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Ref.: AN 7/62.1.4-21/41 6 July 2021

Subiject: Proposals for the amendment of Annex 10, Volume |
to: a) support the introduction of dual-frequency, multi-
constellation (DFMC) global navigation satellite system
(GNSS) by adding provisions for additional frequencies of
operation for the global positioning system (GPS), the global
navigation satellite system (GLONASS) and the satellite-based
augmentation system (SBAS), and by introducing provisions
for the new BeiDou Navigation Satellite System (BDS) and
Galileo system; and b) support ionospheric gradient mitigation
for the ground-based augmentation system (GBAS).

Action required: Comments to reach Montréal

by 6 January 2022
Sir/Madam,
1. I have the honour to inform you that the Air Navigation Commission (ANC), at the tenth

meeting of its 217th Session held on 22 June 2021, considered proposals developed by the sixth meeting of
the Navigation Systems Panel (NSP/6) to amend the Standards and Recommended Practices (SARPS) in
Annex 10 — Aeronautical Telecommunications, Volume | — Radio Navigation Aids to: a) support the
introduction of dual-frequency, multi-constellation (DFMC) global navigation satellite system (GNSS) by
adding provisions for additional frequencies of operation for the global positioning system (GPS), the global
navigation satellite system (GLONASS) and the satellite-based augmentation system (SBAS), and by
introducing provisions for the new BeiDou Navigation Satellite System (BDS) and Galileo system; and
b) support ionospheric gradient mitigation for the ground-based augmentation system (GBAS). The
Commission authorized the transmission of these proposals to Contracting States and appropriate
international organizations for comments.

2. Background information on the aforementioned proposals is provided in Attachment A.
The proposed amendments to Annex 10, Volume | are contained in Attachment B. The rationales have been
provided in text boxes immediately following each proposal.
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3. In examining the proposed amendments, you should not feel obliged to comment on
editorial aspects as such matters will be addressed by the ANC during its final review of the draft
amendment.

4. May | request that any comments you wish to make on the amendment proposals be
dispatched to reach me not later than 6 January 2022. To facilitate the processing of replies with substantive
comments, | invite you to submit an electronic version in Word format to icaohq@icao.int. The ANC has
asked me to specifically indicate that comments received after the due date may not be considered by the
Commission and the Council. In this connection, should you anticipate a delay in the receipt of your reply,
please let me know in advance of the due date.

5. In addition, the proposed amendment to Annex 10, Volume | is envisaged for applicability
on 2 November 2023. Any comments you may have thereon would be appreciated.

6. The subsequent work of the ANC and the Council would be greatly facilitated by specific
statements on the acceptability or otherwise of the amendment proposal.

7. Please note that for the review of your comments by the ANC and the Council, replies are
normally classified as “agreement with or without comments”, “disagreement with or without comments”
or “no indication of position”. If in your reply the expressions “no objections” or “no comments” are used,
they will be taken to mean “agreement without comment” and “no indication of position”, respectively. In
order to facilitate proper classification of your response, a form has been included in Attachment C which
may be completed and returned together with your comments, if any, on the proposals in Attachment B.

Accept, Sir/Madam, the assurances of my highest consideration.

5

Fang Liu
Secretary General

Enclosures:
A — Background information
B — Proposed amendment to Annex 10 —
Aeronautical Telecommunications,
Volume | — Radio Navigation Aids
C — Response form
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ATTACHMENT A to State letter AN 7/62.1.4-21/41

BACKGROUND INFORMATION

1. GENERAL
1.1 The proposed amendment, as detailed in Attachment B, relates to:

a) support of the introduction of dual-frequency, multi-constellation (DFMC) global
navigation satellite system (GNSS) by adding provisions for additional frequencies of
operation for the global positioning system (GPS), the global navigation satellite
system (GLONASS) and the satellite-based augmentation system (SBAS), and by
introducing provisions for the new BeiDou Navigation Satellite System (BDS) and
Galileo system; and

b) support of ionospheric gradient mitigation for the ground-based augmentation system

(GBAS).
2. DUAL-FREQUENCY, MULTI-CONSTELLATION (DFMC)
GLOBAL NAVIGATION SATELLITE SYSTEM (GNSS)
2.1 Background
2.1.1 GNSS evolution
21.1.1 The global GNSS infrastructure is currently undergoing a significant evolution that will

enable the introduction of DFMC GNSS in aviation. Multiple GNSS constellations offering dual-frequency
signals are being introduced into service by the United States (GPS modernization), the Russian Federation
(GLONASS modernization), European Union (Galileo constellation) and China (BeiDou Navigation
Satellite System (BDS) constellation). A number of States and regions also plan to deploy DFMC satellite-
based augmentation systems (SBASs)".

2.1.2 Benefits of DFMC GNSS

2121 DFMC GNSS offers an opportunity to further enhance GNSS robustness, navigation
performance and operational benefits. The use of dual frequencies will help mitigate vulnerabilities in
respect of ionospheric disturbance and radio frequency interference. The availability of multiple
constellations will contribute to mitigate ionospheric scintillation and the risk of having insufficient
satellites within a single constellation. These technical improvements will enable operational benefits in
terms of safety and efficiency, such as improved operational reliability for communications, navigation and
surveillance (CNS) applications, increased deployment of 3D instrument approach operations worldwide
in line with PBN global goals, introduction of innovative operational concepts and applications and
continued rationalization of conventional navigation aids.

1 The ground-based augmentation system (GBAS) already supports single-frequency, dual-constellation GNSS and it is expected
that it will evolve to support DFMC, as reflected in Job Card NSP 005.003 (GNSS Evolution — GBAS).
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2.1.3 ICAO standardization

2131 The potential benefits to aviation arising from the introduction of DFMC GNSS were
identified early on by ICAO. As a result, the NSP was tasked with the development of the related ICAO
provisions. The Twelfth and Thirteenth Air Navigation Conferences (Recommendations 6/5 c) and 2.2/2
f), respectively) confirmed the need for the continued development of Standards and Recommended
Practices (SARPs) and guidance material.

2.1.3.2 The results of the development, reflecting over a decade of intensive work by ICAO and
States, are summarized below. The summary is organized into three sections: common DFMC GNSS
provisions, core satellite constellations and DFMC SBAS.

2.2 Common DFMC GNSS provisions (Initial Proposals 1 and 7)

2.2.1 In addition to the system-specific provisions described below, which affect sections of the
Annex dedicated to individual GNSS elements (core satellite constellations and SBAS), the proposed
amendment also includes a number of provisions affecting sections that cover common aspects of all GNSS
elements. They are presented in two separate groupings. The first (Initial Proposal 1) contains definitions
and some general provisions (list of GNSS elements, space and time reference), which in the Annex are
located before the provisions for individual GNSS elements. The second (Initial Proposal 7) contains
provisions for the aircraft-based augmentation system (ABAS), aircraft receivers, resistance to interference,
receiver antenna characteristics and signal quality monitor design.

2.3 Core satellite constellations (Initial Proposals 2 - 5)
2.3.1 Scope of core satellite constellation SARPs
23.1.1 The proposed draft SARPs for core satellite constellations contain only those signals and

services that are intended for aviation use. The level of detail provided in the SARPs is intended to be the
minimum required to provide a reference for the development of augmentation systems, which meet the
more demanding aviation requirements that cannot be met by core satellite constellations alone, as well as
to support receivers that implement combinations of signals from multiple constellations. The structure,
style and level of detail of the new SARPs have been harmonized with the already existing GPS and
GLONASS SARPs. Within the SARPs, references to original constellation provider documentation (such
as constellation performance standards, system definition document, interface control documents and
interface specifications) allow access to additional technical detail, as needed.

2.3.2 GPS (Initial Proposal 2)

2.3.2.1 GPS is the satellite navigation system operated by the United States. SARPs for GPS were
first included in Annex 10 in 2001. They support the GPS Standard Positioning Service (SPS)?, which is
fully operational today using the C/A-code signal transmitted on the L1 frequency. The SPS is currently
being modernized. The modernization includes the addition of a pair of signals (I15-code and Q5-code)
transmitted at the L5 frequency? along with several other improvements. The proposed amendment to the
existing GPS SARPs is intended to reflect the modernized service.

2 Annex 10, Volume I, section 3.7.3.1.
31 176.45 MHz.
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2.3.3 GLONASS (Initial Proposal 3)

2331 GLONASS is the satellite navigation system operated by the Russian Federation. SARPs
for GLONASS were first included in Annex 10 in 2001. They support the GLONASS Channel of Standard
Accuracy (CSA)* service, which is fully operational today using a frequency division multiple access
(FDMA) signal in the L1 frequency band. The CSA is currently being modernized. The modernization
includes the addition of code division multiple access (CDMA) signals in the L1 band and in the L3 band®.
The proposed amendment to the existing GLONASS SARPs is intended to reflect the modernized service.

2.34 Galileo (Initial Proposal 4)

2.34.1 Galileo is the satellite navigation system operated by the European Union. It is currently
not included in Annex 10. The proposed amendment to Annex 10 is intended to introduce the Galileo Open
Service (Galileo OS) in Annex 10. The Galileo OS uses signals in two frequency bands to provide
positioning, velocity and timing information to Galileo users on a continuous, worldwide basis.

2.35 BDS (Initial Proposal 5)

2351 BDS is the satellite navigation system operated by the People’s Republic of China. It is
currently not included in Annex 10. The proposed amendment to Annex 10 is intended to introduce the
BDS Open Service (BDS 0OS) in Annex 10. The BDS OS uses signals in two frequency bands to provide
positioning, velocity and timing information to BDS users on a continuous, worldwide basis.

2.3.6 DFMC SBAS (Initial Proposal 6)

2.3.6.1 SBAS is a wide coverage GNSS augmentation system in which the user receives
augmentation information from a satellite-based transmitter. SARPs for SBAS were first included in Annex
10in 2001. Currently, SBAS services are provided by several systems worldwide®, using signals transmitted
on the L1 frequency. The proposed amendment to Annex 10 is intended to introduce an additional signal
transmitted on the L5 frequency and to enhance the ability of SBAS to augment multiple constellations.
This will enable DFMC SBAS to provide improved availability, continuity and accuracy compared to the
existing L1 SBAS.

2.3.6.2 Scope of SBAS DFMC SARPs

2.3.6.2.1 The DFMC SBAS service is independent of the L1 SBAS service, as all the information
required for the DFMC SBAS service is transmitted on the L5 frequency. Hence, provision of DFMC SBAS
services does not require provision of an L1 SBAS service. However, it is expected that DFMC SBAS
providers will provide L1 SBAS service as well, and that all DFMC SBAS avionics will include the
capability to operate in L1 SBAS mode. Existing L1 SBAS avionics will continue to function with the
existing L1 SBAS service, which is not modified by the proposed amendment.

2.3.6.2.2 The minimum DFMC SBAS capability supports the same operational services as L1
SBAS, namely en route through precision approach operations, using corrections broadcast by an SBAS
satellite applied to core satellite constellation satellite pseudo-range. In contrast to L1 SBAS, however,
DFMC SBAS mitigates ionosphere delay effects by using the ionosphere-free pseudo-range’ instead of
“raw” pseudo-range measurements, which enables DFMC SBAS users to measure ionosphere delay

4 Annex 10, Volume I, section 3.7.3.2.

51202.025 MHz.

6 Annex 10, Volume I, Attachment C, 6.2.2.

7 The ionosphere-free pseudo-range is a pseudo-range in which the first-order ionosphere effect on signal propagation has been
removed by a linear combination of pseudo-range measurements from signals on two distinct frequencies from the same satellite.
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directly. As a result, DFMC SBAS service can be provided even in regions of active ionosphere where
availability of an L1 SBAS service would be low. Furthermore, DFMC SBAS enables augmentation of
multiple constellations up to a total of 92 satellites, whereas L1 SBAS is limited to the GPS and GLONASS
constellations up to a total of 51 satellites.

3. IONOSPHERIC GRADIENT MITIGATION FOR THE
GROUND-BASED AUGMENTATION SYSTEM (GBAS)
3.1 Background
3.1.1 GBAS supports approach and landing operations down to Category Il minima. The related

technical requirements are standardized in Annex 10, Volume | as GBAS Approach Service Types (GAST)
A, B, C and D. GAST D was specifically developed to support Category I1/111 operations but can be used
to support Category | operations as well. GAST D SARPs include extensive provisions for mitigation of
ionospheric errors affecting GNSS positioning.

3.2 Increase of GBAS GAST D limit on E,¢ (Initial Proposal 8)

321 As part of the ionospheric error mitigation provisions, the GBAS SARPs define a
parameter called “maximum undetected 30-second smoothed corrected pseudo-range error due to an
ionospheric gradient” (Ei)®, with a maximum allowable value of 2.75 m.

3.2.2 By definition, the value of E,c is proportional to the distance between the GBAS ground
station and the runway threshold(s) served by that station. Thus, setting a limit on E;c implicitly sets a limit
on the maximum distance allowed between the ground station and the threshold(s). Depending on the
ionospheric model used by the station, the distance limit can vary; typical values are around 5 km, but
values as low as 3 km are also possible. The associated station siting constraints, in conjunction with other
siting constraints independent from E,g, can potentially impose significant restrictions on the use of a single
GBAS station to support multiple runways, in particular in the case of large airports and/or challenging
ionospheric conditions.

3.2.3 To mitigate those restrictions, the NSP conducted a study of the possibility of increasing
the Eig limit above 2.75 m. The sensitivity analysis performed as part of the study showed that an increase
would have no impact on system integrity, while it could have an impact on service availability depending
on the size of the increase, the ionospheric model used by the station, and the aircraft. However, given that
the original limit was based on very conservative worst-case assumptions, even with an increase of Eg, the
availability in many cases would still meet or exceed the acceptable availability target for GAST D. Thus,
while it would it would not be advisable to increase the limit unconditionally, an increase could be beneficial
in such cases.

3.24 Accordingly, the proposal maintains the original limit as a general provision, but allows
deviations for airports in which availability remains acceptable if the limit is increased. A service provider
wishing to increase the limit in order to relax GBAS siting restrictions could then do so on the basis of a
trade-off analysis between availability and reduction in restrictions. The proposal also contains guidance
material on availability estimation to assist the trade-off analysis.

8 Annex 10, Volume |, Appendix B, 3.6.5.9.



ATTACHMENT B to State letter AN 7/62.1.4-21/41

PROPOSED AMENDMENT TO ANNEX 10, VOLUME |

NOTES ON THE PRESENTATION OF THE PROPOSED AMENDMENT

The text of the amendment is arranged to show deleted text with a line through it and new text highlighted
with grey shading, as shown below:

1. Textio-be deleted-isshownwith-aline-through-it text to be deleted

2. New text to be inserted is highlighted with grey shading. new text to be inserted

3. Fextto-be deleted-is-shown-with-a-Hne-through-it followed new text to replace existing text
by the replacement text which is highlighted with grey
shading.
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PROPOSED AMENDMENT TO

INTERNATIONAL STANDARDS

AND RECOMMENDED PRACTICES

AERONAUTICAL TELECOMMUNICATIONS

ANNEX 10

TO THE CONVENTION ON INTERNATIONAL CIVIL AVIATION

VOLUME I
RADIO NAVIGATION AIDS

INITIAL PROPOSAL 1
General provisions for dual-frequency, multi-constellation (DFMC) GNSS - Part 1

CHAPTER 3. SPECIFICATIONS FOR RADIO NAVIGATION AIDS

3.7 Requirements for the Global Navigation Satellite System (GNSS)

3.7.1 Definitions

Axial ratio. The ratio, expressed in decibels, between the maximum output power and the minimum output
power of an antenna to an incident linearly polarized wave as the polarization orientation is varied over
all directions perpendicular to the direction of propagation.

BeiDou Navigation Satellite System (BDS). The satellite navigation system operated by the People’s
Republic of China.

BDS Open Service (BDS 0S). The specified level of positioning, velocity and timing accuracy that is
available to any BDS user on a continuous, worldwide basis.

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

Core satellite constellation(s). The core satellite constellations are GPS,-ahd GLONASS, Galileo and BDS.
Galileo. The satellite navigation system operated by the European Union.

Galileo Open Service (Galileo OS). The specified level of positioning, velocity and timing accuracy that is
available to any Galileo user on a continuous, worldwide basis.
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Integrity. A measure of the trust that can be placed in the correctness of the information supplied by the
total system. Integrity includes the ability of a system to provide timely and valid warnings to the user
(alerts).

lonosphere-free pseudo-range. A pseudo-range in which the first order ionosphere effect on signal
propagation has been removed by a linear combination of pseudo-range measurements from signals on
two distinct frequencies from the same satellite.

Pseudo-range. The difference between the time of transmission by a satellite and reception by a GNSS

receiver multiplied by the speed of light in a vacuum, including bias due to the difference between a
GNSS receiver and satellite time reference.

3.7.2 General

3.7.2.2.1 The GNSS navigation service shall be provided using various combinations of the following
elements installed on the ground, on satellites and/or on board the aircraft:

a) Global Positioning System (GPS) that provides the Standard Positioning Service (SPS) as defined
in 3.7.3.1.1;

b) Global Navigation Satellite System (GLONASS) that provides the Channel of Standard Accuracy
(CSA)-navigation-signal as defined in 3.7.3.1.2;

c) Galileo that provides a single- and dual-frequency Open Service (OS) as defined in 3.7.3.1.3;

d) BeiDou Navigation Satellite System (BDS) that provides the BDS Open Service (BDS OS) as
defined in 3.7.3.1.4;

€)e) aircraft-based augmentation system (ABAS) as defined in 3.7.3.3;

ehf) satellite-based augmentation system (SBAS) as defined in 3.7.3.4;

e)g) ground-based augmentation system (GBAS) as defined in 3.7.3.5;

Hh) ground-based regional augmentation system (GRAS) as defined in 3.7.3.5; and
g)) aircraft GNSS receiver as defined in 3.7.3.6.

Note.— In order to provide system integrity monitoring, the use of an augmentation as specified in
3.7.2.2.1 ¢), ), g) or h) is required to meet the performance requirements of 3.7.2.4.

3.7.2.3 Space and time reference

3.7.2.3.1 Space reference. The position information provided by the GNSS to the user shall be
expressed in terms of the World Geodetic System — 1984 (WGS-84) geodetic reference datum.
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Note 1.— SARPs for WGS-84 are contained in Annex 4, Chapter 2, Annex 11, Chapter 2, Annex 14,
Volumes I and Il, Chapter 1 and Annex 15, Chapter 1.

Note 2.— If GNSS elements using other than WGS-84 coordinates are employed, appropriate
conversion parameters are to be applied. If the difference between a GNSS geodetic reference and WGS-84
is negligible for aviation (e.g. of the order of a few centimetres) and a bounding of the maximum difference
is specified, then no conversion parameters need to be applied.

Origin: Rationale:

NSP/6 This proposal addresses Annex provisions that cover common aspects of all GNSS
elements and need to be updated to reflect the introduction of DFMC GNSS. It includes
amendments to definitions and to some general provisions (list of GNSS elements, space
and time reference) which in the Annex are located before the provisions for individual
GNSS elements. (Additional common aspects are covered in Initial Proposal 7.)

INITIAL PROPOSAL 2
Global positioning system (GPS)

CHAPTER 3. SPECIFICATIONS FOR RADIO NAVIGATION AIDS

3.7.3 GNSS elements specifications

3.7.3.1 Core constellations

3.7.3.1.1 GPS Standard Positioning Service (SPS) (L1, L5)

Note.— Unless otherwise specified, the performance standards in 3.7.3.1.1.1 t0 3.7.3.1.1.7 below apply
to single-frequency ranging, using the L1 coarse acquisition (C/A) code signal or the L5 signal (15 code or
Q5 code), and to dual-frequency ranging using the combination of L1 and L5 signals. In addition, they only
apply to current and consistent ephemeris and clock data within the respective curve fit intervals.

3.7.3.1.1.1 Space and control segment accuracy

Note.— The following accuracy standards apply only for healthy GPS SPS signal-in-space (SIS),
durlng normal operations as described in Attachment D, 4.1.1.9, and do not include atmospheric or

recelver errors as described in Attachment D, 4 1.1.2. Ihey—apply—wder—the—eené&mms—speemed—m

Defense, Global Positioning System — Standard Positioning Service — Performance Standard, 5th Edition,
April 2020 (hereinafter referred to as “GPS SPS PS”), Section 2.3.2.
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3.7.3.1.1.1.1 Positioning accuracy. The GRS-SPSsingle-frequency L1 C/A code position errors shall
not exceed the following limits:

Global average Worst site
95% of 95% of
the time the time
Horizontal position error 98 m (30§t 1715 m {56
Vertical position error 1513 m 494y 3733 m (L2

3.7.3.1.1.1.2 Time transfer accuracy. The GPS SPS time transfer errors shall not exceed
4030 nanoseconds 95 per cent of the time.

3.7.3.1.1.1.3 Range domain accuracy. The range domain error shall not exceed the following limits
during normal operations over all ages of data:

a) range error of any satellite — 30 m {&86-f5-with reliability specified in 3.7.3.1.1.3;
b) 95th percentile range rate error of any satellite — 0.006 m {8-:02-f5-per second (global average);

c) 95th percentile range acceleration error of any satellite — 0.002 m {8-806-f-per second-squared
(global average); and

d) 95th percentile range error for any satellite everal-time-differencesbetweentimeof data-generation
and-time-of use-of data — 7.87.0 m (26-ft) (global average)-; and

e) 95th percentile range error across all satellites occupying defined slots in the constellation — 2.0 m
(global average).

3.7.3.1.1.2 Availability. The GRS-SPS-availability for single-frequency L1 C/A code users shall be as
follows:

=99 per cent horizontal service availability, average location (2715 m 95 per cent threshold)
299 per cent vertical service availability, average location (3733 m 95 per cent threshold)

=90 per cent horizontal service availability, worst-case location (3215 m 95 per cent threshold)
=90 per cent vertical service availability, worst-case location (3733 m 95 per cent threshold)

3.7.3.1.1.3 Reliability. The GPS SPS reliability relative to the 30 m user range error (URE) statistic
in 3.7.3.1.1.1.3 a) shall be within the following limits:

a) reliability — at least 99.94 per cent (global average); and

b) reliability — at least 99.79 per cent (worst single point average).

3.7.3.1.1.4 Probability of major service failure.

Note.— The different alert indications are described in the GPS SPS PS, Section 2.3.4.

3.7.3.1.1.4.1 Satellite major service failure onset rate (Rsar). The probability that the instantaneous

user range error (URE) of any satellite will exceed 4.42 times the upperbeound-on-the-userrange-accuracy
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{JRA)relevant integrity assured user range accuracy (IAURA) value broadcast by that satellite without an
alert received at the user receiver antenna within 10 seconds shall not exceed 1x107 per hour.

3.7.3.1.1.4.2 Probability of a satellite major service failure condition (Pss). The probability at any
given instant that the instantaneous URE of any satellite will exceed 4.42 times the relevant IAURA value
broadcast by that satellite without an alert received at the user receiver antenna within 10 seconds shall not
exceed 1x10°°.

3.7.3.1.1.4.3 Probability of a common-cause major service failure condition (Pconst). The probability
at any given instant that the instantaneous URE of two or more satellites will exceed 4.42 times the relevant
IAURA broadcast by each satellite due to a common fault without an alert received at the user receiver
antenna within 10 seconds shall not exceed 1x10®.

3.7.3.1.1.5 Continuity. The probability of losing GRS-SPSL1 C/A signal-in-space{SIS} availability
from a slot of the reminal 24-slot constellation due to unscheduled interruption shall not exceed 2x10 per
hour.

3.7.3.1.1.6 Coverage. The GPS SPS shall cover the surface of the earth up to an altitude of 3 000
kilometres.

Note.— Guidance material on GPS accuracy, availability, reliability, major service failure, continuity;
and coverage is given in Attachment D, 4.1.1. Additional information is given in the GPS SPS PS.

3.7.3.1.1.7 Constellation availability. The probability that 21 or more of the 24 slots will be occupied
by either a satellite broadcasting a trackable and healthy L1 C/A signal in the baseline slot configuration or
by a pair of satellites each broadcasting a trackable and healthy L1 C/A signal in the expanded slot
configurations, shall be at least 0.98. The probability that 20 or more of the 24 slots will be occupied by
either a satellite broadcasting a trackable and healthy L1 C/A signal in the baseline slot configuration or by
a pair of satellites each broadcasting a trackable and healthy L1 C/A signal in the expanded slot
configurations, shall be at least 0.99999.

Note.— There is currently no corresponding standard for the L5 signal or for the combined L1 C/A and
L5 signals since older satellites in the constellation do not have the capability to broadcast an L5 signal.

3.7.3.1.1.#8 Radio frequency (RF) characteristics

Note.— Detailed RF characteristics are specified in NAVSTAR GPS Space Segment/Navigation User
Segment Interfaces, IS No. IS-GPS-200, Rev K (hereinafter referred to as “IS-GPS-200K”’) for L1 and
NAVSTAR GPS Space Segment/User Segment L5 Interfaces, IS No. IS-GPS-705, Rev F (hereinafter
referred to as “IS-GPS-705F”); selected characteristics are specified in Appendix B, 3.1.1.1.1 for L1 and
Appendix B, 3.1.1.1.4 for L5.

