kHz 
bandwidth at a distance of 80 m from the VDB transmitter, including allowance for a +5 dB 
increase due to constructive multipath. This -100.5 dBm in a 25 kHz bandwidth translates to 
a signal-to-noise ratio of 21.5 dB (above the assumed minimum signal-to-noise ratio of 20 
dB) for a -79 dBm localizer signal which corresponds to an ILS localizer field strength of 90 
microvolts per metre (minus 107 dBW/m2).

Note.— When deploying GBAS and ILS at the same airport, it is recommended to also 
analyse the impact of the GBAS VDB transmission on the ILS localizer monitor. Interference 
may he avoided by installing an appropriate filter.

7.2.4 Compatibility with VHP communications. For GBAS VDB assignments above 116.400 
MHz, it is necessary to consider VHF communications and GBAS VDB compatibility. 
Considerations for assignment of these VDB channels include the frequency separation
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between the VHF communication and the VDB, the distance separation between the 
transmitters and coverage areas, the field strengths, the polarization of the VDB signal, and 
the VDB and VHF communication receiver sensitivity. Both aircraft and ground VHF 
communication equipment are to be considered. For GBAS/E equipment with a transmitter 
maximum power of up to 150 W (100 W for horizontal 64th channel (and beyond) will be 
below -112 dBm in a 25 kHz bandwidth at a distance of 80 m from the VDB transmitter 
including an allowance of +5 dB increase due to constructive multipath. For GBAS/H 
equipment with a transmitter maximum power of 100 W, the 32nd channel (and beyond) will 
be below -112 dBm in a 25 kHz bandwidth at a distance of 80 m from the VDB transmitter 
including an allowance of +5 dB increase due to constructive multipath, and a 10 dB 
polarization isolation. It must be noted that due to differences in the GBAS VDB and VDL 
transmitter masks, separate analysis must be performed to ensure VDL does not interfere with 
the GBAS VDB.

Table D-4. Typical GBAS/GBAS frequency assignment criteria

Channel of undesired VDB in the same time slots
Path loss 

(dB)

Minimum required geographical 
separation for Txu = 47 dBm 
and Pdjiuii = -72 dBm in km (NM)

Cochannel 145 361 (195)
1 St adjacent channel (±25 kHz) 101 67 (36)
2nd adjacent channel (±50 kHz) 76 44 (24)
3rd adjacent channel (±75 kHz) Ti No restriction
4th adjacent channel (±100 kHz) 73 No restriction
Note 1.— No geographic transmitter restrictions are expected between co-frequency,
adjacent time slots provided the undesired VDB transmitting antenna is located at least 80 m
from areas where the desired signal is at minimum field strength.
Note 2.— The PD,min of -72 dBm is the output from an ideal isotropic antenna.

7.2.5 For a GBAS ground subsystem that only transmits a horizontally-polarized signal, the 
requirement to achieve the power associated with the minimum sensitivity is directly satisfied 
through the field strength requirement. For a GBAS ground subsystem that transmits an 
elliptically-polarized component, the ideal phase offset between HPOL and VPOL 
components is 90 degrees. In order to ensure that an appropriate received power is 
maintained throughout the GBAS service volume during normal aircraft maneuvers, 
transmitting equipment should be designed to radiate HPOL and VPOL signal components 
with an RF phase offset of 90 degrees. This phase offset shall be consistent over time and 
environmental conditions. Deviations from the nominal 90 degrees must be accounted for in 
the system design and link budget, so that any fading due to polarization loss does not 
jeopardize the minimum receiver sensitivity. System qualification and flight inspection 
procedures will take into account an allowable variation in phase offset consistent with 
maintaining the appropriate signal level throughout the GBAS service volume. One method 
of ensuring both horizontal and vertical field strength is to use a single VDB antenna that 
transmits an elliptically-polarized signal, and flight inspect the effective field strength of the 
vertical and horizontal signals in the service volume.

7.3 Service volume
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7.3.1 The minimum GBAS service volume to support approach services is depicted in Figure 
D-4. Where practical, it is operationally advantageous to provide valid guidance along the 
visual segment of an approach. The lateral approach service volume may be different (larger) 
than the vertical approach service volume. When the additional ephemeris error position 
bound parameters are broadcast, differential corrections may only be used within the 
Maximum Use Distance (Dmax) defined in the Type 2 message. It is also allowable for Dmaxto 
extend beyond an approach service volume. Reasons why this may be desirable include 
providing pilots with situational awareness and GBAS status information prior to intercepting 
the approach procedure, and improving GBAS course capture at the limits of the service 
volume. In such cases, the potential for reduced protection level, ephemeris bound, and VDB 
continuity outside the approach service volume shall be considered especially when 
broadcasting large or unlimited values of Dmax.

7.3.1.1 If a GBAS installation supports multiple approach service volumes, use of a single 
omnidirectional data broadcast covering all intended service volumes should be considered to 
limit complexity, if geographically feasible.

7.3.1.2 In addition, autoland or guided take-off may be used at facilities or runways not 
intended to support or not currently supporting Category II or III operations using GBAS. 
Even in Category I or better visual conditions, use of an approved autoland system with 
GAST C can aid pilots in achieving stabilized approaches and reliable touchdown 
performance, for Category II or III training, to exercise the airborne system to ensure suitable 
performance, and for maintenance checks. Use of this capability may also provide pilot 
workload relief Similarly, use of an approved guided take-off system will also provide 
operational benefits. Autoland and guided take-off service volume requirements are 
contained in CAR-ANS 6.3, 6.3.7.3.5.3.2. VDB reception on the runway surface is 
significantly affected by the transmit antenna design and its installed height as well as the 
geography of the airport. Service along all runways at an airport using a single VDB 
antenna/transmitter location may be difficult. However, where practical, service to support 
autoland and guided take-off operations shall be provided at suitable runways supporting any 
precision approach. The approach service volume element of the approach facility 
designation allows this information to be contained in the AIP (refer to 7.1.4.2.1). A useful 
autoland capability may be achievable for some aircraft even when the requirements of CAR- 
ANS 6.3, 6.3.7.3.5.3.2 are not entirely met. Similarly, some aircraft may not be able to 
conduct automatic landings with only the minimum service volume provided. For approaches 
with a FAS data path not aligned with the runway centre line, autoland service volume is not 
required.

7.3.2 An increased signal power (-62.5 dBm) from 36 ft and above, compared to the 
minimum requirement set for the GBAS service volume at 12 ft above the ground (-72 dBm), 
is required above the runway surface to accommodate various implementations of airborne 
VDB antenna. Indeed, VDB anterma height and aircraft implementation loss might not be 
suitable to meet adequate continuity for autoland under Category III conditions and guided 
take-off if
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a) aircraft VDB antenna height located above 12 ft may induce more than the expected 15 dB 
aircraft implementation loss; and

b) aircraft VDB antenna height located below 12 ft may receive a signal power that is below 
the minimum required value of -72 dBm.

7.3.2.1 To mitigate a lack of adequate VDB link budget, actual aircraft implementation loss 
(including type of antenna and location of antenna on the fuselage, antenna gain, mismatch 
loss, cable loss, etc.) and actual receiver sensitivity may be balanced to achieve the expected 
link budget. The need for additional operational mitigations might be identified and 
implemented during the aircraft approval process in case of potential loss of VDB along the 
flight path. It is common practice that a verification flight test is performed by a candidate 
operator to perform autoland under Category III conditions on a given runway.

7.3.2.2 It is not practical to measure the signal strength at 36 ft. Therefore, two example 
means of verification are identified below:

• Simplified analysis method: Measure the signal at 12 ft and estimate the signal
strength at 36 ft using mathematical tools;

• Complex analysis method: Model the airport configuration and simulate, using a 
mathematical tool, the signal strength at 12 ft and 36 ft.

Note 1. There exists an upper limit in the autoland service volume above the runway 
surface set at 100 ft.

Note 2.— Verification of minimum signal strength at 36 ft is sufficient to ensure compliance 
above 36 ft.

1.3.2.3 Simplified analysis method.

In order to apply this method, it is assumed the following:

o VDB transmitters are installed above a planar ground with line-of-sight to runways in the 
desired GBAS service volume as mentioned in Attachment 6D 
7.12.3.

•The analysis methodology consists of:

o Ground subsystem manufacturers and/or service providers perform a generic (non-airport 
specific) analysis to show that signal strength requirements at both 12 ft and 36 ft can be met 
based on distance from and height of the VDB antenna at their specific location. Studies have 
shown that signal strength will increase from the signal strength measured at 12 ft in various 
airport configurations. When verifying compliance for a specific installation, an acceptable 
means of compliance is to measure the signal strength at 12 ft and estimate the signal strength 
by using the following formula:
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To estimate the power P /jdBm (in dBm) at a height h (in metres) from the power P /jodBm at 
a height ho (in metres), one can use the following expression:

2° log - 20 log (sin (^^))

where
• d is the distance to the transmitter antenna in metres
• ha is the height of the transmitter antenna phase centre in metres
• '--c /is the wavelength in metres
• /is the frequency in Hertz
• c is the speed of light

For k < — , the pi«uou; fonaubnoa can be approximated with an enor :maUer dian IdB a; follow:

^AdBm — "+:olos©
Alternatively, converting heights in feet and considering, 
become;

h? = 12 ft. the previous expressions

P/jdBm — =0Io5(,1„(5£!^))_=01ot(sln(^))

and

P/idBm = -O log(/3ft) — 21.58dB

The applicability of the above-mentioned formula at different heights above the runway 
surface may vary with the distance between the VDB transmitter and the intended path on the 
runway surface and the VDB transmitter antenna height. Some siting constraints may be 
needed to verify the minimum signal strength is met in the service volume above the runway 
surface.

7.3.2.4 Complex analysis method
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This method assumes that;

• Airport configuration is so complex that “noise like multipath” (multipath reflections from 
buildings or aircraft standing or moving) cannot be easily accounted for and must be 
addressed in the analysis;

and/or

• Line-of-sight between the VDB antenna and runway caimot be maintained.

The analysis methodology consists of:

• The airport configuration includes relevant surfaces such as buildings and metallic 
fences, and topology of the ground surface is modeled with their electromagnetic 
characteristics. Radiation pattern of the VDB transmitter antenna is also modeled.

• Signal powers at 12 ft and 36 ft are estimated by simulating radio propagation. One of 
the acceptable means of the simulation is the ray-tracing method based on geometric 
optics. Such simulation is available with commercially available software with an 
intuitive human-machine interface to the airport modeling.

• Effects of small-scale (less than 5-10 wavelengths) structures limit the accuracy of 
simulation by the ray-tracing method. Therefore, an additional margin to represent 
such effects may need to be added to the simulation results.

The signal pwwer at 12 ft is measured and compared with the simulated one. If the 
measured and simulated signal powers at 12 ft match well, the simulation can be 
regarded as being able to model the signal powers at different heights over the runway

The simulated signal power and the minimum requirement at 36 ft are compared to 
verify the compliance of the VDB coverage over the runway.

7.3.3 The service volume required to support the GBAS positioning service is dependent 
upon the specific operations intended. The optimal service volume for this service is intended 
to be omnidirectional in order to support operations using the GBAS positioning service that 
are performed outside of the approach service volume. Each State is responsible for defining 
a service volume for the GBAS positioning service and ensuring that the requirements of 
CAR-ANS 6.3, 6.3.7.2.4 are satisfied. When making this determination, the characteristics of 
the fault-free GNSS receiver shall be considered, including the reversion to ABAS-based 
integrity in the event of loss of GBAS positioning service.

7.3.4 The limit on the use of the GBAS positioning service information is given by the 
Maximum Use Distance (Dmax). Dmax however does not delineate the coverage area where 
field strength requirements specified in CAR-ANS 6.3, 6.3.7.3.5.4.4 are necessarily met nor
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matches this area. Accordingly, operations based on the GBAS positioning service can be 
predicated only in the service volume(s) (where performance requirements are met) within 
the Dmax range.

7.3.5 As the desired service volume of a GBAS positioning service may be greater than that 
which can be provided by a single GBAS broadcast station, a network of GBAS broadcast 
stations can be used to provide the service. These stations can broadcast on a single frequency 
and use different time slots (8 available) in neighbouring stations to avoid interference or they 
can broadcast on different frequencies. Figure D-4A details how the use of different time 
slots will allow a single frequency to be used without interference subject to guard time 
considerations noted under Table B-59. For a network based on different VHF frequencies, 
guidance material in 7.17 should be considered.

7.4 Data structure

A bit scrambler/descrambler is shown in Figure D-5

Note. — Additional information on the data structure of the VHF data broadcast is given in 
RTCA/DO-246E, GNSS Based Precision Approach Local Area Augmentation System (LAAS) 
— Signal-in-Space Interface Control Document (ICD).

7.5 Integrity

7.5.1 Different levels of integrity are sp)ecified for precision approach operations and 
operations based on the GBAS positioning service. The signal-in-space integrity risk for 
approach services is 2 x lO'7 per approach. GBAS ground subsystems that are also intended 
to suppx)rt other operations through the use of the GBAS positioning service have to also 
meet the signal-in-space integrity risk requirement specified for terminal area operations, 
which is 1 x 10'7/hour (CAR-ANS 6.3, Table 6.3.7.2.4-1). Therefore, additional measures are 
necessary to support these more stringent requirements for positioning service. The signal-in- 
space integrity risk is allocated between the ground subsystem integrity risk and the 
protection level integrity risk. The ground subsystem integrity risk allocation covers failures 
in the ground subsystem as well as core constellation and SBAS failures such as signal 
quality failures and ephemeris failures. For GAST A, B, and C the protection level integrity 
risk allocation covers rare fault-free position domain performance risks and the case of 
failures in one of the reference receiver measurements. In both cases the protection level 
equations ensure that the effects of the satellite geometry used by an aircraft fault-free 
receiver are taken into account. This is described in more detail in the following paragraphs. 
For GAST D, the position domain integrity is delegated to the aircraft and a FAST D ground 
subsystem provides additional data and ranging source monitoring for aircraft using this 
service type.

