
TO

MEMORANDUM CIRCULAR NO.: 18-16

ALLCONCERNED

DIRECTOR GENERAL

SUBJECT

FROM

REFERENCE:

l. Philippine Civil Aviaion Regulations- Air Navigaion Services P t 6

2. ICAO Annex l0 Volurne l; Amendment 85

3. Regulations Amendment Procedures
4. Boad Resolution No. 2012454 date.d 28 Septanbet 201 2

Pursuant to the powers vested in me under the Republic Ad 9497, otherwise known as the Civil
Aviation Authority Ac't of 2008 and in accordance with the Board Resolution No.: 2012-054

dated 28 Septemb er 2012, I hereby pprove the incorporation of ICAO Annex l0 Volume I
Amendment No. 85 to the Philippine Civil Aviation Regulations - Air Navigation Services

(CAR-ANS) Part 6.

ORIGINAL REGTII,ATION:

CAR.ANS Psrt 6

6.3. SPECTFICATIONS FOR RADIO NAVIGATION AIDS

6.3.1 Specification for II,S

6.3.1.3 VHF localizer and associded monitor

1
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AMENDMENT TO PHILIPPINE CIVIL AVIATION
REGULATIONS . AIR NAVIGATION SERVICES (CAR-ANS)
PART 6INCORPORATING AMENDMENT E5 TO ICAO
ANNEX IO VOLUME I

6.3.1.3.3 Coverage

6.3.1.3.3.1 The localizer shall provide signals sufficient to allow satisfactory operation of
a typical aircraft installation widrin the localizer and glide path cov€rage sectors. The localizer

coverage seAor shall extend from the c€ntre of the localizer antenna system to distances of:

46.3 km (25 NM) within plus or minus l0 degrees from the front course line;

3l.5 km (17 NM) between l0 degrees and 35 degrees from the front course line;



18.5 lan (10 NM) outside of plus or minus 35 degrees if coverage is provided; except that, where
topogrqhical features dictate or operational requirements permit, the limits may be reduced to
33.3 km (18 NM) within the plus or minus lO-degree sector md 18.5 l<rn (10 NM) within the
rernainder of the coverage when alternative navigational facilities provide satisfactory coverage
within the intermediate approach area The localizer signals shall be receivable at the distances
specified at and above a height of600 m (2 000 ft) above the elevation ofthe threshold, or 300 m
(1 000 ft) above the elevation of the highest point within the intsrmediate and final approach
areas, whichever is the higher. Suctr signals shall be receivablg to the distances specified, up to a
surface extending outward from the localizsr ante,nna and inclined at 7 degrees above the
horizontal.

6.3.7 Requirements for the Global Navigation Satellite System (GNSS)

Table 63.1.2.4-l Signal-in-space performance requiremenb
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NOTES.-
L The 95th percentile values for GNSS position elrors are those required for the intended

operation at the lowest height above tlueshold GIAT), if ryplicable. Detailed requirernents re
specified in Appendix B and guidancem*erial is given in AttachmentD,3.2.

2. The definition of the integrity requir€rnent includes an alert limit against which the requirement

can be assessed. For Category I precision ryproach, a vertical alert limit (VAL) greater than 10 m
for a specific system design may only be used if a system-speci{ic safety analysis has been

completed. These alert limits are:
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Typical operation Horizontal alert limit Vertical alert limit

En-route (oceanic/coutinental
low density)

En-route (continental)

En-routg
Terminal
NPA

APV.I

7.4 km
(4NM)

N/A
N/A

N/A

N/A

NiA

3.7 km
(2NM)
L85 km
(1 NM)
556 m

(0.3 NM)
40m

(130 ft)

APV-II 40 m
(130 ft)

Calegory I precision approach 40.0 m
(130 ft)

50m
(r64 ft)

20.0 m
(66 ft)

35.0 m to 10.0 m
(50 ftto33 ft)

3. The accwary and time-to-alert requirements include the nomfual performance of a fault-fiee
recelver

4. Ranges of values ue given for the continuity requirement for en-route, terminal, titial

approach, NPA and deparnue operationq as this requirement is depurdent upon several factors

including the intended operation traffic density, complority of airspace urd availability of
altemative navigation aids. The lower value given is the minimum requirement for areas with low

traffic density and airspace complo<ity. The higho value given is appropriate for areas with high

traIfic density and airspace c4mplexity (see Attachment D,3.4.2). Continuity requirements for

APV and Category I operations apply to the average risk (over time) of loss of service,

normalized to a l5-second exposure time (see Attachment q 3.4.3).
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5. A range of values is given for the availability requtements as these requirements are

dependent upon the operational need which is based rryon several factors including the frequenry

of operdions, weather environmsnts, t}re size and duration of the outages, availability of altemate

navigation aids, radaI coverage, tra{frc density and reversionay operational proc€dures. The

lower values given are the minimum availabilities for which a system is considoed to be practical

but ae not adequate to repl&e non-GNSS navigation aids. For en-route navigation, the higher

values given are adequate for GNSS to be the only navigation aid provided in an area. For

approach and departue, the higher values given ale bas€d upon the availability requfu€rnents at

airports with a large amount of traffrc assuming that operations to or fiom rnultiple runways are

affected but rwersionary operational procedures ensur€ the safety of the operation (see

Attachment D, 3.5).

6. A range of values is specified for Category I precision approach' The 4'0 m-(13 feet)

requirement is based upon ILS specifications and rspres€nts a conservative derivation from these

specifications (see Attachment D 3.2.7).



7. GNSS perfoflnance requirernsnts for Category II md ttl precision approach operations are
under review and will be included at a later date.

8. The terms APV-I md APV-II refer to two levels of GNSS ryproach and landing operations
with vertical guidance (APV) and these tefins are not necessarily intended to be used
operationally.

APPENDD( B. TECIINICAL SPECIFICATIONS FOR THE GL/OBAL NAVIGATION
SATELLTTE SYSTOM (GNSS)

6.3.2 Global navigation satellite system (GLONASS) channel of standard accuracy (CSA)
(Lt)

6.3,2.5 COORDINATE SYSTEM

6.3.2.5.1PZ-% (Parameters of common tewestrial ellipsoid and grwitational field of the earth
1990). The GLONASS broadcast epherneris shall desoibe a position of ransrnitting antenna

phase centre of a given satellite in the PZ-90 eath-centred erttr-fixed reference frarne.

6.3.2.5.2 Conversion between PZ-90 and WGS34. The following conversion parameters shall be
usd to obtain position coordinatm in WGS-84 from position coordinates inPZ-9A (Version 2):

lll =f:i11
LrL*-* l-orJ

+ (l - O.12 x lO{)
-o.82xloa olfXt

, ollvlo rll zlo-n

I
+0.82 x lO-o

ot

Note.-X Y dndZ are exprcssedmmetres.

6.3.2.5.2.1 The conversion error *rall not exceed L5 meilres (l sigma) along eadr coordinde axis.

ATTACIIMT,I\IT C. INFORMATION AT{D MATERIAL FOR GUIDAI\ICE IN THE
APPLICATION OT'IIID, STAI\TDARDS AND RECOMMEN{DED PRACTICDS FOR ILS,

VOR, PA& 75 MIIZ
MARKER BEACONS (EN-RO[ITE), NDB AI\[D DME

2. Nlateriat onceming ILS instnllatbns

2.1.10 Guidance on operatioruil aspects of improving the performance of the IN localizer in
respect to bends

2.1.10.1 Intoduction Owing to site effects at certain locations, it is not always possible to
produce with simple stmdrd ILS installations localizer coursas that are sufficiently free from
troublesome bends or irregulrities. At such installationq it will often be possible to reduce bends

and irregularities in the localizer course to a satisfactory extent by various methods, most of
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which require acceptance of some deviation &orn the specification for tLS set forth in ihis Annex,
together with possible penalties from an operational aspect.

2.1.10.2 Methods of fficting improvemenr. In general, improvements in localizer courses from
the aspect of bends or irregulaities may be effected by resriction of radiation in prticulm
directions so as to avoid or minimize reflection from objects that give rise to the bends. In the
majority of instances where special treafinent is required, this may be achieved by screens placed
and designed to reduce the radiation in the direction of the object. Where reflecting objects are
numerous or of large dimensions, however, it may be necessary to restrict almost all the radiation
from the localizer to a narrow sector centered on the course line. Each method introduces certain
disadvantages which should be weighed for the individual installation in the light of the specific
operational application to be made of the installation md the following considerations.