3.7.3.1.1.#8.1 L1 cCarrier frequency. Each GPS satellite shall broadcast an SPS ranging signal at the
carrier frequency of 1 575.42 MHz (GPS L1) using code division multiple access (CDMA).

3.7.3.1.1.8.2 L5 carrier frequency. Some GPS satellites shall, in addition, broadcast an SPS ranging
signal at the carrier frequency of 1 176.45 MHz (GPS L5) using CDMA.
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3.7.3.1.1.#8.23 Signal spectrum. The GRS-SPS-L1 and L5 signal power shall be contained within a
+12 MHz bands centred on the respective carrier frequencies: {1 563.42 —1 587.42 MHz)-centred-on-the for
L1 frequeney-and 1 164.45 — 1 188.45 for L5.

3.7.3.1.1.#8.34 Polarization. The transmitted L1 and L5 RF signals shall be right-hand {cleckwise)
circularly polarized.

3.7.3.1.1.8.5 Signal structure. The L1 C/A signal shall consist of one carrier component. The L5
signal shall consist of two carrier components: an in-phase component (15) and a quadrature component
lagging the in-phase component by 90 degrees (Q5).

3.7.3.1.1.78.46 Signal power level. Each GPS satellite shall broadcast SPS 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 antenna
port of a 3 dBi linearly-polarized antenna is within the following ranges ef—158.5-dB\W-to—153-dBW
for all antenna orientations orthogonal to the direction of propagation: —158.5 dBW to —153 dBW for L1
C/A and -157.9 dBW to —150 dBW for each of the 15 and Q5 channels on L5.

3.7.3.1.1.-78.57 Modulation. Fhe-Each SPS L1 and L5 signal shall be bipolar phase shift key (BPSK)
modulated with a pseudo random noise (PRN) 1—923MH;_Leeane#aeqH+5|Hemode The C/A code sequenee

- on L1 shall have a rate of 1. 023 megachlps per
second. The codes on 15 and Q5 shall have a rate of 10. 23 megachips per second.

3.7.3.1.1.8.7.1 The C/A, 15, and Q5 code sequences shall be repeated each millisecond.

3.7.3.1.1.8.7.2 The transmitted code sequence on L1 shall be the Modulo-2 addition of a 50-bit-per-
second legacy navigation (LNAV) message and the C/A code.

3.7.3.1.1.8.7.3 The transmitted code sequence on 15 shall be the Modulo-2 addition of a 50-bit-per-
second civil navigation (CNAV) message (rate 1/2 convolution encoded into a 100 symbol per second
stream), a 10-bit Neuman-Hofman overlay code clocked at 1 kbps, and the 15 code. The transmitted code
sequence on Q5 shall be the Modulo-2 addition of a 20-bit Neuman-Hofman overlay code clocked at 1 kbps
and the Q5 code.

Note.— The Q5 signal is not modulated with navigation data.

3.7.3.1.1.8.7.4 Signal coherence. All transmitted signals for any satellite shall be coherently derived
from the same on-board frequency standard. On the L5 channel, the chip transitions of the two modulating
signals, 15 and Q5, shall be such that the average time difference between them does not exceed 10
nanoseconds.

3.7.3.1.1.89 GPS time. GPS time shall be referenced to UTC (as maintained by the U.S. Naval
Observatory).

3.7.3.1.1.910 Coordinate system. The GPS coordinate system shall be WGS-84.

3.7.3.1.1.24611 Navigation information. The navigation data transmitted by the satellites on L1 and
L5 shall include the necessary information to determine:

a) satellite time of transmission;

b) satellite position;
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c) satellite health;

d) satellite clock correction;
e) propagation delay effects;
f) time transfer to UTC; and
g) constellation status.

Note.— Structure and contents of data are specified in Appendix B, 3.1.1.1.2 and 3.1.1.1.3-respectively
for L1, and 3.1.1.1.5 and 3.1.1.1.6 for L5.

APPENDIX B. TECHNICAL SPECIFICATIONS FOR
THE GLOBAL NAVIGATION SATELLITE SYSTEM (GNSS)

3. GNSS ELEMENTS
3.1 Core constellations
3.1.1 Global Positioning System (GPS)
Standard Positioning Service (SPS) (L1 and L5)
3.1.1.1 NON-AIRCRAFT ELEMENTS
3.1.1.1.1 L1 COARSE ACQUISITION (C/A) SIGNAL RADIO FREQUENCY (RF) CHARACTERISTICS
3.1.1.1.1.1 Carrier phase noise. The carrier phase noise spectral density of the unmodulated L1

carrier shall be such that a phase locked loop of 10 Hz one-sided noise bandwidth is able to track the carrier
to an accuracy of 0.1 radian (1 sigma).

3.1.1.1.1.2 Spurious emissions. In-band spurious emissions shall be at least 40 dB below the
unmodulated L1 carrier over the allocated channel bandwidth.

3.1.1.1.1.3 Correlation loss. The loss in the recovered signal power due to imperfections in the L1
C/A signal modulation and waveform distortion shall not exceed 4 0.6 dB for all GPS-I1 satellite generations
and 0.3 dB for all GPS-I11 satellite generations.

Note.— The loss in signal power is the difference between the broadcast power in-a-2:046-MHz an
allocated bandwidth and the signal power recovered by a noise-free, loss-free receiver with 1-chip
correlator spacing and a-2.046-MHzthe same bandwidth.
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3.1.1.1.1.4 L1-Coarselacquisition{C/A} code generation and timing. Each C/A code pattern Gi(t)
shall be formed by the Modulo-2 sum of two 1 023-bit linear patterns, G1 and G2;. The G2; sequence shall
be formed by effectively delaying the G2 sequence by an integer number of chips-te-produce-oneof36
unigue-Gi{tpatterns-defined-in-Table B-1. The G1 and G2 sequences shall be generated by 10-stage shift
registers having the following polynomials as referred to in the shift register input:

a) G1: X0+ X3+1;and
b) G2: X0+ X%+ X8+ X0+ X3+ X2+ 1,

The initialization vector for the G1 and G2 sequences shall be “1111111111”.-Fhe-code-phase-assignments
shal-be-as-shown-inTFable B-1. The G1 and G2 registers shall be clocked at a 1.023 MHz rate. Timing
relationships related to the C/A code shall be as shown in Figure B-1."

Note. — Additional information on code phase assignments is given in IS-GPS-200K.

3.1.1.1.2 L1 Bdata structure. The legacy navigation (LNAV) message shall be formatted as shown
in Figure B-2. Each page, as shown in Figure B-6, shall utilize a basic format of a 1 500-bit-long frame
with up to 5 subframes, each of 300 bits in length. All words shall be transmitted most significant bit (MSB)
first.

Note.— The bit allocations depicted for subframes 4 and 5 in Figure B-6 apply only to satellites
broadcasting PRN codes 1 — 32. See IS-GPS-200K for the bit allocations of subframes 4 and 5 for satellites
broadcasting PRN codes 33 — 63.

Editorial note.— Renumber paragraphs 3.1.1.2.1t0 3.1.1.2.6.2as 3.1.1.1.2.1 to
3.1.1.1.2.6.2. Delete Table B-1 and renumber subsequent tables accordingly.

3.1.1.1.3 L1 DDATA CONTENT

3.1.1.1.3.1 Subframe 1 — satellite clock and health data. The content of words 3 through 10 of
subframe 1 shall contain the clock parameters and other data as indicated in Table B-2. The parameters in
a data set shall be valid during the interval of time in which they are transmitted and shall remain valid for
an additional period of time after transmission of the next data set has started.

3.1.1.1.3.1.1 Week number. The 10 MSBs of word 3 shall contain the 10 MSBs of the 29-bit Z-count
and shall represent the number of the current GPS week at the start of the data set transmission interval with
all zeros indicating week “zero.” The GPS week number shall increment at each end/start of week epoch.

3.1.1.1.3.1.2 User range accuracy (URA). Bits 13 through 16 of word 3 shall provide a URA index,
which prescribes the predicted satellite URA as shown in Table B-3. The integrity assured URA (IAURA)
shall be the upper bound URA value corresponding to the URA index, as shown in the last column of Table
B-3.

Note 1.— The URA does not include error estimates due to inaccuracies of the single-frequency
ionospheric delay model.

Note 2.— The URA is a statistical indicator of the contribution of the apparent clock and ephemeris

“All figures are located at the end of the appendix.
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prediction accuracies to the ranging accuracies obtainable with a specific satellite based on historical
data.

Note 3.— The nominal URA value for each URA index is also shown in Table B-3. The nominal URA
is suitable for use as a prediction of the RMS signal-in-space pseudo-range errors for accuracy-related
purposes.

Table B-3. User range accuracy

URA Corresponding
index URA (meters) Nominal URA Aeceuracy IAURA
0 0.00 <URA <2.40 2m 240m
1 2.40 <URA <3.40 28m 3.40m
2 340 <URA <4.85 4m 4.85m
3 485 <URA <6.85 57m 6.85m
4 6.85 <URA <9.65 8m 9.65m
5 9.65 <URA <13.65 113 m 13.65m
6 13.65 < URA <24.00 16m 24.00 m
7 24.00 < URA <48.00 32m 48.00 m
8 48.00 < URA <96.00 64 m 96.00 m
9 96.00 < URA <192.00 128 m 192.00 m
10 192.00 < URA < 384.00 256 m 384.00 m
11 384.00 < URA < 768.00 512 m 768.00 m
12 768.00 <URA <1 536.00 1024 m 1536.00 m
13 1 536.00 < URA <3 072.00 2048 m 3072.00 m
14 3072.00 <URA <6 144.00 4096 m 6 144.00 m
15 6 144.00 < URA De-netuseNo accuracy prediction is N/A
(or no accuracy prediction is available - SPS available - SPS users are advised to
users are advised to use the SV at their own use the SV at their own risk
risk)

3.1.1.1.3.1.3 Health. The transmitting satellite 6-bit health indication shall be provided by bits 17
through 22 of word 3. The MSB shall indicate a summary of the health of the navigation data, where:

a) 0 =all navigation data are valid; and

b) 1 =some of the navigation data are not valid.

be indicated as “healthy” if the lack of this capability is inherent in its design or it has been configured into a
mode which is normal from a receiver standpoint and does not require that capability. Additional health data
shall be given in subframes 4 and 5.

Note.— The data given in subframe 1 may differ from that shown in subframes 4 and/or 5 of other
satellites since the latter may be updated at a different time.
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Table B-X. Codes for health of satellite signal components

MSB LSB Indication
0 0 ALL SIGNALS OK

1 1 1 0 0 SATELLITE IS TEMPORARILY OUT — do not use this satellite
during current pass

1 1 1 0 1 SATELLITE WILL BE TEMPORARILY OUT — use with caution

1 1 1 1 0 ONE OR MORE SIGNALS ARE DEFORMED*, HOWEVER
THE RELEVANT URA PARAMETERS ARE VALID

1 1 1 1 1 MULTIPLE ANOMALIES PRESENT (other than those anomalies

or conditions that would result in either of the two satellite
temporary outages as codified above.)

All other combinations SATELLITE EXPERIENCING CODE MODULATION AND/OR
SIGNAL POWER LEVEL TRANSMISSION PROBLEMS. The
user may not be able to acquire the satellite or may experience
intermittent tracking problems if satellite is acquired.

*Deformed means one or more signals do not meet the requirements in 1S-GPS-200K, Section 3.

3.1.1.1.3.1.4 Issue of data, clock (I0ODC). Bits 23 and 24 of word 3 in subframe 1 shall be the 2 MSBs
of the 10-bit IODC term. Bits 1 through 8 of word 8 in subframe 1 shall contain the 8 LSBs of the IODC.
The 10DC shall indicate the issue number of data set. The transmitted 10DC shall be different from any
value transmitted by the satellite during the preceding 7 days.

Note.— The relationship between the IODC and the Issue of Data, Ephemeris (IODE) terms is defined
in3.1.1.1.3.2.2.

3.1.1.1.3.1.,5 Estimated group delay differential. Bits 17 through 24 of word 7 shall contain the
correction term, Tep, to account for the effect of satellite group delay differential.

Note.— Tep does not include any C/A to P(Y) code relative group delay error.

3.1.1.1.3.1.6 Satellite clock correction parameters. Bits 9 through 24 of word 8, bits 1 through 24 of
word 9, and bits 1 through 22 of word 10 shall contain the parameters needed by the users for apparent satellite
clock correction (toc, ar, ar and as).

3.1.1.1.3.1.7 Reserved data fields. Reserved data fields shall be as indicated in Table B-4. All reserved
data fields shall support valid parity within their respective words.

3.1.1.1.3.2 Subframes 2 and 3 — satellite ephemeris data. Subframes 2 and 3 shall contain the
ephemeris representation of the transmitting satellite.

3.1.1.1.3.2.1 Ephemeris parameters. The ephemeris parameters shall be as indicated in Table B-5.
For each parameter in subframe 2 and 3, the number of bits, the scale factor of the LSB, the range, and the
units shall be as specified in Table B-6.
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3.1.1.1.3.2.2 Issue of data, ephemeris (IODE). The IODE shall be an 8-bit number equal to the 8
LSBs of the 10-bit IODC of the same data set. The IODE shall be provided in both subframes 2 and 3 for
the purpose of comparison with the 8 LSBs of the IODC term in subframe 1. Whenever these three terms
do not match, as a result of a data set cutover, new data shall be collected. The transmitted IODE shall be
different from any value transmitted by the satellite during the preceding six hours (Note 1). Any change in
the subframe 2 and 3 data shall be accomplished in concert with a change in both IODE words. Change to
new data sets shall occur only on hour boundaries except for the first data set of a new upload. Additionally,
the tee value, for at least the first data set transmitted by a satellite after an upload, shall be different from
that transmitted prior to the change (Note 2).

Table B-6. Ephemeris parameters

Number Scale factor Effective
Parameter of bits™ (LSB) range™ Units
IODE 8
Crs 16" 2° metres
An 16" 2% semi-circles/second
Mo 32" 2% semi-circles
Cuc 16" 2% radians
e 32 273 0.03 dimensionless
Cus 16" 2% radians
VA 32 2% 253008192 metres'?
toe 16 2* 604 784 seconds
Cic 16" 2% radians
OMEGA, 32" 273 semi-circles
Cis 16" 2% radians
io 32" 23 semi-circles
Crc 16" 2°° metres
o 32" 273 semi-circles
OMEGADOT 24" 2% -6.33x 107 to 0 semi-circles/second
iDOT 14" 274 semi-circles/second

*  Parameters so indicated are two’s complement, with the sign bit (+ or —) occupying the MSB.

**  See Figure B-6 for complete bit allocation in subframe.

*** Unless otherwise indicated in this column, effective range is the maximum range attainable with the indicated bit
allocation and scale factor.

Note 1.— The IODE/IODC terms provide the receiver with a means for detecting any changes in the
ephemeris/clock representation parameters.

Note 2.— The first data set may change (3.1.1.1.2.2) at any time during the hour and therefore may be
transmitted by the satellite for less than 1 hour.
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3.1.1.1.3.2.3 Curve fit intervals. Bit 17 in word 10 of subframe 2 shall be a “fit interval” flag which
indicates the curve-fit interval used in determining the ephemeris parameters, as follows:

0 =4 hours,
1 = greater than 4 hours.

A fit interval flag of zero (0) shall indicate the satellite is undergoing normal operations. A fit interval flag
of one (1) shall indicate the satellite is undergoing short- or long-term extended operations.

3.1.1.1.3.3 Subframes 4 and 5 — support data. Both subframes 4 and 5 shall be subcommutated
25 times each. With the possible exception of “reserved” pages and explicit repeats each page shall contain
different data in words 3 through 10. 3 3 3 3

the data Ilsted in Table B-Y.

Note.— Subframes 4 and 5 from satellites broadcasting PRN codes 1 — 32 contain almanac and health
data for 32 satellites. Subframes 4 and 5 from satellites broadcasting PRN codes 33 — 63 contain almanac
and health data for only 31 satellites. See 1S-GPS-200K for full details on the content and bit allocations
of the data in subframes 4 and 5.

Table B-Y. Subframes 4 and 5 data

Subframe | Page(s) Data

4 1,6, 11,16 and 21 Reserved
2,3,4,5,7,8,9and 10" | Almanac data
12, 19, 20, 22,23 and 24 | Reserved

13 NMCT**

14 and 15 Reserved for system use

17 Special messages**

18 lonospheric and UTC data

25 A-S flags/SV configurations and SV health
5 1 through 24 Almanac data

25 SV health data

* Page 10 of subframe 4 is only sent from satellites broadcasting PRN codes 1 — 32
(and will contain almanac data for PRN 32); it is not used by satellites broadcasting
PRN codes 33 — 63.

**Page not intended for aviation use.

Pages-of subframe-4-shal-be-asfollows:

Editorial note.— Delete remainder of existing 3.1.1.3.3t0 3.1.1.3.3.9 in toto
and insert new paragraphs from 3.1.1.1.4 to Table B-L5-4 as follows:

3.1.1.1.4 L5 SIGNAL RADIO FREQUENCY (RF) CHARACTERISTICS

3.1.1.1.4.1 Carrier phase noise. The carrier phase noise spectral density of the unmodulated L5
carrier shall be such that a phase locked loop of 10 Hz one-sided noise bandwidth can track the carrier to
an accuracy of 0.1 RMS.
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3.1.1.1.4.2 Spurious emissions. In-band spurious emissions shall be at least 40 dB below the
unmodulated L5 carrier over the allocated channel bandwidth.

3.1.1.1.4.3 Correlation loss. The loss in the recovered signal power due to imperfections in the L5
signal modulation and waveform distortion shall not exceed 0.6 dB.

Note.— The loss in signal power is the difference between the broadcast power in an allocated
bandwidth and the signal power recovered by a noise-free, loss-free receiver with 1-chip correlator spacing
and the same bandwidth.

3.1.1.1.4.4 L5 carrier components. L5 shall have two carrier components modulated by separate bit
trains: the 15-code and the Q5-code (see Table B-L5-1).

3.1.1.1.4.4.1 The I5 and Q5 carriers shall be in phase quadrature (within £100 milliradians) and the
Q5 carrier shall be lagging the 15 carrier by 90 degrees.

Table B-L5-1. Composite L5 transmitted signal phase

Nominal composite L5 signal phase* 5 Code state 05
0° 0 0
-90° 1 0
+90° 0 1
180° 1 1
* Relative to 0, 0 code state with positive angles leading and negative angles lagging.
** Based on the composite of two L5 carrier components at the same power.

3.1.1.1.45 Code generation. The 15 and Q5 code patterns 15;(t) and Q5;(t) shall each be formed by
the Modulo-2 sum of two extended bit patterns clocked at a 10.23 MHz rate, XA(t) and XBIi(nl;, t) or XA(t)
and XBQi(nQj, t), where nl; and nQj are the initial states of XBI; and XBQ; for satellite i.

3.1.1.1.45.1 The XA code shall be a code of length 8 190 with initial condition of all “ones” that is
short-cycled 1 chip before its natural ending and restarted to run over a period of 1 millisecond
(synchronized with the L1 frequency C/A code) for a total of 10 230 chips.

3.1.1.1.45.2 The XBI;i and XBQ:; codes shall be codes of length 8 191 with initial conditions that are
specified in IS-GPS-705F, Tables 3-la and Ib. The XBI; and XBQ; codes shall not be short-cycled and shall
be restarted to run over a period of 1 millisecond for a total of 10 230 chips.

3.1.1.1.45.3 The generating polynomials for the XA and XBI; and XBQ; codes shall be:

a) XA:XB+ X2+ X%+ X%+ 1;and

b) XBliand XBQi: X2 + X2 +X8 + X7+ X8+ X* + X3+ X + 1.

Note. — Additional details on code phase assignments are specified in the GPS Interface Specification,
IS-GPS-705F.
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3.1.1.1.4.6 Navigation data modulation. The L5 navigation data (CNAV) bit train shall be encoded
at a rate of 2 symbols per bit using a convolution code with a constraint length of 7 to yield 100 symbols
per second (sps). The 100 sps symbols shall then be modulated (Modulo-2 addition) with the 10-bit
Neuman-Hofman code “0000110101” clocked at 1 kHz. The resulting symbol sequence shall be Modulo-
2 added with the I5 PRN code and used to modulate the L5 in-phase carrier.

3.1.1.1.4.7 Signal timing. The XA code shall be synchronized with the L1 frequency C/A code. The
XBIi and XBQ;j codes shall be synchronized with the XA code.

3.1.1.1.4.8 Group delay differential. The absolute value of the mean differential delay between the
radiated L1 and L5 signals shall not exceed 30.0 nanoseconds. The total variation about the mean (random
plus non-random variations) shall not exceed 3.0 nanoseconds (95 per cent probability).

Note.— Inter-signal corrections (ISCs) are provided in the navigation data, to correct for the bias
component of the differential delay.

3.1.1.1.5 L5 DATASTRUCTURE

3.1.1.1.5.1 Forward error correction. The L5 CNAYV bit train shall be rate 1/2 convolution encoded
with a forward error correction (FEC) code of constraint length 7.

3.1.1.1.5.2 Navigation data structure. The L5 CNAV data shall be provided in a set of six-second
300-bit long messages.

3.1.1.1.5.2.1 Each message shall contain a cyclic redundancy check (CRC) parity block of 24 bits
protecting the entire 300-bit message.

3.1.1.1.5.2.2 Each message shall be composed of the following ordered fields: an 8-bit preamble
(“10001011”), the 6-bit PRN number of the transmitting satellite, a 6-bit message type ID (range 0 to 63),
the 17-bit message time-of-week (TOW) count, a 1-bit alert flag (bit 38), the data field (238 bits), and the
24-bit CRC parity block.

3.1.1.1.5.2.3 The TOW count multiplied by 6 shall provide the satellite time in seconds at the start of
the next 6-second message.

3.1.1.1.5.2.4 Bit 38 shall be an “alert flag” where the value “1” indicates that the signal URA

components may be worse than indicated in the associated message types and that use of the signal is at the
user’s risk.

3.1.1.1.6 L5 (CNAV) DATA CONTENT

3.1.1.1.6.1 CNAV message types. The CNAV data broadcasted on L5 shall contain the message types
listed in Table B-L5-2.

Note.—See I1S-GPS-705F for details on the content and application of the data contained in each
message type.
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Table B-L5-2. CNAV message types

Message type Content
0 Default message (empty)
10 Ephemeris, accuracy, health parameters
11 Ephemeris, accuracy, health parameters
30 SV Clock, accuracy, ionosphere, group delay
31 SV Clock, accuracy, almanac
32 SV Clock, accuracy, earth orientation parameters
33 SV Clock, accuracy, UTC parameters
34 SV Clock, accuracy, differential correction parameters
35 SV Clock, accuracy, GPS/GNSS time offset
36 SV Clock, accuracy, text messages
37 SV Clock, accuracy, midi almanac

3.1.1.1.6.2 Message Type 10 shall contain the elevation-dependent (ED) component of the user range
accuracy (URAgp) index corresponding to the maximum elevation-dependent error expected for the current
ephemeris curve fit for the worst-case location within the satellite footprint.

Note.— At the best location within the satellite footprint (i.e. nominally directly below the satellite
along its nadir vector), the corresponding URAgp is zero (see Table B-L5-3).

3.1.1.1.6.3 Message Types 30 to 37 shall contain the non-elevation-dependent (NED) URA
component indices: URAnepo index, URAnep: index, and URAnep: index, respectively, for the transmitting
satellite.

The URANepo Value shall be related to the URAnepo index according to Table B-L5-4.