7.5.1.1 Additional integrity requirements apply for GAST D, which is intended to support 
precision approach and automatic landing in low visibility conditions with minima less than 
Category I. The same requirements for bounding the position solution within a protection 
level that is compared to an alert limit apply, for all error sources except single ground 
reference receiver faults and errors induced by ionospheric anomalies. Single ground
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reference receiver faults are mitigated as described in 7.5.11. The responsibility for some 
errors induced by anomalous ionospheric conditions has been allocated to the airborne 
equipment. Mitigation of errors due to ionospheric anomalies is described in 7.5.6.1.6. 
Additional monitoring requirements and design assurance requirements are needed to allow a 
FAST D GBAS ground subsystem to provide a service that can provide equivalent safety to 
Category 111 ILS operations. Some additional monitoring requirements are allocated to the 
ground subsystem (see 7.5.6.1 to 7.5.6.1.7) and some are allocated to the airborne equipment. 
The additional monitoring performance requirements for the ground subsystem can be found 
in Appendix 6B, 3.6.7.3.3.

7.5.1.2 The ground subsystem integrity risk requirement for GAST D (Appendix 6B, section 
3.6.7.I.2.1.1.3) limits the probability of a ground subsystem failure resulting in the 
transmission of erroneous data during a minimum exposure time of “any one landing.” 
Typically the critical period of exposure to failures for vertical guidance in Category 111 
operations is taken to be the period between the Category I Decision Height (200 ft) and the 
threshold (50 ft height). This is nominally 15 seconds, depending upon the aircraft approach 
speed. The critical period of exposure to failures for lateral guidance in Category 111 
operations is taken to be the period between the Category I Decision Height and completion 
of the roll-out, which occurs when the aircraft decelerates to a safe taxi speed (typically less 
than 30 knots). This is nominally 30 seconds, again depending upon the aircraft approach 
speed and rate of deceleration. The term “any one landing” is used to emphasize that the time 
period where faults could occur extends prior to the critical period of exposure. The reason 
for this is that the fault may develop slowly over time; it could occur earlier in the landing 
phase and become a hazard during the critical period of exposure.

7.5.1.3 The critical period of exposure to failure for lateral guidance during a guided take-off 
in low visibility conditions is nominally 60 seconds. Erroneous or loss of guidance during a 
guided take-off being less critical than for Category 111 landings, it does not introduce any 
changes to the ground subsystem integrity requirements.

7.5.3 The individual error uncertainties described above are used by the receiver to compute 
an error model of the navigation solution. This is done by projecting the pseudo-range error 
models to the position domain. General methods for determining that the model variance is 
adequate to guarantee the protection level integrity risk are described in section 14. The 
lateral protection level (LPL) provides a bound on the lateral position error with a probability 
derived from the integrity requirement. Similarly, the vertical protection level (VPL) provides 
a bound on the vertical position. For approach services, if the computed LPL exceeds the 
lateral alert limit (LAL) or the VPL exceeds the vertical alert limit (VAL), integrity is not 
adequate to support the selected service type. For the positioning service the alert limits are 
not defined in the standards, with only the horizontal protection level and ephemeris error 
position bounds required to be computed and applied. The alert limits will be determined 
based on the operation being conducted. The aircraft will apply the computed protection level 
and ephemeris bounds by verifying they are smaller than the alert limits. Two protection 
levels are defined, one to address the condition when all reference receivers are fault-free (Ho 
- Normal Measurement Conditions), and one to address the condition when one of the 
reference receivers contains failed measurements (Hi - Faulted Measurement Conditions).
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Additionally, an ephemeris error position bound provides a bound on the position error due to 
failures in ranging source ephemeris. For approach services, a lateral ephemeris error bound 
(LEB) and a vertical ephemeris error bound (VEB) are defined. For the positioning service a 
horizontal ephemeris error bound (HEB) is defined.

7.5.3.1 The GBAS signal-in-space integrity risk (Appendix 6B, 3.6.7.1.2.1.1) is defined as 
the probability that the ground subsystem provides information which when processed by a 
fault-free receiver, using any combination of GBAS data allowed by the protocols for data 
application (Appendix 6B, 3.6.5), results in an out-of-tolerance lateral or vertical relative 
position error without annunciation for a period longer than the maximum time-to-alert. An 
out-of-tolerance lateral or vertical relative position error is defined as an error that exceeds 
the GBAS approach services protection level and, if additional data block 1 is broadcast, the 
ephemeris error position bound. Hence it is the responsibility of the ground subsystem to 
provide a consistent set of data including the differential corrections, and all parameters that 
are used by the protocols for data application (e.g, Opr^d and the B values as defined in the 
Type 1 message), so that the protection levels bound the position error with the required 
integrity risk. This error bounding process must be valid for any set of satellites that the user 
might be using. To ensure the computed protection levels actually bound the error with the 
required probability, it may in some cases be necessary to inflate or otherwise manipulate one 
or more of the parameters that are used by the protocols for data application. For example, to 
address the impact of anomalous ionospheric effects one strategy that has been used is to 
inflate Opr_gnd and aven_iono_gradicnt to ensure that airborne equipment that complies with the 
protocols for data application will be adequately protected.

7.5.6 Residual ionospheric errors. An ionospheric parameter is broadcast in Type 2 messages 
to model the effects of the ionosphere between the GBAS reference point and the aircraft. 
This error can be well-characterized by a zero-mean, normal distribution during nominal 
conditions.

7.5.6.1 Ionospheric anomalies. Small scale structures in the ionosphere can result in non- 
differentially corrected errors in the GBAS position. Such phenomena are typically associated 
with solar storm activity and may be characterized by steep gradients in the ionospheric delay 
over a relatively short distance (e.g. a few tens of kilometres). The errors that may be induced 
by these phenomena result when the airborne receiver and ground subsystem are receiving 
satellite signals that have different propagation delays. Also, since GBAS uses code-carrier 
smoothing with a relatively long time constant, biases build up in these filters that are a 
function of the rate of change of ionospheric delay. If the ground subsystem and airborne 
receivers experience significantly different delays and rates of change of the ionospheric 
delays, the biases that build up in these filters will not match and will not be cancelled by the 
differential processing.

7.5.6.1.1 Ionospheric anomaly mitigation. Ionospheric anomalies can produce position errors 
which are significant (i.e. tens of metres) in the context of approach operations. To mitigate 
these errors, different strategies are used depending on the GBAS approach service type.
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7.5.6.1.2 Ionospheric anomaly mitigation for CAST A, B and C. For CAST A, B or C, the 
ground subsystem is responsible for mitigating the potential impact of ionospheric anomalies. 
This may be handled through various monitoring schemes (e.g. far-field monitors or 
integration with a wide area ground network supporting SBAS) which detect the presence of 
ionosphere anomalies and deny service if the resulting user position errors would be 
unacceptable. One means to deny service is to inflate some combination of the broadcast 
integrity parameters: Oprj^d, Overtjono^gradient, the ephemeris decorrelation parameter (P), the 
ephemeris missed detection parameters Kmd_e,GPs and Kmd_e_,GLONAss such that any geometry 
that could be used by an airborne user will not be subjected to intolerably large errors (given 
the intended operational use). This inflation scheme could also be used without the 
complexity of monitoring the ionosphere during operations by assuming ionosphere 
anomalies are present. In this case, a model of the possible ionosphere conditions that could 
occur is used to determine the proper values of the broadcast integrity parameters. Since the 
extremes of ionosphere conditions vary significantly through the world, the model is location 
dependent. Such an inflation scheme results in a reduction in availability because it inflates 
the values even when anomalies are not present.

7.5.6.1.3 Ionospheric anomaly mitigation for CAST D. Requirements for monitoring and 
geometry screening in the airborne equipment have been introduced for CAST D to mitigate 
the potential impact of ionospheric anomalies. The airborne monitoring consists of 
monitoring the code-carrier divergence continuously in order to detect large gradients in the 
ionosphere. In addition, the airborne equipment will screen geometries to ensure that an 
unacceptably large amplification of residual pseudo-range errors (i.e. errors that may exist 
after airborne monitoring has been applied) will not occur. Another factor which is useful for 
the mitigation of errors induced by ionospheric anomalies is the use of the 30-second carrier 
smoothed pseudo-ranges in a position solution. (The shorter time constant smoothing is 
inherently less susceptible to filter bias mismatch errors.) Finally, GAST D includes 
parameters: Kmd_e_D,GLONAss, Kmd e_D,GPs, Pd and Overtjono^dient o, which are intended to be 
used in place of the parameters Rmd_e,GLONAss, Rmd_e,GPs, P, and Overt_ionojgradient, respectively, 
when the active service type is GAST D. This is done so that if the ground subsystem 
employs inflation of the parameters RnKi_c_,cii)nass, K.md_e.ops, B and Overt iono gradient to mitigate 
the effects of ionospheric anomalies for GAST A, B or C, the GAST D user can be provided 
with non-inflated parameters for use in GAST D where airborne monitoring is employed to 
address the ionospheric anomaly errors. This enables GAST D service to have improved 
availability.

7.5.6.1.4 Bounding of ionospheric anomaly errors. As stated above, ionospheric anomalies 
may be addressed by inflating one or more of the parameters: Opr^d, avert_.ono_gradieni, the 
ephemeris decorrelation parameter (P), the ephemeris missed detection parameters Kmd e,GPs 
and Kmd_e,GL(5NASs. The ground subsystem is responsible for providing values in these 
parameters such that the error is appropriately bounded by the VPL and HPL computations at 
the output of a fault free receiver. In GAST D, responsibility for mitigation of errors due to 
anomalous ionospheric conditions has been divided between the airborne subsystem and the 
ground subsystem. Although GAST D still requires the protection levels to bound the errors 
(as described in 7.5.3.1), they are not required to bound the errors that result from an 
anomalous ionospheric event as is the case for GAST C. Hence, the protection levels as 
computed with Pd, Kmd_e_D,GLONAss, Kmd_e_D,ops, and Overt_iono_gradient_D must bound the error for
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all error sources as discussed in 3.6.7.1.2.1.1.2 except for the errors due to anomalous 
ionospheric conditions. The protections level computations must bound the nominal 
ionospheric errors.

7.5.6.1.5 Dual solution ionospheric gradient monitoring. Another component of the airborne 
mitigation of errors induced by ionospheric anomalies is by the use of dual position solutions 
computed simultaneously with two different carrier smoothing time constants (see 7.19.3). 
This dual solution computation has two purposes. Firstly, taking the difference of two 
corrected pseudo-range measurements as detection statistics allows the filter build-up errors 
on each satellite, due to large differences in ionospheric gradients between the ground 
measurements and airborne measurements, to be directly observable. Hence a threshold can 
be applied to these detection statistics in order to detect a large portion of the ionospheric 
anomalies. The second application of the dual solutions is to compute a bound for the 30- 
second smoothed position (excluding the impact of ionospheric anomalies). The data 
provided by the ground segment allows a protection level bound to be computed for the 100- 
second solution. By adding the direct observation of the magnitude of the difference between 
the 30-second smoothed position and the 100-second smoothed position, to the protection 
level computation, a protection level is obtained, which is guaranteed to bound the 30-second 
position solution with the required lxl0'7/approach. This allows airborne equipment, with an 
active service type of D to provide equivalent bounding performance, as required for 
approaches to Category I minima even though the 30-second solution is used to develop the 
guidance.

7.5.6.1.6 Requirements for FAST D ground subsystems to support mitigation of errors caused 
by ionospheric anomalies. Although much of the responsibility for mitigation of ionospheric 
errors is allocated to the airborne segment, there is a requirement for FAST D ground 
subsystems that is necessary to support mitigation of such effects. Appendix 6B, 3.6.7.3.4 
specifies that the ground subsystem is responsible for ensuring mitigation of ionospheric 
spatial delay gradients. The ground subsystem ensures that the value of the maximum 
corrected pseudo-range error (Eio) computed from the Type 2 data does not exceed 2.75 
metres at all LTPs associated with runways that support CAST D procedures. One option 
available to the manufacturer is to restrict the distance between the GBAS reference point and 
the LTP.

