COVER SHEET TO AMENDMENT 87

INTERNATIONAL STANDARDS
AND RECOMMENDED PRACTICES

AERONAUTICAL
TELECOMMUNICATIONS

ANNEX 10
TO THE CONVENTION ON INTERNATIONAL CIVIL AVIATION

VOLUME I

RADIO NAVIGATION AIDS

SIXTH EDITION — JULY 2006

INTERNATIONAL CIVIL AVIATION ORGANIZATION



Checklist of Amendments to Annex 10, Volume |

Effective date

Date of
applicability

Sixth Edition
(incorporates Amendments 1 to 81)

Amendment 82
(adopted by the Council on 26 February 2007)

Amendment 83
(adopted by the Council on 10 March 2008)

Amendment 84
(adopted by the Council on 6 March 2009)

Amendment 85
(adopted by the Council on 26 February 2010)

Amendment 86
(adopted by the Council on 4 March 2011)
Replacement pages (iii), (iv), (xix), 3-67, APP B-76, APP B-82,
APP B-83, APP B-86 to APP B-148, ATT C-2, ATT D-3, ATT D-5,
ATT D-17 to ATT D-65

Amendment 87
(adopted by the Council on 7 March 2012)
Replacement pages (xix), 3-66, 3-67, APP B-39, APP B-91,
APP B-124, APP B-126, APP B-127, ATT D-12, ATT D-14 to
ATT D-16, ATT D-43, ATT D-44, ATT D-58

17 July 2006

16 July 2007

20 July 2008

20 July 2009

12 July 2010

18 July 2011

16 July 2012

23 November 2006

22 November 2007

20 November 2008

19 November 2009

18 November 2010

17 November 2011

15 November 2012




Transmittal note

Amendment 87
to the

International Standards and
Recommended Practices

AERONAUTICAL TELECOMMUNICATIONS
(Annex 10, Volume 1, to the Convention on International Civil Aviation)
Insert the following replacement pages in Annex 10, Volume | (Sixth Edition) to incorporate Amendment 87
which becomes applicable on 15 November 2012:
a) Page (xix) — Foreword
b) Pages 3-66 and 3-67 — Chapter 3

c) Pages APP B-39, APP B-91, APP B-124,
APP B-126 and APP B-127 — Appendix B to Chapter 3

d) Pages ATT D-12, ATT D-14 to ATT D-16
ATT D-43, ATT D-44 and ATT D-58 — Attachment D

Record the entry of this amendment on page (ii).

16/7/12






Foreword

Annex 10 — Aeronautical Communications

Adopted
Effective
Amendment Source(s) Subject(s) Applicable
85 Navigation Systems Panel a) improvement of the instrument landing system (ILS) localizer signal 26 February 2010
(NSP) quality at aerodromes where building or terrain reflections cause 12 July 2010
interference of the reflected signal with the desired signal; 18 November 2010
b)  extension of global navigation satellite system (GNSS) Category |
approach operations; and
¢) evolution of the GLObal NAvigation Satellite System (GLONASS).
86 Navigation Systems Panel Changes reflecting experience gained with initial implementation of the 4 March 2011
(NSP) global navigation satellite system (GNSS) ground-based augmentation 18 July 2011
system (GBAS). 17 November 2011
87 Navigation Systems Panel (NSP) a)  changes to satellite-based augmentation system (SBAS) received 7 March 2012
signal power requirements; 16 July 2012
b) introduction of two new SBAS service provider identifiers; 15 November 2012
¢) changes to the encoding of the runway number field in the final
approach segment (FAS) data block; and
d) changes to GNSS antenna gain requirements.

* Did not affect any Standards or Recommended Practices.
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Chapter 3 Annex 10 — Aeronautical Communications

Note.— SBAS complements the core satellite constellation(s) by increasing accuracy, integrity, continuity and
availability of navigation provided within a service area, typically including multiple aerodromes.

3.7.3.4.2 Functions. SBAS shall perform one or more of the following functions:

a) ranging: provide an additional pseudo-range signal with an accuracy indicator from an SBAS satellite (3.7.3.4.2.1
and Appendix B, 3.5.7.2);

b) GNSS satellite status: determine and transmit the GNSS satellite health status (Appendix B, 3.5.7.3);

c) basic differential correction: provide GNSS satellite ephemeris and clock corrections (fast and long-term) to be
applied to the pseudo-range measurements from satellites (Appendix B, 3.5.7.4); and

d) precise differential correction: determine and transmit the ionospheric corrections (Appendix B, 3.5.7.5).

Note.— If all the functions are provided, SBAS in combination with core satellite constellation(s) can support departure,
en-route, terminal and approach operations including Category | precision approach. The level of performance that can be
achieved depends upon the infrastructure incorporated into SBAS and the ionospheric conditions in the geographic area of
interest.

3.7.3.4.2.1 Ranging

3.7.3.4.2.1.1 Excluding atmospheric effects, the range error for the ranging signal from SBAS satellites shall not
exceed 25 m (82 ft) (95 per cent).

3.7.3.4.2.1.2 The probability that the range error exceeds 150 m (490 ft) in any hour shall not exceed 10™.

3.7.3.4.2.1.3 The probability of unscheduled outages of the ranging function from an SBAS satellite in any hour shall
not exceed 107,

3.7.3.4.2.1.4 The range rate error shall not exceed 2 m (6.6 ft) per second.
3.7.3.4.2.1.5 The range acceleration error shall not exceed 0.019 m (0.06 ft) per second-squared.

3.7.3.4.3 Service area. The SBAS service area shall be a defined area within an SBAS coverage area where SBAS
meets the requirements of 3.7.2.4 and supports the corresponding approved operations.

Note 1.— The coverage area is that area within which the SBAS broadcast can be received (e.g. the geostationary
satellite footprints).

Note 2.— SBAS coverage and service areas are discussed in Attachment D, 6.2.

3.7.3.4.4 RF characteristics
Note.— Detailed RF characteristics are specified in Appendix B, 3.5.2.
3.7.3.4.4.1 Carrier frequency. The carrier frequency shall be 1 575.42 MHz.

Note.— After 2005, when the upper GLONASS frequencies are vacated, another type of SBAS may be introduced using
some of these frequencies.
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3.7.3.4.4.2 Signal spectrum. At least 95 per cent of the broadcast power shall be contained within a +12 MHz band
centred on the L1 frequency. The bandwidth of the signal transmitted by an SBAS satellite shall be at least 2.2 MHz.

3.7.3.4.4.3 Signal power level

3.7.3.4.4.3.1 Each SBAS satellite shall broadcast navigation signals with sufficient power such that, at all unobstructed
locations near the ground from which the satellite is observed at an elevation angle of 5 degrees or higher, the level of the
received RF signal at the output of a 3 dBi linearly polarized antenna is within the range of -161 dBW to —153 dBW for all
antenna orientations orthogonal to the direction of propagation.

3.7.3.4.4.3.2 Each SBAS satellite placed in orbit after 31 December 2013 shall broadcast navigation signals with
sufficient power such that, at all unobstructed locations near the ground from which the satellite is observed at or above the
minimum elevation angle for which a trackable GEO signal needs to be provided, the level of the received RF signal at the
output of the antenna specified in Appendix B, Table B-87, is at least —-164.0 dBW.

3.7.3.4.4.3.2.1 Minimum elevation angle. The minimum elevation angle used to determine GEO coverage shall not be
less than 5 degrees for a user near the ground.

3.7.3.4.4.3.2.2 The level of a received SBAS RF signal at the output of a 0 dBic antenna located near the ground shall
not exceed —152.5 dBW.