The URAnep: Value shall be related to the URANep: index as:

1
URAngp1 = 2_N
where

N = 14 + URAn\ep:1 index

The URANep2 value shall be related to the URANep2 index as:

1
URANgp2 = 2_1\/

where
N =28 + URAN\ED? index

Note.— URAep, URANepo, URANep: and URAwep2 are used to compute the integrity assured URA
(IAURA).
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Table B-L5-3. Elevation-dependent user range accuracy URAgp

URAeDp index URAeDp (m)
15 6 144.00 < URAEp (accuracy
prediction not available)
14 3072.00 < URAep <6 144.00
13 1536.00 < URAep <3 072.00
12 768.00 < URAep < 1 536.00
11 384.00 < URAgp < 768.00
10 192.00 < URAEp < 384.00
9 96.00 < URAep <192.00
8 48.00 < URAep <96.00
7 24.00 < URAEep < 48.00
6 13.65 < URAgp < 24.00
5 9.65 < URAgp < 13.65
4 6.85 < URAep <9.65
3 4.85 < URAgp < 6.85
2 3.40 < URAep <4.85
1 2.40 <URAgp £3.40
0 1.70 < URAep <2.40
-1 1.20 < URAep <1.70
-2 0.85 <URAep <1.20
-3 0.60 < URAgp <0.85
-4 0.43 < URAep £0.60
-5 0.30 <URAgp <0.43
-6 0.21 < URAep <0.30
-7 0.15 < URAgp £0.21
-8 0.11 <URAep <£0.15
-9 0.08 < URAgp <0.11
-10 0.06 < URAEp <0.08
-11 0.04 < URAep <0.06
-12 0.03 < URAep <£0.04
-13 0.02 < URAgp £0.03
-14 0.01 < URAEp <0.02
-15 URAEep <0.01
-16 Accuracy prediction not
available
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Table B-L5-4. Non-elevation-dependent user range accuracy URAnepo

URANEDO index URANEDO (m)
15 6 144.00 < URANeDo (accuracy
prediction not available)
14 3 072.00 < URANEDo < 6 144.00
13 1 536.00 < URANepo <3 072.00
12 768.00 < URANEepo < 1 536.00
11 384.00 < URANEDo < 768.00
10 192.00 < URANepo < 384.00
9 96.00 < URANEeDo < 192.00
8 48.00 < URANED0 < 96.00
7 24.00 < URANEDo <48.00
6 13.65 < URANED0 < 24.00
5 9.65 < URANepo £ 13.65
4 6.85 < URANEDo < 9.65
3 4.85 < URANeDo < 6.85
2 3.40 <URANED0 <4.85
1 2.40 < URANEDD < 3.40
0 1.70 < URANEDo < 2.40
-1 1.20 < URANED0 < 1.70
-2 0.85 < URANED0 < 1.20
-3 0.60 < URANED0 < 0.85
-4 0.43 < URANEDo £ 0.60
-5 0.30 < URANED0 £0.43
-6 0.21 < URANepo < 0.30
-7 0.15 < URANED0 < 0.21
-8 0.11 < URANED0 <0.15
-9 0.08 < URANED0 £0.11
-10 0.06 < URANED0 <0.08
-11 0.04 < URANepo < 0.06
-12 0.03 < URANEeDo < 0.04
-13 0.02 < URANED: <0.03
-14 0.01 < URANED0 £0.02
-15 URANED0 £0.01
-16 Accuracy prediction not
available

End of new text.
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3.1.1.2 DEFINITIONS OF PROTOCOLS FOR DATA APPLICATION

3.1.1.2.1 GPSPROTOCOLS FOR SINGLE-FREQUENCY L1 USERS
3.1.1.2.1.1 Parity algorithm. GPS parity algorithms are defined as indicated in Table B-14.
3.1.1.2.1.2 Satellite clock correction parameters. GPS system time t is defined as:
t =ty — (Atsy) L1

where

t GPS system time (corrected for beginning and end-of-week crossovers);
tov satellite time at transmission of the message;

(Ats)1 = the satellite PRN code phase offset;

(Atsv)Ll = apt afl(t - toc) + afz(t - toc)z + At,—Top

where

af, an and ap and toc, are contained in subframe 1; and
At,= the relativistic correction term (seconds)

At= Fe VA sin Ex
where

e and A are contained in subframes 2 and 3;
Ex is defined in Table B-15; and

~2 (u)*
Fo (zu)
c

= -4.442807633(10)° s/m*

where

WGS-84 universal gravitational parameter (3.986005 x 10* m®/s?)
the speed of light in a vacuum (2.99792458 x 108 m/s)

u
c

Note.— The value of t is intended to account for the beginning or end-of-week crossovers. That is, if
the quantity t-toc is greater than 302 400 seconds, subtract 604 800 seconds from t. If the quantity t-toc is

less than —302 400 seconds, add 604 800 seconds to t.

3.1.1.2.1.3 Satellite position. The current satellite position (Xk, Yk, Zk) is defined as shown in Table

B-15.
3.1.1.2.1.4 lonospheric correction. The ionospheric correction (Tiono,L1) is defined as:

2 4
Fx [5.0410° + AMP (1-2+2 )] x| <157
Tionot1= (seconds)

Fx(5.0x10°%) + x| >1.57
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3.1.1.2.1.4.1 The terms used in computation of ionospheric delay are as follows:

a) Satellite transmitted terms

Oin = the coefficients of a cubic equation representing the amplitude of the vertical delay
(4 coefficients = 8 bits each) obtained from page 18 of subframe 4
Bn = the coefficients of a cubic equation representing the period of the model

(4 coefficients = 8 bits each) obtained from page 18 of subframe 4

Editorial note.— Insert new sections from 3.1.1.2.2 to Table B-L5-5 as follows:

3.1.1.2.2 GPS PROTOCOLS FOR SINGLE-FREQUENCY (L5) AND DUAL-FREQUENCY (L1/L5) USERS

3.1.1.2.2.1 Parity algorithm. The CNAV CRC word shall be calculated in the forward direction using
a seed of 0. The sequence of 24 bits (p1, p2,..., p24) shall be generated from the sequence of information
bits (m1, m2,..., m276) using the following generating polynomial:

24
g0 = gix'
i=0
where gi= 1for0, 1, 3,4, 5, 6, 7, 10, 11, 14, 17, 18, 23, 24, and
0 otherwise.
Note.— See 1S-GPS-705F for full details on the CNAV parity algorithm.
3.1.1.2.2.2 Satellite clock correction. Section 3.1.1.2.1.2 shall apply.

Note.—Additional terms apply to the satellite clock correction for single-frequency L5 and dual-
frequency L1 and L5 users as shown in 3.1.1.2.2.5.

3.1.1.2.2.3 Satellite position. The current satellite position (X, Yk, Zk) shall be calculated as shown
in Table B-L5-5.

Note.— The ephemeris parameters: toe, AA, 4, Ano, Az, Mo-n, €n, @, 2o, AR, i0-n, .5, Cis-ny Cicny Crs-
ny Cre-ny Cus-n, @and Cyen, are provided in CNAV message Types 10 and 11.
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3.1.1.2.2.4 Integrity assured user range accuracy (IAURA)

3.1.1.2.2.4.1 Composite IAURA. The composite IAURA value shall be the RSS of an elevation-
dependent (ED) component and a non-elevation-dependent (NED) component.

IAURA = J (adjusted IAURAgp)? + IAURA%

3.1.1.2.2.4.2 Elevation-dependent (ED) accuracy estimate. An adjusted ED IAURA value (in metres)
shall be computed from the upper bound value of the URAEgp obtained from message Type 10, Table B-L5-
3, and the equation:
adjusted IAURAep = URAgp (Sin(E+90))
where

E is the satellite elevation angle in degrees (E > 0)

3.1.1.2.2.4.3 Non-elevation-dependent (NED) accuracy estimate. The non-elevation-dependent
IAURA value (in metres) shall be computed using the upper bound value of URAnepo and the equation:

IAURANED = URANEDD + URANEDlx(t — top + 604,800X(WN — WNop)

when t — top + 604,800%(WN — WNop) < 93,600 seconds
and

IAURANED = URANEDD + URANEDlx(t — top + 604,800X(WN — WNop)
+ URAwep2X(t — top + 604,800+ WN — WNp) — 93,600)2

when t — top + 604,800x(WN — WN,p) > 93,600 seconds
where

t = GPS system time
WN, WNop, top, URANEeD0, URANED1, URANED? are obtained from message Types 10, 30 to 37,
and Table B-L5-4.

3.1.1.2.25 Estimated L5 group delay differential for single-frequency users.

Note.— Inter-signal biases for L1/L5 dual-frequency users are corrected via the ionosphere-free
pseudo-range described in 3.1.1.2.2.7.

3.1.1.2.25.1 For the single-frequency L5 15 user, the satellite clock time, corrected for the L1/L5
inter-signal bias, shall be as follows:

(Atsy)sis = Atsy — Tgp + ISCrss
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3.1.1.2.25.2 For the single-frequency L5 Q5 user, the satellite clock time, corrected for the L1/L5
inter-signal bias, shall be as follows:

(Atsy)sgs = Atsy — Tgp + ISCrs0s
Note.— Tep, I1SCisis and ISCysqs are provided in CNAV message Type 30.
3.1.1.2.2.6 lonospheric correction. For L5, the single-frequency ionospheric correction defined in
3.1.1.2.1.4 shall be multiplied by yis, (Tiono,Ls = Y15 Tiono,L1), Where yis = (fLi/fis)? = (1 575.42/1 176.45)% =
(154/115)°.

3.1.1.2.2.7 L1/L5 ionospheric correction for dual-frequency users.

3.1.1.2.2.7.1 The ionosphere-free pseudo-range for the dual-frequency (L1 C/A and L5 I5) user shall
be as follows:

_ (PRLSIS - V15PRL1C/A) + C(ISCLSIS - ylSISCLIC/A) _

PR 1= 7 cTep
where

PR = pseudo-range corrected for ionospheric effects,

PRI = pseudo-range measured on the channel indicated by the subscript,

ISCi = inter-signal correction for the channel indicated by the subscript,
provided in CNAV message Type 30,

Tep = L1 P(Y) and L2 P(Y) inter-signal correction, provided in CNAV
message Type 30,

c = speed of light, and

yis = (fLa/fis)® = (1 575.42/1 176.45)? = (154/115)

3.1.1.2.2.7.2 The ionosphere-free pseudo-range for the dual-frequency (L1 C/A and L5 Q5) user shall
be as follows:

_ (PRLSQS - V15PRL1C/A) + C(ISCLSQS - V1515CL1C/A) _
Bl 1—ys

PR cTep

where

PR, PRI, ISCi, TGD, c and yis are as defined above.
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Elements of coordinate systems for L5 CNAV data

Table B-L5-5.
ty =t —1t5e
AO = AREF + AA
Ak = AO + Atk
n el i
0 A%

Any = Ang + ANty
np =ng + Any
Mk = MO + nAtk

Mk = Ek — €n sin Ek

Time from ephemeris reference epoch”
Semi-major axis at reference time™
Semi-major axis

Computed mean motion

Mean motion difference from computed value

Corrected mean motion
Mean anomaly

Kepler’s equation for eccentric anomaly (may be solved by iteration)

. (sinvy
Vi = tan 1{ } =
COS Vi
e + cos vy
E, = cos™! {—}
1 +ecos vy
Ok =Vvik+ ®

Ouk = Cusn SIn 2¢x + Cycn €OS 20k
01k = Cren Sin 2k + Crsn Sin 20k
Oik = Cis-n Sin 2¢x + Cicn €OS 20k
Uk = Ok + Suk

rk = Ax(1 - en cos Ex) + 6rx

iy = ip + ig_ntx + Six

X'k = rycos uk}
Yk = Igsin uy
Q = ‘QREF + A.Q.

Qk = 'QO—n + (.Q - Qe)tk_ Qetoe

Xk = X'k €0S Qy - y'kcos iy sin Q
Yk = X'k sin Qy - y'x cos igcos Qi
7 = Yk Sin iy

_1 (V1 —e?sin Ey /(1 —ecos Ey)
an (cos E, —e)/(1 —ecos Ey)

} True anomaly

Eccentric anomaly

Argument of latitude

Second Harmonic Perturbations
Argument of latitude correction
Radius correction

Inclination correction

Corrected argument of latitude
Corrected radius

Corrected inclination
Positions in orbital plane

Rate of right ascension™”

Corrected longitude of ascending node

Earth-Centred, Earth-Fixed coordinates

t is GPS system time at time of transmission, i.e. GPS time corrected for transit time (range/speed of light). Furthermore, ty is the actual total
time difference between the time t and the epoch time t., and must account for beginning or end-of-week crossovers. That is, if ty is greater than
302 400 seconds, subtract 604 800 seconds from t. If t, is less than -302 400 seconds, add 604 800 seconds to ty.

Ager = 26 559 710 metres

*kk () eer = —2.6 x 1072 semi-circles/second

*%x
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End of new text.

3.1.1.3 AIRCRAFT ELEMENTS

3.1.1.3.1 GNSS{GPS) RECEIVER

3.1.1.3.1.1 Reserved. Satellite exclusion. The receiver shall exclude any marginal or unhealthy satellite.

Editorial note.— Renumber paragraphs 3.1.3.1.2t03.1.4as 3.1.1.3.1.2t0 3.1.1.4.

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

4. GNSS CORE ELEMENTS
4.1 Core constellations
411 GPS

Note.— Addltlonal mformatlon concernlng GPS can be found in Glebal-Pesitioning-System—Standard
3 the GPS SPS PS, Interface Specification

{4S)IS-GPS- ZOOEK and IS-GPS-705F.

4.1.1.1 The L1 C/A code performance standards isare based upon the assumption that a representative
standard positioning service (SPS) receiver is used. A representative receiver has the following
characteristics:

a) designed in accordance with 1S-GPS-200EK;

b) tracking the SF L1 C/A code SPS SIS from all satellites in view above-uses a 5-degree masking
angle;

c) accomplishes satellite position and geometric range computations in the most current realization of
the World Geodetic System 1984 (WGS-84) Earth-Centred, Earth-Fixed (ECEF) coordinate
system;

d) generates a position and time solution from data broadcast by all satellites in view transmitting
PRNs 1-32;
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e) compensates for dynamic Doppler shift effects on nominal SPS ranging signal carrier phase and
C/A code measurements;

f) excludes marginal and unhealthy satellites from the position solution;

g) uses up-to-date and internally consistent ephemeris and clock data within the respective curve fit
intervals for all satellites it is using in its position solution; and

h) loses track in the event that a GPS satellite stops transmitting a trackable signal.

The time transfer accuracy applies to the data in the broadcast navigation message, which relates GPS SPS
time to UTC as maintained by the United States Naval Observatory. A 12-channel receiver will meet
performance requirements specified in Chapter 3, 3.7.3.1.1.1.1 and 3.7.3.1.1.2. A receiver that is able to
track four satellites only (Appendix B, 3.1.1.3.1.2) will not get the full position domain accuracy and
availability performance.

Note 1.— No user position domain performance standards are available at this time for L5-only
operation because there are no SIS availability or continuity performance standards defined yet for the L5
signals. Availability and continuity performance standards for the L5 signals will be provided in advance
of any declaration for an enhanced SPS which includes the L5 service. The performance standards for the
L5 signals (range domain accuracy, reliability, major service failure) are at the SIS level and do not require
the notion of a user receiver. However, it may be helpful when considering the accuracy and integrity
standards for the L5 signals to consider that a user receiver would need to be designed to process the L5
signals in a manner analogous to how it processes the L1 signals; particularly by processing those signals
in accordance with 1S-GPS-705, continuously monitoring the L5 SIS health, using up-to-date and internally
consistent navigation data (CNAV), and using only satellites designated as healthy during normal GPS
operations.

Note 2.— Condzllons mdlcatmg that a satelllte is “healthy”, “marginal” or unheallhy can be found

Pe#e%aneeét&nd&rd—@%dme«néeptembepz@%the GPS SPS PS, Sectlon 2. 3 2

4.1.1.2 Position domain accuracy. The position domain accuracy is measured with a representative
receiver and a measurement interval of 24 hours for any point within the coverage area. The positioning
and timing accuracy are for the signal-in-space (SIS) only and do not include such error sources as:
ionosphere, troposphere, interference, receiver noise or multipath. In order to maintain backwards
compatibility, the position domain accuracy standard will be met with a representative SPS receiver
tracking only PRNs 1 through 32.

4.1.1.3 Range domain accuracy. The range domain accuracy standard applies to normal operations,
which implies that updated navigation data is uplinked to the satellites on a regular basis. Range domain
accuracy is conditioned by the satellite indicating-transmitting a healthy status and transmitting C/A code
and does not account for satellite failures outside of the normal operating characteristics. Range domain
accuracy limits can be exceeded during satellite failures or anomalies while uploading data to the satellite.
The range rate error limit is the maximum for any satellite measured over any 3-second interval for any
point within the coverage area. The range acceleration error limit is the maximum for any satellite measured
over any 3-second interval for any point within the coverage area. Under nominal conditions, all satellites
are maintained to the same standards, so it is appropriate for availability modelling purposes to assume that
all satellites have a 43.6-metre RMS SIS user range error (URE). The standards are restricted to range
domain errors allocated to space and control segments.
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4.1.1.4 Availability. The availability standard applies to normal operations, which implies that
updated navigation data is uplinked to the satellites on a regular basis. Availability is the percentage of time
over any 24-hour interval that the predicted 95 per cent positioning error (due to space and control segment
errors) is less than its threshold, for any point within the coverage area. It is based on a 1#15-metre
horizontal 95 per cent threshold; a 3#33-metre vertical 95 per cent threshold; using a representative receiver;
and operating within the coverage area over any 24-hour interval. The service availability assumes a
constellation that meets the criteria in 414-2Chapter 3, 3.7.3.1.1.7. As noted for position domain accuracy,
in order to maintain backwards compatibility, the availability standard will be met with a representative
SPS receiver tracking only PRNSs 1 through 32.

4.1.1.5 Reliability. Reliability is the percentage of time over a specified time interval that the
instantaneous SPS SIS URE is maintained within the range error limit, at any given point within the
coverage area, for all healthy GPS satellites. The reliability standard is based on a measurement interval of
one year and the average of daily values within the coverage area. The worst single point average reliability
assumes that the total service failure time of 18 hours will be over that particular point (3 failures each
lasting 6 hours).

4.1.1.6 Major service failure.

4.1.1.6.1 A major service failure is defined to be a condition over a time interval during which a
trackable and healthy GPS satellite’s instantaneous ranging signal error (excluding atmospheric and
receiver errors) exceeds the range error limit of 4.42 times the upperbound-on-the-integrity assured user
range accuracy (IAURA) broadcast by a satellite for longer than the allowable time-to-alert (10 seconds).
A major service failure occurs only if no alert is issued within the 10 second time to alert. Events when the
instantaneous user range error (URE) exceeds 4.42 times the IAURA for a total duration of less than 10
seconds are not counted as major service failures. Once an alert has been issued, the major service failure
event ceases to have any impact on SPS SIS integrity.

4.1.1.6.2 The instantaneous SIS URE will depend upon the combination of SIS components used.
The major service failure standards apply for both single-frequency and dual-frequency users using these
SIS component combinations in Table D-X.

Table D-X. GPS SPS SIS component combinations

One carrier, single-frequency (SF) | Two carriers, dual-frequency (DF)

C/A-code + LNAV data (C/A + 15)-codes + CNAYV data
I15-code + CNAV data (C/A + Q5)-codes + CNAV data
Q5-code + CNAV data (C/A + 15+Q5)-codes + CNAV data

(15+Q5)-codes + CNAV data
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4.1.1.6.3 For SIS component combinations using LNAV data, the IAURA is equal to the upper bound
on the URA value corresponding to the URA index “N” currently broadcast by the satellite in subframe 1.
This URA is specific to the broadcasting satellite. For SIS component combinations using CNAYV data, the
IAURA is the root sum square (RSS) of an elevation-dependent function of the upper bound value of the
URAep component and a non-elevation-dependent function of the upper bound value of the URANeb
component currently broadcast by the satellite in MT-10 and MT-3x respectively. This IAURA is also
specific to the broadcasting satellite. The IAURA for a marginal SPS SIS is not defined and there is no
IAURA for an unhealthy SPS SIS. Since the URAs and IAURAS vary with time, a validity period for each
is specified in the GPS interface specifications.

4.1.1.6.4 The onset rate, Rss, is defined as the probability of a major service failure on any particular
satellite over any hour, given that the maximum SPS SIS instantaneous URE did not exceed 4.42 times the
IAURA at the start of the hour. The mean fault duration is one hour and the worst-case duration is six hours.

4.1.1.6.,5 The probabilities of a single satellite major service failure (Psa) for a particular satellite and
a common-cause, multi-satellite major service failure (Pconst) are instantaneous state probabilities equivalent
to the fraction of time when the SPS SIS instantaneous URE exceeds 4.42 times the IAURA for more than
10 seconds without an alert issued within those 10 seconds.

4.1.1.6.6 The probability of 1x10° in Chapter 3, 3.7.3.1.1.4 corresponds to a maximum of 3 major
service failures, with one-hour duration, for the entire constellation per year assuming a maximum
constellation of 32 satellites.

4.1.1.7 Continuity. Continuity for a healthy GPS satellite is the probability that the SPS SIS will
continue to be healthy without unscheduled interruption over a specified time interval. Scheduled
interruptions which are announced at least 48 hours in advance do not contribute to a loss of continuity.

4.1.1.8 Coverage. The SPS supports the terrestrial coverage area, which is from the surface of the
earth up to an altitude of 3 000 km.

4.1.1.9 Normal operations. In normal operations mode, the satellites are uploaded with fresh
navigation (NAV) message data by the control segment on a regular basis. The SPS SIS indicates when the
satellite is in the normal operations mode by way of the C/A code signal LNAYV data stream fit interval flag
being set to “0”’ (zero) in accordance with IS-GPS-200K. When the fit interval flag is set to “1”’ (one), the
satellite is operating in the extended operations mode. Special SPS SIS accuracy standards apply for the
extended operations mode. See 1S-GPS-200K for further details on the fit interval flag.

Note 1.— There is no equivalent “normal operations mode” flag (fit interval flag) in the CNAV data
stream on the 15-code signal

Note 2.— Additional information concerning normal operations is given in the GPS SPS PS, Sections
A.4.3.2 and A.4.3.3.

Origin: Rationale:

NSP/6 This proposal is intended to reflect the ongoing modernization of the GPS satellite
navigation system, operated by the United States and already standardized by ICAO
(L1 band only). It includes amendments to the existing GPS SARPs to add a pair of
signals (15-code and Q5-code) transmitted in the L5 band, along with several other
improvements. The use of two frequency bands (L1 and L5) will help mitigate
vulnerabilities in respect of ionospheric disturbance and radio frequency interference.
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INITIAL PROPOSAL 3
Global navigation satellite system (GLONASS)

CHAPTER 3. SPECIFICATIONS FOR RADIO NAVIGATION AIDS

3.7.3 GNSS elements specifications

3.7.3.1 Core constellations

3.7.3.1.2 GLONASS Channel of Standard Accuracy (CSA) (L1/L3)

Note.— The GLONASS signals for CSA are broadcast in two frequency bands identified as L1 and L3.
In the L1 band, two types of signals are broadcast: L1OF with frequency division multiple access (FDMA)
and L10C with code division multiple access (CDMA). In the L3 band, only CDMA signals (L30OC) are
broadcast. In-this-section;Except where otherwise specified, the term GLONASS refers to all satellites in
the constellation transmitting either FDMA or CDMA signals.-Standards—relating-only-to-GLONASS-M
satelites COMA-signals-are-gualified-accordingly:

3.7.3.1.2.1 Space and control segment accuracy

Note.— The fellowing-single-frequency accuracy Standards do not include atmospheric or receiver
errors; ionosphere errors are included for dual-frequency combinations, as described in Attachment D,
41.2.2.

3.7.3.1.2.1.1 Positioning accuracy. The GLONASS CSA position errors shall not exceed the
following limits:

Glebalaverage WorstsHe
95%-of the-thie  95%-of-the-thme

Horizontal-position-error 5m {7 12 m(40-f)
Vertical-position-error 9 m{29-f) 25-m(97-f)
Signals L1OF L10C L30C L1OF - L10C -

L30C L30C

Global average
95% of the time:

Horizontal position error 5m 5m 5m 5m 5m
Vertical position error 9m 9m 9m 9m 9m
Worst site

95% of the time:

Horizontal position error 12m 12m 12m 12m 12m
Vertical position error 25m 25m 25m 25m 25m

3.7.3.1.2.1.2 Time transfer accuracy. The GLONASS CSA time transfer errors shall not exceed 700



B-29

naneseconds-the following limits 95 per cent of the time:

Signals L1OF L10C L30C L1OF - L10OC -
L30C L30C
40 ns 40 ns 40 ns 40 ns 40 ns

3.7.3.1.2.1.3 Range domain accuracy. The range domain error shall not exceed the following limits:

Signals L1OF L10C L30C L1OF - L10C -
L30C L30C

Range error of any 18 m 18 m 18 m 18 m 18 m

satellite with reliability

specified in 3.7.3.1.2.3

95th percentile range error 11.7m 11.7m 11.7m 11.7m 11.7m

of any satellite

95th percentile range error 7.8m 7.8m 7.8m 7.8m 7.8m

over all satellites

95th percentile range rate 0.014 m/s 0.014 m/s 0.014 m/s 0.014 m/s 0.014 m/s

error of any satellite

95th percentile range 0.005 m/s? 0.005 m/s? 0.005 m/s?>  0.005m/s®>  0.005 m/s?

acceleration error of any
satellite

3.7.3.1.2.2 Availability. The GLONASS CSA availability shall be as follows:
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Signals L1OF L10C L30C L1OF - L10C -
L30C L30C
Average location:
Horizontal service 99%, 99%, 99%, 99%, 99%,
availability (12 m 95% (12 m 95% (12m9%5% (12 m 95% (12 m 95%
threshold) threshold) threshold) threshold) threshold)
Vertical service 99%, 99%, 99%, 99%, 99%,
availability (25 m 95% (25 m 95% (25m95% (25 m 95% (25 m 95%
threshold) threshold) threshold) threshold) threshold)
Worst-case location:
Horizontal service 90%, 90%, 90%, 90%, 90%,
availability (12 m 95% (12 m 95% (12m9%5% (12 m 95% (12 m 95%
threshold) threshold) threshold) threshold) threshold)
Vertical service 90%, 90%, 90%, 90%, 90%,
availability (25 m 95% (25m9%% (25m95% (25m95% (25 m 95%
threshold threshold threshold threshold threshold

3.7.3.1.2.3 Reliability. The GLONASS CSA reliability shall be within the following limits:

Signals L10OF L10C L30C L1OF - L10C -

L30C L30C
Global average 99.37% 99.37% 99.37% 99.37% 99.37%
Worst single point average 99.14% 99.14% 99.14% 99.14% 99.14%

3.7.3.1.2.4 Probability of major service failure. The probability that the user range error (URE) of
any satellite will exceed the following tolerance without an alert received at the user receiver antenna within
10 seconds shall not exceed the following probability:

Signals L10OF L10C L30C L1OF - L10OC -
L30C L30C
Single satellite failure 1x10%, 1x10%, 1x10%, 1x10%, 1x10%,
(Psat) (70 m (70 m (70 m (70 m (70 m
threshold) threshold) threshold) threshold) threshold)

3.7.3.1.2.5 Probability of constellation fault. The probability that the user range error (URE) of more
than one satellite will exceed the following tolerance simultaneously without an alert received at the user
receiver antenna within 10 seconds shall not exceed the following probability:
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Signals L1OF L10C L30C L1OF - L10C -
L30C L30C

Constellation fault (Pconst) 1x10%, 1x10%, 1x10%, 1x10%, 1x10%,
(70 m (70 m (70 m (70 m (70 m

threshold) threshold) threshold) threshold) threshold)

3.7.3.1.2.6 Continuity. The probability of losing GLONASS CSA healthy signal availability from a
slot of the nominal 24-slot constellation due to unscheduled interruption shall not exceed the following
limit:

Signals L10OF L10C L30C L10OF - L10C -
L30C L30C
Signal continuity 2x1073 2x1073 2x107® 2x107® 2x107

3.7.3.1.2:4.7 Coverage. The GLONASS CSA shall cover the surface of the earth up to an altitude of
2 000 km.