7.5.6.1.7 Ionospheric anomaly threat models used for CAST D validation. As discussed 
above, the mitigation of errors that could be induced by ionospheric anomalies is 
accomplished through a combination of airborne and ground system monitoring. The 
effectiveness of the required monitoring has been demonstrated through simulation and 
analysis and the maximum errors at the output of the monitoring have been shown to be 
consistent with airworthiness certification criteria for a range of anomalies described below. 
This range of anomalies is described in terms of a “standard threat space” consisting of an 
ionospheric anomaly model which defines physical attributes of the ionospheric anomaly. 
The model described in 7.5.6.1.7.1 is a conservative rendition of the model developed for the 
continental United States. This model has been shown to bound the ionospheric threat 
evaluated in several other mid-latitude regions, relative to the magnetic equator. Recent data 
collected in some low-latitude regions, relative to the magnetic equator, has shown 
ionospheric conditions associated with local ionospheric density depletion (“plasma
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bubbles”) that exceed this threat model. Research has resulted, for example, in a reference 
low-latitude threat model for the Asia-Pacific Region by a dedicated Ionospheric Studies 
Task Force (APAC ISTF). The threat models define an ionospheric environment for which 
the standardized monitoring is known to produce acceptable performance on a per-pseudo- 
range basis. Each service provider shall evaluate whether the standard threat space model 
described below is appropriate for the ionospheric characteristics in the region where GBAS 
is intended to support GAST D service. This evaluation shall always be performed, regardless 
of the latitudes involved. If a service provider determines that the ionospheric behaviour is 
not adequately characterized by this threat model (e.g. for a region of uniquely severe 
ionospheric behaviour), that service provider must take appropriate action to ensure the users 
will not be subjected to ionospheric anomalies with characteristics outside the range of the 
standard threat space. The service provider may elect to:

1. alter the characteristics of its ground subsystem; and/or

2. introduce additional monitoring (internal or external to the GBAS); and/or

3. introduce other operational mitigations that limit users’ exposure to the extreme 
ionospheric conditions.

Potential ground subsystem changes which could achieve this risk reduction include tighter 
siting constraints (see 7.5.6.1.6) and improved ground subsystem monitoring performance 
(Appendix 6B, 3.6.7.3.4). Another mitigation strategy is monitoring of space weather 
(external to the GBAS system) in conjunction with operational limitations on the use of the 
system during predicted periods of severely anomalous ionospheric activity. Combinations of 
these strategies may be used to ensure that the GAST D user is not subjected to ionospheric 
anomalies outside the standard threat space.

7.5.6.1.7.1 Ionosphere anomaly model: moving wedge. This model a severe ionospheric 
spatial gradient as a moving wedge of constant, linear change in slant ionosphere delay, as 
shown in Figure D-11 The key parameters of this model are the gradient slope (g) in mm/km, 
the width (w) of the wedge in km, the amplitude of the change in delay {!)) in m, and the 
speed (v) at which the wedge moves relative to a fixed point on the ground. These values are 
assumed to remain (approximately) constant over the period in which this wedge affects the 
satellites tracked by a single aircraft completing a GAST D approach. While the width of the 
wedge is small, the “length” of the wedge in the East-North coordinate frame (i.e. how far the 
“ionospheric front” containing the wedge extends) is not constrained.

In this model, the upper bound on g is dependent on wedge speed as specified in Table D-5A. 
This value is not dependent on satellite elevation angle. Because g is expressed in terms of 
slant delay, no “obliquity” correction from zenith delay is needed. The width w can vary from 
25 to 200 km. The maximum value of D is 50 m. Note that, to make the model consistent, D 
must equal the product of slope g and width w. In cases where slope and width each fall 
within their allowed ranges, but their product D exceeds the 50-metre bound, that 
combination of slope and width is not a valid point within the threat model. For example, 
both g = 400 mm/km and w = 200 km are individually allowed, but their product equals 80
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metres. Since this violates the constraint on D, a wedge with g = 400 mm/km and w = 200 km 
is not included in this threat model.

Note.— In the GAST D validation, it was assumed that each simulated wedge model is 
applied to the two ranging sources that produced the worst-case position errors. However, 
the numbers of wedges and impacted ranging sources depend on the ionospheric 
characteristics in the region where GBAS is intended to support GAST D service.

Table D-5A Upper bound on gradient slope

Propagation speed (v) Upper bound on gradient slope {g)
V < 750 m/s 500 mm/km

750 < v< 1500m/s 100 mm/km

7.5.6.1.8 Ionosphere gradient mitigation validation

7.5.6.1.8.1 Because the mitigation responsibility for spatial ionosphere gradients is shared 
between the airborne and ground subsystems, this section includes guidance for modeling the 
critical airborne components (e.g. aircraft motion and monitoring) which will enable a ground 
manufacturer to validate the mitigation of spatial ionosphere gradients from a total system 
perspective. The validation can take into account the combination of ground and airborne 
monitors for the detection of gradients. When accounting for the combination of monitors, 
the correlation or independence between the monitors needs to be considered. Monitor 
performance shall also consider the effective time between independent samples of each 
monitor’s test statistic. Modeling of the ionosphere monitoring shall include re admittance 
criteria for an excluded satellite, as appropriate per the ground subsystem design and DO- 
253D.

7.5.6.1.8.2 This section also includes test scenario guidance to help ensure all possible 
airborne position, ground reference point, approach direction, and gradient direction 
orientations are considered during validation.

7.5.6.1.8.3 Airborne monitor implementation 

Validation may account for the following airborne monitors:

a) airborne code carrier divergence filtering as described in 2.3.6.11 of DO-253D;

b) differential RAIM used for satellite addition as described in 2.3.9.6.1 of DO-253D; and
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c) dual solution pseudo-range ionospheric gradient monitoring as described in 2.3.9.7 of DO- 
253D.

7.5.6.1.8.3.1 In assessing the probability of missed detection, the contribution of all noise 
sources to the test statistic used for the airborne code carrier divergence monitor, excluding 
the effects of the ionosphere, can be assumed to have a normal distribution with a zero mean 
and a standard deviation of 0.002412 m/s.

7.5.6.1.8.3.2 In assessing the probability of missed detection, the contribution of all noise 
sources to the test statistic used for the dual solution pseudo-range ionospheric gradient 
monitor can be assumed to have a normal distribution with a zero mean and a standard 
deviation of 0.1741 m.

7.5.6.1.8.3.3 Note that the prior probability of the gradient that can be utilized during 
validation of 3.6.7.3.4 applies for these airborne monitors as well.

7.5.6.1.8.4 Modeling airborne positioning and speed

The airborne speed and position can be modeled working backward from the threshold 
crossing time using the following four values;

a) speed at landing;

b) amount of time at landing speed;

c) deceleration rate; and

d) speed at start of deceleration.

7.5.6.1.8.4.1 Figure D-12 illustrates how these four values are used to define a speed profile 
and Table D-5B shows the values that define the family of curves to be used in determination 
of CAST D broadcast parameters for a specific IGM design.

Table D-5B. Airborne speed profile from initial position to LTP

Landing ground speed 
(knots)

Time at landing speed 
(seconds)

Deceleration rate 
(knots/s)

Ground speed at start of 
deceleration (knots)

161 50 11 290
148 50 11 277
135 50 1.1 264

Note.— Modeling aircraft altitude is not necessary.

7.5.6.1.8.4.2 Figure D-13 shows the approach sp>eed profiles based on the values in Table D- 
5B in terms of ground speed versus time until the aircraft reaches the landing threshold point.
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7.5.6.1.8.5 Gradient, airborne position, ground reference point, and approach direction 
considerations

7.5.6.1.8.5.1 Figure D-14 illustrates the basic anomalous ionospheric scenarios (A-D) that 
constitute a threat. For a given ground station installation, the ground manufacturer shall 
demonstrate valid mitigation for any ionosphere gradient/airbome/approach orientations 
corresponding to that particular installation.

7.5.6.1.8.5.2 Validation test scenarios shall also address the timing component for each 
orientation. For example, for a given scenario, an approach shall be executed at least at one 
minute intervals.

7.5.9 Ephemeris error uncertainty. Pseudo-range errors resulting from ephemeris errors 
(defined as a discrepancy between the true satellite position and the satellite position 
determined from the broadcast data) are spatially decorrelated and will therefore be different 
for receivers in different locations. When users are relatively close to the GBAS reference 
point, the residual differential error due to ephemeris errors will be small and both the 
corrections and uncertainty parameters aPr_gnd sent by the ground subsystem will be valid to 
correct the raw measurements and compute the protection levels. For users further away from 
the GBAS reference point, protection against ephemeris failures can be ensured in two 
different ways;

a) the ground subsystem does not transmit the additional ephemeris error position bound 
parameters. In this case, the ground subsystem is responsible for assuring integrity in case of 
satellite ephemeris failures without reliance on the aircraft calculating and applying the 
ephemeris bound. This may impose a restriction on the distance between the GBAS reference 
point and the decision altitude/height depending upon the ground subsystem means of 
detecting ranging source ephemeris failures. One means of detection is to use satellite 
integrity information broadcast by SBAS; or

b) the ground subsystem transmits the additional ephemeris error position bound parameters 
which enable the airborne receiver to compute an ephemeris error bound. These parameters 
are: coefficients used in the ephemeris error position bound equations (Kmd_e_o> where the 
subscript () means either “GPS”, “GLONASS”, “POS, GPS” or “POS, GLONASS”), and the 
ephemeris decorrelation parameters (P). The ephemeris decorrelation parameter (P) in the 
Type 1 or Type 101 message characterizes the residual error as a function of distance 
between the GBAS reference point and the aircraft. The value of P is expressed in m/m. The 
values of P are determined by the ground subsystem for each satellite. One of the main 
factors influencing the values of P is the ground subsystem monitor design. The quality of the 
groimd monitor will be characterized by the smallest ephemeris error that it can detect. The 
relationship between the P parameter and the smallest detectable error Eephdet for a particular 
satellite, i, can be approximated by P, = Eephdet /Ri where Ri is the smallest of the predicted 
ranges from the ground subsystem reference receiver antenna(s) for the period of validity of 
Pi. Since Ri varies with time, the P parameters values are time dependent as well. However, it 
is not a requirement for the ground subsystem to dynamically vary P. Static P parameters can
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be sent if they properly ensure integrity. In this latter case, the availability would be slightly 
degraded. Generally, as Cephdet becomes smaller, overall GBAS availability improves.

7.5.10 Ephemeris error/failure monitoring. There are several types of monitoring approaches 
for detecting ephemeris errors/failures. They include:

a) Long baseline. This requires the ground subsystem to use receivers separated by large 
distances to detect ephemeris errors that are not observable by a single receiver. Longer 
baselines translate to better performance in smallest detectable error;

b) SB AS. Since SBAS augmentation provides monitoring of satellite performance, including 
ephemeris data, integrity information broadcast by SBAS can be used as an indication of 
ephemeris validity. SBAS uses ground subsystem receivers installed over very long 
baselines, therefore this provides optimum performance for ephemeris monitoring and thus 
makes small errors detectable;

c) Ephemeris data monitoring. This approach involves comparing the broadcast ephemeris 
over consecutive satellite orbits. This monitoring assumes that the only threat of failure is due 
to a failure in the ephemeris upload from the constellation ground control network so that the 
ephemeris is inconsistent with previously broadcast ephemeris; and

d) Delta-V (change in velocity) monitoring. This monitoring covers the cases of 
uncommanded satellite manoeuvres out of view with unchanged ephemeris.

7.5.10.1 The monitor design (for example, its smallest detectable error) is to be based upon 
the integrity risk requirements and the failure model the monitor is intended to protect 
against. A bound on the GPS ephemeris failure rate can be determined from the reliability 
requirements defined in CAR-ANS 6.3, 6.3.7.3.1.3, since such an ephemeris error would 
constitute a major service failure.

7.5.11 Ground reference receiver faults. A typical GBAS ground subsystem processes 
measurements from 2 to 4 reference receivers installed in the immediate vicinity of the 
reference point. For GAST A, B, C and D, the aircraft receiver is protected against a large 
error or fault condition in a single reference receiver by computing a protection level based 
on the B parameters from the Type 1 or Type 101 message and comparing that protection 
level to the alert limit. Ground subsystem compliance with the GAST A, B, C and D integrity 
risk (Appendix 6B, 3.6.7.1.2.2.1) is demonstrated taking into account the protocols required 
of the airborne subsystem (Appendix 6B, 3.6.5.5.1.2) and explicit monitoring required in the 
airborne subsystem. Alternative system architectures with sufficiently high redundancy in 
reference receiver measurements may employ processing algorithms capable of identifying a 
large error or fault in one of the receivers. This may apply for a GRAS network with 
receivers distributed over a wide area and with sufficient density of ionospheric pierce points 
to separate receiver errors from ionospheric effects. The integrity can then be achieved using 
only the protection levels for normal measurement conditions (VPLho and LPLho), with 
appropriate values for Kffmd and Opr_gnd. This can be achieved using the Type 101 message 
with the B parameters excluded.
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7.5.11.1 CAST D ground reference receiver faults. For GAST D, there is an additional 
standardized monitor implemented in the airborne receiver used to maintain the single 
reference receiver faulted measurement condition integrity regardless of the satellite 
geometry used in the aircraft. The aircraft receiver computes a position error estimate based 
on the B parameters and compares that error estimate directly to a threshold set as low as 
possible consistent with acceptable continuity risk. Although the monitor is mechanized in 
the airborne subsystem, the ground subsystem must meet specific requirements for the 
monitor to provide the required protection. The integrity performance depends on the 
assumed a priori failure rate (Appendix 6B, 3.6.7.1.2.2.1.2) and the probability of missed 
detection of the monitor. The a priori rate of a single reference receiver providing faulted 
measurements is required to be less than 1 x lO'5 per 150 seconds. The rate per individual 
receiver is dependent upon the number of reference receivers in the ground subsystem. For 
example, with four reference receivers the rate per receiver would be required to be less than
2.5 X lO"6 per 150 seconds. This a priori rate is achieved through a combination of receiver 
design requirements and proper reference receiver siting and operational constraints. Because 
conditions during system operation vary, ground subsystems may monitor receiver outputs to 
verify continued compliance with the requirement. The integrity performance also depends 
on the probability of missed detection (Pmd) performance of the monitor implemented in the 
airborne equipment. The Pmd performance of this monitor in turn depends on the 
characteristics of the errors that confound the observability of a reference failure. This is also 
true for the existing protection level integrity risk equations associated with faulted 
measurement conditions. The ground subsystem is required to broadcast integrity parameters 
that bound the errors such that a normal distribution can sufficiently characterize the errors 
and the Pmd can be estimated (Appendix 6B, 3.6.7.1.2.2.1.1 and 3.6.7.2.2.4.1).