3.7.3.4.4.4 Polarization. The broadcast signal shall be right-hand circularly polarized.

3.7.3.4.4.5 Modulation. The transmitted sequence shall be the Modulo-2 addition of the navigation message at a rate of
500 symbols per second and the 1 023 bit pseudo-random noise code. It shall then be BPSK-modulated onto the carrier at a
rate of 1.023 megachips per second.

3.7.3.45 SBAS network time (SNT). The difference between SNT and GPS time shall not exceed 50 nanoseconds.

3.7.3.4.6 Navigation information. The navigation data transmitted by the satellites shall include the necessary
information to determine:

a) SBAS satellite time of transmission;

b) SBAS satellite position;

c) corrected satellite time for all satellites;

d) corrected satellite position for all satellites;
e) ionospheric propagation delay effects;

f)  user position integrity;

g) time transfer to UTC; and

h) service level status.

Note.— Structure and contents of data are specified in Appendix B, 3.5.3 and 3.5.4, respectively.

3.7.3.5 Ground-based augmentation system (GBAS) and ground-based regional augmentation system (GRAS)
Note 1.— Except where specifically annotated, GBAS Standards and Recommended Practices apply to GBAS and GRAS.

Note 2.— Except where specifically annotated, reference to approach with vertical guidance (APV) means APV-1 and
APV-IL.
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Chapter 3 Annex 10 — Aeronautical Communications

3.7.3.5.1 Performance. GBAS combined with one or more of the other GNSS elements and a fault-free GNSS receiver
shall meet the requirements for system accuracy, continuity, availability and integrity for the intended operation as stated
in 3.7.2.4.

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

3.7.3.5.2 Functions. GBAS shall perform the following functions:

a) provide locally relevant pseudo-range corrections;

b) provide GBAS-related data;

c) provide final approach segment data when supporting precision approach;
d) provide predicted ranging source availability data; and

e) provide integrity monitoring for GNSS ranging sources.

3.7.3.5.3 Coverage

3.7.3.5.3.1 Category | precision approach and approach with vertical guidance. The GBAS coverage to support each
Category | precision approach or approach with vertical guidance shall be as follows, except where topographical features
dictate and operational requirements permit:

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

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

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

3.7.3.5.3.1.1 Recommendation.— For Category | precision approach, the data broadcast as specified in 3.7.3.5.4
should extend down to 3.7 m (12 ft) above the runway surface.

3.7.3.5.3.1.2 Recommendation.— The data broadcast should be omnidirectional when required to support the
intended applications.

Note.— Guidance material concerning coverage for Category | precision approach and APV is provided in
Attachment D, 7.3.

3.7.3.5.3.2 GBAS positioning service. The GBAS positioning service area shall be that area where the data broadcast
can be received and the positioning service meets the requirements of 3.7.2.4 and supports the corresponding approved
operations.

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

3.7.3.5.4 Data broadcast characteristics

Note.— RF characteristics are specified in Appendix B, 3.6.2.
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3.7.3.5.4.1 Carrier frequency. The data broadcast radio frequencies used shall be selected from the radio frequencies in
the band 108 to 117.975 MHz. The lowest assignable frequency shall be 108.025 MHz and the highest assignable frequency
shall be 117.950 MHz. The separation between assignable frequencies (channel spacing) shall be 25 kHz.

Note 1.— Guidance material on VOR/GBAS frequency assignments and geographical separation criteria is given in
Attachment D, 7.2.1.

Note 2.— ILS/GBAS geographical separation criteria and geographical separation criteria for GBAS and VHF
communication services operating in the 118 — 137 MHz band are under development. Until these criteria are defined and
included in SARPs, it is intended that frequencies in the band 112.050 — 117.900 MHz will be used.

3.7.35.4.2 Access technique. A time division multiple access (TDMA) technique shall be used with a fixed frame
structure. The data broadcast shall be assigned one to eight slots.

Note.— Two slots is the nominal assignment. Some GBAS facilities that use multiple VHF data broadcast (VDB)
transmit antennas to improve VDB coverage may require assignment of more than two time slots. Guidance on the use of
multiple antennas is given in Attachment D, 7.12.4; some GBAS broadcast stations in a GRAS may use one time slot.

3.7.3.5.4.3 Modulation. GBAS data shall be transmitted as 3-bit symbols, modulating the data broadcast carrier by
D8PSK, at a rate of 10 500 symbols per second.

3.7.3.5.4.4 Data broadcast RF field strength and polarization

Note.— GBAS can provide a VHF data broadcast with either horizontal (GBAS/H) or elliptical (GBAS/E) polarization that
employs both horizontal polarization (HPOL) and vertical polarization (VPOL) components. Aircraft using a VPOL component
will not be able to conduct operations with GBAS/H equipment. Relevant guidance material is provided in Attachment D, 7.1.

3.7.35.4.4.1 GBAS/H

3.7.3.5.4.4.1.1 A horizontally polarized signal shall be broadcast.

3.7.3.5.4.4.1.2 The effective radiated power (ERP) shall provide for a horizontally polarized signal with a
minimum field strength of 215 microvolts per metre (-99 dBW/m?) and a maximum field strength of 0.350 volts per
metre (—35 dBW/m?) within the GBAS coverage volume. The field strength shall be measured as an average over the
period of the synchronization and ambiguity resolution field of the burst. The RF phase offset between the HPOL and
any VPOL components shall be such that the minimum signal power defined in Appendix B, 3.6.8.2.2.3 is achieved for
HPOL users throughout the coverage volume.

3.7.35.442 GBAS/E
3.7.3.5.4.4.2.1 Recommendation.— An elliptically polarized signal should be broadcast whenever practical.

3.7.3.5.4.4.2.2 When an elliptically polarized signal is broadcast, the horizontally polarized component shall meet
the requirements in 3.7.3.5.4.4.1.2, and the effective radiated power (ERP) shall provide for a vertically polarized signal
with a minimum field strength of 136 microvolts per metre (-103 dBW/m?) and a maximum field strength of 0.221 volts
per metre (-39 dBW/m?) within the GBAS coverage volume. The field strength shall be measured as an average over the
period of the synchronization and ambiguity resolution field of the burst. The RF phase offset between the HPOL and
VPOL components, shall be such that the minimum signal power defined in Appendix B, 3.6.8.2.2.3 is achieved for
HPOL and VPOL users throughout the coverage volume.

Note.— The minimum and maximum field strengths in 3.7.3.5.4.4.1.2 and 3.7.3.5.4.4.2.2 are consistent with a minimum
receiver sensitivity of —87 dBm and minimum distance of 200 m (660 ft) from the transmitter antenna for a coverage range of
43 km (23 NM).
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Note 1.— For GPS, the 10D; matches the IODE and 8 LSBs of the IODC (3.1.1.3.1.4 and 3.1.1.3.2.2).

Note 2.— For GLONASS, the 10D; indicates a period of time that GLONASS data are to be used with SBAS data. It

consists of two fields as shown in Table B-28.

dx;: for satellite i, the ephemeris correction for the x axis.
dyi: for satellite i, the ephemeris correction for the y axis.
dz;: for satellite i, the ephemeris correction for the z axis.
daro: for satellite i, the ephemeris time correction.

8x;: for satellite i, ephemeris velocity correction for x axis.
dy;: for satellite i, ephemeris velocity correction for y axis.
6z;: for satellite i, ephemeris velocity correction for z axis.

da g for satellite i, rate of change of the ephemeris time correction.

tiLr: the time of applicability of the parameters 6x;, 8y, 6z;, 8a;, 6%, 8¥;, 62; and da; 1, expressed in seconds after midnight

of the current day.
Velocity code: an indicator of the message format broadcast (Table B-48 and Table B-49).

Coding: 0
1

8%, 8y,, 6z, and da; ; are not broadcast.
8%,, 8y, 6z, and 8a;; are broadcast.