2.1.rc3 Disadvantages of methods of fficting improvements mentioned above

2.1.10.3.1 The use of screens limiting radiation in selected directions wi[, in general, give rise to
a reduction of the clearance betwesr the two modulation signals of the ILS in some other
direction, with the consequence that the ILS indicator needle may move towards the centre when
the aircraft is passing through areas in that direction. It is considered however that in general,
such deviations are not operafionally significant or may be overcome by suitable procedures. In
certain applicdions including the us€ of screens or reflectors to reinforce signals in the course
sector, the use of screens or reflectors w-ill modify the rznge and characteristics of the back course
of the localizer. Here again, it is considsed that the effFects are unlikely to be operaionally
significant unless operational use is being mde of the back course. In this latter casg it may be
necessay to provide an additional facility to supplement or replace the back cowse.

2.1.10.3.2Where it is necesstry to limit radiation from the localizer over a wide sector and
confine most of it to a sector centred on the front course of the localizer in order to reduce bends
sufliciemtly, the disadvantages will, in general, be as follows:

a) Orientation information from the localizer in the sector in which radiation is limited will
no longer be available or will be unreliable.

b) It will not be practicable to ctrry out a preliminary check of the performance of the
airsraft receiver through the flag system until the aircraft is within the sector centred on
the course line.

c) ln the area outside the sector centred on the course line, sufficient radiation may occur in
particular dirmtions to operate the ILS indicator in the aircrafr. in an erratic manner,

glving rise to false indicdions.

d) The loss of the back course.

2.1.rc33 In respect to a), it is considered that ori€Nrtation infomration is necessry but that
practice has shown that such inform*ion is preferably obtained in any event from an auxiliary aid
such as a locator. Such an auxiliary aid would be necesary if radiation frorn the localizer is
confined to a narrow sector centred on the course line. In respect to b) it is considered that the
loss of a rmeiver check prior to entry into the strtor cenfrd on the course line could be
operationally accepted.

2.t.rc3.4 The disadvantage indicded in c) may, in some instances, be a serious drawback. In
general, it is considered that acceptance of this disadvantage will dqlend on the fitent to which
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false indications will occur d a particulm site and on the procedures established or specified for
the use of the ILS installation. In practicg it is possible to establish procedures so that no use is
made of the localizer signals until the aircraft is able to check that it is in the usable sector.
Experience has shown at one installation in operational use that, procedurally, no difficulty has
arisem through the existenc€ of erraic indications in the off-oourse sector. It is considered that the
question of whether or not the off-course signal chara*eristics due to reduction of rdiation in a
narow sstor may be accepted operationally is a matter for individual assessnneflt at each
location concerned.

2.1.10.3.5 The loss of the back course indicated in d) may have several disadvantages. At some
locationg the back course serves a usefirl function through intersection with other aids for
facilitating prooedures in the area concerned. AIso, the back course often provides a usefirl aid in
missed approach procedures and can often be ud to simph& approach for landing when
conditions require that the landing direction be opposite to the direction for which the ILS is
primarily installd. Loss of the back course urill, in general, require the provision of a substitute
aid or aids, and the principal disadvrrtage in suppressing the back course may be considered in
terms of the additional erpense of a substitute aid or aids.

2.L.10.4 Extent to which sector centred on course line may be norrowed.It is considered that a
radiation sector l0 dqgrees each side of the localizer course line would be the minimum sector
that could be accepted operationally. It is desirable that the characteristics of the signal from the
localizer be identical with those specified in CAR-ANS 6"3 within the region in the immedide
vicinity (region from DDMs 0.155 to zero) of dre course line and 4proximate closely to them out
to l0 degreeg so that the indicatioos ofthe ILS indicator and tle signals fed to a coupling device,
if use4 will correspond to the standrd ILS throughout aly mmoeuwes necessary in the
transition from the approaoh to the localizer to establishment on course line.

2.1.10.5 It should be realized, however, that for an increased runway l*gtb the localizer course
sector wherein proportional guidance is provided will be narrower as a result of adjusting the
localizer to the sensitivity specified in CAR-ANS 6.3, 6.3.1.3.7.1. Although a proportional
guidance signal is provided on each side of the course line up to a level of 0.180 DDM the Ievel
above 0.150 DDM may not be usable by the automatic airborne qystem during the intercept
maroeuwe unless that qystem is rrned within the sector in which a minimum of 0.180 DDM is
provided (e.g. plus or minus 10 degrees). It is advantageous to permit the localizer c4ture mode
of the automdic airborne system to be armed at off-course anglm greater than 10 degrees;
conseque,lrtly it is desirable to maintain a minimum DDM of 0.180 flrough a wider sector than
plus or minus 10 degrees wherever practical.

2.L.rc.6 Further passibilities. lf the disadvmtages dsing &om the use of the restricted coverage
and modified signal chracteristics discussed itr0,J.rc3 are unacc€ptable, possibilities exist
through the use of two radio frequsrcy carriers to provide the coverage ard signal characteristics
that would maintain the essential information provided by a standard ILS in the suppressed sector
whilq at the ssne time, maintaining in the rqgions about the course sector the objective of the
restricted coverage system. It may be nwessary to employ this more elaborate system at
aerodromes wif}i high multipath environme,nts. Additional guidance on two radio frequenqr
carrier coverage is provided lrn2.7.

2.5Diagrrns (Figures C-6 to C-12 illustrate certain of the Standards contained in CAR-ANS 6.3)
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3.2 Accuracy

3.2.7 A range of vertical accuracy values is specified for Category I precision approach
operations which bormds the different values thd may support an equivalent operation to ILS. A
number ofvalues have been derived by different groups, using different interpretations of the ILS
standards. The lowest value from these derivations was adopted as a conservative value for
GNSS; this is the minimum value given for the range. Because this value is conservative, and
because GNSS error characteristics are different from ILS, it may be possible to achieve Category
I operations using larger values of accuracy and alert limits within the range. The larger values
would result in increased availability for the operation. The maximum value in the range has been
proposed as a suitable valug subject to validation.

3.2.8 Specific alert limits have been defined for each augrnentation system. For GBAS, technical
provision has been made to broadcast the alert limit to aircraft. GBAS standards require the alert
limit of l0 m. For SBAS, teclnical provisions have besn made to standrdize the alert limit
through ur updateable database (see Minimum Operaional Performance Standards for Global
Positioning System/Wide Area Augmentation System (GPS ilAAS) Airborne Equipment
(RrCA/DO-229C).

3.3 Integrity and timeto-al€rt

3.3.5 For APV and precision pproach operationg integrity requirernents for GNSS signal-in-
space requirements of CAR-ANS 6.3, Table 6.3.7.2.4-1, were selected to be consistent with ILS
requirements.

3.3.6 Alert limits for typical operations are provided in Note 2 to Table 6.3.7.2.4-1. A range of
alert limits is ryecified for precision approach operations, reflecting potential differences in
systern desigrr that may affect the operation. ln ILS, monitor thresholds for key siglal paratneters

are standardizo{ and the monitors themselves have very low measurement noise on the

paameter that is being monitored. With differential GNSS, some system monitors have

comparably large measurement unc€rtainty whose impact must be considered on the intended

operation. In all cases, the effect of the alert limit is to restrict the satellite-user geometry to one

where the monitor performance (typicdly in the pseudorange domain) is acceptable when

nanslated into the position domain.

3.3.7 The smallest precision approach vertical alert limit (vAL) value (10 m) was derived based

on the monitor performance ofILS as it could affect the glideslope at a nominal decision altitude

of200 ft above the runway threshold. By applying this alert limi! the GNSS error und€r faulted

conditions can be directly conpared to ILS error under faulted conditions, such that the GNSS

enors are less than or equal to ILS errors. For those fault conditions with comparably large

monitor noise in GNSS, this results in monitor thresholds that are more stringent than ILS.

3.3.8 The largest precision approach vertical alert limit value (35 m) was derived to ensure

obstacle clearance equivalent to ILS for those error conditions which can be modelled as a bias

during the fmal approach, taking into account that the aircraft decision altitude is independently

derivfo fiom barometric pressure. An assessment has be€n conducted ofthe worst-case effect of a

latent bias error equal to the aleft limit of 35 nr, concluding that adequate obstacle clearance

protection is provided on the approach and missed approach (considering the decision altitude

would be reached early or latg using an independent barometric altimeter). It is important to
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recognize that this assessnent only addressed obstacle cleamnce and is limited to those error
conditions which can be modelled as bias errors. Analysis has shown 35 m bias high and low
conditions can be tolerated up to the approach speed category (category A through D) glide path
angle limits in ICAO Doc 8168 without imlnging on the ILS obstacle clearanc€ surfaces.