7.5.11.2 GAST D ground reference receiver fault magnitude bounding. Because the airborne 
subsystem implements the monitor as defined in the MOPS, it is possible to compute the size 
of the largest error that can result from the failure of a single reference receiver with a 
probability of greater than 1 x 10‘9. The calculated maximum size of the error will depend on 
the assumed a priori failure rate (Appendix 6B, 3.6.7.1.2.2.1.1) and the probability of missed 
detection of the monitor. The monitor Pmd is dependent on the monitor threshold which is 
computed by the airborne equipment as a function of the geometry and the error distribution 
associated with the Hi hypothesis.

7.5 .12 Range domain monitoring requirements for GAST D. To support equivalent safety of 
Category Il/III operations, requirements beyond the basic “signal-in-space” requirements 
defined for GAST A, B and C are necessary. These requirements include performance 
requirements for monitors implemented to detect pseudo-range errors. Two requirements 
apply to the post monitoring error in the corrected pseudo-range due to specific ranging 
source failures (Appendix 6B, 3.6.7.3.3.2 and 3.6.7.3.3.3). In both cases, the requirement 
applies to the probability of missed detection as a function of the size of an error due to the 
failure in the 30-second smoothed pseudo-range after the correction is applied.

1) The first requirement constrains the Pmd performance of the specified ranging source 
failures without regard for the a priori probability of the ranging source failure. The bound for 
a ground subsystem’s monitor performance defined in Appendix 6B, 3.6.7.3.3.2 is illustrated 
in Figure D-15. GAEC-D equipment will use the 30-second differential corrections to form
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the position solution used for deviation guidance. The limits of the constraint region define 
the minimum Pmd that the ground subsystem must ensure for any single ranging source failure 
condition.

Note.— The example compliant Pmd in Figure D-I5 is based on a hypothetical monitor with a 
threshold set to 0.8 m and monitor noise of 0.123 m. The curve is for illustration purposes 
only and does not represent the performance of any specific monitor design.

2) The second requirement constrains the conditional probability of the 
the specified ranging source given the a-priori failure probability for 
source failure. The conditional probability bound, Pmd x Papnon, for a 
monitor performance defined in Appendix 6B, 3.6.7.3.3.3 is illustrated 
prior probability of each ranging source failure (Papnon), used to evaluate 
the same value that is used in the analysis to show compliance 
requirements for FAST C and D (see 7.5.3.1).

Pmd performance of 
the specific ranging 
ground subsystem’s 
in Figure D-16. The 
compliance, shall be 
with the bounding

7.5.12.1 Verification of ground subsystem compliance with range domain monitoring 
requirements

Verifying that a ground system design complies with the monitor requirements provided in 
App>endix 6B, 3.6.7.3.3.2 and 3.6.7.3.3.3 is achieved by a combination of testing and 
analysis. The requirements take the form of a constraint on the probability of missed 
detection as a function of the size of an error in the corrected pseudo-range. The general 
process that may be used to verify that a specific monitor, included as part of a ground 
subsystem design, meets the specified performance is as follows:

• Identify the threat space for each fault mode to be considered. (The requirements in 
Appendix 6B, 3 6.7.3.3 apply to four specific fault modes). These fault modes (i.e. the threat 
space), which may be used for evaluating compliance with a ground subsystem design, are 
provided in 7.5.12.1.3.1 through 7.5.12.1.3.4. These fault modes and fault combinations 
constitute the threat space. These threat space definitions represent what at least one State has 
found acceptable as an assumed threat space for each fault mode.

• Identify the airborne configuration space. The airborne system requirements introduce 
constraints on the design and performance of airborne equipment. These constraints define 
the range of critical airborne parameters of the configuration space for each fault mode and/or 
monitor that must be protected by the ground subsystem. For example, the bandwidth and 
correlator spacing of a compliant airborne receiver will conform to the requirements in 
sections 8.11.4 through 8.11.7.1. These are two of the critical parameters of the airborne 
configuration space for the satellite signal deformation fault mode. A critical airborne 
parameter directly influences how each point in the threat space translates to an error in the 
differentially corrected pseudo-range.

• An error analysis is done considering the specific monitor design under consideration given 
the full range of fault characteristics that comprise the threat space. For each characterized 
fault, the error that would be induced in the corrected pseudo-range (using the 30-second
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smoothed pseudo-ranges and pseudo-range corrections) is computed given the full range of 
critical airborne parameters that comprise the airborne configuration space.

• When assessing the compliance of a ground subsystem design, the performance is 
characterized by relevant statistical measures. Any monitor is subject to noise and therefore 
the performance may be characterized by the false detection rate and the missed detection 
probability. Both of these performance metrics are specified in the ground requirements in 
Appendix 6B by means of a not-to-exceed constraint. The missed detection probability 
performance is constrained by the requirements in Appendix 6B, 3.6.7.3.3.2 and 3.6.7.3.3.3. 
The false detection rate performance is constrained by the continuity requirements given in 
Appendix 6B, 3.6.7.1.3.2. It shall be understood that the ground subsystem must meet all 
requirements in the Standards. It is possible that the performance of individual monitors may 
be further constrained by other requirements, such as the ground subsystem integrity risk 
requirement in Appendix 6B, 3.6.7.1.2.1.1.1. Ground station accuracy performance may have 
an impact on airborne and ground monitor performance. In the validation of requirement 
feasibility a GAD C4 performance was assumed to account for instance for single reference 
receiver faults. Use of lower performance categories may have an availability or continuity 
impact and shall be investigated in the design process.

7.5.12.1.1 Compliance of ground subsystem monitoring with continuity requirements. The 
compliance with the false detection rate (continuity) may be established based on collected 
real data combined with analysis and/or simulation. The required number of truly 
independent samples shall be sufficient to adequately characterize the cumulative distribution 
function (CDF) of the monitor discriminator, which is compared to the threshold set for the 
monitor. The fault free noise CDF must be such that for the threshold set in the monitor the 
false detection probability is smaller than that required to support continuity. An allocation of 
the continuity to each monitor must be done with consideration given to the overall specified 
probability of false detection (Appendix 6B, 3.6.7.1.3.2). The achieved probability of false 
detection is determined by extrapolation of the observed trends in the measured CDF. 
Additionally, detection events in the ground system may be logged and if, over time, the false 
detection rates are not maintained at the required levels, thresholds may be adjusted as the 
result of a maintenance action to correct the problem.

7.5.12.1.2 Compliance of ground subsystem monitoring with integrity requirements. The 
compliance with the missed detection probability (integrity risk) is typically established 
based on simulation and analysis. (Given the low allowed probability of observing actual 
faults, collection of enough real data to establish that the probability is met with any 
statistical significance is impossible.) The threat space for the fault mode is divided into 
discrete intervals across the relevant parameters that define the fault behavior. The total space 
of potential faults is represented by a multidimensional grid of discrete points that span the 
threat space. The airborne configuration space is also discretized i.e. represented by 
multidimensional grid of discrete (critical parameter) points. A simulation is used to compute 
the expected pseudo-range error performance for each point in the threat space, each possible 
airborne configuration and the ground receiver function with the monitors. The worst-case 
error in the corrected pseudo-range is computed as a function of the discriminator value for 
the monitor addressing the threat (assuming no noise at this point). This also makes it 
possible to determine the discriminator value as a function of the worst-case error in the
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corrected pseudo-range (the inverse mapping). The missed detection probability is obtained 
by superimposing noise based on a conservative noise model (using an over bound of the 
CDF that was generated by the real data), on the discriminator determined from the worst- 
case differential range. This can be done either analytically or by simulation. The mapping 
from discriminator to worst-case error in the corrected pseudo-range and the noise levels 
applied may have further dependencies (for instance satellite elevation), and the established 
missed detection probability is therefore also a function of a set of parameters that constitute 
the detection parameter space which is divided into discrete intervals as well, i.e. represented 
by a multidimensional grid of discrete (detection parameter) points. The final missed 
detection probability is obtained by searching for the worst case when evaluating all the grid 
points in the detection parameter space.

7.5.12.1.3 Threat space and relevant airborne configuration space for each fault mode

7.5.12.1.3.1 Code carrier divergence threat

7.5.12.1.3.1.1 The code carrier divergence threat is a fault condition in a GPS satellite that 
causes the code and carrier of the broadcast signal to diverge excessively.

7.5.12.1.3.1.2 A code carrier divergence fault may cause a differential ranging error in one or 
both of the following cases; (1) the aircraft and ground filter designs are not identical, and (2) 
the aircraft and ground filters start at different times. Both of these cases can result in a 
difference between the transient responses of the filters in the presence of a CCD event. The 
critical airborne parameters are:

— The time of initialization of the airborne smoothing filter relative to the fault onset.

The smoothing filter type (fixed time constant 30 seconds or adjustable time constant 
equal to time from initialization up to 30 seconds and thereafter fixed).

— The carrier code divergence rate monitoring required in airborne system for CAST D and 
the associated fault reaction.

— The time period from initialization of the airborne smoothing filter to the incorporation of 
the measurement in the position solution.

7.5.12.1.3.2 Excessive acceleration threat

The excessive acceleration threat is a fault condition in a GPS satellite that causes the carrier 
(and code in unison) of the broadcast signal to accelerate excessively. The threat space is one­
dimensional and corresponds to all possible accelerations including ramps and steps.

7.5.12.1.3.3 Ephemeris error threat

The ephemeris error threat is a fault condition that causes the broadcast ephemeris parameters 
to yield excessive satellite position errors perpendicular to the ground subsystem’s line of 
sight to the satellite. The resultant differential range error is the satellite position error (true
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compared to broadcast ephemeris) multiplied by the distance between ground subsystem and 
airborne and scaled by the inverted distance to the satellite. It is bounded by the product of 
the P parameter (see 7.5.9) and the distance between the user and the ground subsystem. The 
critical airborne parameter for the ephemeris error threat is therefore the distance between the 
user and the ground subsystem. Satellite ephemeris faults are categorized into two types, A 
and B, based upon whether or not the fault is associated with a satellite manoeuvre. There are 
two subclasses of the type A fault, A1 and A2.

7.5.12.1.3.3.1 Ephemeris error threat type B

7.5.12.1.3.3.1.1 The type B threat occurs when the broadcast ephemeris data is anomalous, 
but no satellite manoeuvre is involved.

7.5.12.1.3.3.1.2 The GBAS ground subsystem can monitor against such faults by comparing 
current and prior ephemerides. One example of a type B fault; no manoeuvre occurs, an 
incorrect upload is sent to a satellite, and the satellite subsequently broadcasts an erroneous 
ephemeris.

7.5.12.1.3.3.2 Ephemeris error threat type A1

7.5.12.1.3.3.2.1 The type A1 threat occurs when the broadcast ephemeris data is anomalous 
following an announced and intentional satellite manoeuvre.

7.5.12.1.3.3.2.2 Prior ephemerides are of limited use in the detection of type A1 failures 
because of the intervening manoeuvre. The GBAS ground subsystem will need to monitor 
ranging data directly as part of ephemeris validation. One example of a type A1 fault; a 
satellite is set unhealthy, a manoeuvre is executed, an incorrect upload is sent to the satellite, 
the satellite is reset to healthy and subsequently broadcasts an erroneous ephemeris.

7.5.12.1.3.3.3 Ephemeris error threat type A2

7.5.12.1.3.3.3.1 The type A2 threat occurs when the broadcast ephemeris data is anomalous 
following an unannounced or unintentional satellite manoeuvre.

7.5.12.1.3.3.3.2 Prior ephemerides are of limited use in the detection of type A2 failures 
because of the intervening manoeuvre. The GBAS ground subsystem will need to monitor 
ranging data directly as part of ephemeris validation. One example of a type A2 fault; a 
satellite is set healthy, an intentional manoeuvre or unintentional thruster firing occurs, and 
the satellite continues to broadcast the pre-manoeuvre (now erroneous) ephemeris.

7.5.12.1.3.4 Signal deformation threat

7.5.12.1.3.4.1 The signal deformation threat is a fault condition in the GPS satellite that 
causes the broadcast C/A code to be distorted so that the correlation peaks used for tracking 
in the airborne system and the ground system are deformed. The extent of the deformation 
depends on the receiver bandwidth and the resulting tracking error depends on where the 
correlator points used for code tracking are located (along the correlator peak).
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7.5.12.1.3.4.2 The signal deformation monitoring threat space is defined in section 8. There 
are three fault types A, B, C.

7.5.12.1.3.4.3 Most satellites naturally show some degree of correlator peak deformation and 
these are referred to as natural (correlator measurement) biases. These natural biases may 
vary over time.

7.5.12.1.3.4.4 A fault condition (onset) will appear as a step in the raw (unfiltered) code 
measurement both in the airborne system and in the ground. If both system had exactly the 
same front end (RF and IF filtering, sampling method), correlator type and correlator spacing 
the error would be the same in ground and air and no differential error would occur. But 
typically that is not the case.

