Table A-50, Fype 24 lonospheric delay message

Diata poutext Bitz uied Rasips of vahuet Resalutian
[GP band idenh far 4 Ote 10 1
FGP block identifier 4 0wl 1
For each of 13 grid peinly
1GP vertical delay estimate 9 Ctob3BSm 0125 m
Grid innospheric vertical enor indicalor {GIVEL) 4 (e Table H-33) {sea Tabla B-1))
1081, P4 Diold 1
Span 7 — —
Nata.— AT payamcetin; are dgfined in 8,546,
Table A-51. ‘'Type 27 SBAS service message
Pato content Blis used T -R.rmgc of vathes B Resoluthon
I1ssue of daln, se1vice (JODS) 3 Qo 7 1
Muwmber of service inessnges 3 licB 3
Service nressage number 3 1ia 8 i
Nuwmler of regions 3 C1as 4
Priovity code 2 Dia3 t
SUDRE iudicator-inaide L | Oto 15 k
SUDRE indicator-oulside 4 LUET ] ]
Far ench of 5 regions
Cooiclinnte 1 lntitnde 4 tane 1=
Coerdinnte 1 longitnde 9 140" 1°
Coordisnnte 2 Intitincte 14 400" 1=
Coandinnte 2 Jongitade 9 1180° 12
Region shape L — J—
Spme 15 — —_
Mote. AN pavometers o defined i 2.5.4.9,
Table #-52, Type 63 nutl message
Dalz content Bis vsed Ranpe of valies Resalotlon

Spage 2 —




Table A-53. Type 28 clock-ephemeris covariance matrix

Dxatee condent Rits nsed Range of valuzs Tesolution

oDy 2 Ole 3 1
For two satellites

PRN mask vumber 3 Ote 51 1
Seale expovent 3 Do ? l
Ep 9 G1o 511 1
Exz 9 Clo5ll 1
Eyz 9 O1a 511 1
By 9 Oto 511 !
Eia 10 +512 1
Eis 149 +512 i
Ega 10 1512 i
Eay 10 1512 {
Eaq 10 2512 i
Fi4 Lo £512 f

Notes—
1. The paramdters FRE mask tvmber and I0DP are defined in 2541,
2. Ail other paramelery are defined in 354,10,

3.5.7 Non-Aircraft Elements

Mote 1. — Prepending on the leve! of service offered by a particular SBAS, different
functions can he implemented as deseribed in 3.7.3.4.2.

Note 2,— The parameters that ave referred to in this section are defined in 3.5.4.

3.5.7.1 Ceneral

3.5.7.1.1 Required data and broadcast intervals. SBAS shall broadcast the data required for the
supporled funclions as shown in Table A-54, If the SBAS broadeasts data that are not
required for a particular function, the requivements for that data supporting other
functions shall apply. The maximum interval between broadcasts for all data of each
data type provided shall be as defined in Table A-54,

3.5.7.1.2 SBAS nradio frequency monitoring. The SBAS shall monitor the SBAS satellite
parameters shown in Table A-55 and leks the indicated action.

Note.~ SBAS may broadcast null incssages {Type 63 messages) in cach time slot for
which ng other data are broadcast,

3.57.1.3 *“Da Not Usc”. SBAS shall broadcast a “Do Not Use” message (Type 0 message)
when necessary to inform users not fo use the SBAS satellite ranging function and its
broadcast data.

3.57.1.4 The Doppler shift in the GEQ satellite signal seen at any fixed location within the
GEO footprint for any GEQ shall not exceed +450 Hz.



Note.- This maximum Doppler shift corresponds approximately to the maximum GEO
satellite orbit inclination Lhat can be supported by (he coding ranges for Type 9 and Type
1’7 messages.

3.5.7.1.5 Geostationary orbit {GEQ) ranging funclion paramelers. Each SBAS satellite shall
broadcast geostationary arbit {GEQ} ranging function parameters (defined in 3.5.4.2).

Note. - It is necessaty to broadeast geostationary orbit ranging funclion paramelers even
when a ranging function is not provided, so that airborne receivers may implement a
positive identification of the breadeasting SBAS satellite. When ranging is not provided,
the accuracy of the Type 17 data (and Type ¢ data) only needs to support the acquisttion
of the satellite.

357851  The error in the Doppler shift of a GEO satellite derived from any Type 9
message that has not fimed oul, with respect to the true GEQ Doppler shift seen al
any {ixed location within the GEQ footprint, shall not exceed £210 Hz.

35.7.1.6  Almanac data. Each SBAS saiclliic shall broadcast almanac data {defined in 3.5.4.3)
for all SBAS salellites of the same service provider,

357,160  The error in fhe estimated position of the satellitc derived from any Type 17
message broadcast within the previous 15 minutes, with respect to the true
satellite position, shall not exceed 3 000 km,

357162  The separation distance between the cstimated position of the satellite derived
ftom any Type 17 message broadeast within the previous 15 minutes and the
position of the satellite derived from the GEQ ranging parameters in any Type 9
message that has not limed out shali not exceed 200 ki,

3157163  The error in the Doppler shift of a GEQ sateHife derived from any Type 17
message broadeast within the previous 15 minutes, with respect o the true GRO
Doppler shifi seen at any fixed location within the GEQ footprini, shall not
exceed £210 Hz,

3.57.1.64  SBAS shall nof broadcast almanac daia for any SBAS satelbitc from a different
service provider for which the position cstimated from: the almanac data broadeast
within the previous 15 minutes wonld be within 200 kim of the position of any of
its own GEOs as derived from the GEQ ranging paramciers from any Type 9
message (hat has not timed out,

357.1.65  Where the estimated position of a GEQ satellite providing a ranging function,
detived from the Type 17 message broadeast within the previous |5 minutes, is
within 209 km of the position of another GEO satellite of the same service
provider, derived from a Type 9 message for this GEO that has nof timed out, the



GEO UDRE value shall be sef sufficiently large to account for the possibility that
a user could misidentity the PRN of the GEO providing the ranging function.

357.1.66  The health and status parameter shall indicate the satellite status and the service
provider identifier, as defined in 3.5.4.3,

3.57.1.6.7  Unused almanac slots in Type 17 messages shall be coded with a PRN code
mutiber of “0”,

3.5.7.1.6.8  The service provider shall ensure the cocrectness of the service provider 1D
broadcast in any almanac.

31.5.7.2  Ranging function. If an SBAS provides a ranging function, if shall comply with the
requirements contaited in this section in addition to the requiremends of 3.5.7.1.

3.5.7.2.1 Performance requirements

Note.— See 3.7.3.4.2.1.

3.5.7.2.2 Ranging fuhction data. SBAS shall broadcast ranging function data such thai the
SBAS satcllite position crror projected on the Bnc-of-sight to any user in the satellite
foctprint is less than 256 metres. Each SBAS satellite shall broadeast a TUURA
representing an estimate of the standard deviation of the ranging erors referenced to
SNT.

1573  GNBSS satellitc status function, If an SBAS provides a sateliite status function, it shall
also comply with the requirements contained in this section.

Note— An SBAS may be able jo provide integrity on some GPS satellites that arc
designated either marginal or unhealthy.

3.5.73.1 Performance of satellite status fanctions, Given any valid combination of active data,
the probability of a horizontal error exceeding the HPLgpas (as defined in 3.5.5.6) for
longer than 8 consecutive seconds shall be less than 167 in any hour, assuming a user
with zero fatency.

requireent includes core satellife constellation(s) and SBAS faiiures,

35732  PRN mask and Tssuc of data — PRN {IODP), SBAS shall broadcast 2 PRN mask and
TODP (Type | message). The PRN mask values shall indicate whether or nol data are
being provided for cach GNSS satellite, The TODP shail change when there is a
change in the PRN mask. The change of TODP in Type 1 messages shall occur before
the IODP changes in any other message. The TODP in Type 2 to 5, 7, 24, 25 and 28
messages shall equal the TODP breadcast in the PRN mask message (Type 1



message} used to designate the satellites for which data are provided in that message,

Table B-54.  Dafa bvoastcast fndervals aud supperded Funcilons

hlaxiecim GNSS Tasic Precise Astariated

beeadeast faleltite differealial differentt WeEge
B type ineryid Fanging i fonecton tomestica s
k:hxl:-]:‘p]:emuis covaice niakiix 1205 8
SBAS o testmode b5 . )]
PR sk i20s :4 i R |
UDREI b R* R R 2o, M
Fast comections 1542 R* R R 205,24

{see Nota )
Long-leim conections 126s R* R R 2,15
KB sanging function dota 1205 K’ R R R g
Fast cocrection degradation 1204 R* R R 1
Pegndaliml paratlels 1205 R 10
Tonosphetic grd nuask 3005 R 18
Tonosphesic comeclions, GIVEL H00s :4 25
‘Finsng daka 005 R B R R 2
(seeNele3) (seedote 3} {seeNode 3) {see Note )

Alfmanac data 3005 4 R R R i?
Service feved 3005 27

Kirdez —~

FUR" dndicaler that e dasavwad by broadrist 15 Suppott tha fletchion.

2R tadicater speeled codimg as deserlbadin 3 5753,

3. Dypr Praessages o e only 1eguired §f dube qrd prosided for SLONASS zateltites.

A L aifers to the PAUPY time-cut intenol for fast corvection, as defhie.d i Table 2252,




Table B-55. SDAS radie frequeney monlforing

Pajameter Reference Alarm il Requirsd acticn
Sipual power level Chapler 3,  aunimum specified Cease ranging fonction (Woie 7).
373443 powver Cease broadcast.
maximum specified
poaver
(Nota 2)
Modulation Chapler 3, mouitor for Cease mogiog finction {Nofe 1),
373445  waveform dislorlion

SNT-10-GPS time  CThapter 3, HrA Cease ranging fonelicn voless Gy reflects eror.

17345 ota 3)
Camier kequency 3521 NIA Cease ranging fanction ualess oppge refiects ettor.
sizbility (Note 3y
Code/frequency 3524 NfA Cease ranging function unless oypyg reflects ¢iror.
coherence {Nate 3)
Maxionm code 1524 WA Cease panging function wiless oypas toflects envor.
phase deviation (Motes 2 and §)
Convolulional 1539 all transtust meessages Cease broadcast.
encoding (€ BITOOE0US
Nolar—
1. Ceastng the ronging function s coremplished by brocdeosting o URA ned o 'reax of *Do Not Use™ for that 5845 satellito.
2 Thassp can b monitored by their fmpoct on the reeetved dignal quality jCNe impact, since thal i the Impact oa tha wser.

3. Alarm bimtts are not specified baeavsa the indueol error is aeceptably, provided i (5 repreasnted i (88 ¢ per and URA parameders. If the error
ool ba reprasended, the ranging fanction must frasa

3.5.7.32.1  When the PRN mask is changed, SBAS shall repeat the Type 1 message several
times before referencing it in other messages to ensure that users receive the new
mask,

3.5.7.3.3 Integrity data, If SBAS does not provide the basic differential correction funetios, it
shall iransmit fast correclions, long-term corrections and fast correction degradation
parameters coded to zero for all visible satellites indicated in the PRN mask.

3.5.7.3.3.1  If SBAS docs not provide the basic differential correction function, SBAS shall
indicate that the satellite is unhealthy (“Do Not Use”) if the pseudo-range crror
exceeds 150 metres.

3.57.332  If SBAS does not provide the basic differential correction fanction, SBAS shall
indicate that the satellite is “Not Monitored” if the pseudo-range etror cannot be
determined.

3.5.7.3.3.3  If SBAS does not pravide the basic differential correction function, SBAS shalf
transmit a UDREI; of 13 if the satellite is not “De Not Use” or “Not Monitored”.

357334  The IODF; parameicr in Type 2 to 5, 6 or 24 messages shall be equal to 3.



3574

35741

35742

157421

35743

Basic differential correction function, If an SBAS provides a basic differential
cortection function, it shall comply with the requirements contained in this section in
addition to the GNSS satellite status function requirements defined in 3,5.7.3.

Performiance of basic differential corvection function, Given any valid combination of
active data, (he probability of a horizontal crror exceeding the HPLgpas {as defined in
3.5.5.6) for longer than 8 conseeutive seconds shall be less than 10 7 in any hour,
assuming a user with zero latency.

Note.— Active data is defined to be data that has not timed out per 3.5.8,1,2, This
requirement includes core satellite constellation(s) and SBAS failures.

Long-term corrections. Except for SBAS satellites from (he same service provider,
SBAS shall determing and broadeast long-term cortections for each visible GNSS
satellite (see Note) indicated in the PRN mask (PRN mask value equal to “1"), The
long-term corrections shall be such that the core satellite constellation(s) satellite
position crror projecied on the line-of-sight to any user in the satellite footprint alter
application of these long-term corrections is less than 256 metres. For each
GLONASS satellite, SBAS shall transtate satellite coordinates into WGS-84 as
defined in 3,552 prior to determining the long-term corrections. For cach GPS
satellite, the broadcast 10D shalt match both the GPS IODE and 8 LSBs of IODC
associated with the clock and ephemeris data used to compute the cotrections
(3.1.1.3.1.4 and 3.1.1,3.2.2). Upon transmission of a new cphemeris by a GPS
satellite, SBAS shall continue to use the old ephemeris to determine the fast and long-
term error corrections for af least 2 minutes and not more than 4 minutes. For each
GLONASS satellite, SBAS shall compute and broadeast an TOT) that consists of a
latency and a validity intervat as defined in 3.5.4.4.1. '

Note, - The criteria for satellite visibility include the locations of reference stations
and the achieved mask angle at those locations,

To ensure accurate range rate corrections, SBAS shall minimize discontinuities in
the satellite ephemerides afler application of long-term corrections.

Fast corrections. SBAS shall determine fast corrections for each visible GNSS
satellite indicaled in the PRN mask (PRN inask value equal to “17). Unless the IODF
= 3, each time any fast correction data in Type j (§ = 2, 3, 4 or 5) message changes,
the 10ODF; shall sequence “0, 1, 2,0..”

Note. — If there is an alarm condition, the I0ODF; may equal 3 (see 3.5.7.4.5).

35744

Fiming data. 1f data ave provided for GLONASS, SBAS shall broadeast the fiming
message (Type I2 message) including GLONASS time offset as defined in Table A-
44



35745 Integrity data. For cach satellife for which corrections are pravided, SBAS shall

broadeast integrity data (UDREL and, optionally, Type 27 or 28 message data to
calenlate SUDRE) such that the integrity requirement in 3.5.7.4.1 is met. If the fast
corrections or long-term corrections exceed their coding range, SBAS shall indicate
that the satelite is unhealthy (“Do Not Use™). If 6% 1prs cannot be determined, SBAS
shall indicate that the satellite is “Not Monitored”,

If Type 6 message is used fo broadcast ozi, UpRE, then:

a) the IODF; shall match the IODF; for the fast corrections received in Type j message
to which the o%ypse apply; or

b) the IODF; shall cqual 3 if the czilum{ﬁ apply to all valid fast corrections received in
Type j message which have not timed out,

3.5.74.6 Degradation data. SBAS shall broadeast degradation parameters (Type 7 message) to

15935

15751

indicate the applicable time out interval for fast corrections and ensure that the
indegrity requirement in 3.5.7.4.1 is met.

Precise differential correction function. If SBAS provides a precise differential
correction function, il shatt comply with the requirements contained in this section in
addition to the basic differential correction function requirements in 3.5.7.4.

Performance of precise diffetential correction function. Given any valid combination
of active data, the probability of an out-of-tolcrance condition for longer than the
relevant time-to-alert shall be less than 2 x 107 during any approach, assuming a user
with zero latency. The time-to-alert shall be 5.2 seconds for an SBAS that supports
precision approach operations, and & seconds for an SBAS that supports APV or NPA
operafions. An ouf-of-tolerance condition shall be defined as a horizontal error
exceeding the HPLspas o a vertical error exceeding the VPLgpas (as defined in
3.5.5.6). When an out-of-tolerance condition is detected, the resulting alert message
(broadcast in a Type 2 to 5 and 6, 24, 20 or 27 messages) shall be repeated three times
after the inttial notification of the alert condition for a total of four tintes in 4 seconds,

Note 1. — Active data is defined {0 be data that has not timed out per 3.5.8.1.2. This
requirement includes core satellite constellation(s) and SBAS failures,

Note 2, — Subsequent messages can be transmitted at the normal update rate.

3.5.732 lonospheric grid point (IGP) mask. SBAS shall broadcast an IGP mask and I0D1y (up

fo 11 Type 18 messages, corresponding to the 11 TGP bands}, The IGP mask values
shall indicate whether or not data are being provided for each IGP. If IGP Band 9 is
used, then the IGP mask values for IGPs north of 55°N in Bands 0 through 8 shall be
set to “0”. If IGP Band L0 is used, then the IGP mask values for [GPs south of 55°8



3.5.7.52.1

35753

35054

35755

3.5.7.6

3.5.7.6.1

3.5.7.62

35763

3519

15791

in Bands 0 through 8 shall be set to 0. The 10D, shall change when there is a
change of IGP mask values in the k™ band. The new 1GP mask shall be broadcast in a
Type 18 message before it is referenced in a related Type 26 message. The 1D in
Type 26 message shall equal the IODI; broadeast in the IGP mask message (Type 18
message} used to designate the IGPs for which data are provided in that message.

When the 1GP mask is changed, SBAS shall repeat the Type 18 message several
times before referencing it in & Type 26 niessage to ensure (hat users receive the
new mask. The same IODIy shall be used tor all bands,

Ionospheric corrections. SBAS shall broadcast ionospheric correclions for the IGPs
designated in the IGP mask (IGP mask values equal to “1™).

Tonospheric infegrity data, For each IGP for which corrections are provided, $BAS
shall broadcast GIVEI data such that the inteprity requirement in 3.5,7.5.1 is met, If
the fonospheric correstion or o, arve excevd their coding range, SBAS shull indicate
the status “Do Not Use™ {desipnated in the correction data, 3.5.4.6) for the IGP, If c?'i_
ave cannot be deicrmined, SBAS shall indicate (hat the IGP 1s “Not Monitored™
(designaled in the GIVEI coding).

Degradation data. SBAS shall broadcast degradalion parameters (Type [0 message)
such that the integrity requircment in 3.5.7.5.1 is met.

Opttonal Functinns

Timing data. [FUTC time paramelers are broadcast, they shall be as defined in 3.5.4.8
{Type 12 message).

Service indication, Tf service indication data are broadceasi, they shall be as defined in
3.5.4.9 (Type 27 message) and Type 28 messapges shall not be broadeast, The 10DS in
all Type 27 messages shall increment when there is a change in any Type 27 message
data.

Clack-ephemeris covariance matrix. If clock-ephemeris covariance inatrix data are
broadeast, they shall be broadeast for all monitored satellites as defined in 3.5.4.10°
{Type 28 message) and Type 27 messages shall not be broadcast,

Monttoring

SBAS radio frequency monitoring. The SBAS shall monitor the SBAS satellite
parameters shown in Table A-535 and take the indicated action.

Note.— In addition to the radio frequency moniloring requircments in this section, it will
be necessary to make special provisions to monitor psendo-range acceleration specitied in
Chapter 3, 3.7.3.4.2.1.5, and carrier phase noise specified in 3.5.2.2 and corcelation loss



in 3.5.2.5, uniess analysis and testing shows that these parameters cannot exceed the
stated limits.

35772 Data moniloring. SBAS shall menitor the satellite signals lo deiect conditions that
will result in improper operation of differential processing for airborne receivets with
the tracking performance defined in ICAO Amnex L0, Vol. §, Aftachment C, 8,11,

357721  The ground subsystem shall use the strongest correlation peak in all receivers
used to generate the pseudorange cortections,

3.5.7.7.22  The ground subsystem shall also detect conditions that causes more than one zero
crossing for airbore receivers that use the Early-Late discriminator function as
defined in ICAO Amnex 10, Vol. 1, Attachment C, 8.11.

3.57.7.2.3  The monitor action shall be 1o set UDRE to “Do Not Use” for the satellite.

3.5.7.7.2.4  SBAS shall monitor all active data that can be used by any vser within the service
area.

357725  SBAS shall raise an alarm within 5.2 seconds if any combination of active data
and GNSS signals-in-space results in an out-of-tolerance condition for precision
approach (3.5.7.5.1).

315.7.7.26  SBAS shall raise an alarm within 8 seconds if any combination of active data and
GNSS signals-in-space results in an out-of-tolerance condition for en-route
through APV [(3.5.7.4.1).