3.3.9 Since the analysis ofa 35 rn VAL is limited in scope, a systemJevel safety analysis should
be completed before using any value greater than 10 m for a specific system design. The safety

analysis should mnsider obstacle clearance criteria and risk of collision due to navigdion error,
and the risk ofunsafe landing due to navigation error, given the system design chaacteristics and

operational environment (such as the type of aircraft conducting the approach and the supporthg
airport infrastructwe). With respect to the collision rislq it is sufficient to confirm tftat the
assumptions identified in 3.3.8 are valid for the use of a 35 m VAL. With respect to an unsafe
landing, the princrpal mitigation for a navigation error is pilot intervention during the visual
segment. Limited operational trials, in conjunction with opoational expertise, have indicated that

navigation errors ofless than 15 m consistently result in acceptable touchdown performance. For
errors larger than 15 4 there can be a significant increase in the flight crew workload and
potentially a significant reduction in the safety margirl paticularly for errors that shift the point
where the aircraft reaches the decision altitude closer lo the runway threshold where the flight
crew may attempt to land with an unusually high rate ofdescent. The hazard swerity ofthis event

is major (see Doc 9859, Safsty Maragernent Manual). One acceptable means to manage the risks
in the visual segment is for the system to comply with the following criteria:

a) the fault-free accurary is equivalurt to ILS. This includes system 95 per cent vertical NSE less

than 4 rn, mld fault-ftee systern vertical NSE exceeding l0 m with a probability less than 10-7 for
each location where the opodion is to be approved. This assessment is performed over all
environmental and operational conditions under which the servic€ is declared available;

b) under system failure conditions, the system desigrr is such that the probability of an error
greater than 15 m is lower thar 10-5, so that the likelihood of occurence is rernote. The fault
ionditions to be taken into accou ae the ones affecting either the core constellations or the

GNSS argnentation under consideration. This probability is to be understood as the combination

of the occurrence probability of a given failure with the probability of detection for 4plicable
monitor(s). Tlpically, the probability ofa single fault is large enough that a monitor is rcquired to

iiL'r? Hitllll1**ical provision has been made to broadcast the alert limit to airctaft.

GBAS standards require the alert limit of l0 m. For SBAS, technical provisions have been made

to specifi the alert limit through an updateable database (see Attachment C).

4.2 GLONASS

4.2.2 Accuracy- Accuracy is measured with a representmive receiver and a measurement interval

of24 hours for my poiat within the coverage area The positioning and timing accuracy re for

the signal-in space (SIS) only and do not include such error sources as: ionosphere, foposphere,

interfirence, riceiver noise or multipath. The accurary is derived based on the worst two of 24

satellites being removed fiorn the constellation and a 7metre constellation RMS SIS user range

error (-lRE).

4.2.3 Range tlomain accuracy. Range domain accuracy is conditioned by the satellite indicating a

healthy status and transmitting s{andard accuracy code and does not account for satellite failures
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outside of the normal operating characteristics. Range domain accuracy limits can be exceeded
during satellite failures or anomalies while uploading data to the satellite. Exceeding the mnge
error limit constitutes a major service failure as described in 4.2.6. The range rate error limit is
the manimum for any satellite measured over any 3-second interval for any point within the
coverage area. The range acceleration error limit is the maximurn for any sdellite measured over
any 3-second interval for any polnt within the coverage area- The root-rnean-square range error
accuracy is the average of the RMS URE ofall satellites over any 24-hour interval for any point
within the coverage area. Under nominal condidons, all sarellites are maintained to the same

standards, so it is appropriate for availability modelling purposes to assume that all satellites have
a 7-metre RMS SIS URE. The standards re restricted to range domain errors allocated to space

and conhol segments.

4.2.4 Availability. Availability is the percentage of time over any 24-hour interval that the
predicted 95 per cent positioning error (due to Sace and control segrnent errors) is less than its
threhold, for any point within the coverage area. It is based on a .[4-metre horizontal 95 per cent
threshold and a 9325-metre vertical 95 po cort threshold, using a representafive receiver and

operathg within the coverage area over any 24-hour interval. The service availability assumes the
worst combination of two satellites out of s€rvice.

4.2.6 Major sen,ice foilure. A major service failure is defined as a condition over a time interval
during which a healthy GLONASS satellite's rmging sipal error (excluding atmospheric and

receiver errors) exceeds the range elror limit of 3Om (as defined in CAR-ANS Part 6,

6.3.7.3.2.1.3 a)) and/or failures in radio Aequency characteristics of the CSA ranging signal,
navigation message structure or navigation message contents tlat deteriorate the CSA receiver's
ranging sipal reception or processing capabilities.

AME]\DED REGULATION:

CAR.ANS PART 6:

6.3. SPBCIFICATIONS FOR RADIO NAVIGATION AlDs

6.3.1 Specification for IIS

6.3.1.2.7 At those locations rfiere two separde ILS facilities serve opposite ends ofa single runlvay,

m inteflock shall ens"ue thd only tlre localizer serving dre approach drrecron in use shall radiale.

except $fi€re $e localizer in operaional use is Facility Performarce C*egory I - ILS and no

operaional ly hrmfirl interference resrlts.

6.3.1.2.7.1 At those locations wh€re two sepamte ILS facilities serve opposite ends of a single

runway and where a Facility Performmc€ Category 
_ 
I - LS is to be used for auto-coupled

-o.oi"her and landinss in iisual conditions an interlock should ensure that only the localizer
561.ying the approach direction in use radiates, providing the other localizer is not required for
simultaneous operational use.

Note.- If both locdlizers radiate lhere is a possibility of mterference lo lhe localizer signals_in lhe

threshol| region Additional guidmce mateiial is contained in 2.1.9 and 2.13 ol-Attachment C.
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6'3'1.2.7.2 At locations where ILS facilities senring opposite ends of the same nmway or different
runways d dre sarne a.pgtt ,tge sary p.arq fr{ueirties, an interlock shall ensure-ih; "*t;;;$"ily shall radiate at a time. When s*rrcting no* one'ni A.iutt to *oito,-o61ntio" from both$all be srppressed for not less than 20 seconds]

Note, . A!!itio\1l ryidartce material on the operation of localizen on the same Jiequency channel iscontained in 2.1.9 of'Auachment C and Voluri H Chaptir a.

6.3.1.3 VHF localizer and associated monitor
'6.'3.1.3 

3 Coverage

Note.- Guidance material on localizer coverage is given in 2.1.10 and Figures C-7A, C-78, CAA
and C8B ofAuachment C.

6'3.1'3.3.1 The localizer shall provide signals sufficient to allow satisfactoryoperationof a
typical aircraft installation within the localizer and glide path coverage soctors. The localizer
coverage sector shall extend from the centre of the localizer antenna system to d.istances of
46.3 l<rn (25 NM) within plus orminus l0 degrees from the front course line;

31.5 lnn (17 NM) between l0 dqgrees and 35 degrees from the front course line;

18.5 km (10 NM) outside of plus or minus 35 degrees from the front course line if coverage is
provided; except drat, where topogrryhical features dictate or operational requirements permi[ ttre
limits may be reduced 19,", to 33.3 km (18 NM) within the plus or minus l0degree sector and
18.5 km (10 Mvf) within the remainder of the coverage when alternative navi[ational means
provide saisfactory coverage within the intermediate approach area The localizer lignals shall be
receivable af the distances specified at and above aheight of 600 m (2 000 ft) above thi elevation of
the threshold or 300 m (l 000 ft) above the elevation of the highest point wittrin fie interrnediate
and final ryproach areas, whichever is the higher, except thaq where needed to protect ILS
performance and if operational requiraneirts permit, the lower limit of covsrage at mgles beyond
l5 degrees from the front course line shall be raised linearly frcm its height at l5 degrees to * t igh
as I 350 m (4 500 ft) above the elevation of the threshold at 35 degrms from the frint course line.
Such signals shall be receivablq to the distances specifid up to aiurface extending outward from
the localizer affenna and indined at 7 degrees above the horizontar

Note.- Where intenening obstacles penetrate the lower surJbce, it is intended that guidance need
not be pmvided ot less thon line-af-sight heights.

Note.- Dfficulty in siting certain nnrker beacons may malce it necessary to accept a polar axis
lhqt is not vertical.

6.3 6.1.3 Monitoring. For each marker beacon, suitable monitoring equipment should be provided
which will strow at an appropriate locdion:

a) a decrease in radiated carrier power below 5A per cent ofnormal;
b) a decrease oJ'modulation depth belov, 70 per cent;
c) afailure af keying.

6.3.7 Requirements for the Global Navigation Satellite System (GNSS)

6.3.7.L Definitions
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Aircraft...based augmantation systern (ABAS). An augmentation system that augments and/or
integrates ttre informmion obtained from the other GNSS elements with information available on
board the aircraft.

Alerl An indication provided to other aircraft systcms or annunciation to the pilot to idemtify that an
operating parameter of a navigation system is out of tolerance.

Alst limit For a given ptrtrnetff measuremgnt, the error tolerance not to be exceeded without
issuing an alert.

Channel of *andard accilracy (CSA). The specified level of positioning velocity and timing
zlccuracy that is available to any GLONASS user on a continuous, worldwide basis.

Core satellite constellation(sl. Thecore satellite constellations are GPS and GLONASS.