Note.— Guidance material on GLONASS accuracy, availability, reliability and coverage is given in
Attachment D, 4.1.2.

3.7.3.1.2.5.8 L1OF RF characteristics

Note.— Detailed RF characteristics are specified in Appendix B, 3.1.2.1.1.

Editorial note.— Renumber paragraphs 3.7.3.2.5.1 t0 3.7.3.2.5.5.2 as
3.7.3.1.2.8.1t03.7.3.1.2.8.5.2.

Editorial note.— Insert new text as follows:

3.7.3.1.2.9 L30OC RF characteristics
Note.— Detailed RF characteristics are specified in Appendix B, 3.1.2.1.5.

3.7.3.1.2.9.1 Carrier frequency. GLONASS L30C navigation signals shall be broadcast at the carrier
frequency of 1 202.025 MHz using code division multiple access (CDMA).

3.7.3.1.2.9.2 Signal spectrum. GLONASS CSA L30C signal power shall be contained within the
1190.35 -1 212.23 MHz band.

3.7.3.1.2.9.3 Polarization. The transmitted L3OC signal shall be right-hand circularly polarized.

3.7.3.1.2.9.4 Signal power level. GLONASS L30C navigation signals shall be broadcast 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 antenna
port of a 3 dBi linearly polarized antenna is within the range of -158.5 dBW to —-155.2 dBW for all
antenna orientations orthogonal to the direction of propagation.
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Note.— The power limit of 155.2 dBW is based on the predetermined characteristics of a user antenna,
atmospheric losses of 0.5 dB and an error of an angular position of a satellite that does not exceed one
degree (in the direction causing the signal level to increase).
3.7.3.1.2.9.5 Modulation

Note.— Additional information concerning the modulation is given in the GLONASS CDMA ICD Open
Service Navigation Signal in L3 frequency band (Edition 1.0), dated 2016 (hereinafter referred to as
“GLONASS CDMA ICD L3 band”).

3.7.3.1.2.9.5.1 GLONASS L30C navigation signals shall contain two components using the same
BPSK(10)-modulated binary train: an in-phase data component and a quadrature-phase pilot component

identified as L30OCd and L3OCp, respectively. The pilot component leads the data component by /2
radians.

3.7.3.1.2.9.5.2 The L30Cd signal component shall be generated by the Modulo-2 addition of the
following three binary signals:

a) ranging code with length N=10230, period T=1 ms, clock rate 10.23 MHz;

b) 100 bits/s navigation message encoded using a convolutional encoder with constraint length 7 and
code rate 1/2 to yield 200 symbols per second; and

c) overlay code “00010” with period T=5 ms.

3.7.3.1.2.9.5.3 The L30Cp signal component shall be generated by the Modulo-2 addition of the
following two binary signals:

a) ranging code with length N=10230, period T=1 ms, clock rate 10.23 MHz; and
b) overlay code ”0000110101” with period T=10 ms.

3.7.3.1.2.10 L1OC RF characteristics
Note.— Detailed RF characteristics are specified in Appendix B, 3.1.2.1.5.

3.7.3.1.2.10.1 Carrier frequency. GLONASS L10C navigation signals shall be broadcast at the
carrier frequency of 1600.995 MHz using code division multiple access (CDMA).

3.7.3.1.2.10.2  Signal spectrum. GLONASS CSA L10C signal power shall be contained within the 1
592.9 — 1 610 MHz band.

3.7.3.1.2.10.3 Polarization. The transmitted L10C signal shall be right-hand circularly polarized.

3.7.3.1.2.10.4 Signal power level. GLONASS L10OC navigation signals shall be broadcast 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 antenna
port of a 3 dBi linearly polarized antenna is within the range of —158.5 dBW to —155.2 dBW for all
antenna orientations orthogonal to the direction of propagation.

Note.— The power limit of 155.2 dBW is based on the predetermined characteristics of a user antenna,
atmospheric losses of 0.5 dB and an error of an angular position of a satellite that does not exceed one
degree (in the direction causing the signal level to increase).
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3.7.3.1.2.10.5 Modulation

Note.— Additional information concerning the modulation is given in the GLONASS CDMA ICD Open
Service Navigation Signal in L1 frequency band (Edition 1.0), dated 2016 (hereinafter referred to as
“GLONASS CDMA ICD L1 band”).

3.7.3.1.2.10.5.1 GLONASS L10C navigation signals shall contain two components: a data
component and a pilot component identified as LLOCd and L1OCp, respectively. Both components shall
be at one phase quadrature using time-division multiplexing. L10OCd shall be modulated using binary phase-
shift keying BPSK(1), while L1OCp shall be modulated by binary offset carrier BOC(1,1) modulation.

3.7.3.1.2.10.5.2 The L10OCd signal component shall be generated by the Modulo-2 addition of the
following three binary signals:

a) ranging code with length N=1023, period T=2 ms, clock rate 0.5115 MHz;

b) 125 bits/s navigation message encoded using a convolutional encoder with constraint length 7 and
code rate 1/2 to yield 250 symbols per second; and

c) overlay code “01” with period T=4 ms.

3.7.3.1.2.10.5.3 The L1OCp signal component shall be generated by the Modulo-2 addition of the
following two binary signals:

a) ranging code with length N=4092, period T=8 ms, clock rate 0.5115 MHz; and

b) meander sequence “0101” with clock rate 2.046 MHz.

End of new text

3.7.3.1.26.11 GLONASS time. GLONASS time shall be referenced to UTC(SU) (as maintained by
the National Time Service of Russia).

3.7.3.1.2-+.12 Coordinate system. The GLONASS coordinate system shall be PZ-90.

Note.— Conversion from the PZ-90 coordinate system used by GLONASS to the WGS-84 coordinates
is defined in Appendix B, 3.1.2.5.2.

3.7.3.1.2:8.13 Navigation information. The navigation data transmitted by the satellite shall include
the necessary information to determine:

a) satellite time of transmission;
b) satellite position;

c) satellite health;

d) satellite clock correction;

e) time transfer to UTC; and

f) constellation status;
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g) ionospheric delay effects (L1OC, L30C only); and
h) satellite orientation in umbra (L10C, L30OC only).

Note.— Structure and contents of data are specified in Appendix B, 3.1.2.1.2 and 3.1.2.1.3, respectively.

APPENDIX B. TECHNICAL SPECIFICATIONS FOR
THE GLOBAL NAVIGATION SATELLITE SYSTEM (GNSS)

3. GNSS ELEMENTS

3.1 Core constellations

3.1.2 Global navigation satellite system (GLONASS)
channel of standard accuracy (CSA) (L1/L3)

Note.— In this section the term GLONASS refers to all satellites in the constellation. Standards relating
only to GLONASS-M satellites are qualified accordingly.

3.1.2.1 NON-AIRCRAFT ELEMENTS

3.1.2.1.1 L1OF (L1 OPEN SERVICE FDMA) RF CHARACTERISTICS

Note.— Additional information on the L1OF RF characteristics is given in the GLONASS Navigational
radio signal in bands L1, L2 Interface Control Document (Edition 5.1), dated 2008 (hereinafter referred to
as “GLONASS FDMA ICD”).

Editorial note.— Renumber paragraphs from
3.2111t032115a53.1.2.1.1.1t03.1.2.1.1.5.

3.1.2.1.2 L1OF (L1 OPEN SERVICE FDMA) DATA STRUCTURE

Note.— Additional information concerning the data structure is given in the GLONASS FDMA ICD.

Editorial note.— Renumber paragraphs from
3.2.1.21103.21.2424a53.1.2.1.2.1t03.1.2.1.2.4.2.

3.1.2.1.3 L1OF (L1 OPEN SERVICE FDMA) DATA CONTENT

Note.— Additional information concerning the data content is given in the GLONASS FDMA ICD.

Editorial note.— Renumber paragraphs from
3.2.1.3.11t03.2.1.3.6a53.1.2.1.3.1t0 3.1.2.1.3.6.
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3.1.2.1.4 CONTENT AND STRUCTURE OF ADDITIONAL DATA TRANSMITTED BY GLONASS-M SATELLITES IN
L1OF (L1 OPEN SERVICE FDMA)

Note.— Additional information concerning the data content and structure is given in the GLONASS
FDMA ICD.

Editorial note.— Renumber paragraphs from 3.2.1.4.1t0 3.2.1.4.3 as
3.1.2.1.4.1 t0 3.1.2.1.4.3 and replace the reference to Attachment D,
4.2.7.1in 3.2.1.4.1 with a reference to Attachment D, 4.1.2.7.1.

Editorial note.— Insert new sections 3.1.2.1.5 t0 3.1.2.1.7 as follows:

3.1.2.1.5 L10C, L30C RF CHARACTERISTICS

Note.— Additional information concerning the RF characteristics is given in the GLONASS CDMA
ICD General Description of CDMA Signal System, Edition 1.0, dated 2016 (hereinafter referred to as
“GLONASS CDMA ICD General Description”); in the GLONASS CDMA ICD LI band; and in the
GLONASS CDMA ICD L3 band.

3.1.2.1.5.1 The L10OC signal shall contain L10Cd data and L1OCp pilot components of equal power
levels. These components shall be obtained by chip-by-chip time-division multiplexing of two pseudo
random noise sequences. The L1OC signal shall be in phase quadrature with the L1SC signal. L1OC leads
L1SC by n/2 radians as shown in Figure B-7A.

Note.— The L1SC signal is a CDMA secured service navigation signal in the L1 frequency band and
is not used in aviation.

3.1.2.1.5.2 The L30OC signal shall contain L30Cd data and L3OCp pilot components of equal power
levels. These components shall occupy phase quadratures | and Q, respectively. L30Cd leads L30OCp by
n/2 radians as shown in Figure B-7A.

3.1.2.1.5.3 Carrier phase noise. The phase noise spectral density of the unmodulated carrier shall be
such that a phase locked loop of 10 Hz one-sided noise bandwidth shall be able to track the carrier to
accuracy no worse than 0.01 radians rms.

3.1.2.1.5.4 Spurious emissions. The power of the transmitted RF signal beyond the GLONASS
allocated bandwidth shall not be more than —40 dB relative to the power of the unmodulated carrier.

Note 1.— The GLONASS allocated bandwidths are L1 (1 592.9 —1 610 MHz), L2 (1 237.8 — 1 256.8
MHz) and L3 (1 190.35 — 1 212.23 MHz).

Note 2.— GLONASS satellites use filters limiting out-of-band emissions to the harmful interference
limit contained in Recommendation ITU-R RA.769 for the 1 610.6 — 1 613.8 MHz and 1 660 — 1 670 MHz
bands.
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3.1.2.1.5.,5 Correlation loss. The loss in the recovered signal power due to imperfections in the signal
modulation and waveform distortion shall not exceed 0.6 dB.

Note.— The loss in signal power is the difference between the broadcast power in the specified
bandwidth and the signal power recovered by a noise-free, loss-free receiver with 1-chip correlator spacing
and an RF front-end with the same bandwidth.

3.1.2.1.6 L1OC, L30C DATA STRUCTURE

Note.— Additional information concerning the data structure is given in the GLONASS CDMA ICD
General Description; in the GLONASS CDMA ICD L1 band; and in the GLONASS CDMA ICD L3 band.

3.1.2.1.6.1 General. The GLONASS CDMA navigation message shall be transmitted as a variable
sequence of strings. Strings shall comprise service and data fields (separate bits or groups of bits containing
specific parameters).

Note.— A pseudoframe is a set of strings of immediate and non-immediate data starting with the three
strings of ephemeris and clock data (immediate data). The remaining strings of a pseudoframe contain non-
immediate data.

3.1.2.1.6.2 Service fields. The structure of a service section shall be the same for each type of signal
and include preamble, type of the string, time of the beginning of the string (TS), satellite ID number, signal
parameters and cyclic redundancy check (CRC) bits to check the integrity of the string data.

3.1.2.1.6.3 Data fields. The structure of data fields shall depend on the string type. Each type of string
shall contain a complete individual block of data with the exception of orbit and clock data, which occupies
three types of strings and shall be transmitted as a continuous packet.

Note.— The message design may evolve together with future evolutions of GLONASS. This evolution
may involve the inclusion of additional new string types, which can either contain new data types or modify
the existing string types.

3.1.2.1.6.4 L10OC message characteristics

3.1.2.1.6.4.1 The L10Cd navigation message shall be transmitted at 125 bits/s. The message shall
consist of 250-bit strings of 2-second duration as well as of 125- and 375-bit anomalous strings of 1- and
3-second duration, respectively.

3.1.2.1.6.4.2 L10OCd nominal string structure. Each L10Cd nominal string shall consist of 50-bit
service fields, a 184-bit data field and a 16-bit CRC service field as shown in Figure B-7B. Transmission
of a string shall start with bit 1 (the first bit of the preamble and end with bit 250 (last bit of CRC)).

3.1.2.1.6.4.3 L1OCd service fields shall be as shown in Table B-19A.
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Table B-19A. Parameters of L10OCd service fields

Field

Least

Number | .~
significant

of bits _ Value range
bit

Unit

Description

Preamble

12 1 010111110001

Constant time stamp

Type

6 1 0-63

Type of a current string

J

6 1 0-63

ID number of a satellite that transmits
this navigation message. SV 1D number
“0” is reserved and can only be enabled
upon termination of combined use of
GLONASS CDMA and FDMA signals.

Hj

1 1 0,1

healthy (“0”) or unhealthy (“1”)
navigation signal

1 1 0,1

validity (“0”) or invalidity (“1”) of the
data transmitted in the current string

P1

4 Ground control call. This field is not used by user receivers.

P2

Attribute of SV orientation regime: SV is Sun-pointing (“0”) or performs
noon/midnight turn manoeuvre (“17)

KP

2 1 00,01, 10, 11

Indication of the expected UTC(SU)
correction at the end of current quarter on
GMT. UTC(SU) corrections shall result
in the corresponding corrections of
L10Cd time:

00 — no correction planned;

01 — day length is increased by 1 s;

10 — correction decision is pending;

11 —day length is reduced by 1 s.

0,1

Indication of the expected L10Cd signal
time correction at the end of the next
string:

A =0-no correction is planned.

A =1 - correction is planned.

The combination of A=1and KP =11
in the current string denotes that the next
string will be a Type 1 anomalous string
of 1 s duration. The combination of A =
1 and KP =01 in the current string
denotes that the next string will be a
Type 2 anomalous string of 3 s duration.

TS

0-43199

2s

Time stamp digits expressed in 2-second
intervals within a current day in L10Cd
time.

CRC

16 1

Check bits of the cyclic code
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3.1.2.1.6.4.4 L10Cd anomalous strings. Anomalous strings shall be indicated by string Types 1 and
2. Strings of Type 1 shall be used to indicate the leap second corrections of L10Cd signal time when a
day’s length is reduced by 1 s. Strings of Type 1 shall consist of 50-bit service fields, a 59-bit data field and
a 16-bit CRC service field as shown in Figure B-7C. Strings of Type 2 shall be used to indicate the leap
second corrections of L10Cd signal time when a day’s length is increased by 1 s. Strings of Type 2 shall
consist of 50-bit service fields, a 301-bit data field and a 24-bit CRC service field as shown in Figure B-
7D.

3.1.2.1.6.4.5 L10Cd nominal strings CRC. The CRC (250,234) generator polynomial shall have the
following form:

g(X) =1+ X + X2+ x84 x84 x4 x10 4 x11 x13, x14 , x16,

A 234-bit data block shall be delivered to the encoder’s input (starting with the 1st bit of the preamble and
ending with the 184th bit of the data field). At the encoder’s output, a 250-bit encoded block shall be
generated by adding 16 check bits.

3.1.2.1.6.4.6 L10OCd anomalous string Type 1 CRC. CRC (125,109) shall be used in L10Cd Type 1
strings. It shall be generated similarly to code (250,234) except for the number of bits delivered to the input
(109 instead of 234).

3.1.2.1.6.4.7 L10Cd anomalous strings Type 2 CRC. CRC (375,351) shall be used in L10Cd Type 2
strings. The CRC (375,351) generator polynomial shall have the following form:

OO =1+ X + X3 XA+ x4+ x84 x 7 4 x10 4 x11, 14 | %17 x18 23 x 24

A 351-bit data block shall be delivered to the encoder’s input (starting with the 1st bit of the preamble and
ending with the 301st bit of the data field). At the encoder’s output, a 375-bit encoded block shall be
generated by adding 24 check bits.

3.1.2.1.6.,5 L30OC message characteristics

3.1.2.1.6.5.1 The L30Cd navigation message shall be transmitted at 100 bits/s. The message shall
consist of 300-bit strings of 3-second duration as well as of 200- and 400-bit anomalous strings of 2- and
4-second duration, respectively.

3.1.2.1.6.5.2 L3O0Cd strings structure. Each L30Cd nominal string shall consist of 57-bit service
fields, a 219-bit long data field and 24-bit long CRC service field, as shown in Figure B-8A. Transmission
of a string shall start with bit 1 (the first bit of the preamble) and end with bit 300 (the last bit of CRC).
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3.1.2.1.6.5.3 L30Cd service fields shall be as shown in Table B-19B.

Table B-19B. Parameters of L30OCd service fields

Field

Number
of bits

Least
significant Value range
bit

Unit

Description

Preamble

20

1 00000100100101001110

Constant time stamp

Type

-

0-63

Type of a current string

TS

15

1 0-28799

3s

Time stamp digits expressed in
3-second intervals within a current
day in L30OCd time.

1 0-63

ID number of a satellite that
transmits this navigation message.
SV ID number “0” is reserved, and
can only be enabled upon
termination of combined use of
GLONASS CDMA and FDMA
signals.

H j

1 0,1

healthy (“0”) or unhealthy (“1”)
navigation signal

1 0,1

validity (“0”) or invalidity (“1”) of
the data transmitted in the current
string

P1

Ground control call. This field is not used by user receivers.

P2

Attribute of SV orientation regime: SV is Sun-pointing (“0”) or performs

noon/midnight turn manoeuvre (“1”)

KP

1 00, 01, 10, 11

Indication of the expected
UTC(SU) correction at the end of
current quarter on GMT. UTC(SU)
corrections shall result in the
corresponding corrections of
L30Cd time:

00 — no correction planned;

01 — day length is increased by 1 s;
10 — correction decision is pending;
11 — day length is reduced by 1 s.

Indication of the expected L30Cd
signal time correction at the end of
the next string:

A =0 -no correction is planned.

A =1 —correction is planned.

The combination of A =1and KP =
11 in the current string denotes that
the next string will be a Type 1
anomalous string of 1 s duration.
The combination of A =1 and KP =
01 in the current string denotes that
the next string will be a Type 2
anomalous string of 3 s duration.

CRC

24

1 Check bits of the cyclic code
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3.1.2.1.6.5.4 L30Cd anomalous strings. Anomalous strings shall be indicated by strings Types 1 and
2. Strings of Type 1 shall be used to indicate the leap second corrections of L30Cd signal time when a
day’s length is reduced by 1 s. Strings of Type 1 shall consist of 57-bit service fields, a 119-bit data field
and a 24-bit CRC service field, as shown in Figure B-8B. Strings of Type 2 shall be used to indicate the
leap second corrections of L30Cd signal time when a day’s length is increased by 1 s. Strings of Type 2
shall consist of 57+20-bit service fields, a 299-bit data field and a 24-bit CRC service field as shown in
Figure B-8C.

3.1.2.1.6.5.5 L30OCd nominal strings CRC. The CRC (300,276) generator polynomial shall have the
following form:

gX) =1+ X + X3+ x4 4 xP 4 xByx 74 x10, x11 534 17 x18 23 x 24

A 276-bit data block shall be delivered to the encoder’s input (starting with the 1st bit of the preamble and
ending with the 219th bit of the data field). At the encoder’s output, a 300-bit encoded block shall be
generated by adding 24 check bits.

3.1.2.1.6.5.6 L30OCd anomalous string Type 1 CRC. CRC (200,176) shall be used in L30Cd Type 1
strings. It shall be generated similarly to code (300,276) except for the number of bits delivered to the input
(176 instead of 276).

3.1.2.1.6.5.7 L30OCd anomalous string Type 2 CRC. CRC (400,376) shall be used in L30Cd Type 2
strings. It shall be generated similarly to code (300,276) except for the number of bits delivered to the input
(376 instead of 276).
3.1.2.1.7 L10OC, L30C DATA CONTENT

Note.— Additional information concerning the data content is given in the GLONASS CDMA ICD
General Description; in the GLONASS CDMA ICD L1 band; and in the GLONASS CDMA ICD L3 band.

3.1.2.1.7.1 L10OCd navigation messages shall contain the data in accordance with the list of string
types shown in Table B-20A.

Note.— Additional information concerning the data content of the L1OCd service and data fields is
given in the GLONASS CDMA ICD L1 band.

Table B-20A. Types of L10Cd strings and their content

String type Content
10, 11,12 Immediate data (ephemeris, time, health flags, Fe, Fr)
20 Almanac
25 Earth rotation parameters, ionospheric model parameters, UTC(SU) and international atomic
time (TAI) offset model parameters.
16 SV attitude parameters during noon/midnight turn manoeuvre
31, 32 Long-term dynamic model parameters
50 International Satellite System for Search and Rescue (COSPAS—SARSAT) notices of receipt
60 Text messages
0 For technological tasks. Not used by user receivers.
1 Anomalous string used at the moment of leap second correction (-1 s)
2 Anomalous string used at the moment of leap second correction (+1 s)
Note: String Types 10, 11 and 12 compose a data packet; therefore, string Type 11 always follows string Type 10
and string Type 12 always follows string Type 11.
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3.1.2.1.7.2 L30Cd navigation messages shall contain the data in accordance with the list of string
types shown in Table B-20B.

Note.— Additional information concerning the data content of the L30Cd service and data fields is
given in the GLONASS CDMA ICD L3 band.

Table B-20B. Types of L30OCd strings and their content

String type Content
10, 11, 12 Immediate data (ephemeris, time, health flags, Fe, Fr)
20 Almanac
25 Earth rotation parameters, ionospheric model parameters, UTC(SU) and international atomic
time (TAI) offset model parameters.
16 SV attitude parameters during noon/midnight turn manoeuvre
31, 32 Long-term dynamic model parameters
60 Text messages
0 For technological tasks. Not used by user receivers.
1 Anomalous string used at the moment of leap second correction (-1 s)
2 Anomalous string used at the moment of leap second correction (+1 s)
Note: String Types 10, 11 and 12 compose a data package; therefore, string Type 11 always follows string
Type 10 and string Type 12 always follows string Type 11.

3.1.2.1.7.3 Accuracy factor fields Fg, Fr. Fields Fe and Fr shall contain equivalent pseudo-range
errors (o) related to the ephemeris and clock of transmitting satellite. Table B-21C shows values of Fe and
Fr and the corresponding errors.

Table B-21C. Ephemeris and time accuracy factors

Fe,Fr | <15 | 14 [ -13 | 12 [ <11 [ -10 [ -9 -8 -7 -6 -5 -4
o,m | 0.01 | 0.02 | 0.03 | 0.04 | 0.06 | 0.08 | 04 | 015 | 02 | 03 | 04 | 06
Fe, Fr -3 -2 -1 0 1 2 3 4 5 6 7 8
5. m 07 | 08 | 09 1 2 25 4 5 7 10 | 12 [ 14
Fe, Fr 9 10 11 12 13 14 15

5, m 16 | 32 | 64 | 128 | 256 | 512 not defined

3.1.2.1.7.4 The maximum interval of updating immediate data (string Types 10, 11 and 12) shall be
30 minutes. Considering that various types of non-immediate data are updated at various intervals, the
maximum update interval for all non-immediate data shall be 48 hours.

Note.— Long-term dynamic model parameters enable the usage of immediate data to propagate the orbit
for a 4-hour interval.

End of new text.