Note. — The monitoring applies to all failurc conditions, including failures in core
satellite constellation(s} or SBAS satellites. This monitoring assumes that the aircraft
element complies with the requirements of RTCA/DQO-229D with Change 1, excep
as superseded by 3.5.8 and ICAQ Annex 10, Vol. 1, Aftachment C, 8.11,

3578  Robusiness to core satellite constellation(s) frilures. Upon occusrence of a core
satellite constellation(s) satellite anomaty, SBAS shall continue to operate normally
using the available healithy satellite signals that can be fracked,

358  Aircraft Elements
Note 1. — The parameters that are referred to in this section are defined in 3.5.4,

Note 2. -- Some of the requirements of this section may not apply to equipment that
integrates additional navigation sensors, such as equipment that integrates SBAS with
inertial navigation sensors,



3581

3.58.1.1

35812

SBAS-capable GNSS receiver. Except as specilically noted, the SBAS-capable
(GNSS receiver shall process the signals of (he SBAS and meet the requirements
specified in 3.1.3.1 (GPS receiver) and/or 3.2.3.1 (GLONASS recciver). Pseudo-
range measurements for each salellite shall be smoothed using carrier measurements
and a smoothing filter which deviates less than 0.25 metre within 200 scconds afler
initialization, relalive fo the steady-stale response of the {ilier defined in 3.6.5.1 in the
presence of drift between the code phase and inteprated cartier phase of up to 0.018
metre per second.

GEO satellite scquisition, The receiver shall be able to acquire and frack GEO
safellites for which a stalionary recelver at the user receiver location would
experience a Doppler shift as large as +450 Hz.

Conditions for use of data. The receiver shall use data from an SBAS message only if
the CRC of this message has been verified. Reception of a Type 0 message from an
SBAS satellite shal resvlt in deselection of that satellite for at least one minute and
all data from that satellite shall be discarded, except that there is no requirement to
discard daia from Type 12 and Type |7 messages, For GPS saleltites, the receiver
shall apply long-term corrections only if the 10D matches both the 10DE and 8 least
significant bits of the IODC, For GLONASS salellites, the receiver shall apply long-
term correcfions only if the time of reception (&) of the GLONASS ephemeris is
inside the foliowing 101} validity interval, as defined in 3.5.4.4.1:

tiz~L~-V<t Sitp-L

Note 1. — For SBAS satellites, there is no mechanism that links GEO ranging function
data (Type 9 message) and longlerm corrections.

Note 2. — This requirement does not imply that the receiver has to stop tracking the
SBAS satellite.

358121

SBAS satellite identification. Upen acquisition or re-aequisition of an SBAS
satellite, the receiver shall not nse SBAS satellite daia unless the calculated
separation between the satellite position derived from its GEO ranging fanction
parameters and the satellite position derived from he almanac message most
recently received from the same service provider within the last 15 minutes is less
than 200 km.

Note. — This check ensures that a receiver will not mistake one SBAS satellite for
another due to cross-correlation during acquisilion or re-acquisition,

358122

358123

The receiver shall use integrity or correction data only if the I0DP associated
with that data matches the IODP associated with the PRN mask.

The receiver shall use SBAS-provided ionospheric data {(IGP vertical delay



31.58.1.24

358125

358126

3.58.1.27

358128

31.5.8.1.29

358.1.2.10

3581z

358.1.2.12

estimate and GIVEE) only if the IODI; associated with that data in a Type 26
message matches the [ODI; associated with the relevant IGP band mask
transmitted in a Type 18 message,

The receiver shall use the most recently reccived integrily data for which the
TODF; equals 3 or the IODF; matches the IODF; associated with the fast
correcfion data being applied {(if corrcotions are provided).

The receiver shall apply any regional degradation to the 6% yorr as defined by a
Type 27 service message. If a Type 27 message with a new IODS indicates a
higher dyprg Tor the user location, the higher Sypre shall be applied immediately.
Adlower Syppe in a new Type 27 message shall not be applied until the complete
set of messages with the new I0DS has been received,

The receiver shall apply satellite-specific degradation te the o, ypke as defined by
a Type 28 clockephemeris covariance matrix message. The Supre derived from a
Type 28 message with an JODP matching that of the PRN mask shall be applied
immediately.

In the event of a loss of four successive SBAS messages during an SBAS-based
approach operation with a HAL of 40 i or a VAL of 30 m or less, the receiver
shall invalidate all UDREI data from that SBAS satellife. '

The receiver shall not use a broadcast data parameter after it has timed out as
defined in Table A-56.

The receiver shall not use a fast correction if At for the associated RRC exceeds
the time-out interval for fast corections, or if the age of the RRC exceeds 8At.

The caleulation of the RRC shall be reinitialized il a “De Not Use” or “Not
Monitored” indication is received for that satellite.

For 8BAS-based precision approach or APY operations, the receiver shall only
use satellites with elevation angles at or above 5 degrees.

The receiver shall no longér support SBAS-based precision approach or APV
operation using 2 particular satellite if the UDREI, received is greater than or
equal to 12,



Table B-56, Datn tiine-out inlervals

Associated Ea-route, tenminat, Precision approach,
Dala massage bypes NPA time-gut APY time-oul

Clock-ephenieris covarisnce matrix 28 360 Pl
SBAS i test mode 0 NiA N/A
PRN mask | 600 s 600 s
UJDREI 2tod, 24 185 125
Fast comrections 2t S, 24 (see Table B-57) {see Table B-5T)
Long-tein: corseclions 24,25 1605 Mos
GEO ranging function dala 9 3605 20s
Fasl correclion degradation 7 360 s M0
Degradation paramelees 15 360 Hos
Tounospherie grid mask 18 1200s 1206s
Tonospheric cosreclions, GIVE! 26 G005 600 5
Timing dala 12 864005 B6 400 5
GLOMASS time oflset 12 6005 600 s
Almanac data 17 None Nona
Service level 27 86400 5 86400 5

Note — The time-out intervals arg defined fromt tha end af the yeception of a message.

Table B-57.  Fast correcion fime-ouf interval evaluation

Fast comection MPA time-ount PAAPV time-out
depradstion factor interval for fast interval for fast

indicator (ai) comectiont {I,) comrections (Ip)

0 180s 1205

1 1805 15

2 1535 1025

3 1355 90s

4 1355 2Ws

5 117s T8s

6 99y 66s

7 8ts 545

8 63 425

g 455 W0s

10 45% 30s

1§ 275 183

12 s 18s

13 AR 18 s

14 18s I2s

15 185 125




35382

3.58.2.1

Ranging Function

Precision approach and APV operations. The root-mean-square (| sigma) of the 1otal
airborne error contribution fo the error in a corrected pseudo-range for an SBAS
safellite at the minimum received signal power level (3.7.3.4.4.3) under the worst
interference environment as defined in 3.7 shall be less than or equal to 1.8 metres,
exclading multipath’ effects, tropospheric and ionospheric residual errors.

Note, — The aircraft element wilt bound the errors caused by multipath and troposphere
(3.5.8.4.1). For the purpose of predicting service, the multipath evror is assumed 10 be less
than 0.6 metres (1 sigma).

35822

3.5.823

358231

358232

Departure, en-route, terminal, and non-precision approach operations. The root-mean-
square (I sigma) of the total aitborne contribution to the ervor in a cotrected pseundo-
range for an SBAS satellite af the minimum received signal power level (3.7.3.4.4.3)
under the worst interference environment as defined in 3.7 shall be less than or equal
to 5 metres, excluding multipath, fropospheric and joncspheric errors.

SBAS satellite position

Position compulation. The receiver shall decode Type 9 message and determine
the code phase offset and position (Xg, Ya, Zg) of the SBAS satellite.

SBAS satellife identification. The receiver shall discriminate between SBAS
satellites,

Note. — This requireinent applies to false acquisition of a satelfite due to cross-
corrclation,

35824

358241

Almanac data

The almanac data provided by the SBAS shall be used for acquisition.

Note. — Iealth and status information provided in the GEOQ almanac data does not
override or invalidate data provided in other SBAS messages. The use of bits 0 to 2 by
airborne equipment is optional; there are no requirements covering their nsage.

3583

GNSS satellite statvs function. The receiver shall exchude sateflites from the position
solution if they are identified as “Do Not Use™ by SBAS, I SBAS-provided integrity
is used, the receiver shall not be required to exclude GPS satellites based on the GPS-
provided ephemeris health flag as required in 3.1.3.1.1 or to exclude GLONASS
satellites based on GLONASS-provided cphemeris health flag as regaired in
32301



Nole |.— Tn the case of a salellile desipnated marginal or unheaithy by the core satellite
constellation{s} health #iag, SBAS may be able fo broadcast ephemeris and elock
corrections that will allow the user (o continue using the salellite.

Note 2, — If satellites identified as “Not Monitored” by SBAS are used in the position
solution, integrity is not provided by SBAS. ABAS or GBAS may be used to provide
integrity, if available,

3.8.84

3.58.4.1

35842

3.584.2.1

358422

358423

3.584.24

Basie and Precise Differcatial Functions

Core satellite constellation(s) ranging accuracy. The root-mean-square {1 sipma} of
the total airborue contribution to the error in a correcled pseudo-range for a GPS
salcllite at the minimum and maximum ceceived signal power level (3.7.3.1.7.4)
under (he worst interference environment as defined in 3.7 shall be less than or equal
to 0.36 metres for minimum signal level and 0.15 metres for maximm signal level,
excluding multipath effects, fropospheric and ionospheric residual crrors. The RMS
ol the tatal airborne contribution to the emor in a correcled pscudo-range for a
GLONASS safellife at the minimum received signal power level (3.2.5.4) vnder the
worst interference environment as detined in 3.7 shall be less than or equal to 0.8
metres, excluding muitipath effects, troposphetic and ionospheric residual errors,

Precision approach and APV operations

The receiver shalt oblain coirection and integrity dafa for all sateflites in the
posilion solution from the same SBAS signal (PRN codc).

The receiver shall compute and apply leng-term corvections, fast corrections,
range rate comrections and the broadcast ionospheric corrections, For GLONASS
satellites, the ionospheric corrections received from the SBAS shall be multiplicd
by the square of the ratio of GLONASS (o GPS frequencies (FoLonass/fors)’.

The receiver shall use a weighted-least-squares posilion solution.
‘The receiver shall apply a tropospheric model such that residual psendo-range

errors have a mean value (u) fess than 0,15 metres and a 1 signa deviation less
than 0.07 metes.

Mote. — A model was developed that meets this requirement. Guidance is provided in
ICAQ Annex 10, Vol, 1, Aitachment C, 6.53.4.

3.5.84.2.5

The receiver shall compute and apply hotizontal and verticat protection levels
defined in 3.5.5.6. In this computation, 6j.p, shall be:



' 1.001
/0.002001 + sin?(8;}

x0.12m

where 6; is the elevation angle of the i" satellite

Tn addition, o4, shall satisfy the condition thet a normal distribution with zero mean and
a standard deviation equal to 0.z bounds the error distribution for residual aircraft
pseudo-range errors as follows:

y y
f f,()x Q (;) forall =20 aud
¥

-¥
Y Y
f £, (x)dx =Q (;) for alt =0
-0
where
fi(x) = probability density fugction of the ics_iclual airerafl pseudo-range error and
or
1 d
Q) = =] eTdt

Vin

Note.— The standard allowance for atrborne multipath dofed in 3.6.5.5.1 may bo nsed to bound the midtipath ervors.

3.5.84.26  The parameters that define the approach path for a single precision approach or
APY shall be contained in the FAS data block.

Note 1.— The FAS path is a line in space defined by the landing threshold
point/fictitious threshold point (LTE/FTP), flight path alignment point (FPAP), threshold
crossing Leight (TCH) and glide path angle (GPA). The local level plane for the appreach
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
ellipsaid at the L;TPATY. The glide path intercept point (GPIP) is where the final
approach path intercepis the local level plane.

Note 2. — For SBAS, FAS data biocks are stored in aitborne databases, The format of
the data for validation of a cyctic redundancy check is shown in ICAG Annex 10, Vol. I
Attachment C, 6.0, It differs from the GBAS FAS data block in 3.6.4.5.

3.5.84.26.1 FAS data block parameters shall be as follows (see Table A-57A):



Operation type: straight-in approach procedure or other operation types,
Coding: 0 = siraight-in approach procedure

lto 1S = spare

SBAS service provider ITx indicates the service provider associated with this FAS data
block.

Coding; See Table A-27.

14 — FAS data block is to be used with GBAS only.

15 = FAS dala block can be used with any SBAS service provider.
Airport ID: the three- or four-letter designator used to designate an airport.

Coding: Each character is coded using the lower 6 bits of its FA-5 representation. For
each character, by is fransmitted first, and 2 zero bits are appended after bg, so that 8 bits
arc transmitted for each character. Only uppet case letters, numeric digits and 1A-5
“spacc” arc used. The rightmost character is transmitted first. For a three-character airport
ID, thie righttrost (fiest transmitted) characler shall be IA-5 “space™.

Runway number: the unway orientation, point-in-space fins! approach course, or SBAS
circling only procedure course rounded {o the nearest 10 deprees and truncated 1o two
characters.

Coding: 01 to 36 = mnway number

Note. — For heliport operations, the runway numbet value is the integer nearest to one
tenth of the final approach course, except when that integer is zero, in which case the
runway number is 36.

Runway letter: the one-letter designator used, as necessary, to differentiate between
parallel mnways,

Coding, 0=no letter
1 = R (right}
2=_C (centre}
3=L{left)

Approach performance designator: this field is not used by SBAS.



Table B-57A,  Final approach segment (FAS) data Dlock

Diata content Bits used Range of values Resotution
Operation type 4 Ote 15 1
SBAS service provider ID 4 Oto IS 1
Airport I 32 s o
Runway nusiber G 0t 1036 1
Runway letter 2 —_ —
Approach pesformance designator 3 Ota? 1
Route indicatos 5 — —
Reference path data selector 8 01048 1
Reference path identifier 3R — —_
LTP/FTP latitude 32 #90.6° {.0005 arcsec
LTF/FTP longitude 32 £180.0° 0.0005 arcsec
LTP/FTP height 16 =512016041.5m Qim
AFPAP latitude 24 +1.0° 4.0005 arcsec
AFPAP longitude 24 +] 0% ¢.0005 arcsec
Approach TCH (Note 1) 15 010163835 mor 0.05 m ok
01032767t 0.1#
Approach TCH units selector 1 - —
Glide path angle (GPA} 16 010 90.0° 0.01°
Course width 8 8010 143.75 m 0.25m
Alength offset ] 0to2032m Bm
Horizontal afert limit (HAL) ] 010 31.0m 0.2
Veitical aleat timit {VAL) (Mofe 2 8 O1o51.0m 0.2m

Final approach sepment CRC 32 —_—

Nota 1.— Informatton can be provided I either feet or metres as indicated by the approach TCH
wid selector.

Note 2— A VAL of 0 indicates that the vertical deviatlons canniol be wsed (ie, a laferal only
?ﬂf;“gga I?ij l; does not preclude providing advisory verfical guidance on such approaches, refer fo

Route indicator: a “blank” or ihe cne-letter identifier used o differentiate between
multiple procedures to the same runway end,

Mofe. — Procedures are considered to be different even if they only differ by the missed
approach segment,

Coding: The letfer is coded nsing bits by through bs of iis [A-5 representation. Bit by is
transmifted first, Only upper case letters, excluding “I” and “O”, or TA-5 “space” {blank)
are used. Blank indicates that there is enly one procedure to the ronsvay end. For sultiple
procedures to the same runway end, the route indicator is coded using a letter starting
from 7 and moving backward in the alphabet for additional procedures.



Reference path data selector (RPDS): this field is not used by SBAS.

Reference path identifier (RPL): fowr characters nsed to uniquely designate the refersnce
path. The four characters consis! of three alphanumeric characters plus a blank or four
alphanumeric characters.

Nete. — The best indusiry practice matches the 2nd and 3rd character encoding to the
encoded runway number. The last character is a letfer starting from A or a “blank.”

Coding: Each characler is coded using bits by through by, of its TA-5 representation, For
each character, by is transmitted first, and 2 zero bils are appended after by so that 8 bits
are transmitted for each character. Only wpper case letters, numeric digits and I&kS:
“space” are used, The rightinost characler is transmitled first, For a three- charactei
reference path identifier, the rightmost {first transmitted) character shall be [A-S “space™

Noto.— The LTPETP &5 a polut aver which tha FAS path passes of a beight abovn the LTR/FTP height specifled by the
TCH,

LTP/FIE Intinede: the Tatitwde of the LTP/FTP poind is #1c seconds,

Coding: positive value deaotes nonb latitude,
negative vatue denoles sowh Latitude,

LTP/FTP langituda: the bonginude of the LTP/F TP poin| in are seconds.

bodi.ng: pasitive value deaotes east longitude.
nepative value deaoles wes| boogihide.

LTP/FTP height: the height of the LTR/FTP above the WGS-84 ellipseid.

Coding: This field i coded as an vosigned fixed-point umbes with 2n offsel of -512 metres. A value of zeeo in Ihis field
phaces the LTRFTP 562 tatires below the earth ellipsosd.

Note.— The FPAP Is a potni af the sama helght a3 the ETPFIF thot b5 wsed to defina iha altgnment of tha approach. The
ertgin of engular daviattons t the lnferal direciion ts dafated to ba 305 meires (7 006 /1) bayvoud the FPAP along the lateral
FAS path. For au approach aligned with e W, e FPAP Is ot or bayond the stop end of tha nmway.

AFPAP lafitude: the difference of hiitide of e muway FPAP fiom the LTP/FTY in ar¢ seconds.

Codipg: Positive value depotes the FPAP tatitude sonb of LT2FTE Letiende,
Megative value denoles (e FPAP latitode south of the LTP/FTP latitude.

AFPAF longinide: the diffesence of longitude of the runway FPAP front the LTHFTP in arc seconds,

Coding: Positive value indicates the FPAP longitude east of LTR/FTP loagitude.
Negative value indicates the FPAP longitude wes of LTP/FTP lougitude.

Approach TCH: tlie beipht of the FAS path above the LTP/FTP defined in either leel or seties a5 indicaled by the TCH unity
selector.

Approach TOH itts reloctor: thie units used 1o deseribe the TCH.

Coding: 0 = feet
1= metics

Glide paih angla (GP4): the avgle of the FAS path with respeet to the horizontal planc langent to the WGS -84 ellipsoid at the
LIPETP,



Coitrsa width: the bateral displacement from ihe path defined by the FAS at the LTR/FIP at which full-scale deflection of 2
course deviation indicater is aitained,

Coding: This fiedd is coded as ap unsigned fixed-point number with an offset of 80 nsetres. A value of zero in this field
indicates 3 course width of 80 metees at the LTPFTP.

dLenprh affser: the distance from the stop ead of the cunway to the TPAP.

Coding: FiL1 11T > nol papided

HAL: Hoeizontat alest 1imit to be wsed dusing the approach in anelres.

VAL: Vertical aler limst 4o be used during the approach in metyes,

Firal appronck segment CRC: the 32-bit CRT appended to the end of ¢ach FAS data block in order to ensure approach data
integrity. The 32-bit final approach segment CRC shall be calculated in accordance with 3.9. The length of the CRC code
shall be k=32 bits,

The CRC genemtor polynomial shall be:

G =x e x ext e et e b P el

The CRC information field, 3(x), shall be:

269
M{x)= Z X = ™ o™ L gger”
=1

MK} shall be formed fom alt bits of the associated FAS data bleck, excluding the CRC. Bits thall be amranged in the order
transmitied, such teat m; comesponds to the LSP of the aperation type field, and nyy gy comesponds to the MSB of the Vertical
Alert Limit (VAL) field. The CRC shalt be ordered such that ry 1 the LSB and ry is the MSB.

15842462 For precigion approach and APV operations, the service provider ID broadcast
Type 17 message shall be identical to the service provider 1D in the FAS data
block, except if IT? equals |5 in the FAS data block,

Note, — If the service provider ID in the FAS data block equals 15, then any service
provider can be used. If the service provider ID in the FAS data block equals 14, then
SBAS precise differential corrections cannot be used for the approach.

3584263 SBAS FAS data points accuracy. The survey error of all the FAS data points,
relative to WGS-84, shall be less than 0.25 metres vertical and 1 mefre
horizontal,

3.5.84.3 Departure, en-route, terminal, and non-precision approach operations

3.5.84.3.1  The receiver shall compute and apply long-term corrections, fast corrections and
range rate corrections,

358432  Thereceiver shall compute and apply ionospheric corrections,



Nofe. — Two methods of computing lonospheric corrections are provided in 3.1.2.4
amd 3.5.5.5.2.

358433

The receiver shall apply a tropospheric model such that residuat pscudo-range
errors have a mean value (1) less than 0.15 metres and a standard deviation less
than 0.07 metres,

Note. — A model was developed that meels this reguivement. Guidance is

pravided in ICAQ Annex 10, Vol I, Attachment C, 6.5.4.

358434

The receiver shall compute and apply hovizonlal and verticel protection levels as
defingd in 3.5.5.6. In this compuialion, oyape shall be obtained either from the
formula in 3.5.8.4.2.5, which can be wsed for elevation angles not less than 4
degrees, or from the alternate formula below, which can be used for elevation
angles not less than 2 degrecs:

1.001
J0.002001 +sin?(9 )

s {4 + 0,015 % (max(0,4 - 8,))%) x 0.12 m

where §; is the elevation angle of the i satellite.