Glnbal navigatian satelltte rystetn (GNSS/. A worldwide position md time deterrnination system
tha includes one or more sdellite constellations, aircraft receivers and system integriry monitoring,
augmentod as necessary to support the required navigmion performance for the intended operation.

Global navigaion satellite systern (GLONASS). The satellite navigation system operated by the
Russian Federation.

Global positioning system (GW The satellite navigation systern operated by the United States.

GNSS positton qror. The difference between the true position and the position determined by the
GNSS receiver.

Groundiased augmmtmion system (GBAS). An augmentation system in which the user recsives
augmentation information directly from a ground-based transmitter.

Ground&ased regional aagmentation sys-tqn (GRAS). An augmentation systenn in which the user

receives augmentation informdion directly from one of a group of ground-based transmitters
covering aregion.

Integrity. A measure of the trust that can be placed in the correctress of the informdion supplied by
the total system. Integrity includes the ability of a ystern to provide timely and valid warnings to
the user (alerts).

Pseud*range The difference between flre time of transnission by a satellite and reception by a
GNSS receiver multiplied by the speed of light in a vacuum, including bias due to the difference
betweefl a GNSS recriver and satellite time reference.

Satellite-based augmantation Wem (S&y'r$). A wide coverage augmentation systerr in which the

user receives augmentation inforrndion from a satellite-based tranmitter.

Standad positioning sewice fSfSr. The specified level of positioning, velocity and timing
accuracy that is available to any global postioning syst€m (GPS) user or a continuouq worldwide
basis.

Time-to*tert The marimum altowable time elapsed from the onset of the navigdion system being

out of tolermce until the equipmort eirunciates the alert.

6.3.7.2 Ge{r€ral

6.3.7.2.1 Ftmctions
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6.3.7 .2.1.1The GNSS shall provide position and time data to the aircraft.

Note.-* These dan are derived from pseudo-ran{le meosarefients between an airctaft equrpped
with a GNSS receiver and various signal sources on satellites or on the gyound.

6.3.7 .2.2 GNSS elements

6.3.7.2.2.1 The GNSS navigation service shall be provided using various combinaions of the
following elements installed on the ground, on satellites ad/or on board the aircraft:

a) Global Positioning System (GPS) that provides the Standard Positioning Service (SPS) as defined
in 6.3.7.3.1;

b) Global Navigation Satellite Systan (GLONASS) that provides the Channel of Standard Accurary
(CSA) navigation signal as defined lrl,6.3.7.3.2;

c) aircraft-based argmentation system (ABAS) as defined tn6.3.7.3.3;

d) satellitabased angmentation systern (SBAS) as defined tn6.3.7.3.4;

e) ground-based augmentation systan (GBAS) as defined in 6.3.7.3.5;

f) ground-based regional augme,ntdion system (GRAS) as defined in 6.3.7.3.5; and

g) aircraft GNSS receiver as defined n 6.3.7.3.6.

6.3.7.2.3 Space and time reference

6.3.7.2.3.1 Space reference. The position information provided by the GNSS to the user shall be
expressed in terms of the World Geodetic Systern - 1984 (WGS-M) gmdetic reference datum.

Note l.- SARPs.fbr WGSA4 are contoined in CAR-ANS Port 4, CAR-ANS Part I I, CAR-ANS Part
15 and MOSAerodromes.

Note 2.- #'GlfSS elements using other than l4tG[i-84 caordinates are employed, appropriate
conversion paranreters dre to be applied

6.3.7.2.3.2 Time reJerence. The time dataprovided by the GNSS to the user shall be expressed in a
time scale that takes the Universal Time Coordinated (JTC) as referenc€.

6.3.7 .2.4 Signal-in-space pedormance

6.3.7.2.4.1The 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-l (loc*ed at the end of section 6.3.7).

Note.- The concept oJ' a fault-free user receiver is applied only as a nrcans of defining the
performance of combinltions of differenr GNS'S elements. The fault-free recei'per is assumed to be a
receiver wilh nominal accuracy and time-to-alert performance. Such a receiver is assumed to have

nofailures that affect the integrity, availability ond conlinuity performance.

6.3.7.3.1.1.3 Range domain occuracy. The range domain error shall not exceed fte following limits:

a) range error ofany satellite - ttre larger ofl
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- 30 m (100 ft); or

- 4.42 times the broadcast user mnge {rccuracy (uRA), not to e,lrceed 150 m (a90 ft);

b) range rate error of any satellite - 0.02 m (0.07 ft) per srcond;

c) range acceleration error of any sdellite - 0.007 m (0.02 ft) per second-squared; and

d) root-mean-square range error over all satellites - 6 m (20 ft).

6.3.7.3.l.2Availability. The GPS SpS availability shall be as follows:

>99 per cent horizontal service availability, average location (36 m 95 per cent threshold)
>99 per ce,nt vertical service availability, average location (77 m95 per cent threshold)
>90 per cent horizontal service availability, worst-case location (36 m 95 per cent dreshold)
>90 per cent vertical service availability, worst-case location Q7 m95 per cent threshold)

6.3.7 .3.1 .3 Reliobility. The GPS SPS reliability shall be within the following limits:

a) frequency of a mqior service failure - not more than three pu year for the constellation (global
average);

b) reliability * at least 99.94pw cent (global average); and

c) reliability - at least 99.79 pa cent (single point average).

6.3 .7 .3 .1.4 Coverage. The GPS SPS shall cover tle surface of the earth up to an altitude of 3 000
kilometres.

Nole.- Guidance mqterial on GPS accurdq/, availability, reliability anrl coverage is given in
Attachment D, 1.1.

6.3.7 .3 .1.5 Radio frequency @F) c horacteris tics

Note.- Detailed RF characteristics are speciJied in Appendix B, 3. 1. I . I

6.3.7.3.1.5.1 Carrier frequency. Each GPS satellite shall broadcast an SPS signal at the carrier
frequency af I 575.42 MHz (GPS Ll) using code division multiple ,rccess (CDMA).

Note.- A new citil frequenq) will be added to the GPS sqtellites and will be affered by the United
Snrcs for critical safety-oflfe applications. SARPs for this signal may be developed at a later dote.

6.3.7.3.1.5.2 Signol spectrum. The GPS SPS signal power shall be contained within a*l2Mtlz
bad (1 563.42 -l 587.42 MlIz) centred on the Ll frequency.

6.3.7.3.L.5.3 Polarization. The tansrnitted RF signat shall be right-hand (clockwise) circularly
polarized.

6.3.7.3.1.5.4 Signal power level. Each GPS satellite shall broadcast SPS navigmion signals with
sufficient power such tha, at all unobsructed locations near the ground from which the satellite is
observed at an elevation angle of 5 degrees or higher, the level of the recsived RF signal at the
output of a 3 dBi linearly-plarized antenna is within the range of -160 dBW to -153 dBW for all
antenna orientations orthogonal to the direction of propagation.

6.3.7.3.L.5.5 Modalation The SPS Ll signal shall be bipolar phase shift key (BPSK) modulated
with a pseudo randorn noise (PRN) 1.023 MHz cousdacquisition (C/A) code. The C/A code
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sequence shall be repeated each millisecond. The transmitted PRN code sequence shall be the
Modulo-2 addition of a 50 bits per second navigation message and the C/A code.

6.3.7.3.1.6 GPS time. GPS time strall be referenced to LJTC (as maintained by the U.S. Naval
Observatory).

6.3.7 .3.1.7 Coordinate system. The GPS coordinate rystem shall be WGS-84.

6.3.7.3.1.8 Navigation infonnation The navigation data transmitted by the satellites shall include
the necessary information to determine:

a) satellite time oftransmission;

b) satellite position;

c) satellite health;

d) satellite clock correction;

e) propagation delay effects;

0 time trmsfer to UTC; ard

g) constellation status.

Note.- Structure andcontents ofdata are specified inAppendix 8,3.1.1.2 and 3.1.1.3, respectively.

6.3.7 .3 .2 GLONASS Channel aJ'Snndanl Accuracy (C Sq A I )

Note.- In this section, the term GLONASS reJbrc to all satellites in the canstellation. Standardr
relating only to GLONASS-M satellites are qualiJied accordingly.

6.3.7.3.2.1Accumcy

6.3.7.3.2.1.1 Positioning dccuraql. The GLONASS CSA position errors shall not sxce€d the

following limits:

Global average
95% of the tirne

Worst site
95% ofthe time

Horizontal position error 5 m (17 ft) 12 m (40 ft)
Vertical position error 9 m (29 ft) 25 m(97 ft)

6.3.7.3.2.1.2 Time transfer accuracy. The GLONASS CSA time tansfer errors shall not o(ceed 700

nanoseconds 95 per cent of the time.