3.1.2.2 DEFINITIONS OF PROTOCOLS FOR DATA APPLICATION

Note.— This section defines the inter-relationships of the data broadcast message parameters. It
provides definitions of parameters that are not transmitted, but are used by either or both non-aircraft and
aircraft elements, and that define terms applied to determine the navigation solution and its integrity.
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3.1.2.2.1 Parity checking algorithm for FDMA data verification. The algorithm shown in Table B-22
and as detailed below shall be used to detect and correct an error of 1 bit within the string and to detect an
error of 2 or more bits within a string.

3.1.2.2.1.1 Each string includes the 85 data bits [. . .].

3.1.2.2.1.2 To correct 1-bit errors within the string [. . .].

3.1.2.2.2 SATELLITE CLOCK CORRECTION PARAMETERS

3.1.2.2.2.1 GLONASS-system-time-is-determined-as-GLONASS system time shall be determined
using FDMA data as:

teLonass = tk + Tn(ts) — yn(th) (tc — to)
where t, ta(ts), yn(th) are parameters described in 3.1.2.1.3.1.

3.1.2.2.2.2 GLONASS system time shall be determined using CDMA data as:

teLonass = MOUgg400 |:Tsz{signa|} +7) (tb ) —At, - 7/j (tb ) _Atb2 ':Bj (tb ):|

TsJT{signal} + 7! (tb )+ T, (tb )—tb - << e T8é4b0)0+ % ( D ) > >> -86400

1+y7(t,)-7.(t)

At, =

where

Tsz{signa|} is the signal time of received signal from satellite j and

(), (), B(), (), (t)are parameters transmitted in CDMA signals within string of
Types 10, 11 and 12 as shown in Table B-20A and Table B-20B.

3.1.2.2.2.23 GLONASS system time is+elated-offset to National Time Service of Russia (UTC(SU))
time-as-indicated-shall be determined using FDMA data as:

tutcsu) = teLonass + . — 03 hours 00 minutes
where
Tc is a parameter described in 3.1.2.1.3.4 and

03 hours 00 minutes is the continuous time shift caused by the difference between Moscow time and
Greenwich time.
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3.1.2.2.2.4 GLONASS system time offset to UTC(SU) shall be determined using CDMA data as:

tyre(suy = MOgei00 I:tGLONASS ( )+At 2T ( )* 10800:'

t +7,(t,)—
toronass + 7o (8, ) =t _<< GLONASS (t,)-t >>~86400

86400
1-7.(t,)

At, =

where

7.(t,), () are parameters transmitted in CDMA signals within string of Types 10, 11 and 12 as shown

C

in Table B-20A and Table B-20B; and

10 800 seconds is the continuous time shift caused by the difference between Moscow time and
Greenwich time.

3.1.2.2.3 SATELLITE POSITION

3.1.2.231
Hawganen—as—md+ea$eel—m—'Falele-B-4r7—The current satelllte centre of mass posmon shall be deflned usmg
ephemeris parameters from GLONASS navigation, as indicated in Table B-17 for GLONASS FDMA
signals, in Table B-20A for L10OC and in Table B-20B for L30C.

3.1.2.2.3.2 Recalculation of ephemeris from instant t, to instant t; within the interval (Jti| = [t — ty| <
15 minutes) is performed using a technique of numeric integration of differential equations describing the
motion of the satellites. In the right-hand parts of these equations the accelerations are determined using
the gravitational constant p and the second zonal harmonic of the geopotential J%which defines polar
flattening of the earth, and accelerations due to luni-solar perturbation are taken into account. The equations
are integrated in the PZ-90 (3.2.5) coordinate system by applying the Runge-Kutta technique of fourth order,
as indicated below:

dv, o 3 zuag 572 ) .
E R Gy AR

dv w3, pal 572 )
d_ty_ 3y 2J(2) 5y(l—r—2 + %y -+ 20V, +§

v, u 3J 18 572 .
i Br 2 5 2 tz



where

r
u
e
NE
(O]
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Nrorerat

earth’s universal gravitational constant (398 600.4418 x 10° m®/s?);
major semi-axis (6 378 136 m);

second zonal harmonic of the geopotential (1 082 625.75 x 10°°); and
earth’s rotation rate (7.2921151467 x 10°° radians/s).

Coordinates Xn(ty), Yn(ts), zn(tb), and velocity vector components Xn (to) = Vx, ¥n (to) = Vy, Zn (to) = V, are
initial conditions for the integration. Accelerations due to luni-solar perturbation X, (o), ¥n (tb), Zn (tv) are
constant on the integration interval £15 minutes.

3.1.2.2.3.3 Recalculation of ephemeris from instant t, to instant t; within the interval (|ti| = [ti — ty| <
4 hours) for CDMA signals shall be performed as in 3.1.2.2.3.2, except that this model includes additional
accelerations modelled by a fourth-degree polynomial to accommodate the extended interval as described

below:

dvy, p 3 pag 522\ .
at :_I‘_3X_5JOI'—5X 1_1‘_2 + o x+20)Vy+x+ax

dv. w3 pal 577 i
d_tyz_r_3y_§J%r_5'ey 1—1_—2 +0)2y-2(0Vx+y+ay
dv, p 3 ua 2\
@ pr i3 )tite

Ay = Ay + Ay (E— ) + Ay (t — tp)% + ay3(t — t5)3 + ay, (t — t)*
ay = Aayy+ ay (t —tp) + ay(t — t)* + ays(t — t,)° + aya(t — t)*

A, = Aag + az(t —tp) + an(t —tp)? + as(t — t,)3 + az(t —ty)*

Coordinates, velocity vector components at the time t,, and perturbing accelerations X,y,z shall be
transmitted in CDMA signals within string of Types 10, 11 and 12. The long-term dynamic model
parameters for the fourth-degree polynomials, accelerations a,, a,, and a,, shall be transmitted in COMA

signals in strings of Types 31 and 32.
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3.1.2.2.4 ALGORITHM FOR DETERMINATION OF SATELLITE ANTENNA PHASE CENTRE POSITION

3.1.2.2.4.1 For high-precision pseudo-range measurements, an algorithm for computing antenna
phase centre position in the PZ-90 coordinate system based on the satellite centre of mass position and data
transmitted in CDMA signals within string Type 16 shall be used.

Note.— Additional information concerning a suitable algorithm is given in Appendix R of the
GLONASS CDMA ICD General Description.

3.1.2.2.5 |IONOSPHERIC CORRECTION

3.1.2.25.1 The ionospheric correction for a single-frequency receiver shall be defined as:

- for pseudo-ranges, m: ASjon = 0.40364-%;

i
- for velocities, m/s: AVjon= 0'40364']:_82’

where

f is the signal carrier frequency, in GHz;

|, is the total electron content (TEC) integrated along the signal propagation path, 1x10° m*: and

I, is the rate of change of TEC integrated along the signal propagation path, 1x10% m2s™,

Note.— Additional information concerning two suitable algorithms for computing TEC integrated
along the signal propagation path based on data transmitted within strings of Type 25 is given in Appendix
Q of the GLONASS CDMA ICD General Description. The first algorithm is a universal algorithm for
terrestrial and space users. It is more complex, accurate, and has wider application. The second algorithm
is intended for terrestrial users only. It is easier to implement but it results in larger errors of TEC at less
than 30° elevation angles. Residual ionosphere correction errors of the second algorithm do not exceed 4
m (0.95 probability).

3.1.2.3 AIRCRAFT ELEMENTS

3.1.2.3.1 GNSS{GLONASS)RECEIVER

3.1.2.3.1.1 Reserved SateHite-exclusion-Thereceivershalexclude-any-satellite designated-unhealthy
3.1.2.3.1.2 Satellite tracking. The receiver shall provide the capability to continuously track a
minimum of four satellites and generate a position solution based upon those measurements.

3.1.2.3.1.3 Doppler shift. The receiver shall be able to compensate for dynamic Doppler shift effects
on nominal GLONASS signal carrier phase and standard code measurements. The receiver shall
compensate for the Doppler shift that is unique to the anticipated application.
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3.1.2.3.1.4 Resistance to interference. The receiver shall meet the requirements for resistance to
interference as specified in 3.7.

3.1.2.3.1.4.1 Intrasystem interference. When receiving an FDMA navigation signal with frequency
channel k = n, the interference created by a navigation signal with frequency channel number k =n —1 or
k = n + 1 shall not be more than —48 dBc with respect to the minimum specified satellite power at the
surface of the earth provided that the satellites transmitting these signals are simultaneously located in user’s
visibility zone.

Note.— The intrasystem interference is the intercorrelation properties of the ranging pseudo-random
signal with regard to frequency division multiple access.

3.1.2.3.1.4.2 For CDMA signals, multiple access interference shall be defined by the intercorrelation
properties of ranging codes and will depend on the number of elementary symbols N in the periods of these
codes. Multiple access interference power in relation to the power of the L10OCd signal shall not exceed the
level of -30 dB. Multiple access interference power in relation to the power of the L1OCp signal shall not
exceed the level of -36 dB. Multiple access interference power in relation to the power of the L30OC signal
shall not exceed the level of -40 dB.

3.1.2.3.1.5 Application of clock and ephemeris data. The receiver shall ensure that it is using the
correct ephemeris and clock data before providing any position solution.

3.1.2.3.1.6 Leap second correction. Upon GLONASS time leap second correction (see 3.1.2.1.3.1, tp)
the GLONASS receiver shall be capable of:

a) generating a smooth and valid series of pseudo-range measurements; and
b) resynchronizing the data string time mark without loss of signal tracking.

3.1.2.3.1.6.1 After GLONASS time leap second correction the GLONASS receiver shall utilize the
UTC time as follows:

a) utilize the old (prior to the correction) UTC time together with the old ephemeris (transmitted
before 00 hours 00 minutes 00 seconds UTC); and

b) utilize the updated UTC time together with the new ephemeris (transmitted after 00 hours 00
minutes 00 seconds UTC).

Note — Additional information concerning the specific aspects of receiver operation during scheduled
corrections of GLONASS time and Moscow time in the specified situations is given in Appendix E of the
GLONASS CDMA ICD General Description.
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Editorial note.— Renumber paragraphs
from 3.2.4103.2.4.3as3.1.2.4103.1.2.4.3.

3.1.2.4.4 Signal time shall be generated and maintained by an on-board clock based on atomic
frequency standard, shall be synchronized with GLONASS time and shall be distributed in radio navigation
signals.

Note 1.— Signal time differs from on-board clock time by the group delay value. Thus signal time
corrections in string Types 10, 11 and 12 include group delay values.

Note 2.— Additional information concerning signal time is given in the GLONASS CDMA ICD General
Description.

3.1.2.4.4.1 Navigation data for any GLONASS CDMA signal shall contain the estimated parameters
of the polynomial model for relating signal time broadcast in this signal to GLONASS time as well as for
relating a pilot component of this signal to its data component.

3.1.2.4.42 When GLONASS time is corrected for 1 s during scheduled leap second corrections of
UTC(SU), simultaneous correction of signal time for all satellites shall be carried out through changing the
time stamps of the pulse sequence representing seconds.

Note.— Navigation data provides advance notifications to users of the day and the sign of the
correction.

Editorial note.— Renumber paragraphs from 3.2.5t03.2.5.2.1as 3.1,2.5t0
3.1.25.2.1 and replace the reference to Attachment D, 4.2.9.3 in
3.1.2.5.2.1, Note 2, with a reference to Attachment D, 4.1.2.9.3.

Editorial note.— Insert new Figures B-7A, B-7B, B-7C and B-7D after Figure B-7.

L10Cd . L30Cp
Q Bpsk() L5 Q BPSK(10)
L10Cp division
BOC(L1) multiplexing
L1SC I L30cd
ceccad | BPSK(10)

Figure B-7A. L10C and L30OC signal structure



1 5 10 15 20 25 30 35 40 45 50

Preamble Type j P1 TS
12 6 6 |11 4 16

1
?
A

55 60 65 70 75 80 85 90 95 100

184

105 110 115 120 125 130 135 140 145 150

155 160 165 170 175 180 185 190 195 200

205 210 215 220 225 230 235 240 245 250

CRC
16

Figure B-7B. General structure of L10Cd data string

1 5 10 15 20 25 30 35 40 45 50

Preamble Type j P1 TS
12 6 6 |11 4 16

1
?
A

55 60 65 70 75 80 85 90 95 100

105 110 115 120 125

CRC
16

Figure B-7C. Anomalous L10Cd data string Type 1
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Preamble Type j P1 TS
12 6 6 |11 4

55 60 65 70 75 80 85 90 95 100

301

110 120 125 130 135 140 145 150

155 160 165 170 175 180 185 190 195 200

205 210 215 220 225 230 235 240 245 250

255 260 265 270 275 280 285 290 295 300

305 310 315 320 325 330 335 340 345 350

355 360 365 370 375

CRC
24

Figure B-7D. Anomalous L10Cd data string Type 2

Editorial note.— Insert new Figures B-8A, B-8B and B-8C after Figure B-8.
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1 5 10 15 20 25 30 35 40 45 50

) S -
Preamble Type TS ]
20 6 15 6 |1
"
Hjll
55 60 65 70 75 80 85 90 95 100
P1
4 421 219
—1 1
P2 KPA

105 110 115 120 125 130 135 140 145 150

155 160 165 170 175 180 185 190 195 200

210 215 220 225 230 235 240 245 250

255 260 265 270 275 280 285 290 295 300

CRC
24

Figure B-8A. General structure of L30Cd data string

1 5 10 15 20 25 30 35 40 45 50

Preamble Type TS j
20 6 15 6 11
t
Hj |l
55 60 65 70 75 80 85 90 95 100
P1
4 1201 119
— T4
P2 KPA

105 110 115 120 125 130 135 140 145 150

155 160 165 170 175 180 185 190 195 200

CRC
24

Figure B-8B. Anomalous L30Cd data string Type 1
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1 5 10 15 20 25 30 35 40 45 50

Preamble Type TS j
20 6 15 6 |y
e
Hj |l
55 60 65 70 75 80 85 90 95 100

P1

4 1121 243

— %1

P2 KPA

105 110 115 120 125 130 135 140 145 150

155 160 165 170 175 180 185 190 195 200

205 210 215 220 225 230 235 240 245 250

255 260 265 270 275 280 285 290 295 300

305 310 315 320 325 330 335 340 345 350

Preamble
20 56

355 360 365 370 375 380 385 390 395 400

CRC
24

Figure B-8C. Anomalous L30OCd data string Type 2




B-52

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

4. GNSS CORE ELEMENTS

4.1 Core constellations

412 GLONASS
Note.— Addltlonal mformatlon eenee#mng@l:@NAS%e&nJeeieun@mth&GL@NA%S#ﬁe#ae&Gemrei

Doe By
Defenee—Meseeww glven in the GLONASS FDMA ICD and in the GLONASS CDMA ICD General
Description.

4.1.2.1 Assumptions. The performance standard is based upon the assumption that a representative
channel of standard accuracy (CSA) receiver is used. A representative receiver has the following
characteristics: designed in accordance with GLONASS ICD; uses a 5-degree masking angle; accomplishes
satellite position and geometric range computations in the most current realization of the PZ-90 and uses
PZ-90 — WGS-84 transformation parameters as indicated in Appendix B, 3.1.2.5.2; generates a position and
time solution from data broadcast by all satellites in view; compensates for dynamic Doppler shift effects
on nominal CSA ranging signal carrier phase and standard accuracy signal measurements; excludes
GLONASS unhealthy satellites from the position solution; uses up-to-date and internally consistent
ephemeris and clock data for all satellites it is using in its position solution; and loses track in the event that
a GLONASS satellite stops transmitting standard accuracy code. The time transfer accuracy applies to a
stationary receiver operating at a surveyed location.

4.1.2.2 Accuracy. Accuracy is measured with a representative receiver and a measurement interval of
24 hours for any point within the coverage area. The positioning and timing accuracy of single-frequency
solutions are for the signal-in-space (SIS) only and do not include such error sources as: ionosphere,
troposphere, interference, receiver noise or multipath. Dual-frequency solution accuracy characteristics
include ionosphere residual errors. The accuracy is derived based on the worst two of 24 satellites being
removed from the constellation and a 6-metre constellation RMS SIS user range error (URE).

4.1.2.3 Range domain accuracy. Range domain accuracy is conditioned by the satellite indicating a
healthy status and transmitting standard accuracy code and does not account for satellite failures outside of
the normal operating characteristics. Range domain accuracy limits can be exceeded during satellite failures
or anomalies while uploading data to the satellite. Exceeding the range error limit constitutes a major service
failure as described in 4.1.2.6. The range rate error limit is the maximum for any satellite measured over
any 3-second interval for any point within the coverage area. The range acceleration error limit is the
maximum for any satellite measured over any 3-second interval for any point within the coverage area. The
root-mean-sguare range error accuracy over all satellites is the average 95 per cent threshold of the RMS
URE of all satellites over any 24-hour interval for any point within the coverage area. The range error
accuracy for any satellite is calculated over a 30-day interval. Under nominal conditions, all satellites are
maintained to the same standards, so it is appropriate for availability modelling purposes to assume that all
satellites have a 6-metre RMS SIS URE. The standards are restricted to range domain errors allocated to
space and control segments.
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4.1.2.4 Availability. Availability is the percentage of time over any 24-hour interval that the predicted
95 per cent positioning error (due to space and control segment errors) is less than its threshold, for any
point within the coverage area. It is based on a 12-metre (40-foot) horizontal 95 per cent threshold and a
25-metre (80-foot) vertical 95 per cent threshold, using a representative receiver and operating within the
coverage area over any 24-hour interval. The service availability assumes the worst combination of two
satellites out of service.

4.1.2.4.1 Relationship-to-augmentation-Satellite/constellation availability.
als AS-does-hot-directlyrelate-to-the GLON avatlability-defi

A i hili [T a ad on m i onste [Ta¥a Nng a nao all

number-ofsatelites: Twenty-four operational satellites are available in orbit with 0.95 probability (averaged
over any day), where a satellite is defined to be operational if it is capable of, but is not necessarily
transmitting, a usable ranging signal. At least 21 satellites in the 24 nominal plane/slot positions must be
set healthy and must be transmitting a navigation signal with 0.98 probability (yearly averaged).

4.1.2.5 Reliability. Reliability is the percentage of time over a specified time interval that the
instantaneous CSA SIS URE is maintained within the range error limit, at any given point within the
coverage area, for all healthy GLONASS satellites. The reliability standard is based on a measurement
interval of one year and the average of daily values within the coverage area. The single point average
reliability assumes that the total service failure time of 18 hours will be over that particular point (3-three
failures each lasting 6-six hours).

4.1.2.6 Major service failure. A major service failure is defined as a condition over a time interval
during which a single healthy GLONASS satellite’s ranging signal error (excluding atmospheric and
receiver errors) exceeds the range error limit of £8-70 m (60-ft} (as defined in Chapter 3, 3.7.3.1.2.41.3-3))

, havigation-message-structure

4.1.2.7 Constellation fault. Constellation fault is defined as a condition over a time interval during
which more than one healthy GLONASS satellite’s ranging signal error (excluding atmospheric and
receiver errors) exceeds the range error limit of 70 m due to a common cause (as defined in Chapter 3,
3.7.3.1.2.5).

4.1.2.8 Continuity. Continuity for a healthy GLONASS satellite is the probability that the GLONASS
SIS will continue to be healthy without unscheduled interruption over a specified time interval. Scheduled
interruptions, which are announced at least 48 hours in advance, do not contribute to a loss of continuity.

Editorial note.— Renumber paragraphs from 4.2.7 t0 4.2.9.3 a5 4.1.2.9t0 4.1.2.11.3.

Origin: Rationale:

NSP/6 This proposal is intended to reflect the ongoing modernization of the GLONASS satellite
navigation system, operated by the Russian Federation and already standardized by ICAO
(L1 band only). It includes amendments to the existing GLONASS SARPs to add a code
division multiple access (CDMA) signal in the L3 band and a new CDMA signal in the
L1 band. The use of two frequency bands (L1 and L3) will help mitigate vulnerabilities
in respect of ionospheric disturbance and radio frequency interference.
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INITIAL PROPOSAL 4
Galileo

CHAPTER 3. SPECIFICATIONS FOR RADIO NAVIGATION AIDS

3.7.3 GNSS elements specifications

3.7.3.1 Core constellations

Editorial note.— Insert new section 3.7.3.1.3 as follows:
3.7.3.1.3 Galileo Open Service (Galileo OS) (E1, E5)

Note 1.— The Galileo signals for Galileo OS are broadcast in two frequency bands identified as E1
and E5. In the E5 band, two types of signals are broadcast with code division multiple access (CDMA):
E5a and E5b. For aviation purposes, the Galileo single-frequency OS is based on either E1 or E5a signals;
and the Galileo dual-frequency OS is based on a combination of E1 and E5a signals.

Note 2.— The E5b signal component is described in this Annex since it is a subset of the overall Galileo
signal modulated on the E5 frequency carrier. However, there is currently no intention that the E5b signal
be used by aviation receivers.

Note 3.— The following performance standards only apply if “healthy” signals-in-space are used (see
Appendix B, 3.1.3.1.3.4).

Note 4.— The following performance standards do not include atmospheric or receiver errors such as
ionosphere, troposphere, interference, receiver noise or multipath.

Note 5.— Guidance material on Galileo OS accuracy, availability, continuity, probability of
satellite/constellation failure and coverage, is given in Attachment D, 4.1.3.

3.7.3.1.3.1 Positioning accuracy. The Galileo position errors shall not exceed the following limits:

Signals El Eb5a E1-Eb5a

Global average 95% of the time:
Horizontal position error over a measurement period of 30days 5m 5m 5m

Vertical position error over a measurement period of 30 days 8m 8m 8m

Worst site 95% of the time:
Horizontal position error over a measurement period of 30days 10m 10m 10m
Vertical position error over a measurement period of 30 days 16m 16m 16m

3.7.3.1.3.2 Time determination accuracy. The Galileo UTC time determination error shall not exceed
30 nanoseconds, 95 per cent of the time.

3.7.3.1.3.3 Range domain accuracy. The Galileo range domain error shall not exceed the following
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limits:

Signals El E5a  El-E5a

99.9th percentile range error of any satellite (worst-case location) 20 m 20m 20m

99.9th percentile range error of any satellite (global average) 10m 10m 10m
95th percentile range error of any satellite (global average) 7m 7m 7m
95th percentile range error over all satellites (global average) 2m 2m 2m

95th percentile range rate error of any satellite (global average) 5mm/s 5mm/s 5mm/s

Note 1.— The ranging accuracy considers only healthy Galileo OS SIS above a minimum elevation
angle of 5 degrees.

Note 2.— Single-frequency (E1 or E5a) ranging accuracy includes broadcast group delay (BGD)
errors. BGD definition is specified in Attachment D, 4.1.3.3.2.

3.7.3.1.3.4 Availability. The Galileo OS availability shall be as follows:

Signals El E5a E1-E5a
Average location:
Horizontal service availability over a 99% 99% 99%
measurement period of 30 days (10 m 95% threshold) (10 m 95% (20 m 95%
threshold) threshold)
Vertical service availability over a 99% 99% 99%
measurement period of 30 days (16 m 95% threshold) (16 m 95% (16 m 95%
threshold) threshold)
Worst-case location:
Horizontal service availability over a 90% 90% 90%
measurement period of 30 days (10 m 95% threshold) (10 m 95% (20 m 95%
threshold) threshold)
Vertical service availability over a 90% 90% 90%
measurement period of 30 days (16 m 95% threshold) (16 m 95% (16 m 95%
threshold) threshold)

3.7.3.1.3.5 Probability of satellite failure (Psa). The probability that one satellite of Galileo
operational core constellation provides an instantaneous SIS range error higher than k times the Galileo
user range accuracy (Galileo URA) and no notification is given to the user, shall not exceed 3x10°.

Note 1.— A change in the SIS health status is notified through the flags contained in the navigation
message. The mapping between Galileo SIS status and flags contained in the navigation data message is
specified in Appendix B, 3.1.3.1.3.4. In the future, these flags may be complemented with an additional flag
specific for aircraft-based augmentation system (ABAS) users.

Note 2.— Galileo URA corresponds either to oura,or for dual-frequency users or to ourasr for single-
frequency users.

Note 3.— Py definition is further specified in Attachment D, 4.1.3.6.1.
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3.7.3.1.3.6  Probability of constellation failure (Pconst). The probability that, due to a common cause,
any subset of two or more satellites within Galileo operational constellation provides an instantaneous SIS
range error higher than k times the Galileo URA and no notification is given to the user, shall not exceed
2x10™,

Note 1.— A change in the SIS health status is notified through the flags contained in the navigation
message. The mapping between Galileo SIS status and flags contained in the navigation data message is
specified in Appendix B, 3.1.3.1.3.4. In the future, these flags may be complemented with an additional flag
specific for ABAS users.

Note 2.— Galileo URA corresponds either to oura,or for dual-frequency users or to ourasr for single-
frequency users.

Note 3.— Pconst definition is further specified in Attachment D, 4.1.3.6.2.

3.7.3.1.3.7 Galileo URA for dual-firequency (ourape). Galileo aura,or Shall not exceed 6 m.
Note 1.— oura,or applies to a dual-frequency E1-E5a signal combination.

Note 2.— ourapr is defined in Attachment D, 4.1.3.6.3.

3.7.3.1.3.8 Galileo URA for single-frequency (ourase). Galileo ourasr shall not exceed 7.5 m.
Note 1.— ourasr applies to a single-frequency user, either E1 or E5a.