In addition, o, 4 shall satisfy ihe condition that & normal distribution with zero mean and
standard deviation equal fo o4 bounds the error distribudion for residual aircraft psendo-
range ettors as follows:

where

fi(x)

v}
f ) dx sq(g for atl % =0and
b

-y
Y ooy
fr.(x)dx < Q(g forall > 2 0

-

= probabitity density function of the residual aircerafi pseuda-range error and

n

Q) == oSt

Vig
¥

Note. — The standard allowance _for airborne multipath defined in 3,6.5.5.1 may be used
1o bownd the multipath errors,
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36.2.3

4 Faor deparlure, en-route, terminal, and non-precision approach operations, the receiver

shall use the broadcast ionospheric corrections, when available, and a tropospheric
model with performance equal to that specified in 3.5.8.4.3.

Interface beiween SBAS

Note— Guidance material on the interface between different SBAS service providers is
given in Attaciment C, 6.3,

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

Note.— In this section, excepl where specifically annotated, reference to approach with
vertical guidance (APV) means APV-1and APV-II,

General

The GBAS shall consist of a ground subsystern and an aircraft subsystem. The GBAS
ground subsystem shall provide data and corrections for the GNSS ranging signals aver a
digital VHF data broadcast to the aircraft subsystem. The GRAS ground subsystem shall
consist of one or more GBAS ground subsysteins.

Note.— Guidance material is provided in JCAQ Amex 10, Vol 1, Attachment C, 7.1,
RF Characteristics

Carrier frequency stability. The carrer frequency of the data broadeast shall be
matntained within +0.0002 per cent of the assigned frequency.

Rit-to-phase-change encoding. GBAS messages shall be assembled into symbols,
cach consisting of 3 consecutive message bits. The end of the message shall be
padded by 1 or 2 fill bits if necessary to form the last 3-bit symbol of the message.
Symbols shall be cenverted to DEPSK carricr phasc shifis (Ag,) in accordance with
Table A-58.,

Note. — The carvier phase for the K" symbol () is given by: pp = pos + JAgy. The
DEPSK signal may be prodiuced as shown in Figure B-19 by combining two quadrature
RF signals which are independemily suppressed-carrier amplitiudessodhlated by base
band filtered impulises. A positive increase in Apw represeitts a counterclockwise rotation
in the complex I-Q plane of Figure B-19.

Modulation wave form and pulse shaping filters. The output of differential phase
encoder shall be filtered by a pulse shaping filter whose output, s{t), is described as
follows:



3.6.24

3625

k=w
s(t)= Z M (1~ kT)

kmmon
where
I = the impulse response of the raised cosine filter;
or = (as defined in 3,6,2.2);
t = time; and
T = the duration of each symbol = 1/1{} 500 second.

This pulse shaping filter shall have a nominal complex frequency response of a raised-
cosine filter with ¢ = 0.6, The time tesponse, h(t), and lrequency vesponse, H(f), of the
base band filters shall be as follows:

o ()
b{t)=—t et L
ntf (&)"‘
T\T
[ R
1 for 0= f< 5T
1-sin (li(m - 1)) { |
H(f)={— ¢ . o
3 for T =f= T
1+

L 0 for f)ﬁ—

The output s(t) of the pulse shaping fikter shall modulate ihe carricr.

Error vector magnitude. The etror vector magnitude of the transmitted signat shall be
less than 6.5 per cent root-mean-square (1 sigma),

RF dafa rate. The symbol rate shall be [0 500 symbols per second +0.005 per cent,
resulting in a nominal bit rate of 31 500 bits per second.



3626

Table B-58. Data encoding

Message bits Symabol phase shift
Ly Ixa In Ay
0 0 0 Oni4
5 0 1 1n/4
0 1 1 2nf4
0 1 0 Ini4
i 1 i) /4
1 1 1 5ni4
H o 1 orfd
H [H 0 Tnid

Note— I is the ° bit of tha burst to ba travsmitied, whera I Iy iha first
bl of the iraining segquence.

Emissions in unassigned fime siots, 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 ¢Be referenced to the
authorized transinitter power.

Nofe. — If the authorized transmitter power is higher than 150 W, the —105 dBc may not
profect reception of entissions in a slof assigned to anoiher desived transmitier for
receivers within 200 metves from the undesired transmifiting antenna.

3.3 Data Structure

3631

3.63.1.1

363.1.2

Transmitter Timing

Dala broadeast timing structure. The time division wuktiple access (TDMA) timing
structure shall be based on frames and time slots, Each fiame shall be 500
milliseconds in duration. There shall be 2 such frames contained in each 1-second
UTC gpoch. The first of these frames shall stait at the beginning of the UTC epoch
and the second fiame shall start 0.5 seconds atter the beginning of the UTC epoch.
The frame shall be time division mmltiplexed such that it shall consist of 8 individuai
time slots (A to IT) of 62.5-millisecond duration,

Bursts. Each assigned time slot shail contain at most | burst. To initiate the use of a
time slot, the GBAS shall broadcast a burst in that time slot in each of 5 consecutive
frames. For cach time slot in use, the ground subsystem shall broadeast a burst in at
least | frame of every 5 conseoutive frames.

Note I.— Bursts contain one or more messages and may be of variable fength up to the
maximum aifowed within the siot as required by 3.6.3.2.



Note 2. - - During fime slot inifiation, the airborne receiver may nof receive the first 4

bursis,

3.6.3.1.3 Timing budget for bursts

3.63.13.1  Eachburst shall be contained in a 62.5-miblisecond time slot.

3.63.1.3.2  The beginning of the burst shail oceur 95.2 microseconds after the beginning of
the time slot with a tolerance of 95,2 microseconds.

3.63.0.33  For GBAS/E cquipment, the start of the synchronization and ambiguity resolution
portion of the burst, ransmitted with horizontal polarization (HPOL), shall ocour
within 10 microseconds of the start of (he burst transmitled with vertical
polarization (VPOL).
Nofe. — Table A-59 illustrales the burst tining.

3.63.1.4 Ramp-up and transmitier power stabilization. The transmitter shall ramp up to 90 per

cent of the steady-state power leve! within 190.5 microseconds after the beginning of
the burst {2 symbols). The transmitfer shall stabilize at the steady-state power within
476.2 microseconds after (he beginning of the burst (5 symbals).

Note. — The iransmitter power stabifization period may be used by the aiveraft receiver
to seltle its automatic gain conirol,

36315

3632

36321

Ramp-down. After the final information symbol is {ransmitted in an assigned time
slof, the transmitter output power level shall decrease to at least 30 dB below the
steady-stale power within 285.7 microseconds (3 symbols).

Burst organization and coding. Each burst shall consist of the data elements shown in
Table A-60. Encoding of the messages shall follow the sequence: application data
formatting, training sequence forward error correction {FEC} generation, application
FEC generation and bit scrambling.

Synchronization and ambiguity resolution. The synehronization and ambiguity
resolution field shall consist of the 48-bit scquence shown below, with the rightmost

bil transntilied first:

010001 111 101 111 110 001 100011 101 100 000 011 110 010 000



Fable B-58.  Husst fiming

Nomins peecentape
Exea Wominal event duralion ol sleady-state power
Ramp-up 190.5 s 0% b2 50%
Tramsmilte power stalilization 2857 ps 90% ta 100%
Synchronization and ambigoily tesclation E5238 s 18G%
Transmisston of scrambled data SE 619 ps 100%
Ramp-dowa 285 ps{Nore ) 160% 10 0%
Keter—
1. Event duration indieatad for of scramind dala it for application da’d length of 1776 bits, 2 /it bits nd nomfnat pymbol
duration.
1 Thee timfag reg it provide o propagation puand fmeef § 239 microsscondy, allaning Jor @ cne-way propagation ranga of app
Id ke (JONH).
3 Wk bushs from a GBAS broadcant antesna can by vecrived ot @ roige wovw than 370 km (108 ¥M) greater fhon thie nimge from another

broadcort antenma wsing the aed adjocent slol, 0 Jonger guard inw i rquiced fo ool loss of brh bunats. To provida g bomper guard tins, 8 &
mecenary Ta fimit the gpplication dafa frngth of Mo first burst do 1 14 Lits. This aiess @ diffevence in propagation roiges of wp Io 092 ko

{322 500y without corfIil.
Table A-60, Burst data content
Element Data content Number of
bits
Beginning of burst all zeros 15
Power stabilization
Synchronization and ambiguity 36321 48
resolution
Scrambled data: 3633
station slot identifier (SSID) 36331 3
transmission length 16332 17
fraining sequence FEC 36333 5
application data 16334 upto 1 776
application FEC 16335 48
fill bits (Note) 3.0.22 Gto2

Note. — Data scrambling of the fill bits is optionnf {3.6.3.3.6).

3.633

36331

Scrarbled Data Content

Station slot identifier (SSID). The SSID shall be a numeric value corresponding to the
letter designation A to H of the first fime slot assigned to the GBAS ground
subsystem, where slot A is represented by 0, B by |, C by 2, .., and 1L by 7. The

identifier s transmitted LSB first.



3.63.3.2 Transmissiot length. The transniission length shall indicale the total number of bits in
both application data and application FEC. The transmission tength is fransmitted
LSB first,

3.63.33 Training sequence FEC, The training scquence FEC shall be computed aver the SSID

and transmission length ficlds, using a (25, 20) block code, in accordance with Ihe
following equation:

(Pu, ..., Ps] = [SSIDy, ..., §51Dy, TLy, ..., TLp] HY

where

By = the 0™ bit of the training sequence FEC (P, shall be transmitted first);

SSID, = the n®bit of the stafion slo! identifier (SSID; = LSB);

TLy, = then™bitin the transmission leagth (TL, = LSBY, aud

H' = the transpose of the pasity ntatnx, defuied below:
000000001 1111811 1111§F
00111 E0106000 113 LT

H=[11000111001100001111

t101101105010011 0011
01igc1Q0011YEIDO03DTIOL0N

Note— This codg is capable of corvecting alf singla bit ervovs and dotecting 75 of 300 possibla doxble bit evrors.

3.63.34 Application data. The application data shall consist of one or more message blocks, as
defined in 3.6.3.4. The message blocks shall be mapped directly into the application
data with no additional overhead of infervening layers.

36335 Application FEC, The application FEC shall be caleulated using the application data
by means of a systematic, fixed-length, Reed-Soloman {R-8) (255, 249) code.

363351 The field-defining primitive, p(x}, of the R-S code shall be;
px)=x+x"+ P x+1

363352  The generator polynomial of the R-S code, g(x), shall be;

125
oK)= 1—[ (-0d) = X6 4 QtP6xS 4 @06yt | (2T 4 VP62 4 186y | 4205
=120

where 4 is a root of p(x) used for construction of the Galois Field of size 2%, GF(256), and
a is the i™ primilive element in GF(256).

3.6.33.53  In generating the application FEC, the data to be encoded, m(x), shall be grouped



into 8-bit R-S symbols, All data fields in the message blocks that define the
application data shall be ordered such as specified in Tables B-61 and B-52, and
in the message tables in 3.0.6. However, since the R-S code is a block code,
application data blocks shorter than 249 bytes (1 992 bits) shal! be extended to
249 bytes by virtual fill bits set to zero and appended to the application data.
These virmal ili bits shall not be transferred te the bit scrambler, The data to be
encoded, m(x), shall be defined by;

- M 2] Hidengin] 48dsagth,
MY} = 2T+ aX ¥t Ay e X * 2348 teng X o tapty
whee

1zogth represents the number of 8-bit bytes in the application data black;

3y represents the message block identifier, with the nightmost bit defined as the LSB and the first bit of the application
data seat to the bit scrambler: .

Bpipsagen TEPresents e Last byte of the message block CRC, with the leftmost bit defined as the MSB and the fast bit of
the applization data seat to the bit sceambler; and

T4t Jengis -1 31, o a5 the virhead fill bits (i any).

363354  The 6 R-8 check symbols (by) shail be defined as the cocflicients of the remainder
resulting from dividing the message polynomial x’m(x) by the gencrator
polynomial g{x):

b(x}= Z by %! + by oy x4+ byxd+byx? byt +by = K®m{x)] med a(x)
=0

363355  The &-bit R-S check symbols shall be appended to the application data, Each 8-bit
R-8 check symbol shall be transmitted MSB fust from by to bs, i.e. the first
application FEC bit transfetred to the bit scrambler shall be the MSB of by and the
last application FEC bit transferred to the bit scrambler shall be the LSB of bs.

Note {. — This R-S code is capabie of correcting up fo 3 symbol errors.

Note 2. — The order of the transmiitted 8-bit R-S check symbols of the appended
applicaiion FEC differs from the VHF data link (VDL} Mode 2. Moreover, for VDL Mode
2 each R-§ check symbol is transmitted L.SB first,

Note 3. — Example results of application FEC encoding are given in {CAO Annex 10,
Vol I, Attachment C, 7.15.



Table B-61, Format of a GBAS message block

Message black Bits
Message block header 48
Message up fo £ 696
CRC 32

Table A-62, Format of message block header

Data field Bits

Measage block identifier 8

GBASID 24
Message type identifier 8
Message length 8

3.6.3.3.6 Bitscrambling

3.63.3.6.1  The output of a pserdo-noise scrambler with a 15-stage gencrator register shall be
exclusive ORed with the burst dala starling with the SSID and ending with the
application FEC, Bit scrambiing of the fill bits is optional and the sel value of the
fill bits is optional.

Note. — The fill bits are nof used by the aircraft veceiver and their values ltave no
impact on the system.

363362  The polynomial for the register taps of the scrambler shall be 1 + x + x”. The
register content shall be rotated at the rate of one shifl per bit, The initial status of
the register, prior to the first SSIT) bit of each burst, shall be “1101 0010 1011
001, with the tefimost bit in the first stage of (he register. The first output bit of
the scrambler shall be sampled prior to the first register shift.

Noie, — A diagram of the bit scrambler is given in ICAQ Anwex 10, Vol 1
Attgchment C, 7.4,

3634  Message block format. The message blocks shall consist of a message block header, »
message and a 32-bit CRC. Table A-61 shows the construction of the message block.
All signed parameters shall be iwe's complement numbers and all unsigned
paramelers shall be unsigned fixed point numbers, The scaling of the data shall be as
shown in the message tables in 3.6.6. All data fields in the message block shall be
transmitted in the order specified in the message tables, with the LSB of each field
transmitted first,



Additional message flag: an identification of whether the set of measurement biacks
in a single frame for a particular measurement type is contained in a single Type 1
message or a linked pair of messages.

Cading: 0 = All measurement blocks for a particular measuement type are contained
in one Type 1 message.

1 = This is the [irst transmitied message of # linked pair of Type 1 messages
that together contain the set of all measurement blocks for a particular
tneasurement type.
2 =Spare
3 = This is the second transmitted message of a linked pair of Type | messages that
together contain the set of all measurement blocks for a particwlar measurement

type.

Note. - - When a linked pair of Type 1 messages is used for a particular megstrement
type, the number of measurements emd low-frequency data are computed separately
Jor each of the two individual messages.

Number of measwrements: the mmmber of measurement blocks in the message,

Measurement type: the type af ranging signal from which the corrections have been
compuied.

Table A-63. GBAS VHF data broadcast messages

Massage bype

identifier Message name
0 Spare
1 Psendo-rauge corrections
2 GBAS-relnted data
3 Null wessage
4 Final approach segment (FAS) data
3 Predicted rauging source svailability
6 Reserved
7 Reserved for national applications
8 Reserved for test applications

910 100 Spare
10% GRAS pseudo-range coreclious
102 {0 255 Spare

Nole.— See 1.4.4 for message firviats.




Note, — See 3.6.6 for message formats

Coding: 0= C/A or CSA code L1

1t =reserved
2 =reserved
3 =reserved

4 w7 =spare

Ephemeris decorielation parameter (P): a parameter thal characterizes the impagt of
sesidual ephemeris errors due to decorrelation for the first measurement block in'the
CSSAgEe,

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

For GRAS ground subsystems that do not broadcast the additional data block 1 in the
Type 2 message, the ephemeris decorrelation parameter shall be coded as all zeros.

Ephemeris CRC: the CRC compuied with the ephemeris data used to determine
corrections for the first measurement block in the message. The ephemeris CRC for
core sateliite constellation(s) ranging sources shalf be catculated in accordance with
third schedule, section 3.9. The length of the CRC code shall be k = 16 bits. The
CRC generator polynormial shall be:

Gy =x"+x2++1
The CRC information field, M(x), for a given satellite shall be:

n
M= Z "+ mgx® R w4 L mx?
=1

For a GPS salellite, M(x) shall be of length n = 576 bits, M(x) for a GF'S satellite
shall be catculated using the first 24 bits from each of werds 3 to S10 of subframes I,
2 and 3 of the data franssnission from that sateflite, ANDed with the GPS satellite
ephemeris mask of Table A-64. M(x) shall be arranged in the order that bytes are
transmitied by the GPS satellite, buf with each bytc ordered LSB first, such that m,
corresponds to bit 68 of subframe 1, and msys corresponds to bit 287 of subframe 3.

NMote, — M} for a GES sateliite does not include word T (TLM) or word 2 (HOW),
which stari each subfiame, or the 6 parity bits ai the end of each word,



For a GLONASS salellite, M(x) shall be of length n — 340 bits. M(x) for a
GLONASS satellite shall be calculated using strings 1, 2, 3 and 4 of the data
transmission from that satellite, ANDed with the GLONASS satellite ephemeris
mask of Table A-65. Bits shall be arranged in fransmission order such that my
corresponds 1o bit 85 of string 1, and msq corresponds to bit | of string 4.

For a SBAS geostationary satellite, the ephemeris CRC, if transmitted shall be coded
as all zeros.

The CRC shal! be transmitted in the order vy, Tig, T1[...., T16, T, 2, I3...T5, where 1 s the
i coefficient of the remainder R(x} as detined in third schedule, section 3.9,

Source availabilily duration: the predicted duration for which corrections for the
ranging source are expected to remain available, relative to the modified 7-count for
the first measurement block.

Coding: 1111 1110 = The duration is greater than or equal to 2 544 seconds,

LULL 1111 = Prediction of source availability duration is not provided by
this ground subsysiem.

3.6.4.24 The measurement block parameters shali be as follows:

Ranging source 1D: the identity of the ranging source to which subsequent
measurement block data are applicable.

Table A-64.  GPS safellife ephemeris mask

Subframe 1: Bylel Byte2  Byte3 Byte | ByteZ Byte 3
Word 3 0000 0000  00000DL! Word4 0000 0000 0000
{000 on0o 0000 0000 0000
Word § 0000 0000 0000 0000 Word 6 0000 0000 0000
0000 0000 0000 0006 0000
Word 7 0000 0000 [111 1117 Word8 111t 1 111t
0000 0000 H1I 1111 L1111
Word 5 FHEL 111 11111 Word 10 L1111 1151 Ll
ki1l 11 il HLTT 11080
Subfiame 2: Bytel  Byte2  Byte3 Bytel  Byte2 Byte 3
W T T T Werdd T i o
1N 1 1111 1111 {111
Word § 1111 111 11111 Word6 111 1111 1111
111 111 11 1111 111}

Word 7 1111 1111 LTI I Word8 1111 1111 1111



1111 (it 1111 L1 £

Word 9 111 1111 HT 1 Word 10 11 1111 0000
1111 1111 1111 1111 0000
Subframe 3: Bytel Byte2  Byte3 Byte 1 Byte2  Byte3
Word 3 11t 1111 HIL LI Word4 1111 1111 1111
1111 1111 1111 1114 1111
Word 5 (11t 1 L] Word6 1111 111 111
1111 1111 1111 1111 1111
Word 7 1111 (111 11511111 Word8 1111 1111 118
1l 111} 1111 111 114l
Word 9 111 1111 (ILE1E11 Word 10 1111 111 1111
11H 1111 1111 111 1100

Table A-65, GLONASS satellite ephemeris mask

String 1;
0 0000 0000 0004 0000 0000 LLI11 11101 1101 TELE 1111 1148 LEIT 1111
TR IIAD TILY FALL LI 1161 G000 0000

Siring 2:

0 0000 000G 0000 0000 0060 (LI1 T110 1111 1110 1117 108) LiD 11
I 11T LLTE TN L LAt ST0E 6000 0060

String 3:

Q00GOO011) [131 3011 Q00O L110 1100 1313 1110 1111 1341 #1101 1131
LUELTDIL LI11 BO01 LEYE 1111 QD00 0000

String 4:

00000 11LETLLL LTRL £E11 1111 1100 06000 0600 0000 0000 0000

0000 0600 0000 0000 0000 000D G000 0000 0060

Coding: 1te 36 GPS satellite IDs (PRN)

[

37 reserved

38t0 61 = GLONASS sateliite IDs (slot number plus 37)
G2 119 = spase

120 to 138 = SBAS satellite IDs (PRN)

139 t0 255 = spure

Issue of data (IOD): The issue of data associated with the ephemeris data used to
determine pseudo-range and rangc rale corrections.

Coding: for GPS, IOD
for GLONASS, IOD
for SBAS, 10D

GPS IODE parameter (3.1.1,3.2.2)
GLONASS "ty parameter (see 3.2.1.3.1)
1111 1111

(L2 [ |

Note.— For GLONASS insert 0 in the MSB of the 10D,
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Cading: 0

i
2
3

Pseudo-range correction (PRC); the correction to the ranging source pseudo-range.