7.5.12.1.3.4.5 The step is filtered by the smoothing algorithm in the ground and in the 
airborne systems and the steady state differential error will gradually manifest itself in a 60 - 
90 second time frame when using corrections from message Type 11 (or 200 - 300 seconds 
for message Type 1).

7.5.12.1.3.4.6 If a fault (A, B or C) occurs in a satellite it will take about 60 - 90 seconds 
before the steady state for the error and the monitor discriminator is reached. In essence the 
fault onset starts a race between the increasing differential error and the monitor 
discriminator as it moves towards the threshold. This is referred to as the transient state. If the 
range error reaches the limit that must be protected while the discriminator is not yet past the 
threshold with sufficient margin to guarantee the required detection probability, the 
requirement is not met. Both the steady state and the transient state performance must be 
evaluated.

7.5.12.1.3.4.7 The critical airborne parameters for the signal deformation threat are:

• The time period from initialization of the airborne smoothing filter to incorporation of the 
measurement in the position solution.

• The parameters that have constraints defined in the GAST D standard (Attachment B) 
including:

o Correlator type Early-Late (EL) or Double Delta (DD) 

o Correlator spacing

o GPS signal bandwidth (from reception at antenna through RF, IF, and A/D conversion)

• Group delay (from reception at antenna through RF, IF, and A/D conversion).

7.5.12.1.3.4.8 Apart from the discrete choice of EL versus DD the configuration space is two- 
dimensional (correlator spacing and bandwidth). The filters implemented in the airborne 
system may be of different types (Butterworth, Chebychev, Elliptical, etc.). The group-delay
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constraints will exclude some of these filters. However the possible variation in receiver 
design introduces additional dimensions that the ground subsystem manufacturer must 
consider. The filter types are part of the configuration space to be considered.

7.5.13 Ground subsystem requirements and airworthiness performance assessment. 
Airworthiness certification of autoland systems, for use in Category ll/lll operations, requires 
an assessment of landing performance under fault-free and faulted conditions. More 
information, describing how the technical standards can be used to support an assessment, 
may be found in RTCA document DO-253D, “Minimum Operational Performance 
Requirements for Airborne Equipment using the Local Area Augmentation System" Appendix 
J

7.5.14 GBAS signal-in-space time-to-alert. The GBAS signal-in-space time-to-alert (SIS 
TTA) is defined below within the context of GBAS based upon the TTA definition in CAR- 
ANS 6.3, section 6.3.7.1. The GBAS SIS TTA is the maximum allowable time elapsed from 
the onset of an out-of-tolerance condition at the output of the fault-free aircraft GBAS 
receiver until the aircraft GBAS receiver annunciates the alert. This time is a never-to-be- 
exceeded limit and is intended to protect the aircraft against prolonged periods of guidance 
outside the lateral or vertical alert limits.

7.5.14.1 There are two allocations made to support the GBAS SIS TTA in the Standards.

1) The first allocation, the ground subsystem TTA for SIS requirements, limits the time it 
takes the ground subsystem to provide an indication that it has detected an out-of-tolerance 
situation considering the output of a fault-free GBAS receiver. The indication to the aircraft 
element is either; a) to broadcast Type 1 (and Type 11 if broadcast) or Type 101 messages 
indicating the condition (in accordance with Appendix 6B, 3.6.7.3.2.1), or b) terminate all 
VDB transmissions. The ground subsystem is allocated 3 seconds to take either action.

For airborne receivers using GAST C, at least one Type 1 message signaling the out-of- 
tolerance condition must be received by a fault-free airborne receiver within the message 
time out to meet the SIS TTA. For airborne receivers using GAST D at least one of each 
(Type 1 and Type 11) message with the same applicable modified z-count (and the same set 
of satellites) must be received by a fault-free airborne receiver within the message time out to 
meet the SIS TTA. Because shutting down the VDB may result in an exjwsure time longer 
than the SIS TTA for satellite faults, this option is recommended only under conditions where 
the VDB transmission does not meet its associated performance requirements (reference 
Appendix 6B, 3.6.7.S. 1.1.).

In addition, for ground subsystems that support GAST D monitoring performance 
requirements, the ground subsystem is allocated only 1.5 seconds to detect a condition 
producing out-of-tolerance errors in 30-second corrected pseudo-ranges and to either exclude 
the ranging source measurements from the broadcast or mark them as invalid. This time-to- 
detect and broadcast is similar in definition, but not equivalent in function to the ground 
subsystem TTA, as an out-of-tolerance condition in a single ranging source does not 
necessarily lead to out-of-tolerance guidance information.

2) The second allocation for the GBAS signal-in-space time-to-alert provides for the possible 
temporary loss of message reception. Airborne equipment operating with GAST C active will 
generate an alert if a Type 1 message is not received within 3.5 seconds when on the final
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stages of approach. When the airborne equipment is below 200 ft height above the runway 
threshold (HAT), airborne equipment operating with GAST D active will generate an alert or 
change the active service type if a set of Type 1 and Type 11 messages with the same 
modified z-count are not received within 1.5 seconds. Note that these time-outs will also 
dictate the achieved signal-in-space time-to-alert when the ground subsystem ceases VDB 
transmissions instead of broadcasting messages as an alert to the airborne equipment.

Requirements on how quickly the receiver outputs must be invalidated (so annunciating an 
alert), as well as additional conditions requiring the outputs to be indicated as invalid, are 
contained in RTCA DO-253D. For example, there is a requirement for the aircraft GBAS 
receiver position determination function to use the most recently received message content 
and reflect the message content in its outputs within 400 ms. The SIS TTA is defined by start 
and stop events at the same point in the aircraft. Any processing that is common to generating 
outputs under both normal conditions and alert conditions will not change the achieved SIS 
TTA. That is, this common period acts like a lag to both the start event and end event and 
does not affect the total exposure time to the aircraft. Within the GBAS receiver, the outputs 
under both of these conditions must meet the same latency requirement, so large differences 
are not expected. SIS TTA will differ from ground subsystem TTA by a value equal to the 
difference between receiver processing time and receiver time to invalidate outputs.

7.5.14.2 Table D-5C summarizes the time periods that contribute to the GBAS SIS TTA and 
the range of achieved TTA that can be expected.

7.5.14.3 Figure D-17 illustrates the nominal case with no missed messages and Figure D-18 
illustrates the effect of missed messages for GAST D below 200 ft. Above 200 ft, the 
situation is similar, but the aircraft has a longer missed message allocation, as described 
above.

7.5.14.3.1 Figure D-18 illustrates the effect on the SIS TTA due to missed messages (upper 
half) and VDB termination (lower half) using the example of GAST D requirements below 
200 ft. The upper time-line shows just two messages being missed, but the third is received, 
so operations can continue, unless the third message is indicating a fault condition that results 
in an alert from the receiver. The lower time-line shows the effect of the VDB terminating. 
The aircraft receiver invalidates its outputs after three messages are missed. The SIS TTA 
combines the ground TTA and the missed message allocation (See Table D-5B), but it is now 
displaced by the aircraft receiver processing time. Above 200 ft, the situation is similar, but 
the aircraft has a longer allocation, as described in RTCA DO-253D.

7.5.14.3.2 For SIS integrity, the diagram indicates that the SIS TTA starting point is where 
the fault-free airborne receiver outputs out-of-tolerance data. The SIS TTA end event is also 
at the output of the airborne receiver.

7.5.14.3.3 The start event of the ground subsystem’s time-to-alert or time-to-detect and 
broadcast is the last bit of the first message (Type 1 and Type 11 message pair for GAST D) 
including the out-of-tolerance data. For ground equipment failures or termination of the VDB 
signal, this is the first message the ground subsystem broadcasts containing correction, 
integrity or path information that does not conform to the applicable integrity requirement
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(e.g. SIS integrity, ground subsystem integrity). For satellite failures, the requirements are 
out-of-tolerance once differential pseudo-range errors exceed the performance metrics 
detailed within a certain requirement (e.g. Ranging Source Monitoring). Their end event is 
the last bit of the first message (message pair for CAST D) removing the out-of-tolerance 
data or flagging it invalid.

7.5.14.3.4 It shall be noted that, while the Figure D-17 indicates that the SIS and ground 
subsystem TTAs reference different start and end points in time, an ANSP may assume that 
they are the same. A ground subsystem shall be evaluated and certified with no credit or 
penalty for airborne receiver variations due to a specific, approved aircraft implementation. 
From the ground subsystem perspective, all received messages are assumed to be 
instantaneously applied or acted upon by the airborne receiver. This effectively results in 
equivalent SIS and ground subsystem TTA reference points from the ground subsystem’s 
point of view.

7.5.15 Ground subsystem integrity risk for GAST D. Appendix 6B, 3.6.7.1.2.1.1.3 specifies a 
new ground subsystem integrity requirement relating to fail-safe design criteria. This integrity 
method will ensure that failures within the ground subsystem that might affect the stations 
functions and result in erroneous information are extremely improbable. The intent of this 
requirement is to sp>ecily the allowable risk that the ground subsystem would internally 
generate and cause erroneous information to be broadcast. Other requirements specify the 
required performance of the ground subsystem with respect to detection and mitigation of 
faults originating outside the ground subsystem (such as ranging source failures). This 
requirement relates to the probability that the ground subsystem fails to meet the intended 
function. The intended function for GBAS is defined in CAR-ANS 6.3, 6.3.7.3.5.2. The 
functions listed in that section and their associated performance requirements characterize the 
intended function of the system.

Integrity risk requirements 
and service types

Ground subsystemTT'A 
fNole Ij

Message time-out in aircraft 
[Note 5]

Signal-in-space TTA 
(nominal)
[Note 6]

Signal-in-space TTA 
(maximum) 

[Note 7J
App B,
3.6.7.1.21.1.1 
and
3.6.7.1.2.2.1 
(GAST A,B,C)

3.0 s 
[Note 2]

3.5 S 3.0 s 60s

App B, 3.0 s 3.5 s (above 200 ft HAT) 3.0 s 60s
.3.6.7 1.2.1.1 2 
and
3.6.7.1.2.2.1

[Notes 2 and 8] 1.5 s (below 200 ft HAT) 3.0 s 4.0 s

App. 6,3.6.7.1.21.1.3 1.5 s 3.5 s (above 200 ft HAT) 1.5 s 4.5 s [Note 3]
(GAST D) 1.5 s (below 200 ft HAT) 1.5 s 2.5 s [Note 3]

App. B, 3.6.7.3 3 1.5 s [Note 9] 3.5 s (above 200 ft HAT) 1.5 s 4.5 s [Note 4]
(GAST D) 1.5 s (below 200 ft HAT) 1.5 s 2.5 % [Note 4]
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Note 1.— These ground subsystem TTA requirements apply to a ground subsystem 
transmitting Type 1 messages. Ground subsystems transmitting Type 101 messages have a 
5.5 s TTA as standardized in Appendix 6B, 3.6.7.1.2.1.2.1.2.

Note 2.— These times apply to excluding all ranging sources, marking all ranging sources as 
invalid in message Type 1 or the cessation of VDB transmission. When a single ranging 
source is marked invalid or excluded, it may or may not cause the aircraft receiver to 
generate an alert, depending on the role of that ranging source in the aircraft’s position 
solution

Note 3.— This design requirement applies to the integrity of internal ground subsystem 
functions (excluding single reference receiver failures). This includes the ground subsystem 
ranging source monitoring capability. The table illustrates the exposure time for ground 
equipment failures that result in the transmission of non-compliant information and that are 
enunciated to the aircraft using the VDB transmission.

Note 4. — These requirements apply to the integrity monitoring for GNSS ranging sources. 
When a single ranging source is marked invalid or excluded, it may or may not cause the 
aircraft receiver to generate an alert, depending on the role of that ranging source in the 
aircraft’s position solution. The times listed in the table assume the ranging source was 
critical to determining the position solutioru

Note 5.— The missed message time-out allocation starts with the last received message and 
not with the first missed message, so is 0.5 s longer than time added to the SIS time-to-alert.

Note 6.— If transmissions continue and there are no missed messages, the “nominal” column 
is relevant. This value includes the maximum ground subsystem contribution.

Note 7.— The maximum SIS TTA includes the maximum ground subsystem contribution and 
the possible temporary loss of message reception. When VDB transmissions cease, the 
maximum SIS TTA is relevant. This time is computed by adding the ground subsystem TTA 
and the airborne message time out minus 0.5 s (see Note 5).

Note 8.— Although these sections are related to FAST D and the maximum TTA values are 
larger than those historically associated with Category 11/111 operations, the TTA values in 
this line are not relevant for integrity to support Category Will. These TTA values apply to 
the bounding conditions (see 7.5.3.1) and therefore are related to the total risk of fault-free 
error sources and faults exceeding the protection levels. For GAST D, the effects of 
malfunctions are addressed by the additional requirements in Appendix 6B, 3.6.7.1.2.1.1.3, 
Appendix B, 3.6.7.3.3 and additional airborne requirements as provided in RTCA DO-253D, 
for example the reference receiver fault monitor. These additional requirements are more 
constraining and enforce a shorter TTA that is appropriate for Category ////// operations. 
The existence of the longer TTA values in this line shall not be interpreted to imply that 
errors near or exceeding the alert limit for up to these longer exposure times can occur with 
a probability greater than 1 x I O'9 in any landing.
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Note 9.— This is “time to detect and broadcast’ 
apply in addition.

the other ground system requirements

7.5.15.1 Verification of compliance with subsystem integrity risk for CAST D. Verification 
that a ground subsystem meets the integrity risk requirements of Appendix 6B, 3.6.7.1.2.1.1.3 
would typically be accomplished through a combination of analysis and appropriate safety- 
related design practices/processes. The overall process must ensure that failures within the 
ground subsystem that might affect the stations intended functions and result in erroneous 
information are extremely improbable. All ground subsystem component failure conditions 
must be shown to be sufficiently mitigated through either direct monitoring or through use of 
an acceptable design assurance development process (such as RTCA/DO-178 and 
RTCA/DO-254). The methodology shall provide assurance of mitigation of component (HW, 
SW) failures. The integrity method of design assurance, applied in conjunction with fail-safe 
design concepts and other assurance actions (such as those in SAE ARP 4754) to detect and 
remove systematic errors in the design, provides safety assurance of the GAST D ground 
system. Some States have used safety assurance guidance from ICAO’s Safety Management 
Manual (SMM) (Doc 9859).