Note.— All parameters are broadcast in Type 24 and 25 messages.

Table B-27. SBAS service provider identifiers

Identifier Service provider

0 WAAS

1 EGNOS

2 MSAS

3 GAGAN

4 SDCM
5t0 13 Spare
14,15 Reserved

Table B-28. 10D; for GLONASS satellites

MSB LSB

Validity interval (5 bits) Latency time (3 bits)

APP B-39
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3.5.4.4.2 Fast correction parameters shall be as follows:

Fast correction (FC)): for satellite i, the pseudo-range correction for rapidly varying errors, other than tropospheric or
ionospheric errors, to be added to the pseudo-range after application of the long-term correction.

Note.— The user receiver applies separate tropospheric corrections (3.5.8.4.2 and 3.5.8.4.3).

Fast correction type identifier: an indicator (0, 1, 2, 3) of whether the Type 24 message contains the fast correction and
integrity data associated with the PRN mask numbers from Type 2, Type 3, Type 4 or Type 5 messages, respectively.

Issue of data-fast correction (IODF;): an indicator that associates UDREI;s with fast corrections. The index j shall denote the
message type (j = 2 to 5) to which IODF; applies (the fast correction type identifier +2).

Note.— The fast correction type identifier is broadcast in Type 24 messages. The FC; are broadcast in Type 2 to 5, and
Type 24 messages. The IODF; are broadcast in Type 2 to 6, and Type 24 messages.

3.5.4.5 Fast and long-term correction integrity parameters. Fast and long-term correction integrity parameters shall be
as follows:

UDREI;: an indicator that defines the ozi,UDRE for satellite i as described in Table B-29.

Model variance of residual clock and ephemeris errors (czi,UDRE): the variance of a normal distribution associated with the
user differential range errors for satellite i after application of fast and long-term corrections, excluding atmospheric
effects and used in horizontal protection level/vertical protection level computations (3.5.5.6).

Note.— All parameters are broadcast in Type 2 to 6, and Type 24 messages.
3.5.4.6 lonospheric correction parameters. lonospheric correction parameters shall be as follows:
IGP mask: a set of 11 ionospheric grid point (IGP) band masks defined in Table B-30.

IGP band mask: a set of IGP mask values which correspond to all IGP locations in one of the 11 IGP bands defined in
Table B-30.

Table B-29. Evaluation of UDREI;

UDRE]; 0% uore

0 0.0520 m?

1 0.0924 m?

2 0.1444 m?

3 0.2830 m?
4 0.4678 m?
5 0.8315 m?
6 1.2992 m?
7 1.8709 m?
8 2.5465 m?
9 3.3260 m?
10 5.1968 m?
11 20.7870 m?
12 230.9661 m?
13 2 078.695 m?
14 “Not Monitored”
15 “Do Not Use”
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Table B-66. Final approach segment (FAS) data block

Data content Bits used Range of values Resolution
Operation type 4 0to 15 1
SBAS provider ID 4 0to 15 1
Airport ID 32 — —
Runway number 6 1t0 36 1
Runway letter 2 — —
Approach performance designator 3 Oto7 1
Route indicator 5 — —
Reference path data selector 8 0to 48 1
Reference path identifier 32 — —
LTP/FTP latitude 32 +90.0° 0.0005 arcsec
LTP/FTP longitude 32 +180.0° 0.0005 arcsec
LTP/FTP height 16 -512.0t0 6 041.5m 0.1m
AFPARP latitude 24 +1.0° 0.0005 arcsec
AFPAP longitude 24 +1.0° 0.0005 arcsec
Approach TCH (Note) 15 0to1638.35mor 0.05 m or
0to 3276.7 ft 0.1ft
Approach TCH units selector 1 — —
GPA 16 0to 90.0° 0.01°
Course width 8 80to 143.75 m 0.25m
ALength offset 8 0to2032m 8m
Final approach segment CRC 32 — —

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

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 IA-5 representation. For each character, b;is transmitted first,
and 2 zero bits are appended after bg, so that 8 bits are transmitted for each character. Only upper case letters,
numeric digits and 1A-5 “space” are used. The rightmost character is transmitted first. For a three-character airport
ID, the rightmost (first transmitted) character shall be 1A-5 “space”.

Runway number: the approach runway number.

Coding: 1to 36 =runway number

Note.— For heliport and point-in-space operations, the runway number 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 runways.

Coding: 0 =no letter

1 =R (right)
2 = C (centre)
3=L (left)

Approach performance designator: the general information about the approach design.
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Coding: 0 = APV
1 = Category |
2 = reserved for Category Il
3 =reserved for Category Il
4to7 =spare

Note.— Some airborne equipment designed for Category | performance is insensitive to the value of the APD. It is
intended that airborne equipment designed for Category | performance accepts APD values of at least 1-4 as valid to
accommodate future extensions to higher performance types using the same FAS data block.

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

Coding: The letter is coded using bits b; through bs of its 1A-5 representation. Bit by is transmitted first. Only upper case
letters, excluding “I” and “O”, or 1A-5 “space” are used.

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

Note.— The RPDS for a given FAS data block is different from every other RPDS and every reference station data
selector (RSDS) broadcast on the same frequency by every GBAS within the broadcast region.

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

Coding: Each character is coded using bits b, through bg of its IA-5 representation. For each character, b is transmitted first,
and 2 zero bits are appended after bg so that 8 bits are transmitted for each character. Only upper case letters,
numeric digits and 1A-5 “space” are used. The rightmost character is transmitted first. For a three-character
reference path identifier, the rightmost (first transmitted) character shall be 1A-5 “space”.

Note.— The LTP/FTP is a point over which the FAS path passes at a relative height specified by the TCH. LTP is
normally located at the intersection of the runway centreline and the threshold.

LTP/FTP latitude: the latitude of the LTP/FTP point in arc seconds.

Coding: Positive value denotes north latitude.
Negative value denotes south latitude.

LTP/FTP longitude: the longitude of the LTP/FTP point in arc seconds.

Coding: Positive value denotes east longitude.
Negative value denotes west longitude.

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

Coding: This field is coded as an unsigned fixed-point number with an offset of -512 metres. A value of zero in this field
places the LTP/FTP 512 metres below the earth ellipsoid.

Note.— The FPAP is a point at the same height as the LTP/FTP that is used to define the alignment of the approach. The
origin of angular deviations in the lateral direction is defined to be 305 metres (1 000 ft) beyond the FPAP along the lateral
FAS path. For an approach aligned with the runway, the FPAP is at or beyond the stop end of the runway.

AFPAP latitude: the difference of latitude of the runway FPAP from the LTP/FTP in arc seconds.

Coding: Positive value denotes the FPAP latitude north of LTP/FTP latitude.
Negative value denotes the FPAP latitude south of the LTP/FTP latitude.
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3.6.8.3.3.3.2 Ephemeris error position bound for the GBAS positioning service. The aircraft element shall compute and
apply the horizontal ephemeris error position bound (HEB)) defined in 3.6.5.8.2 for each core satellite constellation’s ranging
source used in the position solution.

3.6.8.3.4 Message loss

3.6.8.3.4.1 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.

3.6.8.3.4.2 For APV, the receiver shall provide an appropriate alert if no Type 1 and no Type 101 message was
received during the last 3.5 seconds.

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

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

3.6.8.3.5 Airborne pseudo-range measurements

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

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

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

3.7 Resistance to interference

3.7.1 PERFORMANCE OBJECTIVES

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

GPS GLONASS

Tracking error (1 sigma) 0.4m 0.8m

Note 2.— This tracking error neither includes contributions due to signal propagation such as multipath, tropospheric
and ionospheric effects nor ephemeris and GPS and GLONASS satellite clock errors.