6.3.7.3.2.1.3 Range domain accuracy. The range domain error shall not o(ceed the following limits:

a) range error of any satellite 
-18 

m (59.7 ft);

b) range rate error of any satellite -4.02 m (0.07 ft) per second;

c) range acceleration error of any s*ellite --4.007 m (0.023 ft) per second squared;

d) root-mean-square range error over all satellites -6 m (19.9 ft).
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6.3.7 .3.2.2 AvailaDiii6r. The GT ONASS CSA availability shall be as follows:

a) >99 per cent horizontal service availability, average locdion (44 rn, 95 per cent threshold);

b) >9 per cent vertical service availability, average location (93- nq 95 per c€nt theshold);

c) )0 per cent horizontal service availability, worst-case location (,14 4 95 per cent tkeshold);

d) >90 per oent vertical service availability, worst-case location (93rn, 95 per cent threshold).

6.3.7.3.2.3 Relidbilir!. The GLONASS CSA reliability $all be at least 99.98 per cent (global
average).

6.3.7 .3.2.4 Coverage. The GLONASS CSA coverage shall be at least 99.9 per c€nt (global average).

Note.- Guidonce material on GLONASS accuracy, availability, reliability and coveroge is given in
A achment D, 1.2.

6.3.7 .3.2.5 RF c ho to cteri slics

Note- Deniled RF characlerislics are specified in Appendix B, 3.2.1.1.

6.3.7 -3-2.5.1 Canier frequency. Each GLONASS sdellite shall broadcast CSA navigation signal at

its own canier frequenry in the Ll (1.6 GHz) frequenry band using frequenry division multiple
access (FDMA).

Note 1.- GLONASS satellites nny have the sdme canier.f'requency but in this case lhey are locdted
in antipodal slots of the same orbial plane.

Note 2.- GLONASSM satellites will broadcast an additional ranging code at canier frequencies
in the L2 (1.2 GHz) frequency band using FDMA.

6.3.7.3.2.5.2 Signol specmtm. GLONASS CSA signal power shall be contained q'i1fii1 3 +5.75

MHz band cented on each GLONASS carrier fiequenry.

6.3.7 .3.2.5.3 Polarizalion. The transmitted RF signal shall be right-hand circularly polaized.

6.3.7.3.2.5.4 Signal power level. Fach GLONASS satellite shall broadcas CSA navigation sipals
with sufficient power such thag at all unobstructed locations near the gtound fiom which the

satellite is observed at an elevation angle of 5 degrees or higho, the level ofthe received RF siglal
at the output ofa 3 dBi linerly polarized antenna is within the range of-l61 dBW to -155.2 dBW
for all antenna orientations orthogonal to the direction ofpropagatiot

Note l. The power limit of 155.2 dBIl is based on the pledetermined chamcleristics ofa user

dntenna, atmospheric losses of 0.5 dB and an efior of an dngular position ofa satellite lhql does

not exceed one degree (in the direction causing the signal level to increase).

Note 2. GLONASSM satellites will also broadcasl a rdnging code on L2 reith sulrtcient power

such lhal, at all unobstructed locations near the ground jlom which the sqlellile is observed al an

eleration angte of5 degrees or higher, the tevel of the recei,ed RF sigrutl al the output ofa-3 dBi
linearly polirizett anteina is not less then -167 dBW for all anlenna orientutlions orthogonal lo the

d i r e c t i o n of prcpa gati on.

6.3.7 .3.2.5.5 Modulation
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6.3.7.3.2.5.5.1 Each GLONASS safellite shall transnit at its carrier frequency the navigation RF
signal using a BPSK modulded binry train. The phase shift keying of the carrier shall be
perfonned at zr-radians with the ma:rimum error *0.2 radian. The pseudo-random code sequence
shall be repeated each millisecond.

6.3.7.3.2.5.5.2"Ihemodulding navigation signal shall be generated by the Modulo-2 addition of the
following three binary signals:

a) rangrng code transnitted * 511 kbitVs;

b) navigation message ransmitted a 50 bitVs; and

c) 100 Hz auxiliuy meander sequence.

6.3.7.3.2.6 GLONASS /irre. GLONASS time shall be referenced to UTC(SU) (as maintained by the
National Time Service ofRussia).

6.3.7.3.2.7 Coordinate system. The GLONASS coordinate system shafl be PZ-W.

Note.- Convenion Jiom the PZ-9A coordinate system used by GLONASS to the WGS-84
coordirwtes is deJined in Appendix B, 3.2.5.2.

6.3 .7 .3 .2.8 Navigation information The navigation data transmitted by the satellite shall include the
necessary inforrnation to detefinine:

a) satellite time oftransmission;

b) satellite position;

c) satellite health;

d) satellite clock correction;

e) time transfer to UTC; and

f) constelldion status.

Note.- Structure and contents oJ'data are speci/ied inAppendix B, 3.2.1.2 and 3.2.L3, respectively.

6.3.7 .3.3 Aircraft-based augmentation systen (ABAS)

6.3.7.3.3.1 Performance. The ABAS fimction combined with one or more of the other GNSS

elements amd both a farlt fre GNSS receiver ard fadt-Aee aircraft qystem usod for the ABAS
function shall meet the requireurents for accuracy, integrity, continuity md availability as stated in
6.3.7.2.4.

6.3.7 .3.4 Satellne-based augmwtation rystem (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 systern acqracy, integrity, continuity and

availability for the intended operation ,rs stated rrl"6.3.7.2.4.

Note.- SBAS complements the core satellrte constellationQ) by increasing acaracy, integrily,
continuity and availability afnavigalian providedvithin a service area, typically including miltiple
aerodtomes.
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6.3 .7 .3 .4 .2 Functions. SBAS shall perform one or more of the following functions:

a) ranging: provide an additional pseudo-range signal with an accuracy indicator from an SBAS
satellite 16.3.7.3.4.2.1 and Appendix B, 3.5.7.2);

b) GNSS saellite status: detemrine and transmit the GNSS sarellite health status (Appendix B,
3.5.7.3);

c) basic differential correction: provide GNSS satellite ephemeris and olock corrections (fast and
long-tenn) to be ryplied to the pseudo-range measurernents from satellites (Appendix B, 3.5.7.4);
and

d) precise differential correction: d*ermine and transmit the ionospheric corrections (Appendix B,
3.5.7.s).

Note.- If all the .functions are pravided, SBAS in combination with core satellite constellation(s)
cqn Eupport departure, en-route, terminsl and approach operations including Category I precision
approach. The level ot'pe$bmonce that can be qchieved depends upon the infrastructure
incorporated into SBAS and the ionospheric conditions in the geagmphic area ot'interest.

6.3.7.3.4.2.1 Ranging

6.3.7.3.4.2.L 1 Excluding atnrospheric effecB, the range error for the ranging sigpal from SBAS
satellites shall not exceed 25 m (82 ft) (95 per cent).

6.3.7.3.4.2.1.2 The probability that the ftmge error exceds 150 m (490 ft) in any hour shall not
exceed lG-5.

6.3.7.3.4.2.1.3 The probability of unscheduled outages of the raoging fuoction from an SBAS
satellite in my hour shall not $(csed lG-3.

6.3.7.3.4.2.1.4 The range rate error strall not exceed 2 m(6.6 ft) pe" second.

6,3.7.3.4.2.L 5 The range accelerdion elror strall not exceed 0.019 m (0.06 ft) per second-squared.

6.3.7.3.4.3 Service area. "[he SBAS service area shall be a defined area within an SBAS coverage
area where SBAS meets the requirements of 6.3.7.2.4 and supports the corresponding approved
operations.

Note l.- The coverage area is that orea within which the SBAS broadcast can be received (e.g. the
geo stationary sate I lite footprin$).

Note 2- SBAS coverage and semice areas are discussed in Attachment D, 6.2.

6.3.7 .3.4.4 RF choracteristics

Note.- Detailed RF characteristics are speciJied in Appendix B, 3.5.2.

6.3.7.3.4.4.1Carrierfrequency. The carrier frequenry shall be I 575.421vtr1z."

Note.- After 2005, when the appel GLONASS.flequencies are vacated, another type o!'SBAS may
be introduced using some oJ'these Jiequencies.
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6.3.7.3.4.4.2 Signal spectrum. At least 95 per cent of the broadcast power shall be contained within
a +12 MHz band centred on the Ll frequency. The bandwidth of the signal transmitted by an SBAS
satellite shaU be at least 2.2 MHz

6.3.7.3.4.4.3 Signal power level. Each SBAS satellite shall broadcast navigation signals with
sulficient power such tha! at all unobstructed locations near the ground &om which the satellite is
observed at an elevation angle of 5 degrees or higher, the level of the received RF signal at the
ou@ut of a 3 dBi linealy polarized antenna is within the range of -161 dBW to *153 dBW for all
antenna orientations orthogonal to the direction ofpropagation.