7.6 Continuity of service

7.6.1 GBAS continuity /integrity designator. The GBAS continuity/integrity designator 
(GCID) provides an indication of the current capability of GBAS ground subsystems. The 
ground subsystem meets the performance and functional requirements of GAST A, B or C 
when GCID is set to 1. The ground subsystem meets the performance and functional 
requirements of GAST A, B, C and D when GCID is set to 2. GCID of 3 and 4 are intended 
to support future operations with an associated service type that has requirements that are 
more stringent than GAST D. The GCID is intended to be an indication of ground subsystem 
status to be used when an aircraft selects an approach. It is not intended to replace or 
supplement an instantaneous integrity indication communicated in a Type 1 or Type 101 
message. GCID does not provide any indication of the ground subsystem capability to 
support the GBAS positioning service.

7.6.2 Ground subsystem continuity of service. GBAS ground subsystems are required to meet 
the continuity of service specified in Appendix 6B to CAR-ANS 6.3, 6.3.6.7.1.3 in order to 
support GAST A, B and C. GBAS ground subsystems that are also intended to support other 
operations through the use of the GBAS positioning service shall support the minimum 
continuity required for terminal area operations, which is l-10'4/hour (CAR-ANS 6.3, Table 
6.3.7.2.4-1). When the GAST A, B or C required continuity (1-8 x 10"6/15 seconds) is 
converted to a per hour value it does not meet the l-10"4/hour minimum continuity 
requirement. Therefore, additional measures are necessary to meet the continuity required for 
other operations. One method of showing compliance with this requirement is to assume that 
airborne implementation uses both GBAS and ABAS to provide redundancy and that ABAS 
provides sufficient accuracy for the intended operation.

7.6.2.1 Ground subsystem continuity of service for GAST D. A ground segment that supports 
GAST D must meet the SIS continuity requirement (1-8.0 x I0‘6/15 seconds) for a GAST A, 
B and C system but must also meet the continuity requirements specific to GAST D as
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defined in Appendix 6B, 3.6.7.1.3.2. The ground subsystem continuity is defined by two 
requirements. One is the continuity of the ground subsystem that includes failures of all 
components necessary for the VDB broadcast, including the reference receivers. It also 
includes loss of service due to integrity failures in the ground subsystem that result in alerts 
and monitor false alerts. The other allocation is the continuity associated with monitor fault- 
free detections. The reason for defining the ranging source monitor detections as a separate 
requirement is because the VDB broadcast portion includes all failures that result in the loss 
of the SIS, whereas the monitor contribution is related only to exclusion of individual 
satellites from the broadcast corrections. This does not necessarily result in a loss of the SIS 
by the airborne receiver. The requirement is defined on a per ranging source basis so that the 
ground design does not need to account for the actual number of satellites in view or the 
number considered critical to the user for a specific approach. It is the responsibility of the 
airborne user to demonstrate the overall continuity achieved when considering the 
contribution of the satellites and the airborne monitors.

7.7 GBAS channel selection

7.7.2 A channel number in the range from 20 001 to 39 999 is assigned when the FAS data 
are broadcast in the Type 4 message. A channel number in the range from 40 000 to 99 999 is 
assigned when the FAS data associated with a GAST A service type are obtained from the 
on-board database.

7.7.3 Every FAS data block uplinked in a Type 4 message will be associated with a single 5- 
digit channel number regardless of whether or not the approach is supported by multiple 
approach service types. For approaches that are supported by multiple approach service types, 
the approach performance designator field in the Type 4 message is used to indicate the most 
demanding approach service type supported by the ground subsystem for any specific 
approach.

7.10 GBAS identification

The GBAS identification (ID) is used to uniquely identify a GBAS ground subsystem 
broadcasting on a given frequency within the VDB coverage of the GBAS. The aircraft will 
navigate using data broadcast from one or more GBAS broadcast stations of a single GBAS 
ground subsystem (as identified by a common GBAS identification).

7.11 Final approach segment (FAS) path

7.11.3.1.1 Lateral deviation reference. The lateral deviation reference plane is the plane that 
includes the LTP/FTP, FPAP and a vector normal to the WGS-84 ellipsoid at the LTP/FTP. 
The rectilinear lateral deviation is the distance of the computed aircraft position from the 
lateral deviation reference plane. The angular lateral deviation is a corresponding angular 
displacement referenced to the GNSS azimuth reference point (GARP). The GARP is defined
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to be beyond the FPAP along the procedure centre line by a fixed offset value of 305 m (1 
000 ft).

7.12 Airport siting considerations

7.12.3 Locating the VDB antenna. The VDB antenna must be located to comply with the 
minimum and maximum field strength requirements within the service volume(s) as defined 
in CAR-ANS 6.3, 6.3.7.3.5.4.4. Compliance with the minimum field strength for approach 
services can generally be met if the VDB antenna is located so that an unobstructed line-of- 
sight exists from the antenna to any point within the service volume for each supported FAS. 
Consideration shall also be given to ensuring the minimum transmitter-to-receiver separation 
so that the maximum field strength is not exceeded. For the nominal link budget, typically, an 
80 m separation is required to avoid exceedance of the maximum field strength requirement. 
Though it is desirable to apply the separation criteria to any location where an aircraft may 
operate (including taxiways, ramp areas and gates), it is only necessary to meet the maximum 
field strength in the service volume(s) (see 6.3.7.3.5.3 for service volume definitions). If the 
minimum separation cannot be met for all operating aircraft (including taxiways, ramp areas 
and gates) it must be ensured that the airborne receiver is protected from bum-out in 
accordance with the RTCA/DO-253 D MOPS. This typically requires a minimum separation 
of 20 m from the VDB antenna to the aircraft antenna. In order to provide the required 
coverage for multiple FASs at a given airport, and in order to allow flexibility in VDB 
antenna siting, the actual coverage around the transmitter anteima may need to be 
considerably larger than that required for a single FAS. The ability to provide this coverage is 
dependent on the VDB antenna location with respect to the mnway and the height of the 
VDB antenna. Generally speaking, increased antenna height may be needed to provide 
adequate signal strength to users at low altitudes, but may also result in unacceptable 
multipath nulls within the desired coverage. A suitable antenna height trade-off must be made 
based on analysis, to ensure the signal strength requirements are met within the entire 
coverage. Consideration shall also be given to the effect of terrain features and buildings on 
the multipath environment.

7.12.3.1 In order to ensure that the maximum field strength requirements defined in CAR- 
Ans 6.3, 6.3.7.3.5.4.4 are not violated, VDB transmitters shall not be located any closer than 
80 m to where aircraft are approved to operate based on published procedures using GBAS or 
ILS guidance information. This applies to aircraft on final approach, departure, and on 
mnways. The 80-metre separation applies to the slant range distance between VDB transmit 
antennas and the aircraft antenna position. For aircraft on the runway the maximum deviation 
from the centre line can be assumed to be 19 m. In regions prior to runway thresholds, the 
maximum lateral course angular deviation from the extended centre line on final approach is 
plus and minus one sixth of the full course width, which is nominally 210 m (±105 m (±350 
ft)) at threshold. The origin of the lateral course shall be assumed to be the GBAS GARP, or 
the ILS localizer, as appropriate. The maximum vertical deviation is one half of the full scale 
deflection from the glide path, where full scale deflection is calculated as ±0.25 times the 
glide path angle. The origin of the glide path shall be assumed to be the GPIP. See 7.11.3 for 
further guidance on lateral and vertical course width deviation sensitivity.
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7.12.4 Use of multiple transmit antennas to improve VDB coverage. For some GBAS 
installations, constraints on antenna location, local terrain or obstacles may result in ground 
multipath and/or signal blockage that make it difficult to provide the specified field strength 
at all points within the service volume. Some GBAS ground facilities may make use of one or 
more additional antenna systems, sited to provide signal path diversity such that collectively 
they meet the service volume requirements.

7.12.4.1 Whenever multiple antenna systems are used, the antenna sequence and message 
scheduling must be arranged to provide broadcasts at all points within the service volume that 
adhere to the specified minimum and maximum data broadcast rates, considering the 
receiver’s ability to adapt to transmission-to-transmission variations in signal strength in a 
given slot. Exceedance of the signal power variation requirement in Appendix 6B, 3.6.8.22.3 
is acceptable for limited areas within the service volume, provided it can be shown based on 
receiver behaviour as described, for example in RIGA DO- 253D and the assumptions listed 
below, that the resulting performance is acceptable.

7.12.4.1.2 Message transmission and reception rate requirements, and time-to-alert 
requirements prevent Type 1 and Type 11 messages from being alternated between antennas 
in the same slot from frame to frame. Only Type 2 and 4 messages (and Type 3 messages as a 
filler message) are candidates for being alternated. Continuity is maintained as long as a Type 
2 message is received at least once per minute. The receiver does not verify repeated 
reception of Type 4 messages during the final stages of an approach.

7.12.4.1.3 While the signal power variation requirement in Appendix 6B, 3.6.S.2.2.3 applies 
on the input port of the receiver, the situation for a specific site has to be assessed in the field 
strength domain. Therefore, the potential variation in aircraft antenna gain must be taken into 
account. If the area where the signal power variation requirement may be exceeded is so large 
that it may take one minute or more for an approaching aircraft to pass through it, it may be 
necessary to address the potential message loss from a probabilistic point of view. In these 
cases the multiple VDB antenna set-up shall be limited so that in case alternation of messages 
in the same slot from frame to frame is applied, the alternating pattern shall only involve two 
transmitter antennas, with a scheduled burst in every frame, and the transmission shall 
alternate between the antennas every frame, in order to resemble the situation for which the 
receiver has been tested. This is necessary in order to be able to make assumptions on 
receiver message failure rates (MFR).

7.12.4.1.4 When analysing the probability of lost messages, the following basic assumptions 
apply;

1. If all received signal levels are between the receiver minimum design input power (Smin) 
and maximum design input power (Smax), and they are within 40 dB of each other, then the 
analysis can assume lO'3 message failure rate (MFR).

2. If all received signals are below Smm, then the analysis must assume a MFR of 100 per 
cent.
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3. If any signal exceeds Smax it must be assumed that reception in all slots in that frame and 
any number of subsequent frames is adversely affected (not only those where Smax 
exceeded), as no receiver recovery time is specified for these conditions.

IS

Furthermore, in the case of a dual antenna set-up with messages alternating in each frame, the 
following assumptions can be made:

4. If one signal is below Smin (Smin - A) and the second signal is within 40 dB (i.e., Smm - A + 
40 dB or less), then the analysis must assume that the MFR for the signal below Smin is 100 
per cent and the MFR for the stronger signal is 10‘3.

5. If both signals are within Smin to Smax, but the variation between the signals is greater than 
40 dB, then the analysis must assume a MFR of 60 per cent.

6. If one signal is below Smm (Smm - A) and the second is above Smin, and exceeds 40 dB 
variation (Smin - A + 40 dB + e or more), then the analysis must assume that the MFR for the 
signal below Smm is 100 per cent and the MFR for the stronger signal is 60 per cent.

7.12.4.1.5 The resulting probability of no Type 2 messages being received for a duration of 
one minute shall be assessed against the applicable continuity requirement.

Note.— The analysis may have to consider up to 15 dB variation for the aircraft VDB 
antenna gain variation depending upon the scenario, such that the 40 dB power variation < 
SIS power variation + up to 15 dB aircraft antenna gain variation.

To avoid receiver processing issues concerning lost or duplicated messages, all transmissions 
of the Type 1, Type 11 or Type 101 message, or linked pairs of Type 1, Type 11 or Type 101 
messages for a given measurement type within a single frame need to provide identical data 
content.

7.12.4.2 One example of the use of multiple antennas is a facility with two antennas installed 
at the same location but at different heights above the ground plane. The heights of the 
antennas are chosen so that the pattern from one antenna fills the nulls in the pattern of the 
other antenna that result from reflections from the ground plane. The GBAS ground 
subsystem alternates broadcasts between the two antennas, using one, two or three assigned 
slots of each frame for each antenna. Type 1, Type 11 or Type 101 messages as appropriate 
for the service type supported are broadcast once per frame, per antenna. This allows for 
reception of one or two Type 1, Type 11 or Type 101 messages per frame, depending on 
whether the user is located within the null of one of the antenna patterns. Type 2 and 4 
messages are broadcast from the first antenna in one frame, then from the second antenna in 
the next frame. This allows for reception of one each of the Typ>e 2 and 4 messages per one or 
two frames, depending on the user location.