Note 3.— For SBAS receivers, the resistance to interference is measured with respect to parameters specified in
3.5.8.2.1and 3.5.8.4.1.

Note 4.— For GBAS receivers, the resistance to interference is measured with respect to parameters specified in
3.6.7.1.1and 3.6.8.2.1.
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Note 5.— The signal levels specified in this section are defined at the antenna port. Assumed maximum aircraft antenna
gain in the lower hemisphere is —10 dBic.

Note 6.— The performance requirements are to be met in the interference environments defined below for various
phases of flight.

3.7.2 CONTINUOUS WAVE (CW) INTERFERENCE
3.7.2.1 GPS AND SBAS RECEIVERS

3.7.2.1.1 GPS and SBAS receivers used for the precision approach phase of flight or used on aircraft with on-board
satellite communications shall meet the performance objectives with CW interfering signals present with a power level at the
antenna port equal to the interference thresholds specified in Table B-83 and shown in Figure B-15 and with a desired signal
level of —164.5 dBW at the antenna port.

3.7.2.1.2 GPS and SBAS receivers used for non-precision approach shall meet the performance objectives with
interference thresholds 3 dB less than specified in Table B-83. For terminal area and en-route steady-state navigation
operations and for initial acquisition of the GPS and SBAS signals prior to steady-state navigation, the interference thresholds
shall be 6 dB less than those specified in Table B-83.

Table B-83. CW interference thresholds for GPS and SBAS receivers

Frequency range f; of the Interference thresholds for receivers used for
interference signal precision approach phase of flight

fi<1315 MHz -4.5 dBW
1315 MHz < f; <1525 MHz Linearly decreasing from —4.5 dBW to -42 dBW
1525 MHz < f; <1 565.42 MHz Linearly decreasing from —42 dBW to —150.5 dBW
1565.42 MHz < f; <1 585.42 MHz -150.5 dBW
1585.42 MHz < ;<1610 MHz Linearly increasing from —-150.5 dBW to —-60 dBW
1610 MHz < ;<1618 MHz Linearly increasing from —60 dBW to —42 dBW*
1618 MHz < f; <2 000 MHz Linearly increasing from —42 dBW to —-8.5 dBW*
1610 MHz < ;<1 626.5 MHz Linearly increasing from —60 dBW to —22 dBW**
1626.5 MHz < f;< 2 000 MHz Linearly increasing from —22 dBW to —-8.5 dBW**
fi>2 000 MHz -8.5dBW

* Applies to aircraft installations where there are no on-board satellite communications.
** Applies to aircraft installations where there is on-board satellite communications.

3.7.2.2 GLONASS RECEIVERS

3.7.2.2.1 GLONASS receivers used for the precision approach phase of flight or used on aircraft with on-board satellite
communications shall meet the performance objectives with CW interfering signals present with a power level at the antenna
port equal to the interference thresholds specified in Table B-84 and shown in Figure B-16 and with a desired signal level of
-165.5 dBW at the antenna port.
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Table B-84. Interference threshold for GLONASS receivers

Frequency range f; of the
interference signal

Interference thresholds for receivers used for
precision approach phase of flight

fi<1315 MHz

1315 MHz < f; <1 562.15625 MHz
1562.15625 MHz < f; < 1 583.65625 MHz
1 583.65625 MHz < f; <1 592.9525 MHz
1592.9525 MHz < f; <1 609.36 MHz
1609.36 MHz < f; < 1 613.65625 MHz
1613.65625 MHz < f; <1 635.15625 MHz
1613.65625 MHz < f; <1 626.15625 MHz
1 635.15625 MHz < f; <2 000 MHz

—-4.5 dBW

Linearly decreasing from —4.5 dBW to —-42 dBW
Linearly decreasing from —42 dBW to -80 dBW
Linearly decreasing from —80 dBW to —149 dBW
-149 dBW

Linearly increasing from —149 dBW to —-80 dBW
Linearly increasing from —80 dBW to —42 dBW*
Linearly increasing from —80 dBW to —22 dBW**
Linearly increasing from —42 dBW to —-8.5 dBW*

1626.15625 MHz < f; < 2 000 MHz Linearly increasing from —22 dBW to —8.5 dBW**
fi>2 000 MHz -8.5dBW

* Applies to aircraft installations where there are no on-board satellite communications.
** Applies to aircraft installations where there is on-board satellite communications.

3.7.2.2.2 GLONASS receivers used for non-precision approach shall meet the performance objectives with interference
thresholds 3 dB less than specified in Table B-84. For terminal area and en-route steady-state navigation operations and for
initial acquisition of the GLONASS signals prior to steady-state navigation, the interference thresholds shall be 6 dB less
than those specified in Table B-84.

3.7.3 BAND-LIMITED NOISE-LIKE INTERFERENCE
3.7.3.1 GPS AND SBAS RECEIVERS

3.7.3.1.1 After steady-state navigation has been established, GPS and SBAS receivers used for the precision approach
phase of flight or used on aircraft with on-board satellite communications shall meet the performance objectives with noise-
like interfering signals present in the frequency range of 1 575.42 MHz +Bw;/2 and with power levels at the antenna port
equal to the interference thresholds specified in Table B-85 and Figure B-17 and with the desired signal level of —164.5 dBW
at the antenna port.

Note.— Bw; is the equivalent noise bandwidth of the interference signal.

3.7.3.1.2 GPS and SBAS receivers used for non-precision approach shall meet their performance objectives with
interference thresholds for band-limited noise-like signals 3 dB less than specified in Table B-85. For terminal area and en-route
steady-state navigation operations and for initial acquisition of the GPS and SBAS signals prior to steady-state navigation, the
interference thresholds for band-limited noise-like signals shall be 6 dB less than those specified in Table B-85.

3.7.3.2 GLONASS RECEIVERS

3.7.3.2.1 After steady-state navigation has been established, GLONASS receivers used for the precision approach
phase of flight or used on aircraft with on-board satellite communications shall meet the performance objectives while
receiving noise-like interfering signals in the frequency band f, +Bw;/2, with power levels at the antenna port equal to the
interference thresholds defined in Table B-86 and with a desired signal level of —165.5 dBW at the antenna port.
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Note.— fy is the centre frequency of a GLONASS channel with f, = 1 602 MHz + k x 0.6525 MHz and k = -7 to +13 as
defined in Table B-16 and Bw; is the equivalent noise bandwidth of the interference signal.

3.7.3.2.2 GLONASS receivers used for non-precision approach shall meet their performance objectives with
interference thresholds for band-limited noise-like signals 3 dB less than specified in Table B-85. For terminal area and en-
route steady-state navigation operations, and for initial acquisition of the GLONASS signals prior to steady-state navigation,
the interference thresholds for band-limited noise-like signals shall be 6 dB less than those specified in Table B-86.

Note.— For the approach phase of flight it is assumed that the receiver operates in tracking mode and acquires no new
satellites.

3.7.3.3 Pulsed interference. After steady-state navigation has been established, the receiver shall meet the performance
objectives while receiving pulsed interference signals with characteristics according to Table B-87 where the interference
threshold is defined at the antenna port.

3.7.3.4 SBAS and GBAS receivers shall not output misleading information in the presence of interference including
interference levels above those specified in 3.7.

Note.— Guidance material on this requirement is given in Attachment D, 10.6.

3.8 GNSS aircraft satellite receiver antenna
3.8.1 Antenna coverage. The GNSS antenna shall meet the performance requirements for the reception of GNSS
satellite signals from 0 to 360 degrees in azimuth and from 0 to 90 degrees in elevation relative to the horizontal plane of an
aircraft in level flight.