6.3.7.3.4.4.4 Polarization. Thebrodcast signal shall be right-hand circularly polarized.

6.3.7.3.4.4.5 Modulation. The transmitted sequence shall be the Modulo-2 addition of the
navigation message at a rde of 500 symbols per second and the I 023 bit pseudo-random noise

code. lt shall then be BPSK-modul*ed onto the carrier at a rate of 1.023 megachips per second.

6.3.7.3.4.5 SBAS netvork time (SNI). T\e difference between SNT and GPS time shall not exceed

50 nmoseconds.
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6.3.7.3.4.6 Nafigation informotion. The navigation data transmitted by the satellites shall include
the necessary information to daermine:

a) SBAS satellite time of trmsrnission;

b) SBAS satellite position;

c) conected satellite time for all satellites;

d) conected sat€llite position for all satellites;

e) ionospheric propagation delay effects;

{) user position integrity;

g) time transfer to UTC; and

h) service lwel stahrs.

Nole.- Struclure and contuts ofdata are specified in Appendix B, 3.5.3 and 3.5.4, rcspectively.

6.3.7.3.5 Gruund-based augnmation q)stem (GBAS) and ground-based regiotal augmmtdlion

rystem (GRAS)

Note I .-- Etcept where specifically annotated, GBAS Standords and Recommended Practices apply

to GBAS and GRAS.

Note 2..- Except where specifically annotated reference to approach vith vertical E:uidonce (APV)

means APV-I and APV-II.

6.3.7.3.5.1 Performance. GBAS cornbined with one or more of the other GNSS elements and a

fault-free GNSS receiver shall meet the requirements for syste,m accur:rcy, continuity, availability
and integrity for the intended oper*ion as stated in 6.3.7.2.4.

Note.- GBAS is intended to su nrl all types of apprnch, landing depaaure and sudace

opemlions and nay supryrt en-ftrute ond leflninal operaliont. GRAS is inlended lo supporl en-



route, terminal, nan-precision appt'oach, departure, and approach with yertical gtidonce. The

follou,ing 57RPs are develaped to support Category I precision approach, approach with vertical
guidance, and a GBAS positioning service. In order to achieve interoperability and enoble eficient
spectrum utilimtion, it is intended that the data broadcast is the same for all operations.

6.3.7.3.5.2 Functions. GBAS shall perform the following functions:

a) provide locally relevant pseudo-rarge conections;

b) provide GBAS-related datq

c) provide final approach segment data when supporting precision ryproach;

d) provide predicted ranging source availability datq and

e) provide integrity monitoring for GNSS rmging sources.

Note.---Additional GBAS SIRPs will be developed to provide gyound-based ranging.function.

6.3.7.3.5.3 Coverage

6.3.7.3.5.3.1, Category I precision and approach with vefiical guidance" The GBAS
coverage to support each Category I precision approach or approach with vertical guidmce shall be
as follows, orcept where topogrryhical features dictate md operational requirements permit:

a) laterally, beginning *.140 m (450 ft) each side of the landing threshold point/fictitious threshold
point (LTPIFTP) and projeaing out t35 degrees eiths side of the final approach path to 28 lcn (15

NM) and +10 degrec either side ofthe final approach path to 37 hn (20 NM); and

b) vertically, within the lateral region, up to the grcater of 7 degrees or 1.75 promulgated glide path
angle (GPA) above the horizontal with an origin at the glide path interception point (GPIP) and 0.45

GPA above the horizontal or to such lower anglg down to 0.30 GPA, as required, to safeguard the
promulgated glide path intercept procedure. This coverage applies betwen 30 m (100 ft) and 3 000
m (10 000 ft) height above threstrold (HAT).

Note.- LTP/FTP andGPIP are defined inAppendix B, 3.6.1.5.1.

6.3.7.3.5.3.L 1 For Category I precision approach, the databroadcast as specified in 6.3.7.3.5.4 shall
extend downto 3.7 m(12 ft) abovetherunway surface.

6.3 .7 .3 .5 .3.1 .2 The data broadcast shall be omnidirectional when required to support the intended

applications.

Note.- Guidance material cancerning coverage Jbr Category I precision opproach and APV is
provided inAtnchment D, 7.3.

6.3.7.3.5.3.2 GBAS positioning service. The GBAS positioning service area drall be that area where

the dAa broadcast can be received and the positioning service meets the rquiremqts of 6.3.7.2.4
and zupports dre correryonding approved operations.

Note.-- Guidqnce material concenting the positioning service coverage is provided in Atnchment
D,7.3.

6.3.7 .3.5.4 Data b roadmst chamcteristics
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Note. RF chamcleristics are speciJied in Appendix B,6.3.6.2.

6.3.7.3.5.4.1 Canier frequency. The data broadcast radio frequencies used shall be selected from
the radio fiequencies in the band 108 to 117.975 MHz. The lowest assignable frequency shall be
108.025 MHz and the highest assignable frequenry shall be 117.950 MHz. The separation between
assignable frequencies (channel spacing) shall be 25 kHz.

Note l.-- C,uidance nnleial on VOR/GBAS frequency assignmenls and geogmphical sepsralion
citeria is given in Attachment D, 7.2.l.

Note 2.- IN/GBAS geogmphical sepsration criteia and geographical separation criteria Jbr
GBAS and WF conmunication senices operating in the I 18 -. 137 MHz batd. are under
development. Until these cireria are defined and included in SARPs, il is intended thol Jiequencies
in rhe band I 12.050 I 17.9N MHz v'ill be used

6.3.7.3.5.4.2 Acce.ss technEue. A time division multiple access (TDMA) technique shall be used

with a fixed frame structtue. The d*a broadcast shall be assigned one to eight slots.

Nola- Two slox is the nominal assignment. Some GBAS facilities thdt use nrultiple VHF dota

broadcast (VDB) tmnsmit antennas lo improw VDB coverage moy require assig{nmenl ofmore lhan
hto time slots. (iuidance on lhe use o/ multiple antennas is given in Attachment D, 7.12.4; some

GBAS broodcast slalions in a GRAS ntay use one time slol.

6.3.7.3.5.4.3 Modulation. GBAS data shall be transmitted as 3-bit qfmbols, modulating the data

broadcast carrier by D8PSK at a rate of l0 500 symbols per second.

6.3.7 .3.5.4.4 Data bmadcast RF Jield strength and polorization

Note. GBAS can pruvide a VHF data broadcast with eilher hoizonlal (GBASIH) or elliptical
(GBAS'E) p;larizalion that employs both hoizontal polaization (HPOI) and verlicol Wldi%ttion
(VPOL) componenls. Aircrdfi using a WOL component will not be able to conducl oryrolions vilh
GBASH equipmenl. Relewnt guidance meleriol is provided in Attdchmenl D, 7.1.

6.3.7.3.5.4.4.1 GBAgH

6.3.7 .3.5.4.4.1.1 A horizontally pola:ized signal shall be broadcas

6.3.7.3.5.4.4.1.2 The effective radiated power (ERP) shall provide for a horizontally polarized

signat with a minimun field strength of 215 microvolts ppr metre (-99 dBWm2) and a maximum
field strenglh of 0.350 volts per metre (-35 dBWm2) within the GBAS coverage volume. The field
strength shall be measured as an average over the period of the synchronization and anbiguity
resolution field of the burst. The Rf' phase offset between the HPOL and any VPOL components

shall be such that the minimum signal power defured in Appendix B,3.6.8.2.2.3 is achieved for
HPOL users throughout the coverage volume.

6.3.7.3.s.4.4.2 G BAS',E

6.3.7 .3.5.4.4.2.1An elliptically polarized signal shall be broadcast *'henever practical.

6.3.7.3.5.4.4.2.2 When an elliptically polarized signal is broadcast, the horizontally polarized

component shall meet the requirerrents in 6. 3.7 .3.5.4.4.1.2, and the effective radided power (ERP)

shali provide for a vertically polarized signal with a minimum field strength of 136 microvolts per

metre (-103 dBWm2) and a maximum field strurglh of 0.221 volts per metre (-39 dBWm2)
within the GBAS coverage volume. The fietd strength shall be measured as an average over the

period of the synchfonization ard ambiguity resolution freld of the burst. The RF phase offset
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between the HPOL and VPOL components, shall be such that the minim"m signal power defined in
Appendix B, 3.6.8.2.2.3 is achieved for FIPOL and VPOL users throughout the coverage volume.

6.3.7.3.5.4.4.2 GBAS', E

6.3 -7 .3 .5 .4.4.2.1 An elliptically polarized signal shall be broadcast whenever practical.

6 .3 .7 .3 .5 .4 .4 .2 .2 When m elliptically polarized signal is broadcas! the horimntally polarized
component slrall meet the requir€rnents n 6.3.7.3.5.4.4.1.2, md the effective radiated power (ERP)
shall provide for a vertically polarized signal widr a minimum field strength of 136 microvolts per
metre (-103 dBWm2) and a maximum field strength of 0.221 volts per metre (-39 dBWm2)
within the GBAS coverage 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
baween the HPOL and VPOL components, shall be such tha the minimum signal power defined in
Appendix B, 3.6.8.2.2.3 is achiwed for IIPOL and VPOL users throughout the coverage volume.