Note 2.— ourasr is defined in Attachment D, 4.1.3.6.4.

3.7.3.1.3.9 Continuity. The probability of losing Galileo OS SIS availability from a slot of the nominal
24-slot constellation due to unscheduled interruption, shall not exceed the following limit:

Signals El ESa El-E5a

Continuity 4x10* per hour 4x10 per hour 4x10* per hour

3.7.3.1.3.10 Coverage. The Galileo OS shall cover the surface of the earth up to an altitude of
30.48 km.

3.7.3.1.3.11 Radio frequency (RF) characteristics. All Galileo satellites shall broadcast Galileo OS
signals E1, E5a and E5b.

Note 1.— E5a and E5b signals are multiplexed together through an AItBOC scheme and transmitted
at the E5 carrier frequency centred at 1191.795 MHz. AItBOC modulation allows E5a signal components
and E5b signal components to be recovered separately by using a QPSK receiver centred on the individual
E5a and E5b frequencies.

Note 2.— AItBOC modulation is specified in Appendix B, 3.1.3.1.1.3.13.

Note 3.— Detailed Galileo signals RF characteristics are specified in Appendix B, 3.1.3.1.1.

3.7.3.1.3.11.1 E1 radio frequency (RF) characteristics

3.7.3.1.3.11.1.1 E1 carrier frequency. Each Galileo satellite shall broadcast E1 signal at the carrier
frequency of 1575.420 MHz using CDMA.
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3.7.3.1.3.11.1.2 E1 signal spectrum. The Galileo signal power on E1 shall be contained within a
24.552 MHz band centred on the E1 frequency.

3.7.3.1.3.11.1.3 EL1 signal polarization. The transmitted E1 RF signal shall be right-hand circularly
polarized.

3.7.3.1.3.11.1.4 E1 minimum signal power level. Each Galileo satellite shall broadcast an E1
navigation signal 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 antenna port of a 3 dBi linearly-polarized antenna shall not be less than —157.9 dBW for all antenna
orientations orthogonal to the direction of propagation.

3.7.3.1.3.11.1.5 E1 maximum signal power level. Each Galileo satellite shall broadcast an E1
navigation signal such that the level of the received RF signal at the antenna port of a 3 dBi linearly-
polarized antenna shall not exceed —151.45 dBW.

3.7.3.1.3.11.1.6 E1 signal modulation. The E1 signal shall be a composite binary offset carrier
(CBOC) generated by multiplexing a wideband binary offset carrier (BOC) signal BOC(6,1) with a
narrowband signal BOC(1,1) in such a way that 1/11 of the power is allocated, in average, to the high
frequency component.

Note. — CBOC modulation is specified in Appendix B, 3.1.3.1.1.2.7.
3.7.3.1.3.11.2 Eb5a radio frequency (RF) characteristics

Note.— Additional information concerning the overall E5 signal modulation is given in the European
GNSS (Galileo) Open Service Signal-In-Space Interface Control Document (Issue 2.0), dated January 2021
(hereinafter referred to as “Galileo OS SIS ICD”).

3.7.3.1.3.11.2.1 Eba carrier frequency. Each Galileo satellite shall broadcast E5a signal at the carrier
frequency of 1 176.45 MHz using CDMA.

3.7.3.1.3.11.2.2 Eb5a signal spectrum. The Galileo signal power on E5a shall be contained within a
20.460 MHz band centred on the E5a frequency.

3.7.3.1.3.11.2.3 Ebasignal polarization. The transmitted E5a RF signal shall be right-hand circularly
polarized.

3.7.3.1.3.11.2.4 E5a minimum signal power level. Each Galileo satellite shall broadcast an E5a
navigation signal 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 antenna port of a 3 dBi linearly-polarized antenna shall not be less than —155.90 dBW for all antenna
orientations orthogonal to the direction of propagation.

3.7.3.1.3.11.25 E5a maximum signal power level. Each Galileo satellite shall broadcast an E5a
navigation signal such that the level of the received RF signal at the antenna port of a 3 dBi linearly-
polarized antenna shall not exceed —149.45 dBW.

3.7.3.1.3.11.2.6  Eba signal modulation. The E5a signal shall be generated from Modulo-2 addition
of the E5a navigation data stream with the 10.23 megachips per second E5a data channel ranging code
(E5a-1), and the 10.23 megachips per second E5a pilot channel ranging code (E5a-Q).
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3.7.3.1.3.11.3 E5b radio frequency (RF) characteristics

Note.— Additional information concerning the overall E5 signal modulation is given in Galileo OS SIS
ICD.

3.7.3.1.3.11.3.1 E5b carrier frequency. Each Galileo satellite shall broadcast E5b signal at the carrier
frequency of 1207.14 MHz using CDMA.

3.7.3.1.3.11.3.2 E5b signal spectrum. The Galileo signal power on E5b shall be contained within a
20.460 MHz band centred on the E5b frequency.

3.7.3.1.3.11.3.3 E5bsignal polarization. The transmitted E5b RF signal shall be right-hand circularly
polarized.

3.7.3.1.3.11.3.4 E5b minimum signal power level. Each Galileo satellite shall broadcast an E5b
navigation signal 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 antenna port of a 3 dBi linearly-polarized antenna shall not be less than —155.90 dBW for all antenna
orientations orthogonal to the direction of propagation.

3.7.3.1.3.11.3.5 E5b maximum signal power level. Each Galileo satellite shall broadcast an E5b
navigation signal such that the level of the received RF signal at the antenna port of a 3 dBi linearly-
polarized antenna shall not exceed —149.45 dBW.

3.7.3.1.3.11.3.6  E5b signal modulation. The E5b signal shall be generated from Modulo-2 addition
of the E5b navigation data stream with the 10.23 megachips per second E5b data channel ranging code
(E5b-1), and the 10.23 megachips per second E5b pilot channel ranging code (E5b-Q).

3.7.3.1.3.12 Galileo system time. Galileo system time (GST) shall be referenced to UTC BIPM (UTC
as coordinated by the International Bureau of Weights and Measures).

Note.— Further details on GST are specified in Appendix B, 3.1.3.4.1.

3.7.3.1.3.13 Coordinate system. The Galileo coordinate system shall be Galileo Terrestrial Reference
Frame (GTRF).

Note.— GTRF details are specified in Appendix B, 3.1.3.5.2.

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

a) satellite time of transmission;
b) satellite position;

c) satellite health;

d) satellite clock correction;

e) ionospheric delay effects;

f) time transfer to UTC; and

g) constellation status.
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Note.— Structure and contents of data are specified in Appendix B, 3.1.3.1.2 and 3.1.3.1.2, respectively.

End of new text.

APPENDIX B. TECHNICAL SPECIFICATIONS FOR
THE GLOBAL NAVIGATION SATELLITE SYSTEM (GNSS)

3. GNSS ELEMENTS

3.1 Core constellations

Editorial note.— Insert new section 3.1.3 as follows:

3.1.3 Galileo Open Service (Galileo OS)
3.1.3.1. NON-AIRCRAFT ELEMENTS
3.1.3.1.1 GALILEO RF CHARACTERISTICS

3.1.3.1.1.1 E1 and E5 common requirements

3.1.3.1.1.1.1 Carrier phase noise. The carrier phase noise spectral density of the unmodulated carrier
on E5 and E1 shall be such that a second-order phase locked loop of 10 Hz one-sided noise bandwidth is
able to track the carrier to an accuracy of 0.04 radian root mean square (RMS).

3.1.3.1.1.1.2 Spurious emissions. In-band spurious emissions shall be at least 35 dB below the
unmodulated E1 and E5 carriers over the allocated channel bandwidth.

3.1.3.1.1.1.3 Correlation loss. The loss in the recovered signal power due to imperfections in the
signal modulation and waveform distortion shall not exceed 0.6 dB for each signal (E1, E5a and E5b).

Note.— The loss in signal power is the difference between the broadcast power in the specified
bandwidth and the signal power recovered by a noise-free, loss-free receiver with 1-chip correlator spacing
and the same bandwidth.

3.1.3.1.1.1.4 Code/data coherence. The edge of each data symbol shall be aligned with the edge of
the corresponding ranging code chip. The start of the periodic ranging code shall be aligned with the start
of a data symbol. The edge of each secondary code chip shall be aligned with the edge of a primary code
chip. The start of a primary code chip shall be aligned with the start of a secondary code chip.
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3.1.3.1.1.2 E1 RF characteristics

3.1.3.1.1.2.1 E1 signal components. The E1 signal shall comprise two signal components: E1-B
navigation data component with a navigation data symbol rate of 250 symbols per second and E1-C pilot
component.

3.1.3.1.1.2.2 E1 signal power split. The E1 signal power shall be equally split between the E1-B and
E1-C signal components.

3.1.3.1.1.2.3 E1-B ranging code (Ce1). The E1-B ranging code shall be a 1.023 megachips per
second ranging code repeated every 4 milliseconds, derived from a primary ranging code of 4 092 chips.

Note.— Additional information concerning the E1-B ranging codes is given in Galileo OS SIS ICD,
Chapter 3 and Annex C.

3.1.3.1.1.2.4 E1-C ranging code (Ceic). The E1-C ranging code shall be a 1.023 megachips per
second ranging code repeated every 100 milliseconds, derived from the Modulo-2 addition of a primary
ranging code of 4 092 chips and a secondary code of 25 chips.

Note.— Additional information concerning the E1-C ranging codes is given in Galileo OS SIS ICD,
Chapter 3 and Annex C.

3.1.3.1.1.25 E1-B data component generation. The E1-B data component shall be generated from
the E1 navigation data stream (Dei-s) and the E1-B ranging code (Cei-s), modulated with two in-phase
CBOC subcarriers of 1.023 MHz and 6.138 MHz, respectively, as shown in Figure GAL-1.

Note.— The subcarrier-free component of the E1 navigation data component — that is, before CBOC
modulation — is denoted as egi1.s. Additional information concerning eg1-g generation is given in Galileo
OS SIS ICD, 2.3.3.

3.1.3.1.1.2.6 E1-C pilot component generation. The E1-C pilot component shall be generated from
the E1-C ranging code (Cei-c) modulated with two anti-phase CBOC subcarriers of 1.023 MHz and 6.138
MHz, respectively, as shown in Figure GAL-1.

Note.— The subcarrier-free component of the E1 pilot component — that is, before CBOC modulation
— is denoted as eg1.c. Additional information concerning eg1-c generation is given in Galileo OS SIS ICD,
2.3.3.

3.1.3.1.1.2.7 E1 signal modulation. The E1-B/C composite binary signal shall be generated from the
CBOC modulation of the binary signal components, eg1-s and egi-c, and the subcarriers, as illustrated in
Figure GAL-1.

Note.— Additional information concerning E1-B/C generation is given in Galileo OS SIS ICD, 2.3.3.
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Figure GAL-1. Modulation scheme for the E1 CBOC signal

3.1.3.1.1.3 Eba and E5b RF characteristics

3.1.3.1.1.3.1 Eb5a signal components. The E5a signal shall comprise two signal components: E5a-I
navigation data component with a navigation data symbol rate of 50 symbols per second and E5a-Q pilot
component.

3.1.3.1.1.3.2 Eba signal power split. The E5a signal power shall be equally split between the E5a-I
and E5a-Q components.

3.1.3.1.1.3.3 Eba-l ranging code (Cesai). The E5a-l ranging code sequence shall be a 10.230
megachips per second ranging code repeated every 20 milliseconds, derived from the Modulo-2 addition
of a primary ranging code of 10 230 chips and a secondary code of 20 chips.

Note.— Additional information concerning E5a-l ranging codes is given in Galileo OS SIS ICD,
Chapter 3 and Annex C.

3.1.3.1.1.3.4 E5a-Q ranging code (Cesa-q). The E5a-Q ranging code shall be a 10.230 megachips per
second ranging code repeated every 100 milliseconds, derived from the Modulo-2 addition of a primary
ranging code of 10 230 chips and a secondary code of 100 chips.

Note.— Additional information concerning E5a-Q ranging codes is given in Galileo OS SIS ICD,
Chapter 3 and Annex C.

3.1.3.1.1.3.,5 Eba-I data component generation. The E5a data component shall be generated from the
E5a navigation data stream (Desa-1) and the E5a-1 ranging code (Cesa.).

Note.— The subcarrier-free component of the E5a navigation data component — that is, before AItBOC
modulation — is denoted as egsa.1.
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3.1.3.1.1.3.6 E5a-Q pilot component generation. The E5a pilot component shall be generated from
the E5a-Q ranging code (Cesa-q).

Note.— The subcarrier-free component of the E5a pilot component — that is, before AItBOC
modulation — is denoted as egsa-o.

3.1.3.1.1.3.7 E5b signal components. The E5b signal shall comprise two signal components: E5b-I
navigation data component with a navigation data symbol rate of 250 symbols per second and E5b-Q pilot
component.

3.1.3.1.1.3.8 E5Db signal power split. The E5b signal power shall be equally split between the E5b-I
and E5b-Q components.

3.1.3.1.1.3.9 E5b-I ranging code (Cesb-1). The E5b-I ranging code shall be a 10.230 megachips per
second ranging code repeated every 4 milliseconds, derived from the Modulo-2 addition of a primary
ranging code of 10 230 chips and a secondary code of 4 chips.

Note.— Additional information concerning E5b-I ranging codes is given in Galileo OS SIS ICD,
Chapter 3 and Annex C.

3.1.3.1.1.3.10 E5b-Q Ranging code (Cesp-q). The E5b-Q ranging code shall be a 10.230 megachips
per second ranging code repeated every 100 milliseconds, derived from the Modulo-2 addition of a primary
ranging code of 10 230 chips and a secondary code of 100 chips.

Note.— Additional information concerning E5b-Q ranging codes is given in Galileo OS SIS ICD,
Chapter 3 and Annex C.

3.1.3.1.1.3.11 E5Db-I data component generation. The E5b data component shall be generated from
the E5b navigation data stream (Desp-1) and the ranging code (Cesp-1).

Note.— The subcarrier-free component of the E5b navigation data component — that is, before AItBOC
modulation — is denoted as egsp-.

3.1.3.1.1.3.12 E5b-Q pilot component generation. The E5b pilot component shall be generated from
the ranging code (Cesb-g).

Note.— The subcarrier-free component of the E5b pilot component — that is, before AltBOC
modulation — is denoted as egsp-o.

3.1.3.1.1.3.13 E5 signal modulation. The wideband E5 signal shall be generated with the AltBOC
modulation of side-band subcarrier of 15.345 MHz (15 x 1.023 MHz) with the binary signal components
€Esa-1, €E5a-0, Eesb-1 aNd eesp-q, as illustrated in Figure GAL-2.

Note 1.— Eb5a and E5b signals can be processed independently by the user receiver as though they
were two separate QPSK signals with a carrier frequency of 1176.45 MHz and 1207.14 MHz, respectively.

Note 2.— Additional information concerning E5 generation is given in Galileo OS SIS ICD, 2.3.1.
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Figure GAL-2. Modulation scheme for the E5 AltBOC signal

3.1.3.1.1.4 Code assignments to satellites

3.1.3.1.1.41 Primary ranging code assignment to satellites. The E5a-1, E5a-Q, E1-B and E1-C
primary code number n shall be allocated to the space vehicle IDs (SVID) number n (with n=1 to 36).

3.1.3.1.1.4.2 Secondary ranging code assignment to satellites. The E5a-Q secondary code shall be
assigned according to the SVID number n (with n=1 to 36). E5a-l and E1-C secondary codes shall be
constant regardless of the SVID.
3.1.3.1.2 DATASTRUCTURE

Note.— Additional information concerning the data structure is given in Galileo OS SIS ICD.
3.1.3.1.2.1 Eb5a-l message (F/NAV) characteristics

3.1.3.1.2.1.1 The Eb5a-l1 message shall be transmitted as a sequence of frames as indicated in

Figure GAL-3. The period of each frame shall be 600 seconds. Each frame shall consist of 12 subframes of
period 50 seconds per subframe. Each subframe shall consist of five pages of period 10 seconds per page.

F/INAV MESSAGE
|_|_> Frame (600 seconds)
= 12 subframes
|_|_> Subframe (50 seconds)
=5 pages

m Page (10 seconds)

Figure GAL-3. F/NAV message structure
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3.1.3.1.2.1.2 Page structure. Each page structure shall contain the following elements structured as
indicated in Table GAL-1:

« 12 synchronization block symbols
+ 488 interleaved message block symbols

Table GAL-1. F/NAV page layout

Sync. F/NAV symbols Total (symbols)
12 488 500
F/NAV word (bits) Tail (bits) Total (bits)
Page type Nav. data CRC
6 208 24 6 244

3.1.3.1.2.1.3 Synchronization block. The first element of each page shall be a 12-symbol
synchronization sequence. The synchronization sequence shall be “101101110000” with the MSB
transmitted first, and it shall be added to the beginning of the 488 interleaved message block symbols field
after the interleaving procedure described in paragraph 3.1.3.1.2.1.6.

3.1.3.1.2.1.4 F/NAV message word. The message word shall contain 244 bits consisting of a 6-bit
page type, a 208-bit data field, a 24-bit CRC and a 6-bit tail field. The 6-bit tail field shall be “000000”.

Note.— Additional information concerning the message words is given in Galileo OS SIS ICD.

3.1.3.1.2.1.5 F/NAV FEC encoding. The 25-bit-per-second data stream shall be encoded at a rate of
two symbols per bit using a convolution code with a constraint length of seven to yield 50 symbols per
second. The convolution encoder logic arrangement shall be as illustrated in Figure GAL-4 with the G1
output selected for the first half of each 40-millisecond data bit period resulting in 488 symbols per page
where S; is the first symbol and Sass is the last symbol.
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Figure GAL-4. F/NAV convolutional encoding scheme
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3.1.3.1.2.1.6 E5a-I interleaving procedure. The E5a-1 message block symbols shall be interleaved
using a 61-column, 8-row matrix, where each entry is one symbol. The message block symbols shall be
written into each column and ordered for transmission, row by row, starting at the upper left corner of the
matrix as indicated in Table GAL-2.

Table GAL-2. Eb5a-I interleaver matrix

Columns—
Rows C1 Cz C3 e Cso Csl
!
R Si | Sg | Si7 | ... | Sarz | Sasst
R. S | Swo | Sig | ... | Saza | Sas2
Rs Sz | S11 | S19 | ... | Sars | Sas3
R7 S7 | Si5 | Soz | ... | Saro | Sasz
Rs Se | Si6 | Soa | ... | Saso | Sass

3.1.3.1.2.2 E1-B message (I/NAV) characteristics

3.1.3.1.2.2.1 The E1-B message shall be transmitted as a sequence of frames as indicated in Figure
GAL-5. The period of each frame shall be 720 seconds. Each frame shall consist of 24 subframes of period
30 seconds per subframe. Each subframe consist of 15 nominal pages of period 2 seconds per page. Each
page shall consist of two subpages each of period one second.

Note 1.— The two subpages in a page are known as the even page and the odd page.

Note 2.— I/NAV message structure is indicated in Figure GAL-5.

I/INAV
MESSAGE

l : Frame (720 seconds)
= 24 subframes
l : Subframe (30 seconds)
=15 pages
_|—> Nominal page (2 seconds)

Figure GAL-5. I/NAV message structure
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3.1.3.1.2.2.2 Page type. There shall be two types of pages, a nominal page and an alert page. The
nominal page shall contain the nominal data word.
Note.— The alert page is reserved for future applications.
3.1.3.1.2.2.3 Nominal page. A nominal page shall consist of two parts (even and odd) transmitted
sequentially over the same frequency and structured as indicated in Table GAL-4. The nominal page shall
contain 240 bits so that the first 120 bits shall be in the even nominal subpage, and the second 120 bits shall

be in the odd nominal subpage.

3.1.3.1.2.2.4 Nominal data word. The nominal E1-B data word shall contain 128 bits consisting of a
6-bit word type and a 122-bit data field.

3.1.3.1.2.25 Subpage structure. Each subpage structure shall contain the following elements,
structured as indicated in Table GAL-3:

a) 10 synchronization block symbols; and

b) 240 interleaved message block symbols.

Table GAL-3. I/NAV subpage layout

sSync. I/NAV subpage (even or odd) symbols Total (symbols)
10 240 250
I/NAV subpage (even or odd) bits Tail (bits) Total (bits)
114 6 120

3.1.3.1.2.2.6 Synchronization block. The first element of each subpage shall be a 10-symbol
synchronization sequence. The synchronization sequence shall be “0101100000”, with the MSB
transmitted first, and shall be added to the beginning of the 240 interleaved message block symbols field
after the interleaving procedure described in paragraph 3.1.3.1.2.2.10.

3.1.3.1.2.2.7 Even subpage. The even subpage shall contain a bit denoting which part (even or odd)
of the subpage is being transmitted, a type bit to indicate that this is a nominal page, the first 112 bits of the
nominal data word and a 6-bit tail field, as indicated in Table GAL-4. The tail field shall be “000000”.

3.1.3.1.2.2.8 Odd subpage. The odd subpage shall contain a bit denoting which part (even or odd) of
the subpage is being transmitted, a type bit to indicate that this is a nominal page, the last 16 bits of the
nominal data word, a 40-bit “reserved 1” field, 22 bits for search and rescue (SAR) data, a 2-bit spare field,
a 24-bit CRC, an 8-bit “reserved 2” field and a 6-bit tail field, as indicated in Table GAL-4. The tail field
shall be “000000™.

Note.— Galileo provides enhanced distress localization and call features for the provision of a
SAR service interoperable with the COSPAS-SARSAT system. Galileo SAR service is out of the scope of
Annex 10.
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Table GAL-4. I/NAV nominal page with bits allocation

| E1-B |

Page Dk Reserved Reserved Total

Even/odd=1 g_ word SAR | Spare | CRC Tail .
Type=0 2P2) 1 2 (bits)
1 1 16 40 22 2 24 8 6 120
_ Page . Total
Even/odd=0 Type=0 Data word (1/2) Tail (bits)
1 1 112 6 120

Note 1.— Even/odd field (1 bit) indicates the part of the page (O=even/1=o0dd) that is broadcast.

Note 2.— Page type field (1 bit) equal to 0 indicates the nominal page type.

Note 3.— Data field consists of a nominal data word (described in 3.1.3.1.2.2.4) of 128 bits
(comprising 112 bits of data (1/2) and 16 bits of data (2/2)).

3.1.3.1.2.2.9 I/NAV FEC encoding. The 125-bit-per-second data in the even and odd subpages shall
be encoded at a rate of two symbols per bit using a convolutional code with a constraint length of seven to
yield 250 symbols per second. The convolutional encoder logic arrangement shall be as illustrated in Figure
GAL-6 with the G1 output selected for the first half of each 8-millisecond data bit period resulting in 240
symbols per page, where S; is the first symbol and Sa4 is the last symbol.
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Figure GAL-6. Convolutional encoding scheme

3.1.3.1.2.2.10 E1-B interleaving procedure. The E1-B message block symbols shall be interleaved
using a 30 column by an eight-row matrix, where each entry is one symbol. The message block symbols
shall be written into each column and ordered for transmission row by row starting at the upper left corner
of the matrix, as indicated in Table GAL-5.

Table GAL-5. E1-B interleaver matrix

Columns—
Rows Ci | Co|C3|...| C| Ca
l
R1 S1| So | Si7| ... | Sazs | Sess
R2 S2 | S1o | Sis | ... | Saz6 | Szas
R3 Ss | Su | Sio | ... | S22z | Szss
R7 S7 | Sis | Sz | ... | Sas1 | Saso
Rs Sg | S16 | Sa2a | ... | S22 | Saso




B-68

3.1.3.1.2.2.11 Transmission sequence of nominal pages on E1. The pages shall be transmitted on E1-
B such that the even subpage of any word shall be transmitted before the odd subpage of the same word.

3.1.3.1.3 DATA CONTENT

Note.— Additional information concerning Galileo OS navigation data content and parameters is given
in Galileo OS SIS ICD, Chapters 4 and 5.

3.1.3.1.3.1 The contents of F/NAV E5a-I page types shall be according to Table GAL-6.

Note 1.— The odd numbered subframes contain page type 5 and the even numbered subframes contain
page type 6. This allows transmission of the almanacs for three satellites within two successive subframes
(100 seconds).

Note 2.— The parameter k is a designator for “satellite number 17, k+1 is a designator for “satellite
number 27, etc. It is not a navigation data parameter. k is set by the Galileo control system. The complete
F/NAV frame layout (12 subframes) can transmit the almanacs for 18 satellites, sequenced as indicated in
Galileo OS SIS ICD, 4.2.3.

Note 3.— Additional information concerning the bit allocation of the different F/NAV page types is
given in Galileo OS SIS ICD, 4.2.4.