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

3.8.3 Polarization. The GNSS antenna polarization shall be right-hand circular (clockwise with respect to the direction
of propagation).
3.9 Cyclic redundancy check

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

[X*M(x)] R(x)
{— =QC0+ =
G(X) mod 2 (X)
where
k = the number of bits in the particular CRC;
M(x) = the information field, which consists of the data items to be protected by the particular CRC represented as a
polynomial,

G(x) = the generator polynomial specified for the particular CRC;

Q(x) = the quotient of the division; and
R(x) = the remainder of the division, contains the CRC:
k
Rx) = ) rx¥i=rxk1 4+ r,xK2 + |+ nx’
i=1
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Table B-85. Interference threshold for band-limited noise-like interference
to GPS and SBAS receivers used for precision approach

Interference bandwidth Interference threshold
0 Hz < Bw; <700 Hz -150.5 dBW
700 Hz < Bw; <10 kHz -150.5 + 6 log;o(BW/700) dBW
10 kHz < Bw; <100 kHz -143.5 + 3 log;o(BW/10000) dBW
100 kHz < Bw; <1 MHz -140.5 dBW
1 MHz < Bw; <20 MHz Linearly increasing from —-140.5 to -127.5 dBW*
20 MHz < Bw; <30 MHz Linearly increasing from -127.5 to -121.1 dBW*
30 MHz < Bw; <40 MHz Linearly increasing from —-121.1 to -119.5 dBW*
40 MHz < Bw; -119.5 dBW*

* The interference threshold is not to exceed —140.5 dBW/MHz in the frequency range 1 575.42 +10 MHz.

Table B-86. Interference threshold for band-limited noise-like interference
to GLONASS receivers used for precision approach

Interference bandwidth Interference threshold
0 Hz < Bw; <1 kHz -149 dBW
1 kHz < Bw; <10 kHz Linearly increasing from —149 to -143 dBW
10 kHz < Bw; < 0.5 MHz -143 dBW
0.5 MHz < Bw; <10 MHz Linearly increasing from —143 to -130 dBW
10 MHz < Bw; -130 dBW

Table B-87. Interference thresholds for pulsed interference

GPS and SBAS GLONASS
Frequency range 1575.42 MHz + 10 MHz 1592.9525 MHz to 1 609.36 MHz
Interference threshold (Pulse peak power) -20 dBW -20 dBW
Pulse width <125 ps <250 ps
Pulse duty cycle <1% <1%

Table B-88. Minimum antenna gain — GPS, GLONASS and SBAS

Elevation angle degrees Minimum gain dBic
0 -7
5 -55
10 -4
15t0 90 -2.5

Note.— The -5.5 dBic gain at 5 degrees elevation angle is appropriate for an L1 antenna. A higher gain may be
required in the future for GNSS signals in the L5/E5 band.
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b) continuity aiding for the position solution using information of alternative sources, such as INS, barometric altimetry
and external clocks;

c) availability aiding for the position solution (analogous to the continuity aiding); and
d) accuracy aiding through estimation of remaining errors in determined ranges.
5.3 Non-GNSS information can be integrated with GNSS information in two ways:

a) integrated within the GNSS solution algorithm (an example is the modelling of altimetry data as an additional
satellite measurement); and

b) external to the basic GNSS position calculation (an example is a comparison of the altimetry data for consistency
with the vertical GNSS solution with a flag raised whenever the comparison fails).

5.4 Each scheme has specific advantages and disadvantages, and it is not possible to present a description of all
potential integration options with specific numerical values of the achieved performance. The same applies to the situation
when several GNSS elements are combined (e.g. GPS and GLONASS).

6. Satellite-based augmentation system (SBAS)
6.1 An SBAS is made up of three distinct elements:
a) the ground infrastructure;
b) the SBAS satellites; and
c) the SBAS airborne receiver.

6.1.1 The ground infrastructure includes the monitoring and processing stations that receive the data from the
navigation satellites and compute integrity, corrections and ranging data which form the SBAS signal-in-space. The SBAS
satellites relay the data relayed from the ground infrastructure to the SBAS airborne receivers that determine position and
time information using core satellite constellation(s) and SBAS satellites. The SBAS airborne receivers acquire the ranging
and correction data and apply these data to determine the integrity and improve the accuracy of the derived position.

6.1.2 The SBAS ground network measures the pseudo-range between the ranging source and an SBAS receiver at the
known locations and provides separate corrections for ranging source ephemeris errors, clock errors and ionospheric errors.
The user applies a tropospheric delay model.

6.1.3 The ranging source ephemeris error and slow moving clock error are the primary bases for the long-term
correction. The ranging source clock error is adjusted for the long-term correction and tropospheric error and is the primary
basis for the fast correction. The ionospheric errors among many ranging sources are combined into vertical ionospheric
errors at predetermined ionospheric grid points. These errors are the primary bases for ionospheric corrections.

6.2 SBAS coverage area and service areas
6.2.1 It is important to distinguish between the coverage area and service areas for an SBAS. A coverage area
comprises one or more service areas, each capable of supporting operations based on some or all of the SBAS functions

defined in Chapter 3, 3.7.3.4.2. These functions can be related to the operations that are supported as follows:

a) Ranging: SBAS provides a ranging source for use with other augmentation(s) (ABAS, GBAS or other SBAS);
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b) Satellite status and basic differential corrections: SBAS provides en-route, terminal, and non-precision approach
service. Different operations (e.g. performance-based navigation operations) may be supported in different service
areas;

c) Precise differential corrections: SBAS provides APV and precision approach service (i.e. APV-1, APV-Il and
precision approach may be supported in different service areas).

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

6.2.3 An SBAS may provide accurate and reliable service outside the defined service area(s). The ranging, satellite
status and basic differential corrections functions are usable throughout the entire coverage area. The performance of these
functions may be technically adequate to support en-route, terminal and non-precision approach operations by providing
monitoring and integrity data for core satellite constellations and/or SBAS satellites. The only potential for integrity to be
compromised is if there is a satellite ephemeris error that cannot be observed by the SBAS ground network while it creates an
unacceptable error outside the service area. For alert limits of 0.3 NM specified for non-precision approach and greater, this
is very unlikely.

6.2.4 Each State is responsible for defining SBAS service areas and approving SBAS-based operations within its
airspace. In some cases, States will field SBAS ground infrastructure linked to an existing SBAS. This would be required to
achieve APV or precision approach performance. In other cases, States may simply approve service areas and SBAS-based
operations using available SBAS signals. In either case, each State is responsible for ensuring that SBAS meets the
requirements of Chapter 3, 3.7.2.4, within its airspace, and that appropriate operational status reporting and NOTAMs are
provided for its airspace.

6.2.5 Before approving SBAS-based operations, a State must determine that the proposed operations are adequately
supported by one or more SBASs. This determination should focus on the practicality of using SBAS signals, taking into
account the relative location of the SBAS ground network. This could involve working with the State(s) or organization(s)
responsible for operating the SBASs. For an airspace located relatively far from an SBAS ground network, the humber of
visible satellites for which that SBAS provides status and basic corrections would be reduced. Since SBAS receivers are able
to use data from two SBASs simultaneously, and to use autonomous fault detection and exclusion when necessary,
availability may still be sufficient for approval of operations.

6.2.6 Before publishing procedures based on SBAS signals, a State is expected to provide a status monitoring and
NOTAM system. To determine the effect of a system element failure on service, a mathematical service volume model is to
be used. The State can either obtain the model from the SBAS operator or develop its own model. Using the current and
forecast status data of the basic system elements, and the locations where the State has approved operations, the model would
identify airspace and airports where service outages are expected, and it could be used to originate NOTAMS. The system
element status data (current and forecast) required for the model could be obtained via a bilateral arrangement with the SBAS
service provider, or via connection to a real time “broadcast” of the data if the SBAS service provider chooses to provide data
in this way.