Range rate correction (RRC): the rate of change of the pseudo-range cortection.

Opr_ond: The standard deviation of a normal distribution associated with the signal-in-
space coniribution of the pseudo-range error at the GBAS refercnce point (3.6.5.5.1,
3.6.552an¢3.67.2.2.4).

Coding: 1171 1111 = Ranging source comrection invalid,

B, through By are the integrity parameters associated with the psendo-range
cotrections provided in the same measurement block. For the i ranging sonrce these
paramelers correspond fo By tlmough Biy (3.65.5.1.2, 3.6.5.5.2.2 and 3.6.7.2.2.4).
‘The indices “[-4" carrespond to the same physical reference receiver for every frame
transmitied from a given ground subsystem during continuous opecation.

Coding: 1000 0000 = Reference receiver was not used to compute the pseudo-range
corrcelion.

Note. — Some airborne receivers may expect a static correspondence of the
reference receivers to the indices for short service interrupiions, However, the B-
value indices may be reassigned affer the ground subsystem has been out of service
Jor an extended period of time, such as for mamienance.

Type 2 message - GBAS-refated data. Type 2 message shall identify the location of
the GBAS reference pointt at which the cotrections provided by the GBAS apply and
shall give other GBAS-related data (Table A-71). GBAS-related data parameters shatl
be as follows:

Note. — Additional data blocks may be inclunded tn the Type 2 message. Additional
data block ! and additional data Mock 2 are defined. In the future, other additions!
data blocks may be defined. Data blocks 2 through 253 are vaiable length and may
be appended to the wessage afier additional data block 1 in any order.

GBAS reference receivers: the number of GNSS reference receivers insialled in this
(FBAS pround subsystem.

mow g n

GBAS installed with 2 veference receivers
GBAS installed witl 3 reference yeceivers
GBAS instatled with 4 reference receivers
The number of GNSS seference receavers installed in this GBAS gronnd subsyslem js riot applicable

Ground accuracy designator letter: the letier designator indicating {he mintmum
signal-in-space accuracy performance provided by GBAS (3.6.7.1.1),



Coding: 0 = accuracy designation A
= accwracy designation B
= acctiracy designahon €
= ypare

Ll B

GBAS continuity/integrity designator (GCID): numeric desiguator indicating the operational status of the GBAS
Codng: 0 = spare
GCID L
GCID 2
GCID 3
GCID 4
spare

= spare

= unhealthy

IE N

I

0
1
2
3
4
5
¢
7

Note [ — The valies of GCID 2, 3 and 4 are specified in order to ensure
compatibility of equipnent with fiture GBAS.

Note 2. — The value of GCID 7 indicates that a precision approach or APV cannot
be initinted.

Local magnetic variation: the published magnetic variation at the GBAS reference
point.

Coding: Posilive value denotes east variation (clockwise from true north}, Negative
vaine denotes west variation (counterclockwise from true north)

100 0000 0000 = Precision approach procedures supported by this GBAS are
published based on true bearing.

Note, - Local magnetic variation is chosen to be consistent with procedure design
and is updated during magnetic epoch years.

Overt_jono_gradient: 1€ standard deviation of & normal distribution associated with the
residual ionospheric uncertainty due to spatial decorrelation (3.6.5.4).

Refractivity index (N the rominal tropospheric refractivity index used 1o calibrate
the fropospheric correction associaled with the GBAS ground subsystein (3.6,5.3).

Coding: This field is coded as two's complement number with an ofiset of +400, A
value of zero in this field indicates a refractivity index of 400.

Scale height (hy): a scale factor used to calibrate the iropospheric correction and
residual fropospheric uncertainty associated with the GBAS ground subsystem
(3.6.5.3).



3.64.3.1

Refractivity uncertainty (o.): the standard deviation of a normal distribution
associaled with the residval tropospheric uncertainty (3.6.5.3).

Latitude: the fatitude of the GBAS reference point defined in arc sceonds.
Cading: Positive value denotes north latitude.

Negative value denotes south latitude,

Longitude: the longitude of ihe GBAS reference point defined in arc seconds.
Coding: Positive value denates east longifude.

Negative value denotes west lengitude,

Reference paint height: the height of the GBAS reference point above the WGS-84
ellipsoid.

Additional data block 1 parameters. Additional data block 1 parameters shall be as
follows:

REFERENCE STATION DATA SELLECTOR (RSDS): the numerical identifier that
15 used to select the GBAS ground subsystem.

Note. — The RSDS iz different from every other RSDS and every reference path data
selector (RPDS} broadcast on the same frequiency by every GBAS ground sithsystem
within ifre broadcast region.

Coding: 1111 1111 = GBAS positioning service is not provided

MAXIMUM USE DISTANCE (Dy,): the maximum distance (slant range) from the
GBAS reference point for which the integrity is assured.

Note. - This parameter does not indicate a disiance within which VHE dota
broadcast field sirengtit requirements are mei.,

Coding: 0 = No distance limitation

GPS EPHEMERIS MISSED DETECTION PARAMETER, GBAS Positioning
Service (K o pos,cesh the muitipiier for computation of the cphemeris exror position
bound for the GBAS positioning service derived from the probabiiity of missed
detection given that thers is an ephemeris error in a GPS satellite.

For GBAS ground subsysteins that do not broadcast corrections for GPS ranging
sources or that do not provide the GBAS positioning service, this pavameter shafl be
coded as all zeros,



GPS EPHEMERIS MISSED DETECTION PARAMETER, Caicgory | Precision
Approach and APV (Kng egrs): the multiplier for computation of the ephemeris ervor
position bound for Category I precision approach and APV derived from the
probability of missed detection given that there is an cphemeris error in a GPS
satellite,

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

GLONASS EPHEMERIS MISSED DETECTION PARAMETER, GBAS
Positionting  Service (Kmd ¢, vosGronass): the tultiplier for computation of the
ephemeris error position bound for 1he GBAS positioning service derived from the
probability of missed detection given that therec is an ephemeris error in a GLONASS
satellite.

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

GLONASS EPHEMERIS MISSED DETECTION PARAMETER, Category I
Precision Approach and APY (Kna o croxass): the multiplier for computation of the
ephemeris creor posilion bound for Category 1 precision approach and APV derived

from the probability of missed detection given that there is an epheweris error in a
GLONASS satellite.

For GBAS ground subsystems that do not breadeast corrections for GLONASS
ranging sources, this parameter shali be coded as all zeros,

3.6.4.3.2 Additional data blocks. For additional data blocks other than additiopal data block I,
the parameters for each data block shail be as follows:

ADDITIONAL DATA BLOCK LENGTH: the number of bytes in the additional
data block, including (he additional data block length and additional data block
number fiekis.

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

reserved

1]

Coding: O to |

2 = addilioial dads Mok 2, GRAS broadeast slations

3 = eservel for fabure servicey suppotting Category I operations
4 = addiional data block 4, VIR anthentieation parameteis

510285 = spue
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ADDITIONAL DATA PARAMETERS: the set of data defined in accordance with
the additional data block number.

GRAS broadeast statioﬁs

Parameters for additional data block 2 shall include data for one or ore broadeast
stations as follows (Table A~G5A):

CHANNEI. NUMBER: the channel number, as defined in 3.6.5.7, associated with a
GEBAS broadcast station.

Note.— The channel rumbcr in this ficld refers to a frequency and an RSDS,

ALATITUDE: the difference of latitude of 2 GBAS broadcast station, measured from
the latitude provided in the latitude paraincter of Type 2 message.

Coding: Positive value denotes that the GBAS broadeast station is north of the
GBAS reference point,

Negative value denotes that the GBAS broadcast station is south of the GBAS
reference point.

ALONGITUDE: the differcnce of longitude of a GBAS broadcast stalion, measured
from the longttude provided in the longitude parameter of Type 2 message.

Coding: Positive value denotes that the GBAS broadcast station is cast of the GBAS
reference point,

Negative value denotes that the GBAS broadcast station is west of the GRBAS
reference poin,

Note, — Guidance material concerning additional data block 2 is provided in 1CA0
Annex [0, Vol {, Attachmeny C, 7.17.

VDB authentication parameters

Additional data biock 4 includes information needed (o support VDB authentication
protocols (Table A-65B}),

Siot group definision; This 8-bit field indicates which of the 8 slots (A-H} are
assigned for use by the ground station. The field is (ransmitted LSB first. The LSB
cotresponds to slot A, the next bit to slot B, and so e, 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-65A. GRAS broadcast staflon data

Data contend Bite used Range of values Resolution
Channel number ia 20001 to 39999 1
ALatitude 8 £254° 0.2°
ALongitude 8 +254° .20

Table B-658. VDB authenfication paratmeters

Dala content Bits used Range of values Resolution
Slot group definition 8 — —
3644  Type 3 Message — Null Message

36441

3.644.2

31645

The Type 3 message s a variable length “null message” which is infended to be used
by ground snbsystems 1hat support the authentication protocols (see seclion 3.6.7.4).

The parameters for the Type 3 message shall be as follows:

Filler: a sequence of bils alternating besween “1” and “0” with a length in bytes {hat
is 10 less than the value in the message length field in (he message header.

Type 4 message — Final approach segment (FAS). Type 4 message shall contain one
or more scis of FAS data, each defining 4 single precision approach (Table A-72}
Each Type 4 message data set shall include the following;

Data set length: the number of bytes in the data set. The data set includes the data set
length ficld and the associated FAS data block, FAS vertical alet limit
(FASVAL)/upproach status and FAS lateral alert limit (FASLAL)approach status
fields.

FAS data block: the set of parameters 1o idendify a single precision approach or APY
and define its associated approach path,

Coding: Sec 3.6.4.5.1 and Table A-66.

Norte. - - Guidmice material for FAS path definition is contained in Aftachment C,
741,

FASVALfapproach status: the value of the pirameter FASVAL as used in 3.6.5.6.



3.64.5.1

Coding: 1111 1111 = Do not use vertical deviations.

Note. — The range and resofution of valwes for FASVAL depend wpon the approach
performance designafor i the associated FAS data block,

FASLAL/approach status: the value of the parameter FASLAL as used it 3.6.3.0,
Coding: 11#L 1111 = Do not use approach.

FAS data block. The FAS data block shall contain the parameters that define & single
precision approach or APY. The FAS path is a line in space defined by the landing
threshold point/fictitions threshold peint (LTP/FTP), flight path aligement point
{FPAP}, threshold crossing height (TCH) and plide path angle {GPA). The local level
plane for the approach is a plane perpendicular to the locat vertical passing through
the LTP/FTP {i.e. {angent to the ellipsoid at the LTP/FTF), Local vertical for the
approach is normal to the WGS-84 ellipsoid at the LTP/FTP. The glide path infercept
point (GPIP) is where the final approach path intcrcepts the local level plane. FAS
data block parameters shall be as follows;

Operation type; straight-in approach procedure or other operation types.
Coding: 0 = straight-in approach procedure
1to 15 = spare

Table A-66. Tinal approach segment (FAS) data block

Data content ) Bits used Range of values Resolution
Operation fypc 4 0to 15 1

SBAS provider ID 4 0to 15 1
Airpart ID 3z : —
Runway number 6 {to36 1
Runway Jetter 2 — —_
Approach performance 3 Dto? !
designator

Route indicator 5 — —
Reference path data selector 8 Gtodg 1
Reference path identifier 32 — —
LTP/FTP latitude 32 190.0° 0.0005 arcsec
LTP/FTP [ongitude 32 £180.0° 0.0005 arcsec
LTP/ETP height 16 351201060415 m 0.1 m
AFPAP latitude 24 +1.0° 0.0005 arcsec

AFPAP longitude 24 +L.0° 0.0005 arcsec



Approach TCH (Note) IS Olo 163835 mor  005mor

0o 3 276.7 f 0.1
Approach TCH units selector I — -
GPA 16 01090.0° 0.01°
Course width 8 80to 143.75 m 0.25 m
AlLength offsct 8 0to2032m gm

Final approach segment CRC 32

Note. — Information can be provided in either feet or melres as indicated by the
approach TCH wit selector.

SBAS scrvice provider IT: indicates the service provider associaled with this FAS data block,
Coding: See Table A-27.

14 — FAS data block is to be used with GBAS only.
15 =FAS data block can be used with any SBAS setvice provider.

Note. - - This parameter is not used for approaches conducted using GBAS or GRAS
psendo-range corrections.

Airport ID: the three- or four-letter designator used to designate an airport,

Coding: Bach character is coded using the fower 6 bits of its JA-5 representation, For
each character, b; is transmitted first, and 2 zero bits are appended afier by, so that 8
bits are (ransmitted for each character. Only upper case letters, numeric digits and
T1A-5 “space” are used. The rightmost character is transmited first, For a three-
character airport 1D, the rightmost (first transmitted) character shall be 1A-5 “space”,

Runway number: the approach ranway number.
Coding: 1 to 36 = ramvay mumber

Note. — For heliport and point-in-space operations, the vionvay number vaine is the
infeger neavest to one tenth of the final approach course, except when that integer is
zero, i which case the rumway nimber is 306,

Runway letter; the one-letfer designator used, as necessary, to differentiate between
parallel ranways.

Coding: 0=no letter
b =R (right)
2= C{cenfre)
3=L{leht)



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

Coding: 0- APV
i = Category |
2 = rescrved for Category 11
3 = reserved for Category 11
4107 = spare

Note. — Same airborne equipment designed for Category [ performance Is
insensitive to the value of the APD. Ii is intended that airborne equipment designed
Jor Calegory I performance accepts APD valwes of at least 1-4 as valid to
accommodate fulure extensions fo higher performnance types using the same FAS
dafa block.

Route indicator: the one-lctter identifier used to differentiate between multiple
approaches to the same rumway end.

Coding: The lelter is coded using bits by through bs of its [A-3 representation. Bit b,
is transmitted first. Only upper case lefters, excluding “I" and “0”, or TA-5 “space”
are used.

Reference path data selector (RPDS): the nwneric identifier that is used to select the
FAS data block {desired approach).

Nate, — The RPDS for a given FAS data block is different from every other RPDS
and every reference station data selector (RSDS) broadeast on the same frequency by
every GBAS witlin the braadcast region.

Reference path identifier (RPL): the three or four alphanumeric characters used to
uniquely designate the reference path.

Coding: Each character is coded using bits by through bs of its TA-5 representation.
For each character, b is fransmitied first, and 2 zero bits are appended after by so that
8 bits are transmitied for each character. Onky upper case letters, numeric digits and
IA-5 “space” are used. The rightmost character is transmitted first. For a three-
character teference path identifier, the rightmost {first transmitted) character shall be
IA-5 “space”.

Note.  The LTP/FTP is a point over whicl: the FAS path passes at a relative height
specified by the TCH. LTP is normatly located at the imtersection of the runway
cenfreline and the thresheld.

LTP/FTP latitude: the latitude of the LTP/FTP poiit in are seconds.



Coding: Positive value denotes noith latitude,
Negative value denotes south latitude,

LTP/FTP loagitude: the longitude of the LTP/FTP poiat in are seconds.

Coding: Positive value denotes east longitude,
Negative vaiue denotes west longitude.
LTF/FTP height: the height of the LTP/FTP sbove the WGS-84 elfipsoid,

Coding: This [ield is coded as an unsigned fixed-point nuinber with an offsei of =512
metres. A value of zero in this ficld places the LTP/ETP 512 meties below the earth
eltipsoid,

Note. — The FPAP is a point at the sane height as the LTP/FTP that is used o
define the aliginment of the approach. The origin of angular deviations i the lateral
divection is defined to be 305 metves (1 000 fi} bevoud the FPAP along the lateral
FAS path. For an approach aligned with the rumway, the FPAP is af or beyond the
stop endd of the ruway,

AFPAP latitude: the difference of latitude of the mmway FPAP from the LTPATP in
arc seconds.

Coding: Positive value denoles the FPAP latitude north of LTP/FTP latitude,
Negative value denotes the FPAP latitude south of the LTP/FTP lalitude.

AFPAP longitude: the difference of longitude of the runway FPAP from the
LTP/ETP in arc seconds.

Coding; Positive value indicates the FPAP longitude cast of LTP/FTP longitude.
Negative value indicates the FPAP longitude west of LTP/FTP longitude.

Approach TCH: the height of the FAS path above ihe L.TP/FTP defined in cither feet
or metres as indicated by the TCH units sclector,

Approach TCH units selector: 1he units used to describe the TCH.
Coding: 0= fecl
| = melres

Glide path angle (GPA): the angle of the FAS path with respeet to the horizontal
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plane tangent to the WGS-84 ellipsoid at the LTPATP,

Course width: the lateral displacement from the path defined by the FAS at the
LTP/FTP at which fuli-scale deflection of a course deviation indicater is attained.

Coding; This field is coded as an unsigned fixed-point number with an offset of 80
metres. A value of zero in this field indicates a cowrse width of 80 metres at the
LTP/FTP.

ALength offset: the distance from the stop end of the runway to the FPAP,
Coding: 1111 111§ = not provided

Final approach segment CRC: the 32-bit CRC appended to the end of each FAS data
lock in order to ensure appioach data integrity. The 32-bit final approach segment

CRE shall be caleulated in accotdance with third schedule, seetion 3.9, The length of
the CRC codc shall be k = 32 bits,

The CRC generator potynomial shall be:
G =+ xS ST ]

The CRC information field, M{x}, shall be:

n
M(x]=Zm| X o ¥ max¥0 L+ gy
=i

M(x} shali be formed fiom all bits of the associated FAS data block, excluding the
CRC. Bits shall be arranged in the order transmitted, such that m; correspends to the
L3B of the operation type ficld, and may, corresponds to the MSB of the Alength
offset field. The CRC shall be ordered such that vy is the LSB and 3 is the MSB.

Type 5 message — predicted ranging source availability,. When used, the Type 5
message shall contain rising and setting information for the currently visible or soon
to be visible ranging sources. Predicied ranging source availability parameters shall
be as follows:

Modified Z-count: indicates the time of applicahility of the parameters in this
message.

Coding: Same as modified Z-count field in Type 1 message (third schedule, section
364.2).

Number of impacted sources: the number of sources for which duration information
applicable to all approaches is provided.
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3.648

3.64.9

3.64.10

164.10.1

Coding: 0 = Only specificd obstructed approaches have limilations.
I to 31 = The number of ranging sources impacted.
Ranging source ID: as for Type | message (third schedule, section 3.6.4.2).

Source availability sense: indicales whether the ranging source will become available
or cease to be available.

Coding: 0 = Differential corrections will soon cease to be provided for the
associaled ranging source,

1 = Ditterentizl corrections will soon start to be provided for the associated
ranging source.

Source availability duration: the predicted minimum ranging source availability
duration refative to the modified Z-count.

Coding: [1F 11311 = The duzation is greater than or equal to | 270 seconds.

Number of obstructed approaches: Ihe number of approaches for which the
coneetions will be reduced due to approach unique conslellation maskings,

Reference path data selector: an indicalion of the FAS data block to which the source
availability data applies (3.6.4.5.1).

Number of impacted sources for this approach: the number of sources for which
duration information applicable only to this approach is provided.

Type 6 Message

Note. — Type 6 message Is reserved for future use to provide the information
required for Category IVIH precision approaches.

Type 7 Message

Note. — Type 7 message is veserved for national applications,

Type 8 Message

Note. — Type § message is reserved for focal and regional rest applications.
Type 101 Message — GRAS Pseudo-Range Corrections

The Type 10§ message shall provide the differential correction data for individual
(INSS ranging sources {Table A-78A). The message shall contain three sections;



3.6.4.10.2

364,103

3.64.104

a)  messape information (time of validity, additional message fiag, sumber of
measurcments and fhie measurement fype);

h)  low-requency information (eplemeris cdecorrelation parameter, satellite
ephemcris CRC and satellite availability information); and

c) satellite date measurement blocks.

Each Type 101 message shall include cphemeris decorrelation parameter, epherneris
CRC and source availability duration parameters for one satelite ranging source. The
cphemeris decorrelation paremeter, ephemeyis CRC and source availability duration
shell apply to the first ranging source in the message.

Pscudo-range correction paranieters shall be as follows:
Modified Z-count: as defined in 3.6.4.2.3,

Additional message flag: as defined in 3.6.4.2.3 except applicable 1o Type 101
messages,

Number of measurements: as defined in 3.6.4.2.3.
Measurement type: as defined in 3.6.4.2.3,

Hphemeris decorrelation parameter (P): as defined in 3.6.4.2.3.
Ephemneris CRC:; as defined in 3.64.2.3.

Source availability duration: as defined in 3.6.4.2.3.

Number of B parameters: an indication of whether the B parameters are included in
the measurement block for each ranging source.

Coding: =B parameters are not included

{ = 4 B parameters per measurement block
The measurcment block paratneters shall be ag follows:
Ranging source ID: as defined in 3.6.4.2.4,
Issue of daia (I0OD); as defined tn 3.6.4.2.4,
Psendo-range correction (PRC): as defined in 3.6.4.2.4,

Range rate cotrection (RRC): as defined in 3.6.4.2.4.