Table GAL-6. F/NAV Eb5a-1 page types content

Page type Page content
Odd 1 I0Dnav, SVID, clock correction, SIS accuracy index (SISA), ionospheric correction,
subframe broadcast group delay (BGD), signal health status (SHS), Galileo system time (GST) and

data validity status (DVS)

2 IODnav, ephemeris (1/3) and GST
3 IODnav, ephemeris (2/3) and GST
4 IODnav, ephemeris (3/3), GST-UTC conversion, GST-GPS conversion and time-of-week
(TOW)
5 10Da, almanac week number, almanac reference time, almanac for satellite k+3(n-1)/2 and
almanac for satellite (k+1)+3(n-1)/2 part 1; where n is the number of the subframe
Even 1 I0Dnav, SVID, clock correction, SISA, ionospheric correction, BGD, SHS, GST and DVS
subframe 2 I0Dnav, ephemeris (1/3) and GST
3 I0Dnav, ephemeris (2/3) and GST
4 I0ODnav, ephemeris (3/3), GST-UTC conversion, GST-GPS conversion and TOW
6 I0Da, almanac for satellite (k+1)+3(n-2)/2 part 2 and almanac for satellite (k+2)+3(n-2)/2;

where n is the number of the subframe
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3.1.3.1.3.2 The contents of I/NAV E1-B word types shall be according to Table GAL-7.

Note 1.— Additional information concerning I/NAV nominal subframe layout is given in Galileo OS
SISICD, 4.3.3.

Note 2.— The parameter k changes every two subframes (i.e. subframes 1 and 2 have the same Kk,
subframes 3 and 4 have the next, etc.). The complete I/NAV frame layout (24 subframes) can transmit the
almanacs for 36 satellites, sequenced as indicated in Galileo OS SIS ICD, 4.3.4.

Note 3.— Additional information concerning the bit allocations of the different I/NAV word types is
given in Galileo OS SIS ICD, 4.3.5.

Table GAL-7. I/NAV E1-B word types content

Word type Word content
0 Spare word
1 IODnav and ephemeris (1/4)
2 IODnav and ephemeris (2/4)
3 IODnav and ephemeris (3/4)
4 IODnav, SVID, ephemeris (4/4) and clock correction
5 lonospheric correction, BGD, SHS, GST and DVS
6 GST-UTC conversion and TOW
7 I0Da, almanac for satellite k (part 1), almanac reference time and almanac reference

week number

8 I0Da, almanac for satellite k (part 2) and satellite k+1 (part 1)

9 I0Da, almanac reference time, almanac reference week number, almanac for satellite
k+1 (part 2) and satellite k+2 (part 1)

10 IODa, almanac for satellite k+2 (part 2) and GST-GPS conversion parameters

3.1.3.1.3.3 Ephemeris parameters shall be provided in both I/NAV and F/NAV messages transmitted
by each Galileo satellite. A single ephemeris shall be applicable to all signals of a specific satellite.

Note.— The ephemeris is computed with respect to the antenna apparent phase centre common to every
frequency.

3.1.3.1.3.4 The Galileo OS SIS status shall take one of the following three values:

* SIS “healthy”:  the SIS is expected to meet the minimum performance requirements.
« SIS “unhealthy”: the SIS is out of service or under test.
* SIS “marginal”: the SIS is in neither of the two previous states.

3.1.3.1.3.4.1 The status of the SIS shall be encoded within the navigation message through three SIS
status flags: the signal health status (SHS) flag, the data validity status (DVS) flag and the SIS accuracy
index (SISA).

Note.— Additional information concerning the position of the Galileo SIS status flags within the
navigation message is given in Galileo OS SIS ICD, 5.1.9.3 and 5.1.12.
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3.1.3.1.3.4.2 SISA. The SISA shall be encoded as shown in Table GAL-8.

Table GAL-8. SISA index

SISA SIS accuracy value (m)
0to 49 0 m to 0.49 m with 1 cm resolution
50 to 74 0.50 m to 0.98 m with 2 cm resolution
751099 1.00 m to 1.96 m with 4 cm resolution
100t0o 125  2.00 mto 6.00 m with 16 cm resolution
126 to 254 Spare

255 No Accuracy Prediction Available (NAPA)

3.1.3.1.3.4.3 SISA shall be coded as shown in Table GAL-9.

Table GAL-9. SISA parameters

Parameter Definition BITS Scale factor Units
SISA (E1, E5a) SIS accuracy index for dual-frequency E1-E5a 8 N/A Dimensionless
SISA (E1, E5b) SIS accuracy index for dual-frequency E1-E5b 8 N/A Dimensionless

3.1.3.1.3.4.4 Signal health status (SHS). The SHS index shall be encoded according to the values
stated in Table GAL-10.

Table GAL-10. Signal health status index

SHS index Signal status definition
0 Signal OK
1 Signal out of service
2 Signal will be out of service
3 Signal in test mode

3.1.3.1.3.4.5 Data validity status (DVS). The DVS index shall be encoded according to the values in
Table GAL-11.

Table GAL-11. Data validity status index

ez V"f‘“d'ty Signal status definition
status index
0 Navigation data valid (NDV)

1 Working without guarantee (WWG)
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3.1.3.1.3.4.6 The mapping between the values of the SIS status flags shall be as presented in
Table GAL-12.

Table GAL-12. Galileo OS SIS status vs SIS status flags

Sy SIS flags

SIS status message
SHS DVS SISA

Healthy NO Ok NDV Not NAPA

NO Out of service Any value Any value
Unhealthy | NO In test Any value Any value

YES N/A N/A N/A

NO Ok WWG Any value
Marginal | NO Ok Any value NAPA

NO Will be out of service Any value Any value

Note.— Additional information concerning Galileo flags is given in the European GNSS (Galileo) Open
Service Definition Document (Issue 1.1), dated May 2019 (hereinafter referred to as “Galileo OS SDD”).

3.1.3.1.3.5 Almanac. F/NAV and I/NAV messages shall contain the almanac data for a constellation
of up to 36 satellites. The almanac data shall be a reduced-precision subset of the clock and ephemeris
parameters of the active Galileo satellites in orbit. Also, a predicted satellite health status shall be provided
for each of these satellites, giving indications on the satellite’s signal components health and navigation
data health.

3.1.3.1.3.6 Dummy messages. If no valid F/NAV or I/NAV data can be transmitted, then the satellite
shall transmit a dummy page with a message ID of 63 in the respective F/NAV or I/NAV signals.

Note.— Additional information concerning the dummy page is given in Galileo OS SIS ICD, 4.2.5 and
4.3.6.

3.1.3.1.3.7 Issue of data (I0D). The Galileo satellite shall broadcast the navigation parameters in data
sets. Every set of navigation data broadcast by a Galileo satellite shall be identified by an 10D value.

Note.— Two independent 10Ds are defined for the ephemeris, satellite clock correction parameters
and SISA (“IODnav”) and the almanacs (“10Da”).

3.1.3.1.3.7.1 The IODnav value broadcast by a Galileo satellite in a set of navigation data (ephemeris
and clock corrections) shall be unique with respect to any other IODnav broadcast by the same Galileo
satellite in the previous 240 minutes.
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3.1.3.1.3.8 Navigation data validity time. In nominal operations, each navigation message data set

shall be superseded before its expiration at four hours by the broadcast of a new navigation message data
set.

Note.— The nominal period of ephemeris and clock corrections update ranges from 10 minutes to three
hours.

3.1.3.1.3.9 Galileo time of week (TOW). The TOW shall cover an entire week from 0 to 604 799
seconds and shall be reset to zero at the end of each week.

Note.— The TOW is defined as the number of seconds that have occurred since the transition from the
previous week.

3.1.3.1.3.10 Galileo week number (WN). The WN shall consist of 12 bits, which covers 4 096 weeks.
The counter shall be reset to zero to cover an additional period Modulo 4 096.

Note.— The WN is an integer counter that gives the sequential week number from the GST start epoch.
3.1.3.2 DEFINITIONS OF PROTOCOLS FOR DATA APPLICATION

3.1.3.2.1 Parity check algorithm. For the F/NAV and the I/NAV data, a CRC of 24 bits shall be
generated from the following generator polynomial G(X):

CGX)=1+XPX)
where
P(X) = X + X177 + XB34+X124+ X1 + X% + XB+X7+X5+X3 + 1
Note.— The CRC code is calculated in accordance with section 3.9 of this Appendix.

3.1.3.2.1.1 The F/NAV CRC information field, M(X), shall be computed using the equation:

214
MX) = Z mXP = m X213 4+ my X2 4 mypaX 4 My
1

M(X) shall be formed from the 6-bit E5a-1 page type identifier and the 208-bit data field. Bits shall be
arranged in the order transmitted from the Galileo satellite, such that m; corresponds to the first transmitted
bit of the page type identifier, and m214 corresponds to bit 208 of the data field.

3.1.3.2.1.2 The I/NAV nominal page CRC information field, M(X), shall be computed using the
equation:

_ V113 194—i 81 81-i _ 193 192 82 81
MX) =X Mg i1 X + X3 Mg i1 X =M X777 Mgz X 7%+ Mg 113X°7 Mg 11, X5 +
M2 X80 + My X7 + .+ Mg X +Myg,

M(x) shall be formed from the even (e)/odd (0) fields, page type fields, data word fields (1/2 and 2/2),
reserved 1 field, SAR (on E1-B only) and spare fields. In nominal mode the CRC shall be computed for the
even and odd subpages of the same frequency and shall always be broadcast in the odd subpage.

3.1.3.2.2 Satellite clock correction parameters. The predicted offset of the physical satellite signal
time of transmission (TOT) relative to the satellite signal TOT in GST shall be computed for the dual-
frequency signal combination using the following formula:
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TOT(X) = TOTm(X) - Atsv(X)
where

(X)=(f1,f2) is the dual-frequency combination f; and f, used for the clock model;
TOTc(X) is the corrected satellite TOT in GST for the signal combination X;
TOTm(X) is the physical satellite TOT for the signal combination X retrieved through pseudo-range
measurements; and

o Atsy(X) is the satellite time correction for the signal combination X computed by means of the time
correction data retrieved from the navigation message, as follows:

Atsy (X)=asn(X)+an(X)[t-toc(X)]+ar(X)[ t-toc(X)] 24 A, r
where

o an(X), an(X), ar(X) and toc(X) are parameters transmitted in F/NAV signals page Type 1 and I/NAV
signals word Type 4 as indicated in 3.1.3.1.3;
toc(X) is the reference time for the clock correction;
tis the GST time in seconds; and
Aty, expressed in seconds, is a relativistic correction term, given by 4#=F e AY2 sin(E) where the
orbital parameters (e, AY?) are transmitted in F/NAV signals page Type 2 and I/NAV signals word
Type 1 as indicated in 3.1.3.1.3, E is the calculated eccentric anomaly and F = -2u*%/c? = -
4.442807309 x 10 s/m*?,

3.1.3.2.2.1 A single-frequency user receiver processing pseudo-ranges from the frequency f; shall
apply the following correction to the satellite clock correction Atsy defined in paragraph 3.1.3.2.2:

Atgy (f1) = Atsy (f1, f2) — BGD(f1, f2)
where

BGD(fi,f2) is the broadcast group delay transmitted in F/NAV signals page Type 1 and I/NAV
signals word Type 5 as indicated in 3.1.3.1.3 and defined as follows:

TR, — TR,
BGD(f,f2) = ﬁ
1
- (2)

o f; and f, denote the carrier frequencies of E1 and E5a, respectively; and
¢ TR; and TR are the group delays of the signals whose carrier frequencies are respectively f, and fz,

where

3.1.3.2.2.2 A single-frequency user receiver processing pseudo-ranges from the frequency f, shall
apply the following correction to the satellite clock correction Aty defined in paragraph 3.1.3.2.2:

_ Ay
sy () = Mtsy (Fuf2) ~ (7)) BGD(fo. )
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3.1.3.2.3 GST-UTC conversion algorithm and parameters. The UTC time tyrc shall be computed
through three different cases depending on the epoch of a possible leap second adjustment (scheduled future
or recent past) given by the day number (DN), the day at the end of which the leap second becomes effective,
and the week number (WN_sF) to which DN is referenced. “Day one” of DN shall be the first day relative

to the end/start of week and the WN_se value shall consist of eight bits, which are a Modulo 256 binary
representation of the Galileo week number to which the DN is referenced. The following three cases shall

apply:
Case A:

Whenever the leap second adjustment time indicated by WN.se and DN is not in the past (relative to the
user’s present time), and the user’s present time does not fall in the time span which starts six hours prior
to the effective time, and ends six hours after the effective time, turc shall be computed as follows:

tUTC = (tE - AtUTc)[MOdulo 864‘00]
where Atype = At,s + Ag + Ay (tp — tor + 604800(WN — WNq,))

Case B:

Whenever the user’s current time falls within the time span of six hours prior to the leap second adjustment
time to six hours after the adjustment time, turc shall be computed as follows (dzyrc as defined in Case A):

tUTC = W[Modulo (86400 + AtLSF - Ath)]
where W = (ty — Atyre — 43200)[Modulo 86400] + 43200

Case C:
Whenever the leap second adjustment time is in the “past” (relative to the user’s current time), and the
user’s present time does not fall in the time span which starts six hours prior to the leap second adjustment

time, and ends six hours after the adjustment time, turc shall be computed as follows:

tUTC = (tE - AtUTc)[MOdulo 864‘00]
where Atyre = Atygp + Ag + Ay (tg — tor + 604800(WN — WN,,))

o Ao, Ay, A, tor, WNor, WNLse, DN and Az sk are GST to UTC time conversion parameters transmitted
in in F/NAYV signals page Type 4 and I/NAV signals word Type 6 as indicated in 3.1.3.1.3;

e teisthe GST as estimated by the user through its GST determination algorithm; and

e WN is the week number to which te is referenced.

3.1.3.2.4 Satellite position. The Earth-Centred, Earth-Fixed (ECEF) coordinates of the satellite
antenna phase centre position at GST time t shall be computed using the following equations:

X = X'cos(Q) - y'cos(i)sin(Q)
y = Xx'sin(Q) + y'cos(i)cos(Q)

z = y'sin(i)



where

B-75

0 =04+ (0 — wgp)ty — wgtge

X'=rcosu
y'=rsinu

o o di
i= L0+5L+atk
r=A(l-ecos E) + or
u=o+ou
A:(AIIZ)Z

or = Crssin2® + Crccos2®
ou = Cyssin2® + Cyccos2d
0i = Cissin2® + Ciccos2d

d=v+ow

v = tan‘l{Sin v/cos v}

=tan™?!

V1 —ezsinE/
(1—ecoskE)

(cosE

t =t — sdf toe

M = E-esin(E)
M = Mo+nty
n = no+4n

tOe

m=3.1415926535898

1 =3.986004418 x 10* m3/s?
o = 7.2921151467 x 10° rad/s
€ = 299792458 m/s

_e)/(l —ecoskE)

Mo, 4n, e, Al/z, o, io, o, -Q, di/dt, Cuc, Cus, Crc, Crs, Cic, Cis,

corrected longitude of ascending node
position in orbital plane

position in orbital plane

corrected inclination

corrected radius

corrected argument of latitude
semi-major axis

radius correction

argument of latitude correction
inclination correction
argument of latitude

true anomaly

t is Galileo system time and ty is the actual total
time difference between the time t and the epoch
time toe (toa for the almanacs) which accounts for
beginning or end of week crossovers

Kepler’s equation for eccentric anomaly E

mean anomaly

corrected mean motion

computed mean motion (rad/s)

ephemeris parameters transmitted in in F/NAV
signals page Types 2, 3 and 4, as well as I/NAV
signals word Types 1, 2, 3 and 4 as indicated in
3.1.3.1.3.

ratio of a circle’s circumference to its diameter
geocentric gravitational constant

mean angular velocity of the earth

speed of light in a vacuum

3.1.3.2.5 lonospheric correction.

Note.— Receivers operating in single-frequency mode can use the single-frequency ionospheric
correction algorithm described in document EUROCAE ED-259 Minimum Operational Performance
Standard for Galileo/Global Positioning System/Satellite-based Augmentation System Airborne

Equipment, Appendix J (any version).

3.1.3.3.1 GALILEO RECEIVER

3.1.3.3 AIRCRAFT ELEMENTS

3.1.3.3.1.1 Satellite tracking. The receiver shall provide the capability to continuously track a
minimum of four Galileo satellites and generate a position solution based upon those measurements.
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3.1.3.3.1.2 Doppler shift. The receiver shall be able to compensate for dynamic Doppler shift effects
on nominal Galileo signal carrier phase and OS code measurements. The receiver shall compensate for the
Doppler shift that is unique to the anticipated application.

3.1.3.3.1.3 Resistance to interference. The receiver shall meet the requirements for resistance to
interference as specified in 3.7.

3.1.3.3.1.4 Application of clock and ephemeris data. The receiver shall monitor the IODnav value
and update ephemeris and clock data based upon a detected change in this parameter. To compute position
and clock corrections, receivers shall use for each satellite, IODnav-tagged parameters corresponding to
the same IODnav value. These parameters shall be retrieved from the most recent navigation data set
received.

Note.— IODnav values are not necessarily incremented in steps of one. An IODnav with higher value
does not necessarily mean that it tags more recent data. The only valid comparison between IODnav values
is whether they are equal or not. For positioning, users can combine SIS from diffrent satellites with
difrent IODnav values, provided that the navigation parameters derived from each satellite are tagged
by a unique 10Dnav value.

3.1.3.3.1.5 Navigation data validity duration. The receiver shall only use the ephemeris and clock
corrections from a set of navigation data during a period of time no longer than four hours from the reference
time of ephemeris (toe). The receiver shall not rely on performance commitments in Chapter 3, 3.7.3.1.3, if
the age of tee exceeds four hours.

Note.— See Attachment D, 4.1.3.11 for guidance material on the age of toe.
3.1.3.4 TIME

3.1.3.4.1 Galileo system time (GST). The GST shall be a continuous timescale based on the definition
of the second (according to the International System of Units, SI) whose origin/reference epoch (GST (T0))
shall be defined as 13 seconds before 1999-08-22 00:00:00 UTC. The Galileo navigation message shall
contain all necessary parameters to convert between GST and UTC.

Note.— See Attachment D, 4.1.3.9 for GST guidance material.

3.1.3.5 COORDINATE SYSTEM

3.1.3.5.1 The Galileo OS broadcast ephemeris shall determine the position of the transmitting antenna
phase centre of a given satellite in the Galileo Terrestrial Reference Frame (GTRF) ECEF reference frame.

3.1.3.5.2 The GTRF difference from the latest physical realization of the International Terrestrial
Reference Frame (ITRF) shall not exceed 3 cm 95 per cent globally.

Note 1.— WGS-84 and GTRF are both realizations of ITRF. The difference between GTRF and WGS-84
used in GPS, is considered insignificant for aviation.

Note 2.— See Attachment D, 4.1.3.10 for additional information on GTRF.

End of new text.

Editorial note.— Renumber sections 3.1.3 and 3.1.4 as 3.1.4 and 3.1.5, respectively.
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ATTACHMENT D. INFORMATION AND MATERIAL
FOR GUIDANCE IN THE APPLICATION OF THE
GNSS STANDARDS AND RECOMMENDED PRACTICES

4. GNSS CORE ELEMENTS

4.1 Core constellations

Editorial note.— Insert new section 4.1.3 as follows:

4.1.3 Galileo

Note.— Additional information concerning the Galileo Open Service is given in the Galileo OS SIS
ICD and Galileo OS SDD.

4.1.3.1 Assumptions. The Galileo Open Service (OS) performance standard is based upon the
assumption that a representative OS receiver is used. A representative receiver has the following
characteristics:

a)
b)
c)

d)
e)
f)

9)

designed in accordance with Galileo OS SIS ICD;
uses a 5-degree masking angle;

accomplishes satellite position and geometric range computations in the most current realization of
the Galileo Terrestrial Reference Frame (GTRF);

generates a position and time solution from data broadcast by all satellites in view;
excludes Galileo non-healthy signals from the position solution;

uses up-to-date and internally consistent ephemeris and clock data for all satellites it is using in its
position solution; and

navigation data (ephemeris, satellite clock correction and SISA parameters) is not used beyond the
maximum validity time of 4 hours.

4.1.3.2 Position domain accuracy

4.1.3.2.1 Position domain accuracy for single-frequency Galileo OS. The horizontal/vertical position
domain accuracy is measured with a representative receiver and a measurement interval of 30 days for any
point within the coverage area. The position is computed using single-frequency ‘“healthy” SIS. The
positioning and timing accuracy are for the SIS only (including BGD errors) and do not include such error
sources as: ionosphere, troposphere, interference, receiver noise or multipath.

4.1.3.2.2 Position domain accuracy for dual-frequency Galileo OS. The horizontal/vertical position
domain accuracy is measured with a representative receiver and a measurement interval of 30 days for any
point within the coverage area. The position is computed using dual-frequency “healthy” SIS. The
positioning and timing accuracy are for the SIS only and do not include such error sources as: ionosphere,
troposphere, interference, receiver noise or multipath.
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4.1.3.3 Range domain accuracy. The Galileo ranging accuracy is defined as a statistical measure of
the SIS range error time series. It is only measured for time periods during which the transmitted SIS is
healthy. Galileo ranging accuracy is evaluated over all age of data (AOD) values, i.e. the SIS range error
time series will consider the navigation message at the age of data when it was observed. It is computed for
both single-frequency and dual-frequency users. The range rate error limit is the maximum for any satellite
measured over any 3-second interval for any point within the coverage area. The 95th percentile SIS range
error accuracy for any satellite is calculated over a 30-day interval. The 99.9th percentile SIS range error
accuracy for any satellite is normalized annually.

4.1.3.3.1 SlISaccuracy. The SIS accuracy is a prediction of the minimum standard deviation (1-sigma)
of the unbiased Gaussian distribution which overbounds the predictable distribution of SIS range error for
all possible user locations within the satellite coverage area. The SISA parameter, broadcast in Galileo SIS
navigation message, provides the user with an indication of the SIS accuracy according to Appendix B,
3.1.3.1.3.4.2. The SISA parameter can assume 255 values. Nevertheless, when it is used as one of the means
for determining the SIS status of a Galileo satellite, it must be considered as a binary indicator with its only
meaningful values being “no accuracy prediction available” (NAPA) when SISA=255 or “not NAPA” when
SISA#255. SISA values from 126 to 254 are described as spare, and should be considered as “not NAPA”.

4.1.3.3.2 Galileo BGD. Galileo BGD is the estimate of the group delay between the different
frequencies of a specific Galileo satellite. It is provided as part of the Galileo broadcast navigation data as
specified in Appendix B, 3.1.3.1.3.1 and 3.1.3.1.3.2.

4.1.3.4 Galileo UTC time determination accuracy. The Galileo UTC time determination accuracy
depends on both the instantaneous GST determination error and on the error in the broadcast GST-UTC
conversion parameters. This second component is defined as the Galileo SIS UTC time dissemination
accuracy.

4.1.3.4.1 Galileo SIS UTC time dissemination accuracy. The Galileo SIS UTC time dissemination
accuracy is defined as the 95th percentile of the broadcast GST/UTC conversion parameters error. Galileo
SIS UTC time dissemination accuracy is the SIS component of the overall user UTC time determination,
which is driven by the accuracy of the broadcast GST-UTC parameters. It does not contain effects that are
not under the control of the Galileo operator such as user local contributions depending on the receivers or
due to atmospheric effects.

4.1.3.5 Service availability. Service availability is the percentage of time over a 30-day interval that
the predicted 95 per cent positioning error (due to space and control segment errors) is less than its
threshold, for any point within the coverage area. It is based on a 10-metre horizontal 95 per cent threshold,;
a 16-metre vertical 95 per cent threshold; using a representative receiver; and operating within the coverage
area over the 30-day interval. The service availability assumes a constellation that meets the criteria in
4.1.35.1.

4.1.3.5.1 SIS per-slot/constellation availability. The probability that an operational slot in the Galileo
constellation is occupied by a satellite transmitting healthy SIS is higher than 0.95 (normalized annually).
For the Galileo baseline configuration, the probability that at least 21 satellites in the nominal 24-slot
positions are set healthy and are transmitting a navigation signal, is higher than 0.97 (normalized annually).
The SIS constellation availability can be derived from the SIS per-slot availability by means of a binomial
model.
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4.1.3.6 Probability of failure

4.1.3.6.1 Psa. Psa is the probability that the instantaneous ranging signal error of a healthy Galileo
satellite (excluding atmospheric and receiver errors) exceeds k times the Galileo user range accuracy
(Galileo URA). Galileo URA in Psy definition corresponds to aurapr OF t0 ourasr for dual-frequency or
single-frequency users, respectively. k is the number of standard deviations from the mean corresponding
to a probability of Ps in a normal distribution. The k factor is 4.17, corresponding to the 3x107° Ps value.
Psat applies at any given time and at any location in the satellite visibility area to both single-frequency and
dual-frequency users.

4.1.3.6.2 Pconst. Peonst IS the probability that the instantaneous ranging signal errors of two or more
healthy Galileo satellites (excluding atmospheric and receiver errors) exceeds k times the Galileo user range
accuracy (Galileo URA) due to a common failure. Galileo URA in the Pconst definition corresponds to ourapr
or to oura sk for dual-frequency or single-frequency users, respectively. Peonst applies at any given time and
at any location in the respective visibility areas of the affected satellites to both single-frequency and dual-
frequency users.

4.1.3.6.3 ourapr. Galileo ourapr is defined as the standard deviation of a zero-mean normal
distribution which overbounds the actual distribution of SIS range errors more probable than Pss. Galileo
oura,DF applies to any user location and to a healthy SIS dual-frequency combination E1/E5a.