Note. The minirmtm and maximum Jield strengfiis in 6.3.7.3.5.1.4.1.2 and 6.3.7.3.5.1.1.2.2 are
consistent with a mininatm receiver sensitivity of 37 dBm and minimum distance of'200 m (660 !l)
from the transmrtkr anlenna Jbr a coverage range of13 kn (23 NM).

6.3.7.3.5.4.5 Pover tronsmitted in adjacen, channels. The amount of power dwing transmission
under all opoating conditions when measured over a 25 kllz bandwidth cenhed on the ith adjacent
channel shall not orceed the values shown in Table 6.3.7.3.5- l (located a the end of section 6.3.7).

6.3.7.3.5.4.6 Llnwanted emissions. Unwanted emissiong including spurious and out-of-band
emissiong shall be compliant with the levels shown in Tahle 6.3.7.3.5-2 (located at the end ol
section 6.3.7). The total power in my VDB harmonic or discrete signal shall not be $eater than -53
dBm.

6.3.7.3.5.5 Navigation inJbrnation. The navigation d& transrnitted by GBAS shall include the
following information :

a) pseudo-range corrections, reference time and integrity data;

6.3.7.3.6 Aircraft GNSS receiver

6.3.7.3.6.1 The aircraft GNSS receiver shall process the signals of those GNSS elements that it
intends to use as specified in Appendix B, 3.1 (for GPS), Appendix B, 3.2 (for GLONASS),
Appendix B, 3.3 (for combined GPS and GLONASS), Appendix B, 3.5 (for SBAS) md Appendi*
B, 3.6 (for CBAS and GRAS).

6.3.7.6 Status monitoring and NOTAM
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b) GBAS-related data;

c) final approach segm€nt data when supporting precision approach; and

d) predicted ranging source availability data

Note.-- Structure and cofienk of data are specilied in Appendix B, 3.6.3.



6.3.7.6.1 Changes in the cunent ard projected status of GNSS space md ground elernents thd may
have an impact on user performance or operational 4provals shall be reported to relevant air traffic
servlc€ umts.

Note I.- Addilio al information is px|ided in Atachment D 9.

Note 2.--To assess lhe operulional impact of changes in stotas, o service prcdiclion tool nay be

required

Table 63.7.2.4-l Signal-in-space performance requirements
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NOTES.-
1. The 95th pocentile values for GNSS position erors are those required for the intended

operation at the lowest height above threshold (HAT), if ryplicable. Detailed requirernents de
specified in Appendix B and guidance m*erial is given in Attachment D, 3.2.

2. The definition ofthe integrity requirernent includes an alert limit against which the requirement

can be assossed. For Category I precision apprcact\ a vertical alert limit (VAL) greater than l0 m
for a ryecific system design may only be used if a systern-sp€cific safety analysis has been

completed. Furtrer guidance on the alert limits is provided in Attachfleot D, 3.3.6 to 3.3.10. These

alert limits are:



Typical operation Horizontal alert limit Verticat alert limit

En-route (oceanic/continental
low density)

En-route (continental)

En-routg
Terminal
NPA

APV-I

Category I precision approach

7.4km
(4 NM)

3.7 km
(2 NM)
1.85 km
(l NM)
556 m

(0.3 NM)
40m

(130 ft)

40.0 m
(130 ft)

N/A

N/A

N/A

50m

35.0mto 100m
(115 ftto33ft)

N/A
NiA

3. The accuracy and time-to-alert requirements include the nominal performance of a fault-free
recerver.

4. Ramges of values are given for the continuity requirement for en-routg terminal, initial approach,
NPA atd deprture operations, as this requirement is dependent upon several factors including the
intendd operation, traffic density, complexity of airspace and availability of alternative navigation
aids. The lower value given is the minimum requirememt for aras with low traffie density and
airspace complexity. The higher value given is appropriate for areas with high traffic density and
airspace complexity (see Attachm€nt D, 3.4.2). Continuity requirements for APV and Category I
operations apply to the average risk (over time) of loss of service, normalized to a l5-second
exposure time (see Attachment D, 3.4.3).

5. A range of values is given for the availability requirements as tlese requirernents are dryendent
upon the operational need which is based upon several factors including the frequency of
operations, weather environmentq &e size and duration of the outageq availability of alternate
navigation aidq radar coveragq traffic densrty and reversionary operational procedures. The lower
values given are the minimum availabilities for which a systwr is considered to be practical but are
not adequate to replace non-GNSS navigation aids. For en-route navigation, the higher values given
are adequate for to be the only navigation aid provided in m area. For ryproach and departure, the
higher values given are based upon the availability requirements at aiqports with a large amount of
tra{fic assuming that operations to or from nnrltiple runways re affected but rwersionary
operational procedures en$re the safety of tre operation (see Attachme,nt D, 3.5).

6. A range of values is specified for Category I precision approach. The 4.0 rn (13 feet)
requirement is based upon ILS specifications and represents a conservative derivation from these
specifications (see Attachment D, 3.2.7).

7. GNSS performance requirements for Category II and III precision approach operations are under
review and will be included at a later date.

8. The terrns APV-I and APV-il refer to two levels of GNSS ryproach and landing opermions with
vertical guidance (APV) and these terms are not necessmily intended to be used operationally.
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APPENDTX B. TECHNICAL SPECIFICATIONS FOR THE GLOBAL NAVIGATION
SATELLITE SYSTEM (GNSS)

6.3.2 Global navigation satellite system (GLONASS) channel of stendard accuracy (CSA) (Ll)

6,3-2-5 COORDINATE SYSTEM

6.3.2.5.1 PZ-90 (Pammeters oJ-connnn terresttial ellipsoid and gmvitotional ./ield oJ the earth
1990). The GLONASS broadcast ephoneris shall describe a position of transnitting antenna phase

centre ofa given satellite in the PZ-90 eath-centred earth-fixed reference fiane.

6.3.2.5.2 Conversion betv,een PZ-9A ad WGS31. T\e following convsrsion pramaers shall be

used to obtain position coordinates in WGS-84 ftom position coordinates in PZ-90 (Version 2):

[i]*- ['ffi].[i]""
Nole..- X Y ond Z are expressed in meffes.

6.3.2.5.2.1 The conversion error shall not errceed 0.1metres(1 sigma) along each coorrdinae axis.

ATTACHMENT C. INTORMATION AND MATERIAL FOR GUIDA]\CE IN THE
APPLICATION OF TIIE STANDARDS AND RECOMMENDED PRAC'TICES FOR ILS,

VO&PAR,75 MHz
MARIGRBEACONS (EN.ROUTE), IIDB AND DME

2. Matcrial concernirg ILS instnlhtions

2.1.10 Reducing localizer beruls arul areas with insufrcienl difference in depth of modtlation
(DDM)

2.1-l1.l Intro&tctron Owing to site effects d certain locations, it is not always possible to produc€

with simple standard ILS installdions localizer courses that are sufficienfly free from troublesome

bends or irregularities. If this is the case' it is highly preferable to use two radio frequenry carriers

to provide the standard coverage and sigrral characteristics. Additional guidance on two radio
frequenry ca:rier coverage is provided in 2.7. If staldard coverage requiremsnts still cannot be met,

reducing radiation in the direction of objects and accepting an increase of the lower vertical

coverage boundaries as pornitted in Chaptsr 3, 3.1.3.3. I may be anployed.

2.1.10.2 Reducing standard localizer coverage. When using the coverage reduction option defined

in 3.1.3.3.1, care needs to be taken to ensure that the reduced coverage volume is consisent with the

minimrnn altitudes published for the instnrment approach procedure. Additionally, nomnl vectoring
operations should not be temrinaed and a cle ance to int€rc€pt the localizer should not be issued

until within the promulgated coverage aea This is sometimes referred to as the operational servic€

volume.



2.1.10.2.1 Operational consideralions from an air trffic monogemenl per.epectir,e. lnshument
approach procedures must be designed to take into account any reduction in localizer coyerage
permitted by the Stardard in Chryter 3, 3.1.3.3.1. This can be done either by ensuring that the
procedure remains within localizer coverage or by providing alternative means to navigate.
Consequently, a significant portion (2 NM minimum) of ihe initial segment rnust be within localizer
cov€rage. Localizer coverage needs to be available sufficiently in advance of the area where
controllers usually give the approach or intercept clearance to permit pilots to verify the Morse code
identifi cation (IDENT).