6.2.7 Participating States or regions will coordinate through ICAO to ensure that SBAS provides seamless global
coverage, taking into account that aircraft equipped to use the signal could suffer operational restrictions in the event that a
State or region does not approve the use of one or more of the SBAS signals in its airspace. In such an event, the pilot may
have to deselect GNSS altogether since the aircraft equipment may not allow deselection of all SBAS or a particular SBAS.

6.2.8 As the SBAS geostationary orbit satellite coverages (footprints) overlap, there will be interface issues among the
SBASs. As a minimum, the SBAS airborne receivers must be able to operate within the coverage of any SBAS. It is possible
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for an SBAS provider to monitor and send integrity and correction data for a geostationary orbit satellite that belongs to
another SBAS service provider. This improves availability by adding ranging sources. This improvement does not require
any interconnection between SBAS systems and should be accomplished by all SBAS service providers.

6.2.9 Other levels of integration can be implemented using a unique connection between the SBAS networks
(e.g. separate satellite communication). In this case, SBASs can exchange either raw satellite measurements from one or more
reference stations or processed data (corrections or integrity data) from their master stations. This information can be used to
improve system robustness and accuracy through data averaging, or integrity through a cross check mechanism. Availability
will also be improved within the service areas, and the technical performance will meet the GNSS SARPs throughout the
entire coverage (i.e. monitoring of satellites ephemeris would be improved). Finally, SBAS control and status data could be
exchanged to improve system maintenance.

6.3 Integrity

6.3.1 The provisions for integrity are complex, as some attributes are determined within the SBAS ground network and
transmitted in the signal-in-space, while other attributes are determined within the SBAS equipment on the aircraft. For the
satellite status and basic corrections functions, an error uncertainty for the ephemeris and clock corrections is determined by
the SBAS ground network. This uncertainty is modelled by the variance of a zero-mean, normal distribution that describes
the user differential range error (UDRE) for each ranging source after application of fast and long-term corrections and
excluding atmospheric effects and receiver errors.

6.3.2 For the precise differential function, an error uncertainty for the ionospheric correction is determined. This
uncertainty is modelled by the variance of a zero-mean, normal distribution that describes the L1 residual user ionospheric
range error (UIRE) for each ranging source after application of ionospheric corrections. This variance is determined from an
ionospheric model using the broadcast grid ionospheric vertical error (GIVE).

6.3.3 There is a finite probability that an SBAS receiver would not receive an SBAS message. In order to continue
navigation in that case, the SBAS broadcasts degradation parameters in the signal-in-space. These parameters are used in a
number of mathematical models that characterize the additional residual error from both basic and precise differential
corrections induced by using old but active data. These models are used to modify the UDRE variance and the UIRE variance
as appropriate.

6.3.4 The individual error uncertainties described above are used by the receiver to compute an error model of the
navigation solution. This is done by projecting the pseudo-range error models to the position domain. The horizontal
protection level (HPL) provides a bound on the horizontal position error with a probability derived from the integrity
requirement. Similarly, the vertical protection level (VPL) provides a bound on the vertical position. If the computed HPL
exceeds the horizontal alert limit (HAL) for a particular operation, SBAS integrity is not adequate to support that operation.
The same is true for precision approach and APV operations, if the VPL exceeds the vertical alert limit (VAL).

6.3.5 One of the most challenging tasks for an SBAS provider is to determine UDRE and GIVE variances so that the
protection level integrity requirements are met without having an impact on availability. The performance of an individual
SBAS depends on the network configuration, geographical extent and density, the type and quality of measurements used and
the algorithms used to process the data. General methods for determining the model variance are described in Section 14.

6.3.6 Residual clock and ephemeris error (cypre). The residual clock error is well characterized by a zero-mean,
normal distribution since there are many receivers that contribute to this error. The residual ephemeris error depends upon the
user location. For the precise differential function, the SBAS provider will ensure that the residual error for all users within a
defined service area is reflected in the oypre. For the basic differential function, the residual ephemeris error should be
evaluated and may be determined to be negligible.

6.3.7 Vertical ionospheric error (cgve). The residual ionospheric error is well represented by a zero-mean, normal
distribution since there are many receivers that contribute to the ionospheric estimate. Errors come from the measurement
noise, the ionospheric model and the spatial decorrelation of the ionosphere. The position error caused by ionospheric error is
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mitigated by the positive correlation of the ionosphere itself. In addition, the residual ionospheric error distribution has
truncated tails, i.e. the ionosphere cannot create a negative delay, and has a maximum delay.

6.3.8 Aircraft element errors. The combined multipath and receiver contribution is bounded as described in Section 14.
This error can be divided into multipath and receiver contribution as defined in Appendix B, 3.6.5.5.1, and the standard
model for multipath may be used. The receiver contribution can be taken from the accuracy requirement (Appendix B, 3.5.8.2
and 3.5.8.4.1) and extrapolated to typical signal conditions. Specifically, the aircraft can be assumed to have 6% = 6%reeiver +
czmumpath, where it is assumed that oyeceiver IS defined by the RMS,, 4 specified for GBAS Airborne Accuracy Designator A
equipment, and omuripain 1S defined in Appendix B, 3.6.5.5.1. The aircraft contribution to multipath includes the effects of
reflections from the aircraft itself. Multipath errors resulting from reflections from other objects are not included. If
experience indicates that these errors are not negligible, they must be accounted for operationally.

6.3.9 Tropospheric error. The receiver must use a model to correct for tropospheric effects. The residual error of the
model is constrained by the maximum bias and variance defined in Appendix B, 3.5.8.4.2 and 3.5.8.4.3. The effects of this
mean must be accounted for by the ground subsystem. The airborne user applies a specified model for the residual
tropospheric error (Guopo).-

6.4 RF characteristics

6.4.1 Minimum GEO signal power level. The minimum aircraft equipment (e.g. RTCA/DO-229D) is required to
operate with a minimum signal strength of —164 dBW at the input of the receiver in the presence of non-RNSS interference
(Appendix B, 3.7) and an aggregate RNSS noise density of —173 dBm/Hz. In the presence of interference, receivers may not
have reliable tracking performance for an input signal strength below —-164 dBW (e.g. with GEO satellites placed in orbit
prior to 2014). A GEO that delivers a signal power below -164 dBW at the output of the standard receiving antenna at
5-degree elevation on the ground can be used to ensure signal tracking in a service area contained in a coverage area defined
by a minimum elevation angle that is greater than 5 degrees (e.g. 10 degrees). In this case, advantage is taken from the gain
characteristic of the standard antenna to perform a trade-off between the GEO signal power and the size of the service area in
which a trackable signal needs to be ensured. When planning for the introduction of new operations based on SBAS, States
are expected to conduct an assessment of the signal power level as compared to the level interference from RNSS and non-
RNSS sources. If the outcome of this analysis indicates that the level of interference is adequate to operate, then operations
can be authorized.

6.4.2 SBAS network time. SBAS network time is a time reference maintained by SBAS for the purpose of defining
corrections. When using corrections, the user’s solution for time is relative to the SBAS network time rather than core
satellite constellation system time. If corrections are not applied, the position solution will be relative to a composite core
satellite constellation/SBAS network time depending on the satellites used and the resulting accuracy will be affected by the
difference among them.

6.4.3 SBAS convolutional encoding. Information on the convolutional coding and decoding of SBAS messages can be
found in RTCA/DO-229C, Appendix A.

6.4.4 Message timing. The users’ convolutional decoders will introduce a fixed delay that depends on their respective
algorithms (usually 5 constraint lengths, or 35 bits), for which they must compensate to determine SBAS network time (SNT)
from the received signal.