7.13 Definition of lateral and vertical alert limits
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7.13.1 The lateral and vertical alert limits when the active service type is C or D are 
computed as defined in Appendix 6B, Tables B-68 and B-69. In these computations the 
parameters D and H have the meaning shown in Figure D-8.

7.13.2 The vertical alert limit when the active service type is C or D is scaled from a height of 
60 m (200 ft) above the LTP/FTP. For a procedure designed with a decision height of more 
than 60 m (200 ft), the VAL at that decision height will be larger than the broadcast 
FASVAL.

7.13.3 The lateral and vertical alert limits for procedures supported by CAST A service type 
associated with channel numbers 40 001 to 99 999 are computed in the same manner as 
SBAS as given in Attachment 6D 6.6.

7.14 Monitoring and maintenance actions

7.14.1 Specific monitoring requirements or built-in tests may be necessary in addition to the 
monitors defined in Appendix 6B, 3.6.7.3 and shall be determined by individual States. Since 
the VDB signal is critical to the operation of the GBAS broadcast station, any failure of the 
VDB to successfully transmit a usable signal within the assigned slots and over the entire 
service volume is to be corrected as soon as possible. Therefore, it is recommended that the 
following conditions be used as a guide for implementing a VDB monitor;

a) Power. A significant drop in power is to be detected within an appropriate time period.

b) Loss of message type. The failure to transmit any scheduled message type(s). This could be 
based on the failure to transmit a unique message type in succession, or a combination of 
different message types.

c) Loss of all message types. The failure to transmit any message type for an appropriate time 
period will be detected.

The appropriate time periods for these monitors depend on the FAST and on whether a back­
up transmitter is provided. Where a back-up transmitter is provided, the objective is to switch 
to the back-up transmitter quickly enough to avoid an alert being generated in the airborne 
equipment. This means that the appropriate time periods are a maximum of 3 seconds for 
FAST C and a maximum of 1.5 seconds for FAST D ground systems in order to be consistent 
with the aircraft equipment message loss requirements. If longer periods than this are 
implemented, the changeover to the back-up transmitter will cause an alert and must therefore 
be considered to be a continuity failure. If no back-up transmitter is provided, the time 
periods for these monitors are not critical.

7.14.2 Upon detection of a failure, and in the absence of a back-up transmitter, termination of 
the VDB service shall be considered if the signal cannot be used reliably within the service 
volume to the extent that aircraft operations could be significantly impacted. Appropriate 
actions in operational procedures are to be considered to mitigate the event of the signal 
being removed from service. These would include dispatching maintenance specialists to
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service the GBAS VDB or special ATC procedures. Additionally, maintenance actions shall 
be taken when possible for all built-in test failures to prevent loss of GBAS service.

7.14.3 The use of a back-up transmitter also applies to the VDB monitoring requirements 
defined in Appendix 6B, 3.6.7.3.I. The time to switch over to the back-up needs to be taken 
into account while remaining compliant with the time to detect and terminate transmissions 
defined in Appendix 6B, 3.6.7.3.1.1 and 3.6.7.3.1.2.

7.15 Examples of VDB messages

7.15.1 Examples of the coding of VDB messages are provided in Tables D-7 through D-IOA. 
The examples illustrate the coding of the various application parameters, including the cyclic 
redundancy check (CRC) and forward error correction (FEC) parameters, and the results of 
bit scrambling and D8PSK symbol coding. The engineering values for the message 
parameters in these tables illustrate the message coding process, but are not necessarily 
representative of realistic values.

7.15.4.1 Table D-8B provides an example of Type 2 messages with additional data blocks 1, 
3 and 4 coded within a single burst with a Type 3 message that is used to fill the rest of the 
time slot.

7.15.6 Table D-10 provides an example of a Type 5 message. In this example, source 
availability durations common to all approaches are provided for two ranging sources. 
Additionally, source availability durations for two individual approaches are provided: the 
first approach has two impacted ranging sources and the second approach has one impacted 
ranging source

7.15.7 Table D-lOA provides an example of a Type 11 message.

7.17 Type 2 message additional data blocks

7.17.4 Type 2 message additional data block 3 contains information necessary to support 
GAST D. All FAST D ground subsystems are required to transmit a Type 2 message with 
additional data block 3 properly populated so that the bounding requirements are met.
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Table D-8B. Example of a Type 2 message containing data blocks 1, 3 and 4 and a Type 
3 message to fill the remainder of the slot

DATA C(JNTENT
DKSCRIPTION

BITS
USED

RANGE
OF
VALUES

Rli SOLUTION VA1.UES BINARY RliPRIiSENTATION 
(N(3TE 1)

BURST DATA CONlTiNT

Power ramp-up and settling 15 000 0000 0000 0000

Synchronization and ambiguity 
resolution

48 0100 0111 1101 nil 1000 1100 0111 
0110 0000 0111 1001 0000

SCRAMBLED DATA

Station slot identifier 3 E
100

Transmission length 17 Oto 1824 
bits

1 bit 1704 0 0000 0110 1010 1000

Training set]uence FHC 5
01000

APPLICATION DATA

Message Block 1 (Type 2
message)

Message Block Header

Message block identifier 8 Normal 1010 1010

GBAS ID 24 BELL 000010 000101 001100 001100

Message type identifier 8 1 to 101 1 2 0000 0010

Message length 8 10 to 222 
bytes

1 byte 43 0010 1011

Message (Type 2 example)

GBAS reference receivers 2 2 to 4 1 4
10

Ground accuracy designator letter 2 C 10

Spare 1 —
0

(jBAS continuity/integrity
designator

3 Oto 7 1 2
010

Local magnetic variation 11 ±180° 0.25° E58.0° 000 1110 1000

Reserved 5 zero —
00000

<Tvertiono_gradient 8 0 to 25.5 X 
10_<’mAn

0.1 X 10^ m/m 4 X 10‘ 0010 1000

Refractivity index 8 16 to 781 3 379 nil 1001

Scale height 8 0 to 25 500
m

100 m 100m 0000 0001
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Refractivity uncertainty g 0 to 255 1 20 0001 0100

Latitude 32 ±90.0° 0.0005 arcsec N45° 40’ 
32”
(+164432
”)

0001 0011 1001 1010 0001 0001 0000 
0000

Longtitude 32 ±180.0° 0.0005 arcsec W93° 25’ 
13” (-
336313”)

1101 0111 1110 1000 1000 1010 1011 
0000

Ellipsoid height 24 ±83 886.07
m

0.01 m 892.55 m 0000 0001 0101 1100 10100111

Additional Data Block 1

Reference station data selector 8 0 to 48 1 5 0000 0101

Maximum use distance (Dmax) g 2 to 510 
km

2 km 50 km 0001 1001

Kflid e POS.GPS g Oto 12.75 0.05 6 01111000

DATA CONTENT
DESCRIPTION

BITS
USED

RANGE
OF
VALUES

RESOLUTION VALUES biNjAry representation
(NOTE 1)

Kmd_ e,GPS g Oto 12.75 0.05 5
01100100

Kmd_e_POS,GLONASS 8 0 to 12.75 0.05 0 0000 0000

Kmd_ e.GLONASS g Oto 12.75 0.05 0 0000 0000

Additional Data Block 4

Additional data block length g 3 1 byte 3
0000 0011

Additional data block number g 4 1 4
0000 0100

Slot group definition g E+F 0011 0000

Additional Data Block 3

Additional Data Block Length g 6 1 byte 6 0000 0110

Additional Data Block Number g 3 1 3
0000 0011

Kmd e .D.OPS g 0 to 12.75 0.05 5.55
0110 nil

Kmd e D.OIXWASS g Oto 12.75 0.05 0
0000 0000

Overt iooo gradient D g 0 - 25.5 X
1 O'4 m/m

0.1 x lO-4 m/m 4x lO-4
0010 1000

Yeic 5 0 to 3.0 m 0.1 1
0 1010

M*ic 3 0 to 0.7 
m/km

0.1 0.3
on

Message Block 1 CRC 32 0011 nooniooool looooiooion
ion

Message Block 2 (Type 3
message)
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Me«s«f«e Block Header

Message block Identifier 8 Normal 10101010

GBAS ID 24 ~~ BELL 000010000101 001100 001100

Message type identifier 8 1 to 101 1 3 00000011

Message length 8 N/A 1 byte 164 10100100

Message (Type 3 example)

FNIer 1232 ■ *“ 10101010.....10101010

Message Block 2 CRC 32 0110 1101 1011 1001 1110 0100 1110 
0100

Application FEC 48 1111 0110 0011 0100 1101 1001 1110 0010 
1110 0011 1111 1101

Input to the bit icramblin|> (Note
2)

0 45 58 02 55 30 CA 10 40 D4 52 17 00 14 9F 80 28 00 88 59 C8 OD 51 17 EB E5 3A 80 AO 98 IE
26 00 00 CO 20 OC 60 CO F6 00 14 56 DD 21 87 3C 55 30 CA 10 CO 25 55 55 55 55 55 55 55 55 55 
55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55
55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55
55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55
55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55
55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 55 27 27 9D B6 BF C7 47 9B 2C

Output from the bit scrambling
(Note 3)

0 63 6F 8A IF 2F D2 3B 9F 4E 87 CE 32 C8 159 50 DE C1 Cl 5A 154 09 7E E7 81 5A 5C 154 28 56 
00 CE 29 60 A3 5F 77 34 64 38 71 03 15 16 24 9C CF 8F 8A 13 B6 115 AC 78 B6 C7 150 93 58 5D 
46 B5 6F D5 OC AA 77 FT- D3 30 A2 27 El EC E4 F7 17 2D AD F4 OB 29 82 04 61 % E4 50 E9 58 
FA B8 CO 38 99 C7 BB 6C 315 09 CA 7B 7E C2 CF 60 8D 18 75 B9 2B C5 FC 94 C8 57 79 52 C5 
5F 6A B2 FF DF 33 4D DD 74 B5 28 2A 06 01 91 9B A4 43 E9 63 05 ID 95 B4 54 29 56 05 51 95 
5B AA BC 00 3666 2E EE OF OF. 72 71 21 25 E5 EB 14 FT) A8 CB F8 83 38 62 39 IE 3A 4E 3E 8E
30 71 159 24 BA 17 Cl AC 9B F7 BC D3 C8 A3 78 ID 39 B5 C4 2B 69 FD 04 CA 68 81 07 9A IE
33 Cl 86 6F 86 78 98 87 95

Fill bits 0 to 2 — 2
00

Power ramp-down 9 — — 000 000 000

D8PSK Symbols (Note 4) 00000035 11204546 31650102 46331130 13067746 52652552 60712455 15066026 22433136 
20007526 34111714 74536644 75444673 47266102 52635407 12243401 11561037 01237127 
60553360 64340421 37024663 76701711 41435042 46314343 14302740 43711436 70511643 
01271030 13504154 47365114 45511504 12200201 40164744 00021467 34131754 52554125 
73741336 24044706 62272634 50547410 75654505 73645775 05153625 27427624 71315376 
42507750 01000470 73036771 61401006 63561510 31143140 01422617 26364743 33357073
46405563 35412370 11472764 14014631 72320522 11576761 26127747 24352562 32277467
01242252 66037246 31604613 72367522 27243731 56617534 16114672 47000774 37674402
66002316 56521466 56347666 6

Notes. -
1. The rightmost hit is the LSB of the binary parameter value and is the first hit 

transmitted or sent to the bit scrambler. All data fields are sent in the order 
specified in the table.

2. This field is coded in hexadecimal with the first bit to be sent to the bit 
scrambler as its MSB. The first character represents a single hit.