Oy gna: a8 defined in 3.64.2.4, with the exception of the range of values and
resotulion,

BI through B4: as defined in 3.6.4.2.4,

Note, — Inclusion of the B paramelers in the meastirement block is optional for Type
101 messages.

3.6.5 Definitions of Protocols for Data Application

1651

where

Pesen
Pescrt
P

3.6.5.2

where

Note, — This section defines the mier-relationships of the data breadcast inessage
paramelers, It provides definitions of paramelers that are not Iransmitied buf are
used by either or both non-aireraft and aiveraflt elements, and thai define terms
applied to determine the navigation solution and its integrity.

Measured and carrier smoothed pseudo-ranpe. The broadcast correction is applicable
to carrier smoothed code psendo-range measuremetils (hat have not had the satellile
broadeast troposphere and iotiosphere corrections applied to them. The carndier
smoothing is defined by the following filter:

u

A
Fesen = aP + (1 - )| Psc, , + o (dn ~ p)

(e smoothed pseudo-tange;

the previons smoothed pseudo-range;

the raw psendo-tauge measwement whert (he mw pseudo-range measvrements are obtained from a camier
driven code loop, first order or higher and with a one-sided noise bandwidth greater i or equal to
G.[25Hz;

the L1 wavelengtly;

Ihe carvier phase;

the ptevios canier phase; and

thie [iller weighting fusiction equal to 1he sample interval divided by the time constant of 100 seconds,

Corrected pseudo-range. The correcied pseudo-range for a given satellite af lime t is;

IPReamecd= Pesc *+ PRC + RRC x (1~ tz-count) + TC + ¢ x (Atg)yy



Pese
PRC
RRC

t
tz-count

TC

B

the sinoothed pseudo-range (defined in 3.6,5.1);

= the pseudo-range corection (defined in 3.6.4.2);

= {he pseudo-range correction rate (defined in 3.6.4.2);

the cureent time;

the time of applicability derived from the modified Z-count (defined in 3.6.4.2);

= the troposphetic correction (defined in 3.6.5.3); and

il

¢ and (Afg )y are as defined in 3.1.2.2 for GPS satellites.

3653

16.53.1

36532

where

3654

Tropospheric Delay

The troposphgric

Ah =
Eii =

correction for a given 1 0-6
s_alellitc is: TC = th 8 1- e-&hﬂm)
J0.002 + sin?(EL)
where
N,
ho
The residual tropospheric incertainty is:
1078 '
Gropo = Ol 1- e /he)
o IR 0,002 + sin?(El)

6, = the refinctivity wncertainty from the Type 2 message (3.6.4.3).

Residual ionospheric wncertainty, The residual ionospheric uncertainty for a piven
satellite is:

]



Sienss ™ Frp % Grert o praiees * (e + 21 T2 V)

where
¥y = Ihe vertical-to-stant obliquity factor for a given sateliite {3.5.5.5.2)
Oyt jcas podies = (AS defined in 3643 .
X =l distmce (slard mnge) in melres between cuend aireral focation and the GBAS reference polnt
indicafed i ilie Type 2 iessage;
¥ = 100 seconds (e constanl nsed in 3.6.5.1); rid
Vel = {he aircralt horizontal approach: velocity (metres per second).

3.65.5  Proteclion Levels
3.6.55.0 Category 1 pregision approach and APV. The sipnal-in-space vertical and lateral
protection levels {VPL and LPL) are upper confidence bounds on the error in the

position relalive to the GBAS reference point defined as:

VPL =MAX {VPLHQ,VPL}H}

LTL = MAX{L.PLyo,LPLg;}
365541  Nosmal mepsurement conditions
36551110 The vertical protection tevel (VPLyg) and lateral protection level (LPLy),

assuthing 1hal normal measurement conditions (i.e, no faulis) exist in all
reference receivers and on atl ranging sources, is calcutated as:



LPLip = Kpres

zis_latf o}

Rua = themuliiptier derived from the probabifily of favlt-free nuissed deteciion;
svery = 5450 tan (GPA),

where

skt = 55

Sxi = Ihe partial derivalive of position error in the x-direction willl respect to pseudo-range eror on Ihe i*
satelite;

e = e partial derivative of position ewor in the y-direction with respect lo psendo-range ersar on the
satellite;

S = fhe partlal derivative of posilion eror i he vertical direction with respect to psenda-range erzor on the i*
salellite;

GPA = the glidepath angle for the finad approach path (3.64.5.2);

N = {he smmber of Funging sovaces used in the position solution; and

i = (e rauging sovrce index for ranging sources wsed it e position soluwion,

Note— The coordinate reference frame is defired swch that x &s afong track positive forward, y Ts crosstrack positive feft
in the focal level tangen! plane and v is the posithve up and orthogonal fox and v,

365.5.1.1.2 For a general-least-squares position solution, the projection metrix S is
defined as;
sx,l Sx,? " S&N
T S”N:(GTXWXG)"xGTxW
Sv,l S\'.? SD,N
S %2 o S
+
where

-1
GE 0 - @
wel0 o w0
0 0 w o

where 0% = 0% gasi + 0 uopoit O pesiri O donois



where

Opr gl = gy gos for the bl ranging souce (3.6.4,2);
= Ihe residual tiopospheric wecertainty for fhe i anging sousee (3.6.5.3);

Taapai
Giami = the residual fonospheric delay (due fo spatial decowelation) unceddainty for the i® sanging sowrce
f3.6.5.4); and
i Jufmm,(EI,) + 0,%m,ﬂpalh(ﬁlt}‘ the standand deviation of e airerafl contribution to the corrected
psendo-rnge error for the i rnging source, The lotal sircrafl contribution inchudes ihe receiver
contribution {3.6.8.2.1) and a standard albowance for sirframe muilipaiy;
where

SunpafEl) = 013+ 0.52e™V1%8 (lie standard model for the comribution of nicfeate nmbipath (in metres);

Bl = the elevation angle for the i snging source {in degrees); and
Az, = the azimuth for the i vauging sowrce iaken conterclockwise for the x axis (in degrees),

Note.— To hiuprove readability, the subseript i was omitied from the projection winkeix 's equation.

365512  Faulted measurement conditions, When (he Type 101 message is broadeast
withoul 13 parameter blocks, the values for VPLy and LPLy, are defined as zero.
Othenvise, the vertical protection level (VPLyy) and lateral prolection level
{LPLg), assuming that a latenl Fault exists in one, and only one reference
receiver, arg:
VPLy; = max [VPL]
LBLy, = max [LPL;]

where VPLjand LOL; for§ = 110 4 aie

VRI; = [B vert| + Koy Goa and
Lpl_j = IB_lﬂll-l + s Ougm

acd

B vet; = Z{Ll{n_veni % Bk

B = Zlyislay % By

B;; = e broadcasi differsnces between the broadeast psendoyange corections and the comections obtnined
exchuding ibe j‘ ference receiver 1 eut for the i tmging source;

Ko = the endéiplier derived frow e probability of tiissed detociion given thal the greund subsystem is faulted;

a:w“ = E:il (s‘venf X o H 1,2);.

Ty = Z:‘._l (sJat} ¥ o HI1E);

o HUE = (Uﬂl) it et Paepoit Oiomas



M; = the nwimber of reference receivers used fo compitte the psendo-rauge corrections for the * ranging solrce
{indicated by the B values); and

U; = the mumber of reference receivers wsed fo compute the pseudo-muge corections for tie /* ranging source,
exchuding the ¥ reference receiver,

Note, - A latent fanlt inelndes any eivareans neasurenteni(s) that is not tumediately defected by the groimd subsysieu,
snch that ihe broadcast dmta ave affected and there is an indvced position error in the airerafl subsysiom.

365553  Definition of K multiplices for Category T precision approach and APV, The
multipliers are given in Table A-67.

Tahle A-67. K-multipliers for Category I precision approach and APV

M;
Multiplier 1(Note) 2 3 4
K ffind 6.86 5.762 5.81 5.847
Kmnd Not used 2,935 2.898 2.878

Note.— For APV [ approaches supported by Type 101 messages broadeast
without the B parameter block.

3.6.5.52 GBAS positioning service. The sipnal-in-space horizontal protection level is an npper
confidence bound on the horizontal error in the position relative to the GBAS
reference point defined as:

HPL = MAX {HPLyq,HPLy;}

365521 Normmal measurements conditions, The horizontal protecfion level (HPLyp),
assuming thal normal meastiremciti conditions (i.c. no faults) exist in all relerence
receivers and on all ranging sources, 1s calculated as:



HPLytg = Kiptug p08 uuger

where: Bonagor= @+ (“—}%ﬁ)2 +di

&=L, shof

& =Ff shof

dy =Pl sunyi0f
L = the parfinf derivative of position error in the x-ctivection with respect to psewdo-tange ervor on the i* satellite
Syi = the paitial derivative of position ervov itt the y-direction with respect bo pseudo-ratige emvor on Uie i® satellite

Kimaror =  the mulliplier devived from the probatstity of fault-fiee missed defection

N = the number of xangiug sources used in the posilion solution
i = the ranging source index for ranging sources used in the position sofution
G = the psendo-range emor term as defined in 3.6.5.5.1.1

Note. — For the GBAS positioning service, the x and y axes Heﬁne ait arbitrary
orthogoneal basis in the horizontal plune.

305522  Faulted measurement conditions. When the Type 101 message is broadcast
wilhout B pacameter blocks, the vahie lor HPLy, is defined as zero, Olherwise,
the horizontal protection level (HPLy;), assuming that a fatent fault exists in one
and only one roference reegiver, is; '



HPL; =18 _horg] + Kag ros wsscat
and

H Py z
B hergy = (Z S,“Bu) + (Z' S,.,Bu)
1 =

By = the broadcast differences between the broadeast pseude-range comections and the vonections chlaised
excluding, ihe ® reference receiver measiwement for the i® ranging sowce,

Kespos = the wmltiplier derived from the probability of missed detection given that the grovnd subsystern is falied,

2 F H 22
P _ d 1174 d_}{!,r s d_Hl; - d_HiF ed HP?
ajoctl = 7 5 HE,

N

dF_HIi'—'-z 0 B
W

N
dnHI§=ng Lo HIf
=

N
d_nt;z‘sﬂsﬂo_us%
=1

Note. — For the GBAS positioning service, the x and y axes define an arbitrary
orthogonal basis in ihe horizontal plane.

M
FI Bl - 2 =2 1.ak
o_Hlj —(‘U') Ope gndi + Opr_airi L iropoi 1 Ofonel
1

M; = the number of reference receivers used to compute the pseudo-range corrections for the i

ranging sonrce (indicated by the B valucs).

U = the number of reference receivers used to compute the pseudo-range corrections for the i*
ranging sowrce, exchuding the j® reference receiver.

Note. — A latent fault inchides any erroneous measwrement(s) that is not
inmediately defected by ie ground subsystem, such that the breadcast data are
affecied and there is an induced position error in the aircrafl subsystem.

365523  Definition of K multipliers for GBAS positioning service. The multiplier Kyng pos
is equal to 10.0 and the multiplier K g pos, is equal to 5.3,

3656  Alert Limits



36561

36562

3057

whee

F
5

and

RMDE =
RSDS = thereferance station data selecior for the GBAS ground subsystem {as defined in 3.6.4.3.1)

Note. — Guidance concerning the calculation of alert limits, ncluding approaches
associated with chamel numbers 40 000 o 99 999, is provided in Attachment C,.
713,

Category 1 precision approach alert [imits. The alert limits ave defined in Tables B-68
and B-69. For aircraft positions al which (he lateral devialion exceeds twice the
deviation al which fuli-scale laleral deflection of a course deviation indicator is
achieved, or verlical deviation exceeds twice the deviation ai which full-scale ly-
down deflection of 4 course deviation indicator is achicved, both the laleral and
vertical alert limits are set to (he maximuny values given in the tables,

APV alert limits, The alert limits are equal to the FASLAL and FASVAL for
approaches with channel numbers in the range of 20 061 (o 39 9%9. For approaches
with chanmel numbers in the range 40 000 to 99 999, the alert limits are stored in the
on-board database.

Chamel number, Each GBAS approach transmitted from the ground subsyslem is
associated with a channel number in the range of 20 001 to 39 9995. 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 wnnber = 20 600 + 40(F - 108.0) + 411(8)

1l

tlte data broadeast frequency (MHz)
RPDS or RSDS

i

the reference pailt data sefector for the FAS data block (as defined in 3.6.4.5.1)

Table B-68. Categovy I'lateral alext Umlt

Honzontal dislance of aiscrafl position

from the LTR/FT? a3 transfated
along the fisial approach paih Latersd alert biit
(melres) (oelees)
291 <D=<87 FASLAL
373 <D< T 500 0.0044D (1) + FASLAL - 3.3

B=75060 FASLAL+20.t5




Table B-69, Categoty X vertical alert Hunit

Height above LTR/FTP of aiseraft position

teanstated onte the final appronach pats Vertica] alert Linuit
(feet) {metees)
100 <H <200 FASVAL
200 <H <1 340 . 0.02925H (ft) + FASVAL - 5.85
H=1340 FASVAL +33.35

For channel nymbers transmitted in the additional data block 2 of Type 2 message {as
defined in 3.6.4.3.2.1), only RSDS arc used. ‘

Note 1. — When the FAS is not broadcast for an APV, the GBAS approach is
associated with a channel immber in the range 40 000 to 99 999.

Note 2. — Guidance material concerning channel nwmber selection is provided in
Attachment C, 7.7,

3,658  Ephemeris Frror Position Bound

Note—~ Ephemeris error position bounds are computed only for core sateflite
constellation ranging sonrces used in the pasition sofution {f index} and not for other
types of ranging sources (SBAS satellites or pseudolites) that are not subject to
nndeltected ephemeris faflures. However, the calculations of these position bowmds
use information from afl ranging sources used in the position seintion (i index).

36581 Category L precision approach and APV, The vertical and lateral ephemeris error
position bounds are defined as:

VEB = MAX {VEB;}
}

LEB = MAX{LEB;}
j

The vertical and laferal ephemeris error position bounds for the jIh core satellite
constellation ranging source used in the position solution are given by:



whete!

§ Veltiog
s_!nt,-“ |
Xey

N

]

By
Ko o

36582

where:

shon.jzz 5
%

By

N
VEB, = ls_veﬂj{ XateF} + King o Z s_vert? X of

4 i=1

N

LB, = oot + Ko | ) st X 0F
j=1
|

is defined in 3.6.5.5.1.1

is defined in 3.6.5.5.1.%

is defined in 3.6.5.4

is the nmber of ranping sonrces used in the posilion sofution

is defined in 3.6.5.5.1.1

is the broadeast epheweris decorelation parameter for the * ranging source

is The broadeast ephemeris missed delection andltiplier for Category T precision approacl asd APV assogiated
with the safellile constellation for the ® ranging source (Kot +005 07 Ko e wontasst

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

HEB = MAX {HEB})
j

The horizontal cphemeris error position bound for the j™ core satellite constellation
ranging source used in the position solution is given by:

HEB! = !%ﬁzjlxﬂl'ﬁ + Kmi‘mﬂm‘m

2, sﬂz

15 as defined in 3.6.5,5.2.4

isas definedin 3.6.55.2.1

is defined in 3.6.54

s the broadeast ephemeris decorrelation parameter for the ) ranging source
is the broadcast epheweris missed detection wmuitiplier for the GBAS positioning service associated widh (he
satellite constellation for the J* ranging souce (K « pos.ors OF Ku o poscLonass)

is as defined in 3.6.5,5.2.1



ables B-70 through B-73.

pe structure is defined in 3.6.4.1.

+B-70. Type 1 psendo-range covrections tessage

Bils vsed Renge of values Resohution
14 0fol1999s Ols
2 Qlo3 |
)] 3 0o I8 1
3 (o7 1
eter (P) 8 Ote 1275 x 107 swm $ % 1075 min
16 — —
8 0t 2540s 105
8 Lo 255 1
8 010 255 |
PRC) 16 +327.67m 0.0 m
\C) 16 +32.767 mfs 0,001 nvs
8 Oto 5.08 m 0.0 wm
8 2635 m 0.05m
3 45,35 m 0.05m
8 +6,35m 005 m
8 +635m 005w




Table B-70A. Type 101 GRAS pseudo-rauge corrections message

Diatn contens Bitsused Raoge of values Resohution
Modified Z-count 14 Glel 1995 UAES
Additional message flag 2 Otad i
Number of measvreiments (N} 5 Gto 18 1
Measnresent fype 3 Oto7 1
Ephemeris decometation parameter (P) § 010 1.275 % 107w 510 w'm
Bphemers CRC 16 -— -—
Source avaitability duration 8 002540 ¢ Hs
Nitber of B paranicters t Gord —
Spare 7 — —
For N ineasurement locks
Ranging source 1D 8 1 to 255 |
Issue of data fOD) § D255 1
Pseudo-renge corsection (PRC) 16 #2767 m 001 m
Range tate comection (RRC) 6 32,767 w5 0.001 mfs
L 8 D 508m 02m
B parantetes block {if provided)
B 8 #254m {.2m
B; 8 1254 0.2m
By 8 254 ny 0Zm
By 8 254 m 0.2m




Table B-714.

Type 2 GBAS-related data message

Data coulant Bitsuzed Renge of valuy Reschuticn
GBAS seference receivers | 2 204 —_
Grouad accuracy designatos Jetter 2 — —
Spate 1 —_ —_
GBAS conlinvityfintegnty designatos 3 Qo7 1
Local niagaetic variation it £180° 0.25%
Spare 5 —_ —
oo Jons, i 8 01035.5 x 107 p/m 0.1 10 s
Reftactivity index 8 16 to 78i .
Scale height 3 01025500 m 10
Refractivity nucenainty 8 01025% 1
Latitude 32 +90.0° 0.0005 atcsee
Longifide 32 +180.0° 0.0005 arcsec
GBAS tefesence point height 4 +83 856.07 m 001 m
Additionat data block 1 (if provided)
Referestce siation data selactor 2 Oto48 1
Maximum use dislance (D) 8 2 ta 510 ke 2 jm
K ¢ 105005 8 0t0 1275 005
K eoms 8 Do 1275 0.05
Km_._mmss 8 Oto 1275 0.05
Koot 01681455 8 O 1275 008
Additional data block 2 {if provided}
Additionat data block length 8 210255 i
Additional data block mumber 8 2to 255 i
Additional data parameters Vanable - —
Table A-71B. Type 3 null message
Data content Bits used Range of values Resolution
Filter Variable (Note) N/A N/A

Note. — The number of bytes in the filler field is 10 less than the message length field
in the message header as defived in section 3.6.3.4,



Table A-72. Type 4 FAS data ntessape
Data content Bits used Range of values Resolution
For N data sets
Data set length 8 2t0212 1 byts
FAS data block 304 — —
FAS vertical alert imit/approach stams 8
(I} when associated approach 0to56.8m 02m
performance designator
indicates APV.1 {(APD coded as
0
{2) when associated approach Oto254m 0.l m
performance  designator docs
not indicate APV-1 (APD not
coded as ()
FAS latetal alert limit/approach states 8 00508 m 0.2m
Table B-73, Type 5 predicted rauging souvce avalinb)lty message
Data conteal Bita vsed Range of values Resolulion
Modified Z-cowmt 14 Oto) 19995 G¢ls
Spare 2 — —
Nusber of impacted sources (N) & G0t 1
For N impacted sources
Ranging source I 8 J o235 1
Source availnbility seuse 1 — —
Source availability duration i Dol 270s 10s
Numiber of obstricled approachies (A) E Oto 255 |
For A obsimeled approaches
Reference path doin selector 8 Oi0 48 —
Nruber of impacted sougces for this & o dl )
approach (N4
For N, upacled muging sources for lis
approach
Rangiug source ID 8 1 lo 255 1
Senirce availability sense l — -
Source availability duration 7 Olo1270s 10s




3.6.7 Noen-Aircraft Elements

34671  Performance
3.6.7.1.1 Accuracy

3.67.1.L1  The rost-mean-square (RMS) (1 sigma) of the ground subsystem contribution to
the cortected psendo-range accuracy for GPS and GLONASS satellites shall be:

{30 + a,8°%/"0)?

RMSpy goa S >

+ (az)?

where

M = the number of GNSS reference receivers, as indicated in the Type 2 message
parameter (3.6.4.3), or, when this parameter is coded te indicate “not applicable”, the
vaiue of M is defined as 1;

n =" ranging source;
8, = elevation angle for the n™ ranging source; and
ay, a1, 43, and Gy = parameters defined in Tables B-74 and B-75 for each of

the defmed ground accuracy designators (GADs).

Note 1.- - The GBAS ground subsystent accuracy requivement is determined by the
GAD letter and the munber of installed reference receivers.

Nete 2. The ground subsystemn contribuiion to the corrected pseudo-range error
specified by the curves defined in Tobles B-74 and B-75 and the contribution to the
SBAS satellites do not include givcraft noise and aircraft multipath.