2.1.rc.2.? Operational considerations.from a pilot/aircrali perspective. For aircraft equipped with
automatic flight control systerns (AFCS), localizer coverage needs to be available prior to the
activation of the AFCS intercept mode (manual or automatic flight) with sufficient advanc€ to
permit checking the IDENT signal. When flying manually or when using an AFCS, pilots normally
check the IDENT of the ILS facitity and then wait to arm the mode enabling localizer intercept turn
initiation and capture rmtil after receiving the approach or intercept clemance. Ideally, additional
aids (if included in the ryproach procedure) should penrdt a determination of the relationship
betwee,n the aircraft position and the localizer front course line by the pilot.

2.5 Diagrrns (Figures C-6 to C-[2 illustrate certain of the Stmdads contained in CAR-ANS 6.3)
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Figure C-TA. Localizer coverage with rcspect to azimuth
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Figure C-88. Reduced localizer coveragewith respect to elevation

ATTACHMENT D. INTORMATION AI\D MATERIAL FOR GUIDANCE IN THE
APPLICATION OF' THE GNSS

STAITDARDS AIYD RECOMMENDED PRACTICES

3.2 Accuracy

3.2.7 A range of vertical accuracy values is specified for Category I precision ryproach operations
which bounds the different values that may support an oquivalent operation to ILS. A number of
values have been derived by different groups, using different interpretations of the ILS standmds.
The lowest value from thme derivations was adopted as a conservative value for GNSS; this is the
minimm value given for the range. Beause this value is conservafive, md because GNSS error
characteristics are differont from ILS, it may be possible to aphieve Category I operations using
larger values of accurary and alert limits within the range. The larger values would result in
increased availability for the opertrion. The maximum value in the range has been proposed as a
suitable value, subject to valid*ion.

3.3 Integrity md time-to-alert

r
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3.3.5 For APV and precision approach operations, integrity requirments for GNSS signal-in-space
requirements of CAR-ANS 6.3, Table 6.3.7.2.4-1, were selected to be consistent with ILS
requirernents.

3.3.6 Alert limits for tlpical operations ae provided in Note 2 to Table 6.3"7.2.4-1. A range of alert
limits is spetified for precision approach operations, reflecting potential differences in system
destgn that may affect the operation. In ILS, monitor thresholds for key signal parmnetors tre
standardized, md the monitors themselves have very low masurement noise on the paraneter that
is being monitored. \Mift differential GNSS, some system monitors have conprably lmge
measur€m€nt uncerAinty whose irryact must be considered on the intended operation. In all cases,
the effect of dre alert limit is to restrict the satellite-us€r geometry to one where the monitor

:
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performance (Spically in the pseudorange dornain) is acceptable when translded into the position
domain.

3.3.7 The smallest precision ryproach vertical alert limit (VAL) value (10 m) was derived based on
the monitor performance of ILS as it could affect the glideslope at a nominal decision altitude of
200 ft above the runway threshold. By applyrng this alert limit, the GNSS error under faulted
conditions can be directly compaed to ILS error under faulted conditionq such that the GNSS
errors tre less than or equal to ILS errors. For those fault conditions with comparably lmge monitor
noise in GNSS, this results in mo,nitor thresholds that are more stringent than ILS.

3.3.8 The lagest precision approach vertical alert limit value (35 m) was derived to ensure obstacle
clearance equivalent to ILS for those error conditions which can be modelled as a bias during the
final approactl taking into account that the aircraft decision altitude is independently derived from
brometric pressure. An assessment has been conducted of the worst-case effect of a latent bias
error equal to the alert limit of 35 rrq concluding that adequate obstacle clearmce protection is
provided on the ap,proach and missed pproach (considering fte decision altitude would be reached
early or late, using m independeirt barornetric altimeter). It is important to recognize that this
assessrnsnt only addressed obstacle clearance and is limitd to those error conditions which can be
modelled as bias errors. Analysis has shown 35 m bias high urd low conditions cm be tolerated up
to the 4,proach sped category (category A through D) glide path angle limits in ICAO Doc 8168
without impingmg on the ILS obstacle clearance surfaces.

3.3.9 Since the analysis of a 35 m VAL is limited in scopg a system-level safety analysis should be
completd before using any value greater than l0 m for a qpecific system design. The safety
analysis should consider obstacle clearance criteria and risk ofcollision due to navigation error, and
the risk of unsafe larding due to navigation e,rror, given the system design chmacteristics and
operational enviroffnsnt (such as the type of aircraft conducting the ryproach and the supporting
airpot infrastructure). With rery€ct to the collision risk, it is sufficient to confirm thu the
assumptions identified in 3.3.8 are valid for the use of a 35 m VAL. With respfft to an unsafe
landing, fie principal mitigation for a navigation error is pilot intervention during the visual
segment. Limitd operational trials, in conjunction with operational expertise, have indicated that
navigation errors of less than 15 m consistenfly result in acceptable touchdown performance. For
errors larger than 15 nr, there can be a significart increase in the flight crew workload and
potentially a significant reduction in the safety mrgi4 particularly for errors that shift the point
where the aircraft reaches the decision altitude closer to the runway threstrold where the flight crew
may attempt to land with ar unusually high rde of descent. The hazard severiry of this event is
mqior (see Doc 9859, Safety Management Manual). One acceptable means to milage the risks in
the visual segment is for the system to comply with fre following cyiteria:

a) the fault-free accuracy is equivalent to ILS. This includes system 95 per cent vertical NSE less
than 4 m, and fault-free system vertical NSE exceeding 10 m with a probability less than 10-7 for
each location where the operation is to be approvd. This assessment is perfonned over all
environmental and operational conditions under which the service is declared available;

b) under system failure conditiong the system design is such ttrat the probabili6r of ar error greater
thm 15 m is lower thm t0-5, so ft* the likelihood of occurre,nce is remote. The fault conditions to
be taksn into account re the onm affecting either the core constellations or the GNSS angmentation
under consideration. This probability is to be understood as the combination of the occurrence
probabilrty of a given failure with the probability of detection for applicable monitor(s). Tlpically,
the probability of a single fault is lmge enough that a monitor is requird to satisfy this condition.
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3.3.10 For GBAS, technical provision has been made to broadcast the alert limit to aircraft. GBAS
standards require the alert limit of l0 m. For SBAS, technical provisions have been made to qpecify
the alert timit through an updateble database (see Attactrment C).

4.2 GLONASS

4.2.2 Accaracy. Accuracy is measred with a representdive receiver and a measursnelrt interval of
24 hours for any point within the coverage area The positioning and timing accuracy are for the
signal-in space (SIS) only and do not include such error sollrces as: ionosphere, troposphere,
interferencq receiver noise or multipath. The accuracy is derived based on the worst two of 24
satellites being removed from the constellation and a 6-mefre constelldion RMS SIS user range
error (URE).

4.2.3 Range domain accuracy. Range domain accuracy is conditioned by the srellite indicating a
heatthy status and transmitting sturdard accuracy code and does not account for satellite failures
outside of the normal operating characteristics. Range domain accuracy limits can be exceeded
during satellite failures or anomalies while uploading d*a to the satellite. Exceeding the range error
limit constitutes a major service failure as described fi 4.2.6. The range rate error limit is the
marimum for any satellite measurd ov€r any 3-second interval for any point within the coverage
area. The range acceleration error limit is the maximum for any saellite measured over any 3-
second interval for any point within the coverage area. The root-mean-square riurge error accuracy
is the average of the RMS URE of all satellites over any 24-hour interval for any point within the
coverage area Under nominal conditions, all satellites are maintained to the sarne standuds, so it is
appropriate for availabilib, modelling purposes to assurne that all satellites have a 6-metre RMS SIS
URE. The standrds are restricted to range domain errors allocated to space and control segments.

4.2.4 Availability. Avalability is the percentage of time over any 24-hour interval that the predicted
95 per cent positioning error (due to ryace and confrol segment errors) is less than its threshol{ for
any point within the coverage area. It is based on a l2-mete horizontal 95 per cent threshold and a
9325-metre vertical 95 per cent threshold, using a representative receiver and operating within the
coverage area over any 24-hour interval. The service availability assrrnes the worst combination of
two satellites out of service.

4.2.6 Major service foilure. A m4ior service failure is defined as a condition over a time interval
during which a healthy GLONASS satellite's ranglng signal error (excluding afmoryheric and
receiver errors) er<ceeds the range emor limit of l8 m (as defined in CAR-ANS Part 6,6.3.7.3.2.1.3
a)) and/or failures in radio frequenry characteristics of the CSA ranging signal, navigation message
structure or navigation message contemts that deteriorde the CSA receiver's rangrng signal
reception or processing capabilities.

END-
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EFF'ECTNTTY CLAUSE:

This amendment shall be addsd to the PCAR-ANS Part 6 and shall take effect irnmediately ard
shall supersede any other memorand4 regulationq and directives in conllict with this provision
after compliance with the requisite single newspaper publication and a copy was filed with the U.P.
Law Center - Office of the National Administrative register.

So ordered. signed tris 2 4 day or l{SV I 2016, CAAP, Pasay city.
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