3. In this example, fill hits are not scrambled.
4. This field represents the phase, in units of 7t/ 4(e.g. a value of five represents a 

phase of 5m 4 radians), relative to the phase of the first symbol.
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Table D-IOA. Example of a Type 11 VDB message
DATA CONTENT
DESCRIPTION

BITS
USED

RANGE
OF
VALUES

RESOLUTION VALUES BINARY REPRESENTATION 
(NOTE 1)

BURST DATA CONTENT
Power ramp-up and settling 15 000 0000 0000 0000
Synchronization and 
ambiguity resolution

48 01000111 iioi nil 1000 1100 0111 
oiiooooooin 10010000

SCRAMBLED DATA
Station slot identifier
(SSID)

3 — — E
100

Transmission length (bits) 17 0 to 1 824 
bits

1 bit 440 00000000110111000

Training sequence EEC 5 — — — 0 1011
APPLICATION DATA MESSAGE BLOCK
Message Block 1 (Type 11 message)
Message Block Header
Message block identifier 8 — — Normal

10101010
OBASID 24 — — BELL 00(X) 1000 0101 0011 0000 1100
Message type identifier 8 1 to 101 1 11

0000 1011
Message length 8 10 to 222 

bytes
I byte 49

0011 0001
Message (Type 11 example)
Modified /-count 14 Oto 1 

199.9 s
0.1 s 100 s 00 0011 1110 1000

Additional message flag 2 Oto 3 1 0 00
Number of measurements 5 Oto 18 1 5

00101
Measurement type 3 Oto 7 1 C/A LI

000
Ephemeris Decorrelation
Parameter (Pp)

8 Oto 1.275
X 10-Wm

5 X KEWm 1 X KT*
0001 0100

Measurement Block 1
Ranging source ID 8 1 to 255 1 12 0000 1100
Pseudo-range correction
(PRC30)

16 ±327.67
m

0.01 m +1.04 m 0000 0000 0110 1000

Range rate correction
(RRC30)

16 ±32.767
m

0.001 m/s -0 .18 m/s nil nil OKK) 1100

opr_gnd,D 8 Oto 5.08
m

0.02 m 0.% m 0011 0000

opr_gnd,30 8 Oto 5.08
m

0.02 m 1.00m 0011 0010

Measurement Block 2
Ranging source ID 8 1 to 255 1 4 0000 0100
Pseudo-range correction
(PRC'so)

16 ±327.67
m

0.01 m -1.08 m nil nil 10010100

Range rate correction
(RRCm)

16 ±32.767
m

0.001 m/s +0 .18 m/s 0000 0000 1011 0100

®pr_gnd.D 8 0 to 5.08
m

0.02 m 0.24 m 0000 1100

°pr_gii(U0 8 Oto 5.08
m

0.02 m 0.6 m 0001 1110

Measurement Block 3
DATA CON TENT
DESCRIPTION

BITS
USED

RANGE
OF
VAI.UES

RESOLUTION VALUES BINARY REPRESENTATION 
(NOTE 1)

Ranging source ID 8 1 to 255 1 2 0000 0010
Pseudo-range correction
(PRCjol

16 ±327.67 m 0.01 m +1.2 m 0000 0000 0111 1000

Range rate correction 16 ±32.767 m 0.001 m/s 0 .3 m/s 0000 0001 0010 noo
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(RRCm)
°pr gnd.D % 0 to 5 08 m 0.02 m 0.64 m 00100000
Opr ktkUO 8 0 to 5.08 m 0.02 m 0.74 m 00100101
Measurement Block 4
Ranjjinji source ID 8 I to 255 1 23 OOOIOIII
Pseudo-range correction 
(PRC»)

16 ±327.67 m O.OI m -2.64 m 11111110 nil 1000

Range rate correction 
(RRC30)

16 ±32.767 m 0.001 m/s -0.51 m/s nil inoooooooio
opr gnd.D 8 0 to 5.08 m 0.02 m 0.08 m 0000 0100
opr gnd,30 8 0 to 5 08 m 0.02 m 0.14 m oooooni
Measurement Block S
Ranging source ID 8 1 to 255 1 122 0111 1010
Pseudo-range correction 
(PRCm)

16 ±327.67 m 0.01 m -d).8m 0000 0000 0101 0000

Range rate correction (RRCm) 16 ±32.767 m 0.001 m/s -0.25 m/s 1111 1111 0000 0110
Q pr.jnd.O 8 0 to 5.08 m 0.02 m 0.92 m 00101110
C pr.9td.30 8 0 to 5.08 m 0.02 m 1.08 m 00110110
Massage Block CRC 32 — — 0010111100000101 1101 1001 00001100
APPLICATION FEC 48 — — — 1001 0011 11100111 1101 1100 01000001 

0100 0101 1011 1110
Input to the bit 
scrambling (Note 2)

0 47 60 1A 55 30 CA10 DO 8C 17 CO AO 28 30 16 00 32 FF OC 4C 20 29 FF 2D 00 30 78 40 IE 00 34 80 04 A4 E8 IF
7F 40 7F 20 EO 5E OA 00 60 FF 74 6C 30 9B AO F4 7D A2 82 3B E7 C9

Output from the bit 
scrambling (Note 3)

0 61 57 92 IF 2F D2 3B OF 16 C2 19 92 F4 76 C6 F6 F3 B6 OF 50 24 06 OF 47 BF 56 2C C8 DO IE DC A9 64 C7 97 64
2B E4 B1 51 F7 ID Cl 05 7B OC AE D6 E9 3D 7D 7D 50 41 10 BE 21 C4

Fill bits 0to2 — — 0
Power ramp-down 9 — — — 000 000 000
D8PSK Symbob 
(Note 4)

00000035 11204546 31650101 42701130 13067746 60457114 40234621 31760262 76357705 07725551 13760416 
17615700 43341354 25047116 53736646 34577501 64015223 34742121 71757170 16162053 65544366 41033007 
777

Notes.—
/. The rightmost bit is the LSB of the binary parameter value and is the first bit 

transmitted or .sent to the bit scrambler. All data fields are sent in the order 
specified in the table.

2. This field is coded in hexadecimal with the first bit to be sent to the bit 
scrambler as its MSB. The first character represents a single bit.

3. In this example, fill bits are not scrambled.
4. This field represents the phase, in units of iv 4(e.g. a value of 5 represents a 

pha.se of 5k'4 radians), relative to the phase of the first .symbol.

7.19 Airborne processing for GBAS approach service types

Note.— In order to ensure the required performance and functional objectives for CAST D 
are achieved, it is necessary for the airborne equipment to meet defined performance and 
functional standards. The relevant minimum operational performance standards (MOPS) are 
detailed in RTCA DO-253D.

7.19.1 Differential position solution for the GBAS positioning service. The position solution 
used to provide position, velocity and time outputs is based on 100-second smoothed pseudo­
ranges corrected with corrections obtained from message Type 1 or message Type 101.
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7.19.2 Differential position solution for approach service CAST A, B and C. When the active 
approach service type is A, B or C, the position solution used to generate deviations is based 
on 100 second smoothed pseudo-ranges corrected with corrections obtained from message 
Type 1 or message Type 101. The projection matrix, S, used to compute the position solution 
(Appendix 6B, 3.6.5.5.1.1.2) is computed based on a, computed using Opr^[i] from message 
Type 1 or message Type 101 and aiono,i based on Overt_iono_Bradient from message Type 2.

7.19.3 Differential position solutions for approach service CAST D. When GAST D is the 
active approach service type, the airborne equipment will compute two different position 
solutions, one based on 30-second smoothed pseudo-ranges and the other based on 100- 
second smoothed pseudo-ranges. The following characterizes the standard processing 
required by the MOPS:

a) the position solution used to develop deviations is based on 30-second smoothed pseudo­
ranges corrected with corrections obtained from message Type 11;

b) the projection matrix, S, used for both position solutions is computed based on aw,i 
computed using Oprj^djos from message Type 11 and ai0no.i based on Ovenjono^dient D from 
message Type 2 Additional Data Block 3;

c) a second position solution is computed using the projection matrix from b) and the 100- 
second smoothed pseudo-ranges corrected with corrections obtained from message Type 1; 
and

d) both position solutions are based on the same set of satellites as used for the position 
solution defined in a) above.

Additional information regarding the intended use of these dual position solutions is given in 
7.5.6.1 of this attachment.

7.20 Type 11 message

A Type 11 message is required for FAST D ground subsystems. The Type 11 message 
contains differential corrections derived from pseudo-range data that has been carrier 
smoothed with a time constant of 30 seconds. The Type 11 message also includes alternative 
parameters for integrity bounding and for optimal weighting of measurements. Additional 
information regarding the standard processing of parameters in the Type 11 message is given 
in 7.19.

7.21 Slot occupancy

The slot occupancy requirement in Appendix 6B, 3.6.7.4.1.3 is for ground subsystems that 
support authentication. The slot occupancy is the length of a burst divided by the length of a 
single time slot. In more detail and expressed in number of bits:
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slot occupancy ^ (88 bits Jr up to 1 776 bits application data 
FEC, fill bits and ramp down) / 1 968.75 bits

57 to 59 bits for application

The numerator in the formula sums all bits that are included in a single burst of the ground 
subsystem. These are the first 88 bits from ramp up to training sequence FEC, up to 1 776 
application data bits, 48 application FEC bits, 0 to 2 fill bits and 9 bits for ramp down. For the 
denominator 1 968.75 bits are the calculated number of bits that can be transmitted in 62.5 ms 
(Appendix 6B, 3.6.3.1) using the data rate of 31 500 bits/s (Appendix 6B, 3.6.2.5).

8. SIGNAL QUALITY MONITOR (SQM) DESIGN

8.1 The objective of the signal quality monitor (SQM) is to detect satellite signal anomalies in 
order to prevent aircraft receivers from using misleading information (Ml). MI is an 
undetected aircraft pseudo-range differential error greater than the maximum error (MERR) 
that can be tolerated. For CAST D equipment, additional requirements are in place to assure 
detection before the differential pseudo-range error reaches a specified value (see Appendix 
6B, 3.6.7.3.3). These large pseudo-range errors are due to C/A code correlation peak 
distortion caused by satellite payload failures. If the reference receiver used to create the 
differential corrections and the aircraft receiver have different measurement mechanizations 
(i.e. receiver bandwidth and tracking loop correlator spacing), the signal distortion affects 
them differently. The SQM must protect the aircraft receiver in cases when mechanizations 
are not similar. SQM performance is further defined by the probability of detecting a satellite 
failure and the probability of incorrectly annunciating a satellite failure.

8.11.4.2 For GBAS airborne equipment class D (GAEC D) receivers using early-late 
correlators and tracking GPS satellites, the precorrelation bandwidth of the installation, the 
correlator spacing and the differential group delay are within the ranges defined in Table D- 
11, regions 2, 3 or 4 only. In addition, in region 2 the range of average correlator spacing is 
0.045 - 0.12 chips, and the instantaneous correlator spacing is 0.04 - 0.15 chips.

8.11.4.3 For SBAS airborne equipment using early-late correlators and tracking GPS 
satellites, the precorrelation bandwidth of the installation, the correlator spacing and the 
differential group delay (including the contribution of the antenna) are within the ranges of 
the first three regions defined in Table D-11.

8.11.5.1 For GBAS airborne equipment class D (GAEC D) aircraft receivers using early-late 
correlators and tracking GLONASS satellites, the precorrelation bandwidth of the 
installation, the correlator spacing, and the differential group delay are within the ranges as 
defined in Table D-12, regions 2 and 3 only. In addition, in region 2 the range of average 
correlator spacing is 0.05 - 0.1 chips, and the instantaneous correlator spacing is 0.045 - 0.11 
chips.

8.11.6.1 For GBAS airborne equipment class D (GAEC D) receivers using double-delta 
correlators and tracking GPS satellites, the precorrelation bandwidth of the installation, the
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correlator spacing and the differential group delay are within the ranges defined in Table D- 
13, regions 2 and 3 only.

8.11.7.1 For GBAS airborne equipment class D (GAEC D) receivers using the early-late or 
double-delta correlators and tracking SBAS satellites, the precorrelation bandwidth of the 
installation, the correlator spacing and the differential group delay are within the ranges 
defined in Table D-14, region 2 only. In addition, for GAEC D receivers using early-late 
correlators and tracking SBAS satellites, the average correlator spacing is 0.045 - 0.12 chips, 
and the instantaneous correlator spacing is 0.04 - 0.15 chips.

12. GNSS PERFORMANCE ASSESSMENT

12.1 GNSS performance assessment is a periodic offline activity that may be performed by a 
State or delegated entity, aiming to verify that GNSS performance parameters conform to the 
relevant Annex 10 Standards. This activity can be done for the core constellation, the 
augmentation system or a combination of both.

Note.— Additional guidance material on GNSS performance assessment is provided in the 
Global Navigation Satellite System (GNSS) Manual (Doc 9849).

12.2 The data described in section 11 may also support GNSS performance assessment.

14. MODELLING OF RESIDUAL ERRORS
• • •
14.2 One method of ensuring that the protection level risk requirements are met is to define 
the model variance (a2), such that the cumulative error distribution satisfies the conditions:

‘(x)dx < Q 0 for all Q > 0 and

f-y
I f(x)dx < Q 0 for all Q > 0 and

» —CD

where
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f(x) - probability density function of the residual aircraft pseudo-range error component; and

Q(x)=~ r
oc
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Figure D4. Minimum GBAS service volume
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Figure D-6. FAS path definition
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Figure D-7. FAS path definition for approaches not aligned with the runway
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Figure D-8. Definition of D and H parameters in alert limit computations
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Figure D-10 Relationship between GBAS facility classification and approach facility
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Figure D-11. Moving wedge ionospheric anomaly model
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Figure D-12. Aircraft speed profile model
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Figure D-13. Family of aircraft speed profiles
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Figure D-14. Ionospheric gradient air/ground/approach orientations

Figure D-15, Example Pmd limit constraint region
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Figure D-18. Effect of missed messages on the CAST D GBAS time-to-alert below 200 ft 
Case 1 describes the situation for missed messages, Case 2 the one for VDB termination

-END-
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i. Separability Clause. - If, for any reason, any provision of this Memorandum Circular 
is declared invalid or unconstitutional, the other part or parts thereof which are not 
affected thereby shall continue to be in full force and effect.

ii. Repealing Clause. - All orders, rules, regulations and issuances, or parts thereof 
which are inconsistent with this Memorandum Circular are hereby repealed, 
superseded or modified accordingly.

iii. Determination of changes. - To highlight the amendments and/or revisions in the 
Memorandum Circular, the deleted text shall be shown with strikethrough and the 
new inserted text shall be highlighted with grey shading, as illustrated below:

IV.

1. Text deleted: Text to be deleted is shown with a line through it.
2. New text inserted: New text is highlighted with grey shading.
3. New text replacing existing text: Text to be deleted is shown with a line through it 

followed by the replacement text which is highlighted with grey shading.

Effectivity Clause - This Memorandum Circular shall take effect after fifteen (15) 
days following the completion of the publication in a requisite single newspaper of 
general circulation or the Official Gazette and a copy filed with the U.P. Law Center 
- Office of the National Administrative Register.

So Ordered. Signed this *^3 day of yiu* 2020, at the Civil Aviation Authority of the 
Philippines, MIA Road, Pasay City, Metro Manila, 1301.

CAPTAIN 
Director Gi

DIONGCO
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