Table B-74. GBAS — GPS accuracy requivemenl parameters

Ground acensacy 8 [ a Oy )
designator letter {degrees) {wiclees) {inetres) (degrees) {nistres)
A 25 G5 1.65 14.3 0.08
B >5 .16 1,07 155 (.08
C >335 C.ES 0.84 185 .04
51033 0.24 0 — 0.04

Tahlo B-75, GBAS — GLONASS accuracy requlrement parmﬁelm

Ground pecnracy 8 I [ By M)
designator letter {Jegrees) {metres) {metres) (degrees) {nsetres)
A =5 1.58 5.18 14.3 0078
B >3 03 212 155 0078
C >33 6.3 .68 15.5 0.042
51035 0,48 ] — 0.042

3.67.1.1.2  The RMS of the groond subsysiem contribution to the correcled pseudo-range
aceuracy for SBAS salcllifes shall be:

18
RMSp gt < -ﬁ(mctres)

where M is as defined in 3.6,7.1.1.1,
Note. — GAD classifications for SBAS ranging sowrces are under developient.

30712 Integrity
362821  (GBAS ground subsystem integrity risk

3.6.7.1.2.11 Calegory 1 precision approach and APV. For a GBAS ground subsystem that
provides the Categoty T precision approach or APV, the inteprity risk shall be
less than 1.5 x 107 per approach,

Note 1. — The integrity risk assigned to the GBAS ground subsysiem is a stibset 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
satelifte constellations failures are included. The GBAS ground subsystem integrity
risk inciudes the integrity visk of satellite signal monitoring required in 3.6.7.2.6 and



3.6.7.1.2.1,

3467121

367121,

3671214,

the infegrity rvisk 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 subsystem provides information which when processed by a fanit-free
receiver, using any GBAS dala that could be used by the airerafl, resilts in an oni-
oj-tolerance lateral or vertical relative pasition ervor withowt ammnciation for a
period longer than the maxinnam time-to-alert, An oul-of-tolevance lateraf or vertical
relative posifion error is defined as an ervor that exceeds the Category 1 precision
approdch or APV protection level and, if additional data block [ is droadcast, the
ephemeris ervor position bound,

1.1 The GBAS pround subsystem maximum time-to-alert shall be fess than or
equal to 3 seconds when Type | messages arc broadeast,

Note. — The time-to-alert above is the time between the onset of the ouf-of-tolerance
Interal ov vertical relative position ervor and the fransmission of the last bit of the
tessage that contains fhe infegrity data that reflects the condition.

12 The GBAS ground subsysiem maximunt time-to-alert shall be less than or
equal fo 5.5 seconds when Type 101 messages are broadeast.

.3 For Category [ precision approach, the value FASLAL for each FAS black, as
defined in the FAS lateral aleit Hmit ficid of the Type 4 message shatt be 1o
greater than 40 meires, and the value FASVAL for each I'AS block, as
defined in the FAS vertical alert limit field of the Type 4 message, shall he no
greater than 10 metres,

{4  For APV, the valuc FASLAL and FASVAL shall be no greater than the fateral
and vertical alert limits piven in Annex 10, Volume 1, 3.7.2.4.

3671212 GBAS positioning service. For GBAS ground subsystem that provides the

GBAS positioning service, integrity risk shall be less than 9.9 x 1w per hour.

Note 1. — The integrity risk assigned lo tie GBAS ground subsysiem is q subset of
the GBAS signal-in-space integrity visk, where ithe protection level fntegrity risk
(3.6.7.1.2.2.2) has been excluded and the effects of alf other GBAS, SBAS and core
satellite constellations failures are included. The GBAS ground subsystem integrity
risk inelides the integrity visk of sateifite signed monitoring vequired in 3.6.7.2.6 and
fhe integrity risk associated with the mowitoring in 3.6.7.3.

Note 2.— GBAS signal-in-space Integrity risk is defined as the probability that the
grownd subsystem provides information which when provessed by a fouli-free
receiver, using any GBAS data that conld be used by the aiverafl, resulls in an our-
oftolerarice hovizontal relative position ervor withowi annunciation for a period



longer than the maxinmem time-toalert. An our-of-tolerance hovizontol relative
position ervar is defined as an ervor that exceeds hoth the harizomial profection level
and the horizental ephemeris ervor position botnd.

36702121 The GBAS ground subsystem maximum time-to-alert shall be less than or
equal to 3 seconds when Type | messages are broadcast and less than or equal
1o 5.5 seconds when Type 101 messages are broadcast,

Nate. — The time-ta-alert above is the tinte between the onset of the out-of-tolerance
hovizontal relative position ervor and the transmission of the last bit of the message
that coninins the ittegrity data that reflects the condiiion.

3.6.7.622  Protection level integrity risk

3670221 For a GBAS ground subsystem that provides the Category 1 precision
approach or APV, the protection tevel integrity risk shali be {ess than 5 x 1078
per approach,

Naie.— The Category I precision approach and APV protection level integrity risk is
the integrity risk duc to undetecied ervors in position velative to the GBAS reference
point greater than the associated profection levels wunder the wo following
conditions:

al  normal measurement conditions defined in 3.6.5.5.1.1; and
b} fawited measirement conditions defined in 3.6.5,5.1.2,

3.67.1.222 For a GBAS ground subsystem that provides the positioning service,
protection level integrity risk shall be fess than 107 per hotn.

Note— The GBAS positioning service protection level integrity visk is the integrity
risk due to undeiected errors in the horizonfal position relative lo the GBAS
reference point grealer than the GBAS positioning service protection level ander the
two following conditions:

a)  normal measuremeni conditions defined in 3.6,5,.5.2.1; and
h)  foulted ineasivement conditions defned in 3.6.5,5.2.2.
36.7.1.3  Continuity of service

3.6.7.1.3.1  Continuity of service for Category [ precision approach and APV, The GBAS
ground subsystem continuity of service shall be greater than or equal to | — 8.0 x
10 © per 15 scconds.



Note.— The GBAS ground subsystem continuity of service is the average probability
per 15-second period that the VAF data broadcast transmits data in tolerance, VHF
data brogdeast field strength is within the specified vange and the protection levels
are lower than the alert iimits, incliding confizuration changes that occur due to the
space segment. This contimiity of service requirement is the entire atlocation of the
signal-in-space  continuity requivement from Chapter 3, Table 3.7.2.4-1, and
therefore all comtinuity risks included in that requirement must be accounted for by
the ground subsysiem provider.

367132  Comtinuity of service for positioning service

Note— For GBAS ground subsystems that provide the GBAS positioning service,
there may be additional conlinuily requivements depending on the intended
operations.

3672  Functional Reguircments
3,6,7.2.1 General
367211 Data broadcast rates

36.7.2.1.01 A GBAS ground subsystem that suppords Category I precision approach or
APV-II shalt broadeast Type 1 messages. A GBAS ground subsystem that
does not support Category [ precision approach or ATV-H shall broadcast
either Type 1 or Type 101 messages. A GBAS ground subsystem shall not
breadeast both Type 1 and Type 101 messages.

Note.— Guidance material concerning usage of the Type 10! message is provided in
Attachment C, 7.18.

1672112 Bach GBAS ground subsystem shall broadeast Type 2 messages.

36,7.2.1.1.3 Each GBAS ground subsystem shall broadcast AS blocks in Type 4
messages for all Category I precision approaches supported by that GBAS
ground subsystem. If 4 GBAS ground subsystem supports APV 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 APY procedres may be held within a database on board the
aiverafl. Broadeasting additional data dlock 1 alfows 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 Atiachment C, 7.7.

1672.1.14 When the Type 5 message is used, the ground subsystem shall broadcast the
Type 5 message at a rate in accordance with Table A-76.

Note. — When the standavd 5 degree mask is not adequate to describe satellite
visibility at either the gronnd subsystem anfennas or al @i aircraft during a specific
approacii, the Type 5 message may be nsed to broadcast additional information io
the aircrafl,

36.2.2.1.1.5 Dala broadeast rates, For all message types required to be broadcasl, messages
meeting the fleld strengih requirements of Chapter 3, 3.7.3.54.4.1.2 and
3.7.3.5.44 2.2 and the minimum rates shown in Table A-76 shall be provided
at every point within the coverage. The fotal message broadeast rates from all
antenna systems of the ground subsysiem combincd shalf nof exceed the
maximum rales shovwn in Tabie A-76.

Note. — Guidance material concerning the use of mnltiple antenna systems is
provided in Attachment C, 7.12.4.

367212  Message block identifier. The MBY shall be set to either normal or test acgording
to the coding given in 3.6.3.4.1.

Talle B-76. GDBAS VHF data broadeast rates

Mletrage fype Miniman bpoadedatsate Mukimem brordeast mle
for 101 For each measurement type: For each measurement fype:
All weasurement blocks once per frune (Hot) Al measurement blocks once per slat
2 Onee per 20 consecutive ames Onée pec frame
4 A1 FAS blocks once pas 30 canseenhive Bames AL EAS blocks once per frame
5 Al itnpacied sources once per 20 consecutive frames zilm impacied sources oace per 5 conseculive
14

Nota, - Ong Tpa § or Trpe (0] weeviage or fag Type ) or Dpe 101 mersages ihol ard Uaked wing iha adfididoned mesags flog desenibed in 364 1.

3.6.7.2.1.3 VDB authentication

Note, — This section is reserved for forward compatibility with fiture authentication
Jimctions.

3.6.7.2.2  Pseudo-range conmections

3.6,7.2.2.1  Message latency. The time between the time indicated by the modified Z-count
and the tast bit of the broadeast Type [ or Type 101 message shall not exceed 0.5
secornds.



367222

3672221

367223

367224

Low-frequency data. Except during an ephemeris change, the first ranging source
in the message shall sequence so that the ephemeris decorrelation parameter,
ephemeris CRC and source availability duration for each core satellite
constellation’s ranging source are fransmitted at least once every 10 scconds.
During an ephemeris change, the firsi ranging source shall sequence so that the
gphemeris decotrelation parameter, ephemeris CRC and sowrce availability
duration for each core satellite constellation’s ranging sowrce are fransmitted al
least once every 27 seconds, When new ephemeris data are received from a core
salcllite constellation’s ranging source, the ground subsystem shall use the
previous ephemeris data from each satellite until the new cphemeris data have
been continuously received for at least 2 minutes buf 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 groond subsystem
shall broadeast the new ephemeris CRC for all ocewrrences of that ranging source
in the low-frequency information of Type I or Type 101 message in the next 3
consecutive frames. For a given ranging soutce, the ground subsystem shall
continue fo transmit data cormesponding o the previous ephemeris data until the
new CRC ephemeris is transmitted in the low-frequency data of Type 1 or Type
101 message {see Note). If the ephemeris CRC changes and the TOD does not, the
ground subsystem shall consider the ranging source invalid.

Note— The delay before the ephemeris transition aflow sufficient time for the
aireraft subsystem fo collect new ephemeris data.

The ephemeris decorrelation parameter and the ephemeris CRC for each core
satellite constellation’s ranging source shall be broadcast as frequently as
possible.

Broadeast pseudo-range correction. Bach broadeast pseudo-range correction shall
be determined by combining the pseudo-range coirection estimates for the
relevant ranging source calewlated from cach of the reference receivers. For each
satellite, the measurements used in this combination shall be obtained from the
same ephemeris dafa, The corrections shall be based on smoothed code pseudo-
range measurements for cach satellite using the carrler measucement from a
stnoothing filter in accordance with 3,6.5.1.

Broadcast signal-in-space integrily parameters. The ground subsystem shall
provide oy g and B parameters for each pseudo-range correction in Type |
message such that the protection level integrity risk requirements defined in
3.6.7.L.2.2 are satisficd. The pground subsysten shall provide oy gy and, if
necessary, B parameters for each pseudo-range correction in Type 101 message
such that the protection level integrity risk requirements deficed in 3.6.7.1.2.2 are
satisfied.



367225

3.6.7.2.26

367227

367228

3.67.2.2.9

Nate.— Broadeast of the B parameters are opiional for Type 10 messages.
Gutidance material regarding the B parameters in Type 101 messages is contained in
Attachmen C, 7.5.11.

Relerence receiver measurements shall be monitored. Faulled measurements or
failed reference reccivers shalt not be used to compute the pseudo-range
corections.

Repeated teansmission of Type | or Type 101 messages. For a given measurement
lype and within a given frame, all broadeasts of Type 1 or Type {01 messages or
linked paits from all GBAS broadcast stations that share a common GBAS
identification, shall have identical data content.

Issue of data, The GBAS pround subsystem shali set the IOD field in each
ranging source measorement block to be the [OD value received from the ranging
souree that corresponds to the ephemeris data used to compute the pseudo-range
conection,

Application of signal error models. Ionospleric and tropospheric corrections shall
not be gpplied fo the psewdo-ranges wsed to calculate the pseude-range
corrections.

ILinked pair of Type 1 or Type 101 messages. If a linked pair of Type ! or Type
101 messages is transmitted then,

a) the two messages shall have the same modified Z-count;

b} the minimum number of pseudo-range corrections in each message shall
be one;

¢) the measurement block for a given satellite shall not be broadeast more
than once in a linked pair of messages;

d) the two messages shall be broadcast in different time slots; and

e} the order of the B values in the two messages shall be the same.

3672210 Modifted Z-count update. The modificd Z-count for Type | or Type 10!

3.6.2.22.11

36722111

messapes of a given measurement type shall advance every frame.
Ephemeris decomrelation parameters

Category 1 precision approach and APV. For ground subsyslems that



3.6.72.2.11.2

broadeast the additional data bleck | in the Type 2 message, the ground
subsystem shall broadcast the ephemeris decorrelation parameter for each core
satellite consteliation ranging source such that the ground subsystem integrity
risk 0f 3.6.7.1.2.1.1 is met.

GBAS positioning service. For ground subsystems that provide the GBAS:
positioning service, ihe ground subsysiem shall broadcast the ephemeris
decoreclation parameter for cach core satellite constellation’s ranging source
such that the ground subsystem integrity risk of 3.6.7.1.2.1.2 is met,

36,723 GBAS-related data

367211

367232

367233

367234

Tropospheric delay parameters: The grond subsystem shail broadeast a
refractivity index, scale height, and refiactivity uncertainty in a Type 2 message
such that the protection level inteprity risk requivements defined in 3.6.7.1.2.2 are
satisfied.

GCID indicatien. If the ground subsystem meets the requirements of 3.6.7.1.2.1.1,

3.6,7.1.2.2.1 and 3.6.7.1.3.1 the GCID shal be sei to 1 othetwise it shall be set to
1

GBAS reference antenna phase centre position accuracy. For each GBAS
reference receiver, the reflerence anienna phase centre position crror shall be [ess
than 8 cm refative to the GBAS reference point,

GRAS reference point survey accuracy. The survey error of the GBAS reference
point, relative to WGS-84, shall be less than 0.25 m vertical and 1 m hotizontal,

Note, — Relevant guidance material is given in Attachment C, 7.16.

367235

367236

3.6.7.237

3672338

lIonospheric uncertainty estimate parameter, The grovnd subsystem shall
broadcast an ionospheric delay gradient parameter ir the Type 2 message such
that the protection level integrity risk requirements defined in 3.6.7.1.2.2 are
satisfied.

For ground subsystems that provide the GBAS positioning service, the ground
subsystem shall broadcast the ephemeris error position bound parameters nsing
additional data block 1 in the Type 2 message.

All ground subsystems shall broadeast the ephemeris error position bound
parameters using additional data block 1 in the Type 2 message.

For ground subsystems that broadcast additiona! data block ! in the Type 2
message, the following requirements shalt apply:



3.6.7.23.8.1

1672382

36723483

367239

36.7.2.3.9.1

Maximum use distance. The grownd subsystem shall provide the distance
(D} from the GBAS reference point that defines a volume within which the
ground subsystem integrity risk in 3.6.7.1.2.1 and the protection fevel integrity
risk in 3.6,7.1.2.2 are net.

Bphemeris missed deteclion parameters. The ground subsystem shall
broadeast 1he ephemeris missed delection parameters for each core satellite
constellation such (hat the ground subsystem integrity risk of 3.6.7.1.2.1 is
tet.

GBAS positioning service indication. If the ground subsystem does not meet
the requirements of 3.6.7.1.2.1.2 and 3.6.7.1.2.2.2, the ground subsystem shall
indicafe using the RSDS parameter that the GBAS positioning service is not
provided,

If the VHF data broadceast is transmitted al more than one frequency within the
GRAS service arca, ecach GBAS broadeast station within the GRAS ground
subsystem shall broadeast additional data blocks t and 2,

The VHF data broadcast shat! inchide additional data block 2 parameters to
identify channel numbers and locations of adjacent and ncarby GBAS
broadcasi stations within the GRAS ground subsystem.

Note. — This faciiitates the transition from one GBAS broadcast station 1o other
GBAS broadeast stafions in the GRAS ground subsystem.

3.6.7.2.4 Final approach segaent data

367241

367242

36.7.243

FAS data points accuracy, The relative survey error between the FAS data points
and the GBAS reference point shall be less than 0.25 metres verlical and 0.40
metres horizontal,

The final approach segment CRC shall be assipned at the time of procedure
design, and kept as an integral pari of the FAS data bleck from that time onward,

The GBAS shall allow the capability to set the FASVAL and FASLAL for any
FAS data block to “1111 1111 to limit {he approach to lateral only or (o indicate
that the approach musl not be used, respectively,

36,725 Predicted ranging source availability data

Nofe. — Ranging source availabilily data are optional for Category 1 and APV and
may be requived Jor possible fiiiire operations.

3.67.2.6 Integrity monitoring for GNSS ranging sources. The ground subsystem shall monitor



the satcllite signals to detect conditions that will result in hmproper operation of
differential processing for airbome receivers complying with the tracking constraints
in Altachment C, 8.11. The ground subsystem shall use the strongest conrelation peak
in all receivers used to generafe the pseude~range corrections. The monitor time-to-
alert shalf comply with 3.6.7.1.2. The monitor action shall be to set Gy g fo the bit
pattern “1111 11117 for the satellite or to exclude the satellite fiom 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 C, 8.11.

3673  Monitoring
36731 RF monitoting

367311  VHF data broadcast monitoring. The data broadecest transinissions shall be
monitored. The transmission of the data shall cease within 0.5 seconds in case of
conlinuous disagreement during any 3-second peried between the fransmitted
application data and the application data derived or stored by the monitering
system prior to transmission.

3.6.73.1.2  TDMA slot monitoring. The risk that the ground subsystem trausiniis a signal in
an unassigned slot and fails to detect an out-of-siot iransmission, which exceeds
that aliowed in 3.6,2.6, within { second, shall be less than { x 107 in any 30-
second period. If out-of-slot transmissions are detected, the ground subsystem
shall terminate all data broadeast transmissions within 0.5 scconds.

367313 VDB tansmitter power monitor. The probability that the horizontally or
ellipticalty polarized signal’s fransmitted power iucreases by more than 3 dB from
the nominal power for more than { second shall be fess than 2.0 16 7 in any 30-
second period,

Note, — The vertical component is only monitored for GBAS/E equipment,

3.6,73.2 Data monitoring

367321  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 broadeast Type | or Type 101 messages with no measurement blocks;
ot

b} to broadeast Type 1 or Type 101 messages with ihe Op gn; field set to
indicate the ranging source is invalid for every ranging source included in the
previously transmitted frame; or



3.6.74

16741

36741.1

316.74.4.2

367413

167414

c} to lernninate the data broadcast.

Note. — Monitoring actions @) and b) ave preferved fe o) if the particular failure
mode permils such a response, hecanse actions a) ond bj typically have a reduced
sighe-in-space lime-to-alert

Hunetional Reguirements for Authentication Protocols

Functional requirements for ground subsysiems that support anthentication.

The ground system shall broadeast the additional dala block 4 with the Type 2
message with the slot group definition ficld coded (o indicate which slols are
assigned fo the ground station,

The ground subsystem shall broadcast every Type 2 message in the slot that
corresponds to the SSID coding for the ground subsystem. Slot A is represented
by SSID=0,Bby 1,Cby 2, and Hby 7.

Assigned slot occupancy. The ground subsystem shall transmit messages such
that 87 per cent or more of every assigned slot is occupied. If necessary, Type 3
messages will be used to fill unused space in any assigned time slot,

Reference path identifier coding, Every reference palh identifier inchuded in every
final approach segment data black broadeast by the ground station via the Type 4
messages shall have the first lelter selected to indicate the SSID of the ground
station in accordance with the following coding.

Coding: A = S8IDof0
X SSiDof |

1

Z = 8&8IDof2
I = S8IDof3
C = &SIDeofd
V = &SIDof3
P = &SIDofé6
T = S$SIDol7

3.6.74.2 Functional requirements for ground subsystems that do not support authentication

367421

Reference path indicator 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 broadeast by the ground station via the Type 4 messages.



3168 Aircraft Elements.

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

3682  Performance Requirements.

3.6.82.1 GBAS aircraft receiver accuracy,

3.682.1.1  The RMS of the tofal airceaft receiver coniribution to the eror for GPS and

GLONASS shall be:
BMS i wr (S} S ag + 2y % Y
where
n = the o™ ranging souree;
0, = the elevation angte for the w®ranging source; and

23, 33, and By = as defined in Talle B-77 for GPS and Table B-78 for GLONASS,

368212 The RMS of the total aircealt receiver contubulion to the error for SBAS satellites shall be as defiued &
3.5.8.2.1 for each of the defined aircraft accueacy desipnators.