6.4.5 SBAS signal characteristics. Differences between the relative phase and group delay characteristics of SBAS
signals, as compared to GPS signals, can create a relative range bias error in the receiver tracking algorithms. The SBAS
service provider is expected to account for this error, as it affects receivers with tracking characteristics within the tracking
constraints in Attachment D, 8.11. For GEOs for which the on-board RF filter characteristics have been published in
RTCA/DO229D, Appendix T, the SBAS service providers are expected to ensure that the UDREs bound the residual errors
including the maximum range bias errors specified in RTCA/DO229D. For other GEOs, the SBAS service providers are
expected to work with equipment manufacturers in order to determine, through analysis, the maximum range bias errors that
can be expected from existing receivers when they process these specific GEOs. This effect can be minimized by ensuring
that the GEOs have a wide bandwidth and small group delay across the pass-band.
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6.4.6 SBAS pseudo-random noise (PRN) codes. RTCA/DO-229D, Appendix A, provides two methods for SBAS PRN
code generation.

6.5 SBAS data characteristics

6.5.1 SBAS messages. Due to the limited bandwidth, SBAS data is encoded in messages that are designed to minimize
the required data throughput. RTCA/DO-229D, Appendix A, provides detailed specifications for SBAS messages.

6.5.2 Data broadcast intervals. The maximum broadcast intervals between SBAS messages are specified in
Appendix B, Table B-54. These intervals are such that a user entering the SBAS service broadcast area is able to output a
corrected position along with SBAS-provided integrity information in a reasonable time. For en-route, terminal and NPA
operations, all needed data will be received within 2 minutes, whereas for precision approach operations, it will take a
maximum of 5 minutes. The maximum intervals between broadcasts do not warrant a particular level of accuracy
performance as defined in Chapter 3, Table 3.7.2.4-1. In order to ensure a given accuracy performance, each service
provider will adopt a set of broadcast intervals taking into account different parameters such as the type of constellations
(e.g. GPS with SA, GPS without SA) or the ionospheric activity.

6.5.3 Time-to-alert. Figure D-2 provides explanatory material for the allocation of the total time-to-alert defined in
Chapter 3, Table 3.7.2.4-1. The time-to-alert requirements in Appendix B, 3.5.7.3.1, 3.5.7.4.1 and 3.5.7.5.1 (corresponding to
the GNSS satellite status, basic differential correction and precise differential correction functions, respectively) include both
the ground and space allocations shown in Figure D-2.

6.5.4 Tropospheric function. Because tropospheric refraction is a local phenomenon, users will compute their own
tropospheric delay corrections. A tropospheric delay estimate for precision approach is described in RTCA/DO-229C,
although other models can be used.

6.5.5 Multipath considerations. Multipath is one of the largest contributors to positioning errors for SBAS affecting
both ground and airborne elements. For SBAS ground elements, emphasis should be placed on reducing or mitigating the
effects of multipath as much as possible so that the signal-in-space uncertainties will be small. Many mitigation techniques
have been studied from both theoretical and experimental perspectives. The best approach for implementing SBAS reference
stations with minimal multipath errors is to:

a) ensure that an antenna with multipath reduction features is chosen;
b) consider the use of ground plane techniques;
c) ensure that the antenna is placed in a location with low multipath effects; and

d) use multipath-reducing receiver hardware and processing techniques.

6.5.6 GLONASS issue of data. Since the existing GLONASS design does not provide a uniquely defined identifier for
sets of ephemeris and clock data, SBAS will use a specific mechanism to avoid any ambiguity in the application of the
broadcast corrections. This mechanism is explained in Figure D-3. The definitions of the latency time and validity interval
along with the associated coding requirements can be found in Appendix B, section 3.5.4. The user can apply the long-term
corrections received only if the set of GLONASS ephemeris and clock data used on board have been received within the
validity interval.

6.6 SBAS final approach segment (FAS) data block

6.6.1 The SBAS final approach segment (FAS) data block for a particular approach procedure is as shown in Table D-1.
It is the same as the GBAS FAS data block defined in Appendix B, section 3.6.4.5, with the exception that the SBAS FAS
data block also contains the HAL and VAL to be used for the approach procedure as described in 6.3.4.

6.6.2 FAS data blocks for SBAS and some GBAS approaches are held within a common on-board database supporting
both SBAS and GBAS. Within this database, channel assignments must be unique for each approach and coordinated with
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civil authorities. States are responsible for providing the FAS data for incorporation into the database. The FAS block for a
particular approach procedure is described in Appendix B, 3.6.4.5.1 and Table B-66.

Table D-1. SBAS FAS data block

Data content Bits used Range of values Resolution
Operation type 4 0to 15 1
SBAS provider ID 4 0to 15 1
Airport ID 32 - -
Runway number 6 1to 36 1
Runway letter 2 - -
Approach performance designator 3 Oto7 1
Route indicator 5 - -
Reference path data selector 8 0to 48 1
Reference path identifier 32 - -
LTP/FTP latitude 32 +90.0° 0.0005 arcsec
LTP/FTP longitude 32 +180.0° 0.0005 arcsec
LTP/FTP height 16 -512.0t0 6 041.5m 0.1m
AFPARP latitude 24 +1.0° 0.0005 arcsec
AFPAP longitude 24 +1.0° 0.0005 arcsec
Approach threshold crossing height 15 0t01638.35m 0.05m
(TCH) (Note 1) (0to 3276.7 ft) (0.1 1t)
Approach TCH units selector 1 - -
Glide path angle (GPA) 16 0t0 90.0° 0.01°
Course width at threshold 8 80.0t0 143.75m 0.25m
ALength offset 8 0to2032m 8m
Horizontal alert limit (HAL) 8 0t050.8m 0.2m
Vertical alert limit (VAL) (Note 2) 8 0t050.8m 0.2m
Final approach segment CRC 32 - -

Note 1.— Information can be provided in either feet or metres as indicated by the approach TCH unit sector.

Note 2.— VAL of 0 indicates that the vertical deviations are not to be used (i.e. a lateral guidance only approach).

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

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

7.1 System description

7.1.1 GBAS consists of ground and aircraft elements. A GBAS ground subsystem typically includes a single active
VDB transmitter and broadcast antenna, referred to as a broadcast station, and multiple reference receivers. A GBAS ground
subsystem may include multiple VDB transmitters and antennas that share a single common GBAS identification (GBAS ID)
and frequency as well as broadcast identical data. The GBAS ground subsystem can support all the aircraft subsystems within
its coverage providing the aircraft with approach data, corrections and integrity information for GNSS satellites in view. All
international aircraft supporting APV should maintain approach data within a database on board the aircraft. The Type 4
message must be broadcast when the ground subsystem supports Category | precision approaches. The Type 4 message must
also be broadcast when the ground subsystem supports APV approaches if the approach data is not required by the State to be
maintained in the on-board database.
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Table D-9. Example of a Type 4 message