Noto— The alreraft receiver coniribatfon docs nol tueluda the meosurement evvor induced by alvfians nudtipath.

‘Table A-77. Aivrcraft GPS receiver accaracy requirement

Adreraft acetracy B, 2 ay 0,
designator {degrees) {ietres) {melres) {deprees)
A 23 .13 043 6.9
B 25 0.11 0.13 4

Table A-78. Aiveraft GLONASS receiver nccuracy requirement

Aiveraft accuracy 0, a N [N
desighator {deprees) {metres) (melres) {degrees)
A 25 0.39 A 57
g

B 25 0.105 0.25 3

36.8.2.2 VIIF data broadcast receiver performance

368221  VHF data broadcast tuning range. The VHE data broadeast receiver shall be



3.6.822.2

capable of tuning [frequencies in the range of 108.000 -~ 117975 MHz in
increments of 25 kHz.

VHF data broadeast capture range. The VHF dala broadcast receiver shall be
capable of acquiring and maintaining lock on signals within 418 Hz of the
neminal assigned frequency.

Note.— The frequency stability of the GBAS ground subsystem, and the worst-case
doppler shift due to the motion of the aireraft, are reflecied in the above requirement,
The dynamie range of the automatic frequency control shall aiso consider the
frequency-stability error budget of the aircraft VHF data broadcast receiver.

368223

VHF dala broadcast sensitivity, range and message failure rate. The VHF data
broadeast receiver shall achieve a message failure rate less than or cqual to one
failed message per 1 000 {ukl-length (222 bytes) applicalion data messages, while
opetating over a tange from —87 dBm to —1 dBin, provided that the variation in
the average received signal power between successive bursis in a given time siot
does not exceed 40 dB. Failed messages include those lost by the VHF data
broadeast receiver system or which do not pass the CRC afier application of the
FEC,

Note. — Aireraft VHF datq broadcast receiving anienna can be horizontaily or
vertically polarized. Due io the difference in the signal strength of horizontally and
vertically polarized components of the broadeast signal, the toial aiverafl
Implementation loss is limited to 15 dB jor herizontally polarized receiving antennas
and 11 dB for verfically polarized receiving anteias.

368224

VHF data broadeasi time slol decoding, The VHF daia broadeast receiver shall
meel the yequirements of 3.6.8.2.2.3 for ail Type 1, 2 and 4 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 GRAS transmissions may inciude: a) messages other thay Type 1, 2
and 4 with the same SSID, and b) messages witl different SSIDs.

3682241

368225

3.68225.1

Decoding of Type 101 messages. A VHF dala broadcast receiver capable of
teceiving Type 181 messages, shall meet the requirements of 3.6.8.2.2.3 for
all Type 18] messages from the selected GBAS ground subsystem. These
requirements shall be met it the presence of other GBAS transmissions in any
and all tiine slots respecting the levels as indicated in 3.6.8.2.2.5.1 b),

Co-channel rejection

VHF dala broadeast as the uadesired sigual sovrce, The VHF data broadeast



31682252

receiver shall meet the requirements specified in 3.6.8.2.2.3 in the presence of
an undesired co-channel VHF data broadeast signal that is either:

a)  assigned fo the same titne siot(s) and 26 dB below the desired VHF
data broadcast signal power or lower; or

b}  assigued different time slot(s) and whose power is up to 15 dBm at
the receiver input,

VOR as the undesired signal. The VHEF data broadcast receiver shall meet the
requirements specified in 3.6.8.2.2.3 In the presence of an undesired co-
channel VYOR signal that is 26 dB below the desired VHF data broadeast
signal power.

368226  Adjacent channel rgjection

3.6.822.6.1

1682262

3.6.8.2.2.63

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

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

b}  equal in power when the undesired signal is VOR.

Becond adjacent 25 kHz channels {(+50 kHz). The VHE data broadcast
receiver shall meet the requizenieits 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 when the undesired signal is
another VHF data broadeast source assigned to the same time slot{s); or

b) 34 dB above the desired signal power when the undesired signal is VOR,

Third and beyond adjacent 28 kHz channels (75 kHz or more}. The VHE
data broadcast receiver shall meet the requirements specified in 3.6.8,2.2.3 in
the presence of a transmitted undesived signal offset by 75 kHz or more on
either side of the desired chanuet that is cither:

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



b) 46 dB above the desired signat power when the undesired signal is VOR,

368227  Rejection of off-channel signals from sources inside the 108.000 — 1§7.975 MHz
band. With no on-channet VHF data broadeast signal present, the VHF data
broadeast receiver shall not outpnt datz from an undesired VHF data breadeast
signal on any other assignable cliannel.

368228  Rejection of signals from sources outside the 108,000 117,975 MHz band

3682281 VHF data broadcast inferference immunity, The VHF data broadeast receiver

shall meef the requirements specified in 3.6.8.2.2.3 in the presence of one or
more signals having the frequency and total interference levels specified in
Tablc A-79.
3682282 Desensitization. The VHF data broadcast receiver shall meet the requitements
specified in 3.6.8.2.2.3 in the presence of VHF FM broadeast signals with
signal leveis shown in Tables B-80 and B-81,
Table A-7%.  Maxiinum levels of undesired signals
Maximum Jevel of undesived signats at

Trequency the receiver inpnt (dHm)

50 kHz up fo 88 MHz ~-i3

88 MHz - 107.900 MHz (see 3.0.82.2.8.2)

108.000 MHz - 117.975 MHz excluded

118.600 MHz ~44

1i8.025 MHz -4]

118.050 MHz up fo 1 660.5 MHz -13

Notes.—

L The relationship is linear batveen single adiaeent points destgnated by the above fiequencies.

2. These inferferaice iy tegiiivements may ot be adegunie to ensure compatibility behveen VHF
data breadeast receivers and VHE communication sysiems, panticnlnrly for aireraft that use Hie
vartically polmized component of the VHE daty broadeast. Withous coordination betveen COM and
NAY frequencies assigmuents or vospect of a grard band af the top end of the 112 - 117.975 MH:
band, the maximnm levels gnoted ai the lorwest COM VHE chamels (118.000, 118.00833, 118.01666,
118,025 11803233, 113.04166, 115.05} may be exceeded at the iupit of the VDF veceivers. In that
cnse, satre means lo altenuate the CONS signaly at the inpuf of the FDB receivers (e.g. antenua
saporation) wil have fo be implomenned. The final compatibility will hwve fo be assured when
equipmient is sialled on the pirerafl,



Table A-80. Desensitization frequency and power requlrements
that apply for VDB frequencies from 108.025 to 111,975 ¥MHz

Maxinpean level of undesired signals

Frequeikcy at the regeiver iuguf (dBn)
88 MHz <f< 162 MHz 15

104 Mliz 10

105 MHz 3

107.9 MHz L

Notes.—

L Thervelotionship is Hwear between single adiacent points designated Ly ihe above fregitencles.

2. This desensifizalion reguivement is not applied jor FAf carviers above 161.7 Mz end VDB
chanuels af 105.025 or 108.050 MHz. See Attochuen D, 7.2.1.2.2.

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

Maxiuwm level of widesired siguals

Frequency ak the receiver input {dB )
B8 MHz<f< 104 MHz 15
106 MHz 10
107 MHz S
107.9 MHz 0

Note-— The relationship 15 livear between single odjacent points designated by the above
frequencies.

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



N+ N+ 7220

for VHF FM sound broadcasting signals in the range 107.7 — 108.0 MHz and

Af
20, + Ny + 3 (z-t - Zﬂlogﬁ) <@

for VHF I'M sound broadeasting signals below 107,.7 MHz

where the frequencies of the two VHF ¥M sound broadessting signals produce, within
the receiver, a (wo signal, third-order inlermodubation product on the desired VIXB
frequency,

N, and Ny are the levels {¢Bm) of the bwo VHF EM sound broadcasting signals at the
VHF data broadeast receiver input. Neither level shatl exceed the descnsitization criteria
set forth in 3.6.8.2.2.8.2,

Af = {08.1 — f;, where ) is the frequency of N;, the VHF FM sound broadcasting signal
closer to 108.1 MHz.

Nate. — The #M intersnodulation innnunity requirements ave no! gpplied fo a VHF data
broadeast channel operating below 108.! MHz, hence frequencies belew 108.1 MHz are
not intended for general assignments, Additional information is provided in ICAQ Annes
10, Vol, I, Attachment C, 7.2.1.2.

3.6.8.3  Aireraft Functional Requirements
3.6.8.3.1 Conditions for use of data

368011  The receiver shall use data from a GBAS message only if the CRC of that
message has been verificd.

36.83.1.2  The receiver shall use message data only if lhe message block identifier is sef to
the bit pattern

*1010 10107,

36.8.3.1.2.1 GBAS message processing capahility, The GBAS receiver shall at a minimum
process GBAS message types in accordance with Table A-82.



Table A-82. Airborne equipment message type processing

Abhborae squipmeut hliningue wessags
desipned perfopmaorce B s provessed
APV MT Lor 101, MT 2 {incloding ADB 1 sud 2 if provided)
APV.IT KT 1, MT 2 (including ADS 1 and 2 if provided), MT 4
Cutegory 1 MT 1, MT 2 {including ADR 1 if provided), MT 4
1683122 Ajrborne processing for forward compatibility

Note. — Provisions have been made lo enable fitture expansion of the GBAS Standards to
support hew capabilities. New message types may be defined, new additional data blocks
for message Type 2 may be defived and new data blucks defining reference paths for
inclusion within message Type 4 may be defined. To facilitate these fisture expansions, all
equipment shall be designed o properfy ignore all data types that are not recognized.

3.6.8.3.1.22.1  Processing of unkaown message types. The existence of messages unknown
to the airborne receiver shall not prevent comrect processing of (he reguired
MESSAFES,

3.68.3.1.2.22  Processing of unknown Type 2 extended data blocks, The existence of

message Type 2 additienal data blocks unknown to the airborne receiver shall
not prevent correct processing of the reguired messages.

3.683.1.22.3  Processing of unknown Type 4 data blocks. The existence of messape Type 4
data blocks unknown to the airborne recelver shall not prevent correct
processing of the required messages,

Note, — Whife the curvent SARPs inclisde only one definition of a data hleek for inclusion
within a Tepe 4 message, futnre GBAS Standards may include other reference path
definitions.

3.6.8.3.0.3  The recciver shall use onfy ranging source meastrement biocks with matching
modified Z-counts,

368314  If Dy is broadeast by the ground subsystem, the receiver shall only apply
pseudo-range corrections when the distance to the GBAS reference point is less
than Dy

3.6.83.1.5  The receiver shall only apply pseudo-range cotrections from the most recently
reeeived set of corrections for a given measurement type. If the number of
measurement fields in the most recently received Type 1 or Type 101 message
indicates that there are no measurement blacks, then the receiver shall not apply



368.3.16

368317

3683138

3.6.83.18.1

3.6.83.1.82

31683183

3683.1.84

3683185

3683186

3.6.8.3.18.7

3.683.1.88

GBAS corrections for that measurement type.

The receiver shatl exclude from the differential navigation solution any ranging
sources for which Gu ga i sef to the bit pattern “LLEL {T[1",

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

Conditions for use of data to support Category I precision approach and APY

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

The receiver shall use message data fiom & GBAS ground subsysterni for
Category I precision apptoach or APV puidance only if the GCID indjcales I,
2.3 or 4 prior to initiating the final stages of an approach.

The receiver shall ignore any changes in GCID during the final stages of an
approach.

The receiver shall not provide approach verlical guidance based on a
patlicular FAS data block transmitled in a Type 4 message if the FASVAL
received prior to iniliating the final stages of the approach is set to “Iiil
HIT™,

The receiver shall not provide approach guidance based on a particular FAS
data block teansmitled in a Type 4 message if the FASLAL received priot to
iniliating the final stages of the approach is setto “LLIT LTT1L™

Changes in the vatues of FASLAL and FASVAL data fransmilted in a Type 4
message during (he final slages of an approach shall be ignored by the
receiver.

The receiver shall use FAS data only if the FAS CRC for thai date has been
verified.

The receiver shall only use messages for which the GBAS 1D (in the message
block header) maiches the GBAS I in the heades of the Type 4 messape



which contains the selected FAS data or the Type 2 message which contains
the selected RSDS.

3.68.3.L89 Use of FAS data

3.6.83.1.89.1  The receiver shall use the Typc 4 messages to determine the FAS for precision
approach.

3.683.1.892  The receiver shall use the Type 4 messages to detennine the FAS for APV
associated with a channel number between 20 001 and 39 999,

1,6.8.3,1.89.3  The receiver shall use the FAS held within the on-board databasc for APV
associated with a channcl number between 40 000 and 99 999,

36831810  When the GBAS ground subsystem does not broadeast the Type 4 message
and the selected FAS data are available to the receiver fiom an aitborne
database, the receiver shall only uwse messages fiom the intended GBAS
ground subsystem,

3.6.83.1.9  Conditions for use of data to provide thc GBAS positioning scrvice

3683191 The receiver shall only vse measurement blocks from Type 1 messages that
were received within the last 7.5 seconds.

3683192 The receiver shall enly use measurement blocks from Type 101 messages that
were received within the last 5 seconds,

3683.193 The receiver shall only usc message data if a Type 2 message containing
additional data block | has been received and the RSDS parameter in this
block indicates that the GBAS positioning service is provided.

3683194 The receiver shall anly use messages for which the GBAS ID (in the message
block header) maiches the GBAS ID in the header of the Type 2 message
which contains the selected RSDIS.

3.68.32 Integrity
368321  Bounding of aircraft errors. For each satellite used in the navigation solution, the

receiver shall compute a Gpeeeiver Such that a normal distribution with zero mean
and a standard deviation equal (0 Greciver bounds the recefver contribution to the



where

corrected psendo-range error as follows:
Y ¥
<0 .
I f(x) dx_Q(U) for all . >0and
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I f(x) dx < Q (;) forail = 20
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f(x) = probabality density function of the residval airesaft psendo-range error and

o
1 Wi
Q) =ﬁj e Tdt,
3

168322

Use of GBAS integrily parameters. The aircraft element shall compute and apply
the vertical, lateral and horizontat protection levels described in 3.6.5.5 using the
GBAS broadeast oy gnéy OH, Do, Ovsct_jono gradions AND B parameters as well as the
Gpc_air parTaineter. 1f a B;; parameter is set to the bit pattern “1000 (000” indicaling
that the measurement is not avaitable, the aircraft element shail assume that Bjj
has a value of zero. For Category I precision approach and APV, the aircraft
element shall verify that the compuled vertical and lateral protection levels are
simaller than the corresponding vertical and lateral alert limits defined in 3.6.5.6.

36833 Use of satellite ephemeris data

368311

368332

10D check. The receiver shall onfy use satetlites for which the 10D broadcast by
GBAS in the Type [ or Type 101 message matches the core sateltite consieliation
10D for the clock and ephemeris data used by the receiver,

CRC check. The receiver shall compute the ephemeris CRC for each core salellite
consteilation’s ranging source used in the position solution. The computed CRC
shall be validated against the ephemeris CRC broadeast in the Type | o Type 101
messages within one second of receiving a new broadeast CRC. The receiver shall
immediately cease using any satellite for which the computed and broadcast CRC
values fail to match,

Note. - During initial aequisition of the VHF data broadeass, the receiver may
incorporate a satellite lnto the position solution before receiving the broadeast
ephemeris CRC for that satellite,



368333

1683331

Ephemeris crror position boutids

Ephemeris emor position bounds for Category 1 preeision approach and APV,
If the ground subsystem provides additional data block | in the Type 2
messages, the aiccraft 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 position solulion within 1s of receiving the necessmy
broadeast parameters. The aircraft element shall exclude from the position
solution satellites for which the computed vertical or lateral ephemeris crror
position bounds (VEB; or LEB;) are larger than the corresponding vertical aud
lateral alert kimits defined in 3,6.5.6.

Note. — During initial acquisiion of the VHF date broadeast, the receiver may
incorpovate a satellite into the position solution before receiving the necessary
broadeast parameters for thai satellite to compute the ephemeris ervor position
bounds.

3683332

Ephemeris error position bound for the GBAS positioning service. The
aircraft element shall compuie and apply the horizontal cphemeris eor
position bound (HEB;} defined in 3.6.582 for each core satellite
consteflation’s ranging source used in the position solution,

3.6.8.3.4 Message loss

3.6.83.4.1

368342

368343

1.68.3.44

For Category | precision approach, the receiver shall provide an appropriate alert
if no Type 1 or Type 101 message was received during the last 3.5 seconds,

Far APV, the receiver shall provide an appropriate alest if no Type 1 and no Type
10! message was received during the last 3.5 scconds.

For the GBAS positioning service using Type | messages, the receiver shall
provide an appropriate zlert if no Type | message was received during the fast 7.5
secondds.

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

346.8.3.5 Airbome pseudo-range measurements

3.6835,1

Carrier smeothing for airberne equipment. Airbome equipment shall wiilize the



standard 100-secand catrier smoothing of code phase measurements defined in
3.6.5.1. Buring the first 100 seconds after filter start-up, the value of o shall be
cither:

a} a constant cqual 1o the sample interval divided by 100 secands; or

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

3.7 Resistance to interference
3.7.1 Porformance Objectives

Note 1. — For inaugmented GPS and GLONASS receivers the resistance to interference
is meastired with respect to the following performance parameters:

GPS GLONASS
Tracking ervor (1 sigma)  0.36m f).8u

Note 2. — This tracking error neither includes coniributions due to signal
propagalion such as multipath, tropospheric and ienospheric effects nor epheineris
et GPS and GLONASS satellite clock errors.

Note 3. — For SBAS receivers, the resistance fo interference is measuved with
respect fo paraweters specified in 3.5.8.2.1 and 3.5.8.4.1,

Note 4. — For GBAS receivers, the resistance to fnferference -is measuied with
respect fo paramelers specified in 3.6.7.1.4 and 3.6.8.2.1,

Note 3. — The signal levels specifted in this section are defined at the antenna port,
Assunted maximinn aircraff ontenna gait in the lower hemisphere is — 10 dBie.

Note 6. — The performauce requivesients are fo be mei in the interference
environnents defined below. This defined interference enviramnent is refaved during
inftial acquisition of GNSS signals when the recefver cannot take advantage of a
steady-siate navigation solution lo atd signal acquisition.

372 Continuous Wave (CW) Interference

GPS and SBAS Receivers

37211  Afer steady-state navigation has been established, GPS and SBAS receivers shall
meet (he performance objectives with CW interfering signals present with a power
level at the antenna port equal to the interference thresholds specified in Table A-83



and shown in Figure B-15 and with a desired signal level of 164 dBW at the anteima
port.

37212 Duwring initial acquisition of the GPS and SBAS signals prior to sieady-state
navigation, GPS and SBAS receivers shall meet the performance objectives with
interference thresholds 6 dB less than those specified in Table A-83.

3722  GLONASS Receivers

317221 Afer steady-state navigation has been established, GLONASS receivers (except those
identified in 3.7.2.2.1.1) shall meet the performance objectives with CW interfering
signals present with a power level at the antenna port equal to the interference
thresholds speeified in Table A-84 and shown in Figure B-16 and with a desired
signal level -166.5 dBW af the antenna port.

Tahle A-83. CW interference thresholds for GPS and SBAS receivers
in steady-state navigation

Freguency range f; of the
interference signat Interference luesholds for receivers in steady-state navigation

fi<i315MHz 4.3 dBW
FIIS MUz <f< 1 500 MHz Liveary decteasing from —£.5 dBW to -33 dBW
£ 500 MHz < ;<1 525 MHz Linearly decreasiug from -38 dBW (o -42 dBW
1525 MHz <51 56542 MHz Lineatly decieasing from —42 dBW to —-150.5 dBW
1 56542 MEz < £, <1 585.42 MHz ~150.5 dBW
158542 MEz <£;< 1 610 Mz Lineatty increasing fiom —130.5 dBW to —60 (BW
1610 MHz < ;<1 618 MHz Linearly increasing from ~60 di1W fo—(2 d3W*
E 618 MHz <F <2 000 MHz Linearly increasing from —42 dBW to -8.5 dBW*
E 610 MHz < f; <1 626.5 Mz Linearly incrcasing from —60 dBW to 22 dBW**
F626.5 MHz < £ <2 000 MHz Linearly increasing from ~22 dBW to -8.3 dBW**
> 2 600 MHz -$.5d8W

* Applies to aiteralt instatbations whese Hrere are no on-board satellite commutications.
** Applies bo ziremll installzlions where Hiere is on-board salellitz contmunications.

372211  Afler sicady-state navigation has been established, GLONASS receivers used for
all phases of flight (excluding those used for the precision approach phase of
flight) and put inte eperation before 1 January 2017 shall meet the performance
objectives with CW interfering signals present with a power level at the antenna
port 3 di3 less than the interference thresholds specified in Table A-84 and shown
in Figure B-16 and with a desived signal level of —166.5 dBW at the antenna port.



Table A-84, CW intevference thresholds for GLONASS receivers in steady-state navigatlon

Frequency range f; of the
intetfrrente tignal

Laterference tireiholds for receivert in steady-1late pavigation

fi< 1315 MHz

I 35 MHz < f < 1 562,15625 hMHz

I 562.15625 MHz <1, | 383.65625 MHz
b 58365625 MHz < f < | 3829525 MHx
§ 5920525 MHz < §; < | 60536 MHz

1 609.36 MHz < f;< | 613.65625 MHz

1 61365625 MHz <[ < | 635.15625 MHz
1 613.65625 MHz < £ < 1 626,15625 h[Hz
163515625 MHz < ;<2 000 MHz

{ 626.15625% MHz < f< 2 000 MH>

-4.5 dBW

Linearly decrensivg frosn —1.5 dBW (0 -2 dBW
Liveaify decreasing from —42 ¢#BW Lo -§0 dBW
Lineatly decraasing lromn 50 4BW lo - 149 dBW
-149 dBW

Liuearly increasing from - 149 dBW o -20 dBW
Livem ly increasing from -80 dBW to- 42 dBW*
Lineprly increasing rom —36 4BW to -22 dBW**
Linearly incrzasing rons—42 JBW to 8.5 dBYW™
Lineardy incoensing liowe -22 dBW to.- 8.5 di\ve?

f;= 2000 hiHz -8.5 dBW

4 Applies 1o airerall Sastalfationy where there are ria on-boasd satellile conumuications.
% Applies (a sicerafl instatinions where there ds on-boanf saeellire joali

3.7.2.2.2 During initial acquisition of the GLONASS signals prior to steady-state navigation,
GLONASS receivers shall meet the performence objectives with interference
thresholds 6 dB less than those specified in Table A-84,

3,73  Band-Limited Noise-Like Intcrference

3731 GPS AND SBAS Receivers

3.7.3.1.1  After steady-siate navigation has been eslablished, GPS and SBAS receivers shall
meet the performance objectives with noise-like imterfering signals present {n the
frequency range of 1 575.42 MHz +Bwy/2 and with power levels at the antenna port
equal to the interference thresholds specified in Table A-B5 and shown in Figure B-17
and with the desired signal level of —164 dBW at the antenna port.

Nofe. — Bwy is the equivalent noise bandwidth of the interference signal,

3.73.1.2 During initial acquisition of the GPS and SBAS signals priot to steady-statc
navigation, GPS and SBAS reccivers shall meet the perfonmance objectives wilh
interference thresholds 6 dB less than thoss specified in Table A-85.

3,732  GLONASS Receivers

3.9.3.2.1 After steady-state navigation has been established, GLONASS receivers (except those
identified in 3.7.3.2.1.1) shall meet the petformance ohjectives while receiving noise-
like interfering signals in the frequency band fi +Bwi/2, with power levels at the
aittenna potrt equal to the interference thresholds specified in Table A-86 and shown



in Figure B-18 and with a desired signal level of —£66.5 dBW at the antenna port,

373.2.1.1  After steady-state navigation has been established, GLONASS receivers used for
all phases of flight {excluding those used for the precision approach phase of
flight) and put into operation before | January 2017 shall meel the performance
abjectives while receiving noise-like inferfering signals ir: the frequency band fi
+Bwif2, with power levels at the antenna port 3 di3 less than the interference
threshelds specified in Table A-86 and shown in Figure B-18 and with a desited
signal level of ~166.5 dBW at the antenna port,

Note— £ is the contre freqieency of a (iLONASS chcomel with fr = 1 602 MH + k= 036825 MHz and k=7 fo + 6 as
defined in Tuble B-16 aud Bw, s the eqhivalent nafse hondwidliy of the mteference signm,

3,7.3.2.2 During initial acquisition of the GLONASS signals prior fo steady-stale navigation,
GLONASS receivers shall meet the performance objectives with interference
thresholds 6 dB less than those specified in Table A-86.

3.7.3.3  Tulsed interfercnce. After steady-stale navigation has been established, the receiver
shall meet the performance objectives while receiving puised interference signals
with characteristics according o Table A-837 where the interference threshold is
defined at the antenna port.

3734 SBAS and GBAS receivers shall no¢ output misleading information in the presence of
interference including interference ievels above those specified in 3.7.

Note. — Guidance material on this reguivement is given in JCAQ Annex 10, Yol I,
Antackment C, 10.5.

3.8 GNSS aircraft satellite veceiver anfenna

3.8.1 Antenna coverage. The (INSS antenna shall meel the petformance requivements for
the reception of GNSS satellite signals from 0 to 360 degrees in azimmth and from 0 to
90 degrees in elevation refative to the horizontal plane of an aircraft ir fevel flight,

3.8.2 Antenna gain. The minimum antenna gain shall not be less than that shewn in Table
A-88 for the specified clevation angle above the horizon, The maximum antenna gain
shall not exceed +4 dBic for elevation angles above 5 degrees,

3.83 Polarization. The GNSS antenna polasization shail be right-hand cireular (clockwise
with respect to the direetion of propagation}.

3.83.1  The antcnna axial ratio shafl not exceed 3.0 dB as measured at boresight,



3.9  Cyclic redundancy cheek

Each CRC shall be calculated as the remainder, R(x), of the Modulo-2 division of
two binary polynomiais as follows:

Encli CRC shail be catentated as the resmainder, R(x), of (ha Modulo-2 division of iwo binavy polynominfs as foltows:

k,
[ix M(x}l] PR
nod 2

&) G(x)
where
¥ = the maber of bits in the particutar CRC,
M{x) = the information fiedd, which consisly of the dala items (o be pratected by the pasticular CRC represented as a

polynonsial;
G{x) = the generator polynomiak speeified for Ase particulnr CRC;
Qx) = (b quotient of the division, and
By = thie remainder of the division, coroins the CRC:

k
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Table A-85. Interference threshold for band-limited roise-like interference fo GPS and
SBAS receivers in steady-siate navigation

Diterfeyence bandwidil: Interference threshold for receivers in steady-stale uvigation
0 Hz <Bw; < 700 Hz —150.5 dBW
700 Hz < Bw; < 10kHz Lineatly increasing from ~150.5 to -143.5 JBW
10 kHz < Bw; < 100 kHz Linecarly increasing fiom —143.5 lo —140.5 dBW
100 kHz < Bw; <1 MHz —140.5 dBW
| Mz < Bw; €20 MHz Lineatly increasing from —140.5 to —127.5 dBW*
20 MHz < Bw; <30 MHz Linearly inceeasing from —127.5 to—121.1 dBW*
30 MHz < Bw; <40 MHz Linearly increasing fiom —121.1 to ~119.5 dBW*
40 MHz < Bw; ~-119.5 dBW*

® The interferzuce threshiold is not o exceed —140.5 ABW/AHz in (lie frequency range 1 575.42 £10 MHz.




Tahle A-B6. Interference threshold for band-limited noise-like interference to GLONASS
receivers in sterdy-state navigation

Tiderference bandwidth Tnterference fueshold
OHz<Bw, <1kHz ~14¢ dBW
1 kHz < Bw; < 10 kHz Linearly incieasing from - 149 to --143 dBW
10 kHe <Bw; < 0.5 MHz —143 dBW
0.3 MHz < Bw; <10 MH:z Lineatly ineteasing from - 143 to--130 dBW
10 MHz < Bw; -130 dABW

Table B-§7. Interierence thresholds for pulsed interference

GF3 st SBAS GLONASS
Frequency range for in-band and near-band 1 575.42 MiTz 1 20 MHlz 15920525 AHz 1o ¢ 509.36 MHz
Interference dureshold (Pulse peak power) for 20 dGBW —20dBW
iu-band and near-band interference
luterference dlweshold (Palse peak power} 0 dBW ¢ dBW
outside fhe in-band wad vear-band frequency
ranges {owt-of-band interference)
Pulse widih <125 pis <250 pis
Pulse duty cyele <1% £1%
Tuterference signal bandwidile for in-band and =1 MHz 2300 kHz

near-band intee ference

Note L— The mterference rignof It addifive white Qaision noise cenired oround the carver frequerncy and 1ith bandwideh cud prire
characta istics spoctfied in the table.
Note 2- - In bawd, neor-dand ond ont.of-bard bitcrferaice efers 1o the centre froquescy of the interforence siguad.

‘Table B-88. Minimum antenna galn — GI'S, GLONASS and SBAS

Elavation anple degraey limimnm gaian dBic
0 -7
5 ~-5.5
LG -4

15te 90 =25

Noie— The <5.5 dBic gatn o § degrees elevation angle #s appropriate for on L1 anfemnia. A higher gaiv may be
reguived i the futvre for GNSS signals in Hre LS/ES band.
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Figure B-2, Frame sivucture
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Figore B-£.  Time Lins velatienthip of HOW
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Flgure B-6, Data forimar (2 of 11)

* dr

DHAECTION OF DATA FLOW FROM 5V

MSB FIRET ——
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Figuee B-6. Data format (3 of 11)
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Mole —FPages 2. 3 4,8, 7, 8, 8 and 10 of sitiame 4 have the same formal as pages ¥ itwough 24 of subframe 5.



Figure B-6, BPrata format (4 of 11)
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Figure B-6.

150 BITS

Data format {3 of 11}

DIRECTECHT OF DATA FLOW FROM &V
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" RESERVED
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t = 2 NON-INFORMATION BEARING BITS USED FOR PAIITY COMPUTATION
G = TLM BVES 22 AHD 24 YAICH ARE RESERVED



Figure B-6, Data format (6 of 1])
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Figure B-6. Data forimnt (7 of 1)
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Figure B-5. Data forwat (8ol 11)
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Figure B-6, BPala format (ol 11)
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Flgure B-6. Patalormal (100f11)
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figure B-6, Dataformnt{110f11)
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Figure B-H. IGP wumnberiog couvention (three IGPs)
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SCHEMULE FGUR
(regulation 11)

Requirements of Flight Tuspection of Radio Navigation Aids

1.1 Pre- Flight inspectlon Preparations

1.t

An ANS provider shall notify the Regulator/Authority of the planned flight
inspection, detailing the scope of the flight inspection, Other relevant agencies
will also be notified of the planncd flight inspection,

An ANS provider shall issue a NO'TAM for the flight inspection,

Ground technician/engineers shall make preparations prior to a flight inspection to
ensure that the flight inspection is effectively conducted.

Grownd technician/engineers shall complete equipment adjustments and other
technical preparations for the air navigatian aid in question

The following are fhe points to be observed during pre-flight inspection
preparation;

a.

Ensute that the result of all possible ground calibration and checking of
equipment are correct;

Competent mainienance personnel are available to make corrcctions #nd
adjustments during flight inspection;

Availability of dedicaled transport for equipment and personnel is ensured
dwring the entire comse of flight check;

Hasure all special tools and instruinents are available at the site;
Availability of last [light inspection repoxt;

Any requirement of special investigation during flight inspection shall be
submitted in advance and followed up with Authority during flight inspection;

In case the facility is not expected to be ready as per the regular scheduied
inspection, the Authority must be infermed accordingly; and

NOTAM for withdrawal of facility during Flight Inspection shall be issued
without fail in coordination with local ATC.



1.2 Coordiuption during Elight Inspections

1.2.1

1.2.2

When equipment needs fo be adjusted while flight inspection is in progress, the
ground technical staff shall notify the flight inspecior and make lhe necessary
adjustment,

An ANS provider shall notify relevant agencies that the air navigation aid in
quesiion is undergoing # flight inspection.

1.3 Types of Flight Inspections

1.3.1 Flight inspeetions arc classified and shall be careied out as follows:

Bite Proving: Inspection to be carried owl to confirm that the location selected
for installation of a new radion navigation aid is appropriate, which include
checks to determine the effects of the environmerd on the performance of ihe
planned radio navigation aid,

Commissioning: An extensive flight inspection following ground proofiof:
performance inspection to establish the validily of the signals-in-space. The
resulis of this inspection should be correlated with the results of the ground
inspection, Topether they form the basis for cestification/aproval of the facility
by the Authorily.

Perledic: Flight inspections to confitm the validity of the signals-in-space on a
regular basis or afler major scheduled facility maintenance

Surveillance: surveillance inspection shalt be carried out to ensurc thal
Navigational sids facility is being maintained within tolerance limits in spite of
the inherent drift in the equipment. Swrveillance fuspections do not normally
involve major adjustments uniess the performance is observed to have drifted
cither close to, or beyond the applicable tolerance limits.

Speeial Inspections: Special flight inspection shall be made on special request
to confirm satistactery performance. It may follow a major maintenance on the
equipment especially the antenna system and the facility shail not he declared
operational without approval by the Authority. Special Flight Inspection may
also be carried out for investigalion purpose alter any incident or accident.

1.4 Ftight Inspection Uit

k4.1

Flight inspection of radio navigation aids shail be conducted by organizations or
units that have been certified and approved to carry out the activity,



1.5 Flight Inspection Aireraft
1.5.] This scction describes the concept for the special requircments of the aircraft,
flight inspection crew members and ground suppott equipment used for flight
Taspection,
1.5.2 Approptiately equipped aircraft shalt be used when required to undertake {light
inspection. The general characteristics of a flight inspection aircraft shall be as
follpws:

a. Aitcraft equipped with special instrument for flight check

b. Sufficient capacity for a flight inspection crew, ground maintenance and/or
installation persennel, and required electronic equipment.

¢. Sufficient range and endurance for a normal mission,
d. Acrodynamically stable throughout the specd range.
g, Low noise and vibration level

f  Adequate and stable clectrical system capable of operating required electronic
and recording equipment and other aircraft equipment,

g. Wide speed and altitude range to allow the conduct of flight inspections under
normal conditions as cncountered by the users.

h. Appropriate for modifications for flight inspection of new and improved
navigation services.

1.6 Flight Inspection Crew Members

The members of the flight inspection crew shall be experls in their individual fields,
have sound kuowledge and experience in flight inspection procedures and be capable of
working as a team.

1.7 Airborne and Ground Support Equipment

The scicction and ulilization of flight inspection cquipment used to determine the validity
of navigation information shall minimize the uncertainty of the measuremeni being
petformed. Aircraft and ground support flight inspection equipment shall be calibrated to
appropriate standards,



L8 Preparatlon of Flight Inspecfion Plan

18.1

1.82

i.8.3

ANS provider shall prepare and submit to the Authority an annual flight inspection
plan for the following year for all radio navigation aids to be flight inspected.

ANS provider shall send one copy of the [tight inspection records of the previous
year to the Auvthority,

When it is necessary to change the flight inspection daie, ANS provider shall notify
the Authority, of the changed flight inspection dale.

1.9 Priority of Flight Inspections

ANS provider shall conduet flight inspections according to the following priorities:

a.

=

Inspection requested from a concerned agency in telation fo an aircraft accident

Inspection to correct a malfunction of the radio navigation aid, inspection of a
reported malfunction, or malfurction inspection after repairs according to a plan

Periodic, Commissioning, inspection of instrument flight procedures, and site
approval.

1,13 Inspection after upgrading or modification of facility

Inspection shall be carried out when the conditiens below prevail;

a

b.

Upgrade/modification of feeders, anfennas, and other major components;
Change in location of antenna or upgrade/modification of VOR counter poise;
Modification or replacement of main conwonents of the fransmilter;

Change in operation frequency and/or 1D code;

Change in transmission outpul foliowing increase or dectease of a radio navigation
aid’s service ares;

Where there is coneern for signal interruption from construction of a building, a
power line, or other obstacles in the vicinity of an operaling a radio navigation aid;

Partial upgrade/madification or extension of any operating light system {approach
light, approach angle indicator light, renway indicator light); and



h, Other special tlight inspections deemed necessary.

1.11 Basic Schedule for Periodic Flight Inspection

1.11.1  This section prescribes the minimum frequency of periodic flight inspections. More
frequent inspections may be made when deenied necessary. Facilities subject to
flight inspections and freqguency of thejr inspections are as follows

DVO “Amnex 10 Vol.1 | 1yea
CVOR 8071 Vol, Amnex 10 Vol 1 1 year
IL3 8071 Vol. Annex 10 Vol. 1 6 Manths

Tanding DME | 8071 Vol. Annex 10 Vol. 1 | 6 Month

Envoutc DME | 8671 Vol. Annex 10 Vol. | 1 year

NDB 8071 Vol. Annex 10 Vol. 1 1 year where
operationally required

Nate: NDBs are not subjected to flight inspection except where operationally
required.

112 NOTIFICATION OF CHANGE OF STATUS

1.12.1 The ANS provider shall ensurc thai netification of a permanent change of the radio
navigation aids facility status arc done through the appropriate Aeronautical Information
Publication (AIP);

1.12.2 The ANS provider shall ensure that notificalion of temporary changes in the status of
facilities are promptly and clliciently advertised.

1.12.3 The ANS provider shall ensure that changes in the status of a commissioned facility as a
direct result of ground or flight inspection procedures, and resulting i a change of
operational status (“unrestricled/restricted/unusable”) or “unusable” designation, is
advertised inumediately by air traffic control (ATC) persomnel, and promptly by 2
Notice to Ainnen (NOTAM).



a.  Usable: is a status assighed lo radio navigation aids that are deemed to be
operational in a flight inspection and shall be assipned one of the following
operalional status:

iy Unvestrieted: Assipned in cases where signals-in-space can be generated within
the radic navigation aid’s coverage area to maintain safely and coninuity of the air
navigation aid and precise signals can be sent.

iy Limited or Restricted: Assigned in cases where there are spiaces thal cannot send
norital signals in all or some sections within the coverage area of the radio
navigation aid. In such cases, Imitedfrestricted use of radio navigation aid can be
assigned in seciions where ihere are no impediments in use of the radio navigation
ald in question by an aircrafl. However, limited/restricted stalus shall nol be
assigned when judped that it is difficelly to secure safety and continuity of the
radio navigation aid.

b.  Unusable: Assigned in cases where if is judged that the radic navigation aid
cannot be used due to difficuity in securing safety and continuity of the air
ravigation aid within its operational range or in cases where there are airspaces
wherein flight inspections caunot be conducled because of signal failure,
designation as a no fly zone, or airspace use is restricted for other reasons.

1.12.4 The ANS provider shall ensure thot » facility baving an “unvsable” status is removed from
service and can eperate only for test or troubleshooling purposes.

1.12.5 The ANS provider shall ensure that # particular afiention is given to periodic or corrective
maintenance procedures that involve faise guidance signals being temporarily radiated.
The unit responsible shall ensore that these conditions are coordinated with ATC and
promuigated to users by NOTAM, before the procedures commence.

1.13  Tn-Flight Inspection

1.13.1 During the inspection, flight inspecior shall advise Engineer on ground of observed
conditions which require adjustment of ground equipment, Request for adjustrent
shall be specific and readily wnderstandable. Norntally the flight inspector is not
expected to diagrose the Tault but shall furnish sufficient informaiion to enable the
maintenance team to make the corrective adjustment when the aircraft is airbome
and vecord the adjusiments done for post analysis. Relevant measurements on
ground for establishing a meaningful correlation with the flight check results aftey
each run shall be taken.

114  Post-Flight Inspection Measures
[,14.1 The flight inspector shall determine the operational status of the air navigation aids

in question after completing the flight inspection and notify the ground technical
staff whether ot not the radio navigation aid passed ot faited the flight inspection,



1.14.2 Flight inspection unit shall prepate a report of flight inspection results within 14
days after completion of the flight inspectior and notify the ANS provider. An
immediate rcport shal! be made to the Authority of any radio navigation aid that
fails flight inspection.

[.14.3

ANS provider shall keep commissioning data recards of the air navigation aid in

question until its permanent disuse and shail keep records of scheduled inspections
and ather {tight inspections for at least 3 yeaxs,

1.15 Post-Elight Inspection

1.15.1 ANS provider engineer shalt complete the following actions:

a.

b.

€.

Take action as per the advice of Flight Inspeclor;

Take relevant measurements on ground for establishing a meaningtul
correfation with the flight check results;

Implement the sugpesiions in the final report; and

Infor the Autherity and alt concerned regarding any major change in the
facility performance thiough NOTAM.

Submit Flight Inspection Repott to the Anthority

1,16 Expiration of nominal intervals

1.16.1

1.16.2

To account for operational restrictions, the Autharity shall pennit the completion of a

recurrent test/inspection within a ecettain time window following the nominal

recommended interval. This extension is not to be intended as a meavs to

systematically exiend the test/inspection interval.

If & test/inspection is not conducted prior to the expiration of the appropriate tine

window, the following actions shall be considered:

)

9)

8)

extension of the expiration afier engineering evalualion andfor ground
maintenance reinforcement;

degrading of the category of ILS (Category IIT down to Catepory 1) in cases
where intervals vary according to the category of ILS; and

temporarily removing the radio navigation aid from service,



MADIL this 13th day of June, 2022,

ERIC MOTHIBI MOLALE,
Minister of Transport and Public Works.