BITS RANGE OF BINARY REPRESENTATION
DATA CONTENT DESCRIPTION USED VALUES RESOLUTION VALUES (NOTE 1)
BURST DATA CONTENT
Power ramp-up and settling 15 000 0000 0000 0000
Synchronization and ambiguity 48 0100011 11101111 1100 01100011 1011 0000 0011 1100 1000 0
resolution
SCRAMBLED DATA
Station slot identifier (SSID) 3 — — D 011
Transmission length (bits) 17 0to 1 824 bits 1 bit 784 000 0000 1100 0100 00
Training sequence FEC 5 — — — 00000
APPLICATION DATA MESSAGE BLOCK
Message Block (Type 4 message)
Message Block Header
Message block identifier 8 — — Normal 1010 1010
GBAS ID 24 — — CcMJ 0000 1100 1101 0010 1010 0000
Message type identifier 8 1108 1 4 0000 0100
Message length 8 10 to 222 bytes 1 byte 92 0101 1100
Message (Type 4 example)
FAS Data Set 1
Data set length 8 210212 1 byte 41 0010 1001
FAS Data Block 1
Operation type 4 0to 15 1 0 0000
SBAS service provider 4 0to 15 1 15 1111
Airport ID 32 — — LFBO 0000 1100 0000 0110 0000 0010 0000 1111
Runway number 6 11036 1 15 001111
Runway letter 2 — — R 01
Approach performance designator 3 O0to7 1 CAT1 001
Route indicator 5 — — C 00011
Reference path data selector (RPDS) 8 0to 48 1 3 0000 0011
Reference path identifier 32 — — GTBS 0000 0111 0001 0100 0000 0010 0001 0011
LTP/FTP latitude 32 +90.0° 0.0005 arcsec | 43.6441075°N 0001 0010 1011 1010 1110 0010 1000 0110
LTP/FTP longitude 32 +180.0° 0.0005 arcsec | 1.345940°E 0000 0000 1001 0011 1101 1110 1001 0000
LTP/FTP height 16 -512.0to0 01m 197.3 0001 1011 1011 0101
60415m
AFPAP latitude 24 +1° 0.0005 arcsec | —0.025145° 1111 1101 0011 1100 1100 1100
AFPAP longitude 24 +1° 0.0005 arcsec | 0.026175° 0000 0010 1110 0000 0010 1100
Approach threshold crossing 15 | 0to1638.35m 0.05m 17.05m 000 0001 0101 0101
height (TCH) (0t03276.7 ft) 0.11t)
Approach TCH units selector 1 0=ft;1=m — metres 1
Glide path angle (GPA) 16 0to 90° 0.01° 3° 0000 0001 0010 1100
Course width 8 |80.0t0143.75m 0.25m 105 0110 0100
ALength offset 8 0t02032m 8m 0 0000 0000
FAS Data Block 1 CRC 32 — — — 1010 0010 1010 0101 1010 1000 0100 1101
FASVAL/Approach status 8 0t025.4 01lm 10 0110 0100
FASLAL/Approach status 8 01t050.8 02m 40 1100 1000
FAS Data Set 2
Data set length 8 210212 1 byte 41 0010 1001
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BITS RANGE OF BINARY REPRESENTATION
DATA CONTENT DESCRIPTION USED VALUES RESOLUTION VALUES (NOTE 1)

FAS Data Block 2

Operation type 4 0to 15 1 0 0000
SBAS service provider 4 0to 15 1 01 0001
Airport ID 32 — — LFBO 0000 1100 0000 0110 0000 0010 0000 1111
Runway number 6 11036 1 33 10 0001
Runway letter 2 — — R 01
Approach performance designator 3 Oto7 1 CAT1 001
Route indicator 5 — — A 00001
Reference path data selector (RPDS) 8 0to 48 1 21 0001 0101
Reference path identifier 32 — — GTN 0000 0111 0001 0100 0000 1110 0010 0000
LTP/FTP latitude 32 +90.0° 0.0005 arcsec | 43.6156350°N 0001 0010 1011 0111 1100 0001 1011 1100
LTP/FTP longitude 32 +180.0° 0.0005 arcsec | 1.3802350°E 0000 0000 1001 0111 1010 0011 0001 1100
LTP/FTP height 16 -512.0to0 01m 200.2m 0001 1011 1101 0010

60415m

AFPAP latitude 24 +1° 0.0005 arcsec | 0.02172375° 0000 0010 0110 0010 1111 1011
AFPAP longitude 24 +1° 0.0005 arcsec | -0.0226050° 1111 1101 1000 0100 0011 1100
Approach threshold crossing 15 | 0to1638.35m 0.05m 15.25m 000 0001 0011 0001
height (TCH) (0t03276.7 ft) 0.11t)

Approach TCH units selector 1 0=ft;1=m — metres 1
Glide path angle (GPA) 16 0to 90° 0.01° 3.01° 0000 0001 0010 1101
Course width 8 [80.0t0143.75m 0.25m 105 0110 0100
ALength offset 8 0t02032m 8m 0 0000 0000
FAS data block 2 CRC 32 — — — 10101111 0100 1101 1010 0000 1101 0111
FASVAL/Approach status 8 0t025.4 01lm 10 0110 0100
FASLAL /Approach status 8 01t050.8 02m 40 1100 1000
Message Block CRC 32 — — — 0101 0111 0000 0011 1111 1110 1001 1011
APPLICATION FEC 48 — — — 0001 1011 1001 0001 0010 1010 1011 1100 0010 0101 1000 0101

Input to the bit scrambling
(Note 2)

1823000 55 05 4B 30 20 3A 94 OF FO 40 60 30 F2 98 CO C8 40 28 E0 61 47 5D 48 09 7B C9 00 AD D8 33 3C BF 34 07 40 AA
81348026 00 B2 15 A5 45 26 13 94 08 FO 40 60 30 86 90 A8 04 70 28 EO 3D 83 ED 48 38 C5 E9 00 4B D8 DF 46 40 3C 21 BF
8C 81 B4 802600 EB 05 B2 F5 26 13 D9 7F CO EA A1 A4 3D 54 89 D8

Output from the bit scrambling
(Note 3)

1A407 88 1F 1A 53 1B FF A0 41 D6 C2 9C 26 E0 04 59 89 CB 5C 2C CF 91 2D E2 2E 5D F3 07 1E 45 F1 53 5F CO0 4F 53 E4
64 FO 23 C3 ED 05 A9 E6 7F FF FF B5 49 81 DD A3 F2 B5 40 9D A0 17 90 12 60 64 7C CF E3 BE AO 1E 72 FF 61 6E E4 02 44
D9 1E D2 FD 63 D1 12 C3 5A 00 OE F8 89 FE 4C 12 0C 78 4F 9D 55 08 16 F6

specified in the table.

Fill bits Oto2 — — 1 0
Power ramp down 9 — — — 000 000 000
D8PSK Symbols 0000003511204546316504322300771662170713052556673176724345377776157763461661570543615214576405133401677
(Note 4) 5214231304443061301150266774341755603276241630527536540015247051420322575333462555437707605652760631444

6243163101353722250120760407526435103457714077770415665273600122324007402031443362754444
Notes.—

1. The rightmost bit is the LSB of the binary parameter value and is the first bit transmitted or sent to the bit scrambler. All data fields are sent in the order

2. This field is coded in hexadecimal with the first bit to be sent to the bit scrambler as its MSB. The first character represents a single bit.
3. Inthis example, fill bits are not scrambled.
4. This field represents the phase, in units of m/4 (e.g. a value of 5 represents a phase of 5m/4 radians), relative to the phase of the first symbol.
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where

f(x) = probability density function of the residual aircraft pseudo-range error; and

t2

Q) = \/%J. e z dt

14.3 This method can be directly applied when the error components have zero-mean, symmetrical and unimodal
probability density functions. This is the case for the receiver contribution to corrected pseudo-range error, since the aircraft
element is not subjected to low-frequency residual multipath errors.

14.4 This method can be extended to address non-zero-mean, residual errors by inflating the model variance to
compensate for the possible effect of the mean in the position domain.

14.5 Verification of the pseudo-range error models must consider a number of factors including:

a) the nature of the error components;

b) the sample size required for confidence in the data collection and estimation of each distribution;
c) the correlation time of the errors; and

d) the sensitivity of each distribution to geographic location and time.
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Figure D-1. Reserved
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