4.1.3.6.4 ourase. Galileo ourase is defined as the standard deviation of a zero-mean normal
distribution which overbounds the actual distribution of SIS range errors more probable than Pss;. Galileo
ourase applies to any user location and to a healthy SIS single-frequency user (E1 or E5a). oura sk COnsiders
the Galileo oscp and can be derived from the following expression:

2 _ 2 2. 2
OyraSF = OUraDF T Yf" " Ogep
where

¥y represents the frequency inflation factor equal to fi4 ] f4, for E5a users and to 1 for E1 users.

4.1.3.6.5 oscp. Galileo osep is defined as the standard deviation of a zero-mean normal distribution,
which overbounds the actual distribution of BGD residual errors such that the probability of unbounded
errors is negligible with respect to Ps;. BGD residual errors are the remaining errors after applying Galileo
BGD corrections broadcast in the navigation message.

4.1.3.7 Continuity. Continuity for a healthy Galileo satellite is the probability that the Galileo OS SIS
will continue to be healthy without unscheduled interruption over the next hour. Scheduled interruptions
which are announced at least 48 hours in advance do not contribute to a loss of SIS continuity.

4.1.3.8 Coverage. The Galileo OS supports the terrestrial coverage area, which is from the surface of
the earth up to 30.48 km.

4.1.3.9 Galileo system time (GST). The GST is a continuous timescale based on the definition of the
second (according to the International System of units, SI) whose origin/reference epoch GST (t0) is defined
as 13 seconds before 1999-08-22 00:00:00 UTC. The time synchronization information disseminated in the
Galileo SIS (e.g. satellite clock offsets) is referenced to GST. This information allows the Galileo OS users
to estimate their local time referenced to the GST realization computed by the Galileo OS receiver. In order
to better support timing applications based on UTC, the Galileo OS data message includes additional
parameters which enable the Galileo OS users to obtain a realization of the UTC time by applying a
correction to the GST.
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4.1.3.10 Galileo terrestrial reference frame (GTRF). The GTRF is a highly accurate independent
realization of the International Terrestrial Reference System (ITRS) based on the estimated coordinates of
each of the Galileo sensor station (GSS) sites. The Galileo system uses the geodetic input information to
produce navigation data (e.g. satellite ephemeris) referenced to the GTRF. Accordingly, the user position
coordinates derived from Galileo position solutions are referenced to GTRF. Due to the good alignment of
GTRF to ITRF both reference frames are understood to be equivalent for aviation. The GTRF is regularly
aligned if new ITRF realizations are published. To obtain the position in any reference frame different from
ITRF, Galileo OS user equipment needs to apply the appropriate valid transformation parameters between
the latest ITRF and the desired reference frame. This transformation is under full control and responsibility
of the Galileo OS user. Concerning the interoperability between GPS and Galileo, the GPS terrestrial
reference frame WGS-84 and the GTRF are both realizations of the ITRF. Therefore, for most Galileo OS
applications, a high level of interoperability is provided between the spatial positions obtained with GPS
and those obtained with Galileo, without further activity by the user equipment.

4.1.3.11 Age of ephemeris. The age of ephemeris is the time elapsed between the reference to. (set at
the beginning of each navigation data set) and the time of usage of the ephemeris by a receiver.

Note.— Details on how to compute the age of ephemeris can be found in Galileo OS SDD, Annex C,
section 4.4.1.

4.1.3.12 Age of data (AOD). The age of data (AOD) is the elapsed time between the generation of a
navigation message by the ground segment and its usage at user level. Aging of data (characterized by
AOD) impacts the accuracy of the orbit and clock models. The accuracy of their prediction inevitably
degrades with higher ages.

End of new text.

Origin: Rationale:

NSP/6 This proposal is intended to reflect the introduction of the Galileo satellite navigation
system, operated by the European Union. It is currently not included in Annex 10. The
proposed Galileo SARPs include two signals in two frequency bands to provide
positioning, velocity and timing information to Galileo users on a continuous, worldwide
basis. The availability of this additional constellation using two frequency bands will
contribute to mitigate ionospheric scintillation and the risk of having insufficient satellites
within a single constellation, as well as vulnerabilities in respect of ionospheric
disturbance and radio frequency interference.
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INITIAL PROPOSAL 5
BeiDou Navigation Satellite System (BDS)

CHAPTER 3. SPECIFICATIONS FOR RADIO NAVIGATION AIDS

3.7 Requirements for the Global Navigation Satellite System (GNSS)

3.7.3 GNSS elements specifications

3.7.3.1 Core constellations

Editorial note.— Insert new section 3.7.3.1.4 as follows:

3.7.3.1.4 BDS Open Service (BDS OS) (B1l, BIC, B2a)

Note 1.— The BDS OS signals are broadcast in three frequency bands identified as Bll, BIC and B2a.
The single-frequency BDS OS is based on any one of the B11, BIC or B2a signals. The dual-frequency BDS
OS is based on a combination of the BIC and B2a signals.

Note 2.— BDS OS signals Bll, BIC and B2a are broadcast by all BDS-3 (BDS third-phase) medium
earth orbit (MEQ) and inclined geosynchronous orbit (IGSO) satellites.

Note 3.— All requirements specified in this section are based on the BDS-3 constellation configuration

of 24 MEO and 3 IGSO satellites.
3.7.3.1.4.1 Space and control segment accuracy
Note.— The following accuracy standards do not include atmospheric or receiver errors as described

in Attachment D, 4.1.4.2. They only apply under the condition that the aircraft receiver uses healthy
satellites.
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3.7.3.1.4.1.1 Positioning accuracy. The BDS position errors shall not exceed the following limits:

Signals Bl1I B1C B2a B1C-B2a
Global average 95% threshold:

Horizontal position over a 9m 9m 9m 9m
measurement period of 7 days

Vertical position error over a I5m I5m I5m I5m
measurement period of 7 days

Worst site 95% threshold:

Horizontal position error over a I5m I5m I5m I5m
measurement period of 7 days

Vertical position error over a 22 m 22 m 22 m 22 m
measurement period of 7 days

3.7.3.1.4.1.2 Time transfer accuracy. The BDS OS time transfer error shall not exceed 50
nanoseconds, 95 per cent of the time.

3.7.3.1.4.1.3 Range domain accuracy. The BDS range domain error shall not exceed the following
limits:

Signals BII BIC B2a B1C-B2a

Range error of any satellite with 15m 15m 15m 15m
reliability specified in 3.7.3.1.4.3

95th percentile error of any 46m 46m 46m 46m
satellite over a measurement
period of 7 days (global average)

95th percentile range rate error of 0.02 m per 0.02 m per 0.02 m per 0.02 m per
any satellite (global average) second second second second

95th percentile range acceleration 0.008 m per 0.008 m per 0.008 m per 0.008 m per
error of any satellite (global second second second second
average) squared squared squared squared
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3.7.3.1.4.2 Availability. The BDS OS availability shall be as follows:

Signals

BI1I

BIC

B2a

BIC- B2a

Average location:

Horizontal service
availability over a
measurement period of
7 days

Vertical service
availability over a
measurement period of
7 days

Worst-case location:

Horizontal service
availability over a
measurement period of
7 days

Vertical service
availability over a
measurement period of
7 days

= 99% (15 m 95%
threshold)

= 99% (22 m 95%
threshold)

= 90% (15 m 95%
threshold)

= 90% (22 m 95%
threshold)

= 90% (15 m 95%
threshold)

= 90% (22 m 95%
threshold)

= 90% (15 m 95%
threshold)

= 90% (22 m 95%
threshold)

= 99% (15 m 95%
threshold)

= 99% (22 m 95%
threshold)

= 90% (15 m 95%
threshold)

= 90% (22 m 95%
threshold)

= 99% (15 m 95%
threshold)

= 99% (22 m 95%
threshold)

= 90% (15 m 95%
threshold)

= 90% (22 m 95%
threshold)

Note. — Availability applies under the condition that the aircraft receiver uses healthy satellites.

3.7.3.1.4.3 Reliability. The BDS OS reliability relative to the 15 m range error requirement in

3.7.3.1.4.2 shall be within the following limits:

a) reliability — at least 99.94 per cent (global average); and

b) reliability — at least 99.79 per cent (worst single point average).

Note. — Reliability applies under the condition that the satellite is broadcasting a healthy indication.

3.7.3.1.4.4 Probability of major service failure

Note.— The standards apply under the condition that the satellite is broadcasting a healthy indication.

3.7.3.1.44.1

Probability of a satellite major service failure condition (Psq). The probability that the

BDS OS SIS user range error of any satellite will exceed the not-to-exceed (NTE) tolerance without an alert
received at the user receiver antenna within 300 seconds, shall not exceed 1x107.

3.7.3.1.4.4.2 Probability of a common-cause major service failure condition (Pcons;). The probability
that the BDS OS SIS user range error of two or more satellites will exceed the NTE tolerance due to a
common fault without an alert received at the user receiver antenna within 300 seconds, shall not exceed

6x107,
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Note 1.— For Bl signals, the NTE tolerance is defined to be 4.42 times the upper bound of the URA
range corresponding to the URA index (URAI) value being broadcast in DI navigation messages, as
described in Appendix B, section 3.1.4.1.3.1.2.

Note 2.— For BI1C and B2a signals, the NTE tolerance is defined to be 4.42 times the signal-in-space
accuracy (SISA) value calculated as described in Appendix B, section 3.1.4.2.5.

Note 3.— The mapping between BDS Bl SIS status and BDS Bl flags contained in the navigation
data message is specified in Appendix B, 3.1.4.1.3.1.3. The mapping between BDS B1C and B2a SIS status
and BDS BIC and B2a flags contained in the navigation data message is specified in Appendix B,
3.1.4.1.3.2.7.2.

3.7.3.1.4.5 Continuity. The probability of losing BDS OS SIS availability from a slot of the nominal
27-slot constellation due to unscheduled interruption, shall not exceed the following limits:

Signals B1l B1C B2a
MEO 2x107 per hour 2x107 per hour 2x107 per hour
IGSO 5x107 per hour 2x107 per hour 2x107 per hour

Note.— Continuity applies under the condition that the satellite is broadcasting a healthy indication.

3.7.3.1.4.6  Coverage. BDS OS shall cover the surface of the earth up to an altitude of 1 000 km.
3.7.3.1.4.7 Radio frequency (RF) characteristics

Note.— Detailed BDS OS signals RF characteristics are specified in Appendix B, 3.1.4.1.1.
3.7.3.1.4.8 Bllradio frequency (RF) characteristics

3.7.3.1.4.8.1 BII carrier frequency. Each BDS-3 MEO or IGSO satellite shall broadcast a BDS B11
OS signal at the carrier frequency of 1 561.098 MHz using code division multiple access (CDMA).

3.7.3.1.4.8.2 Bl signal spectrum. The BDS OS B11 signal power shall be contained within a £2.046
MHz band (1 559.052 — 1 563.144 MHz) centred on the 1 561.098 MHz frequency.

3.7.3.1.4.8.3 BII signal polarization. The transmitted B1I RF signal shall be right-hand circularly
polarized.

3.7.3.1.4.8.4 Bl signal power levels

3.7.3.1.4.8.4.1 Each BDS-3 MEO satellite shall broadcast a B1I navigation signal 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 antenna port of a 3 dBi
linearly-polarized antenna is within the range of —163 dBW to —154.8 dBW for all antenna orientations
orthogonal to the direction of propagation.

3.7.3.1.4.8.4.2 Each BDS-3 IGSO satellite shall broadcast a B1I navigation signal 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 antenna port of a 3 dBi
linearly-polarized antenna is within the range of —163 dBW to —156.5 dBW for all antenna orientations
orthogonal to the direction of propagation.
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3.7.3.1.4.8.5 Bl signal modulation. The BDS OS B1I signal shall be binary phase shift key (BPSK)
modulated.

3.7.3.1.4.9 BIC radio frequency (RF) characteristics

3.7.3.1.4.9.1 BIC carrier frequency. Each BDS-3 MEO or IGSO satellite shall broadcast a BDS OS
BI1C signal at the carrier frequency of 1 575.42 MHz using CDMA.

3.7.3.1.4.9.2 BIC signal spectrum. The BDS OS signal power on B1C shall be contained within a
32.736 MHz band centred on the B1C frequency.

3.7.3.1.49.3 BIC signal polarization. The transmitted B1C RF signal shall be right-hand circularly
polarized.

3.7.3.1.4.9.4 BIC signal power levels

3.7.3.1.49.4.1 Each BDS-3 MEO satellite shall broadcast a B1C navigation signal 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 antenna port of a 3 dBi
linearly-polarized antenna is within the range of —159 dBW to —152.5 dBW for all antenna orientations
orthogonal to the direction of propagation.

3.7.3.1.49.4.2 Each BDS-3 IGSO satellite shall broadcast a B1C navigation signal 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 antenna port of a 3 dBi
linearly-polarized antenna is within the range of —161 dBW to —153.5 dBW for all antenna orientations
orthogonal to the direction of propagation.

3.7.3.1.4.9.5 BIC signal modulation. The B1C signal shall comprise two components, known as B1C
data component and B1C pilot component. The B1C data component shall be sine-phased binary offset
carrier (BOC) modulated with the Modulo-2 addition of the ranging code and the navigation data. The B1C
pilot component shall be quadrature multiplexed BOC (QMBOC) modulated with the ranging code.
Ranging codes on B1C data component and B1C pilot component shall have the same chipping rate of
1.023 megachips per second.

Note.— Additional information concerning B1C modulation is given in the BeiDou Navigation Satellite
System Signal In Space Interface Control Document Open Service Signal BIC (Version 1.0), dated
December 2017 (hereinafter referred to as “BDS OS BIC ICD”), section 4.2.
3.7.3.1.4.10 B2a radio frequency (RF) characteristics

3.7.3.1.4.10.1 B2a carrier frequency. Each BDS-3 MEO and IGSO satellite shall broadcast a BDS
OS B2a signal at the carrier frequency of 1 176.45 MHz using CDMA.

3.7.3.1.4.10.2 B2a signal spectrum. The BDS OS signal power on B2a shall be contained within a
20.46 MHz band centred on the B2a frequency.

3.7.3.1.4.10.3  B2a signal polarization. The transmitted B2a RF signal shall be right-hand circularly
polarized.
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3.7.3.1.4.10.4 B2a signal power levels

3.7.3.1.4.10.4.1 Each BDS-3 MEO satellite shall broadcast a B2a navigation signal 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 antenna port of a 3 dBi
linearly-polarized antenna is within the range of —156 dBW to —148.5 dBW for all antenna orientations
orthogonal to the direction of propagation.

3.7.3.1.4.10.4.2 Each BDS-3 IGSO satellite shall broadcast a B2a navigation signal 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 antenna port of a 3 dBi
linearly-polarized antenna is within the range of —158 dBW to —150.5 dBW for all antenna orientations
orthogonal to the direction of propagation.

3.7.3.1.4.10.5 B2a signal modulation. The B2a signal shall comprise two components, known as B2a
data component and B2a pilot component. The B2a data component shall be BPSK modulated with the
Modulo-2 addition of the ranging code and the navigation data. The B2a pilot component shall be BPSK
modulated with the ranging code. Ranging codes on B2a data component and B2a pilot component shall
have the same chipping rate of 10.23 megachips per second.

Note.— Additional information concerning B2a modulation is given in the BeiDou Navigation Satellite
System Signal In Space Interface Control Document Open Service Signal B2a (Version 1.0), dated
December 2017 (hereinafter referred to as “BDS OS B2a ICD”), section 4.2.

3.7.3.1.4.11 BDS time. BDS time (BDT) shall be referenced to UTC as maintained by the National
Time Service Center (NTSC), Chinese Academy of Sciences.

Note.— BDT details are specified in Appendix B, section 3.1.4.4.

3.7.3.1.4.12 Coordinate system. The BDS coordinate system shall be BeiDou Coordinate System
(BDCS).

Note.— BDCS details are specified in Appendix B, section 3.1.4.5.

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

a) satellite time of transmission;
b) satellite position;

c) satellite health;

d) satellite clock correction;

e) ionospheric delay effects;

f) time transfer to UTC; and

g) constellation status.

End of new text.
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APPENDIX B. TECHNICAL SPECIFICATIONS FOR
THE GLOBAL NAVIGATION SATELLITE SYSTEM (GNSS)

3. GNSS ELEMENTS

3.1 Core constellations

Editorial note.— Insert new section 3.1.4 as follows:

3.1.4. BeiDou Navigation Satellite System (BDS)
Open Service (0OS) (B11, B1C and B2a)

3.1.4.1 NON-AIRCRAFT ELEMENTS
3.1.4.1.1 BDS RF CHARACTERISTICS

Note.— This section describes RF characteristics of the BDS B1l, B1C and B2a signals transmitted by
BDS-3 MEO and IGSO satellites.

3.1.4.1.1.1 B1I, B1C and B2a common requirements

3.1.4.1.1.1.1 Carrier phase noise. The carrier phase noise spectral density of the unmodulated carrier
on B1I, B1C and B2a shall be such that a third-order phase locked loop of 10 Hz one-sided noise bandwidth
is able to track the carrier to an accuracy of 0.1 radian root mean square (RMS).

3.1.4.1.1.1.2  Spurious emissions. In-band spurious emissions shall be at least 50 dB below the
unmodulated B1I, BIC and B2a carrier over the allocated channel bandwidth.

Note.— The allocated channel bandwidth for the B1l signal is 4.096 MHz. The allocated channel
bandwidth for the B1C signal is 32.736 MHz. The allocated channel bandwidth for the B2a signal is 20.46
MHz.

3.1.4.1.1.1.3 Data/code coherence. The edge of each data symbol shall be aligned with the edge of
the corresponding ranging code chip, and the start time of the first chip of the periodic ranging code shall
be aligned with the start time of the data symbol bit. The edges of each secondary code chip shall be aligned
with the edges of the primary code chip and the primary code first chip start time shall be aligned with the
starting time of the secondary code chip.

3.1.4.1.1.2 BII RF characteristics

3.1.4.1.1.2.1 Bl correlation loss. The correlation loss due to payload distortions shall not exceed 0.6
dB on BII.

3.1.4.1.1.2.2 Bl ranging code. The chipping rate of the B1I ranging code shall be 2.046 megachips
per second, and the length shall be 2 046 chips. The B1I ranging code (hereinafter referred to as Cgir) shall
be a balanced Gold code truncated with the last one chip. The Gold code shall be generated by means of
Modulo-2 addition of G1 and G2 sequences, which are respectively derived from two 11-bit linear shift
registers. The generator of Cgr shall be as shown in Figure B BDS-1.
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G1 sequence

— 1|2 |sf4a]s|6|7]8]o]w0ofupb——F

Reset control clock - Phase selection logic .
—)I Set to initial phases T\ G2 sequence f\ Ranging code

Shift control clock l/’\|/‘\| N

4:51|2|3|4|5|6I$|7|8|9|10|11|

N
Figure B BDS-1. Generator of Cgir

Note.— Additional information concerning the B1l ranging code is given in the BeiDou Navigation
Satellite System Signal In Space Interface Control Document Open Service Signal Bl (Version 3.0), dated
February 2019 (hereinafter referred to as “BDS OS B11 ICD”), section 4.3.

3.1.4.1.1.3 BIC RF characteristics

3.1.4.1.1.3.1 BIC correlation loss. The correlation loss due to payload distortions shall not exceed
0.3 dB on BIC.

3.1.4.1.1.3.2 BIC signal generation. The B1C signal shall comprise two components, known as B1C
data component and B1C pilot component.

3.1.4.1.1.3.3 BIC signal power split. The B1C signal power shall be 1:3 split between the B1C data
component and the B1C pilot component.

3.14.1.1.3.4 BIC data ranging code (C,, . ). The BIC data ranging code sequence shall be a 10
230-chip length primary code repeated every 10 milliseconds.

Note.— Additional information concerning the B1C data primary code is given in BDS OS BIC ICD,
section 5.2.1.

3.1.4.1.1.3.5 BIC pilot ranging code (C .. ). The BIC pilot ranging code sequence shall be the
Modulo-2 addition of a 10 230-chip length primary code repeated every 10 milliseconds and a 1 800-chip
length secondary code repeated every 18 000 milliseconds.

Note. — Additional information concerning the B1C pilot primary code and secondary code is given
in BDS OS BIC ICD, sections 5.2.1 and 5.2.2.

3.1.4.1.1.3.6 BIC data component (S, ) generation. The B1C data component shall be generated
from the navigation message data ( Dy, 4, ) and the ranging code (C ) modulated with the sine-phased
BOC(1,1) subcarrier scsic_daa.

B1C_data
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3.1.4.1.1.3.7 BIC pilot component (S, ) generation. The B1C pilot component shall be generated
from the ranging code ( C, ,, ) modulated with the QMBOC(6, 1, 4/33) subcarrier SCq;c i - The
subcarrier shall be composed of a BOC(1, 1) subcarrier and a BOC(6, 1) subcarrier, which shall be in phase
quadrature with each other and have a power ratio of 29:4.

Note. — Additional information concerning B1C modulation is given in BDS OS B1C ICD, section 4.2.
3.1.4.1.1.4 B2a RF characteristics

3.1.4.1.1.4.1 B2a correlation loss. The correlation loss due to payload distortions shall not exceed 0.6
dB on B2a.

3.1.4.1.1.4.2 B2a signal generation. The B2a signal shall comprise two components known as B2a
data component and B2a pilot component.

3.1.4.1.1.4.3 B2a signal power split. The B2a signal power shall be equally split between the B2a
data component and the B2a pilot component.

3.1.4.1.1.44 B2a data ranging code (C,,, ..). The B2a data ranging code sequence shall be the
Modulo-2 addition of a 10 230-chip length primary code repeated every 1 millisecond and a 5-chip length
secondary code repeated every 5 milliseconds.

Note.— Additional information concerning B2a data primary code and secondary code is given in
BDS OS B2a ICD, sections 5.2.1 and 5.2.2.

3.1.4.1.1.4.5 B2a pilot ranging code ( CBZa_piIot ). The B2a pilot ranging code sequence shall be the
Modulo-2 addition of a 10 230-chip length primary code repeated every 10 millisecond and a 100-chip
length secondary code repeated every 100 milliseconds.

Note.— Additional information concerning B2a_pilot primary code and secondary code is given in
BDS OS B2a ICD, sections 5.2.1 and 5.2.2.

3.1.4.1.1.4.6  B2a data component (Sgy, 4, ) generation. The B2a data component shall be BPSK(10)

modulated from the navigation message data ( Dy, ., ) and the ranging code (CBZa_data ).

3.1.4.1.1.4.7  B2a pilot component ( Sg,, i) generation. The B2a pilot component shall be BPSK(10)
modulated from the ranging code C,, .. (t) only.

Note.— Additional information concerning B2a modulation is given in BDS OS B2a ICD, section 4.2.

3.1.4.1.2 DATA STRUCTURE

3.1.4.1.2.1 BIlI DI message characteristics

3.1.4.1.2.1.1 General. The B1I navigation message broadcast by BDS-3 MEOs and IGSOs B11
signals (“D1 navigation message”) shall be modulated with 1 kbps secondary Neuman-Hofman (NH) code.

The D1 navigation message shall be structured into superframes, frames and subframes. The frame structure
of the D1 navigation message shall be as shown in Figure B BDS-2.

Note.— Additional information concerning the NH code is given in BDS OS B11 ICD, section 5.2.1.
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3.1.4.1.2.1.2 Superframe. Every superframe shall contain 36 000 bits. Every superframe shall be
composed of 24 frames (24 pages).

3.1.4.1.2.1.3 Frame. Every frame shall contain 1 500 bits. Every frame shall be composed of
5 subframes.

3.1.4.1.2.1.4 Subframe. Every subframe shall contain 300 bits. Every subframe shall be composed of
10 words. Every word shall contain 30 bits. Every word shall consist of navigation message data and parity
bits.

< Superframe 36000 bits, 12 min >
Framel | Frame2 | ...... Framen | ...... Frame 24
« Frame 1500 bits, 30 sec 5

Subframe 1|Subframe 2 | Subframe 3 | Subframe 4 [ Subframe 5

< subframe 300 bits, 6 sec—— ]

Word 1 Word2 | ... Word 10

- ~ =
- ~ - ~<
- ~ - ~
- ~ - ~
- ~ - ~
- -~ - ~

[« Word 1, 30 bits, 0.6 sec—] [«—Word 2-10, 30 bits, 0.6 sec—]

26 information bits | 4 parity bits 22 information bits | 8 parity bits

Figure B BDS-2. Frame structure of the D1 navigation message

3.1.4.1.2.1.5 Data parity. Word 1 of each subframe shall contain 26 information bits and 4 parity bits
in the least significant bits (LSBs), and words 2 through 10 shall contain 22 information bits and 8 parity
bits in the LSBs. Bose-Chaudhuri-Hocquenghem (BCH)(15,11,1) encoding shall be used for error control
and interleaving.

Note.— Additional information concerning BCH(15,11,1) encoding is given in BDS OS Bll ICD,
section 5.1.3.

3.1.4.1.2.1.6  Preamble. Bits 1 through 11 of every subframe shall contain a preamble consisting of
the sequence of bits “11100010010”.

3.1.4.1.2.1.7 Subframe identification. Bits 16 through 18 of every subframe shall contain the
subframe identification, encoded as follows:

Code 001 010 011 100 101 110 111

Subframe identification 1 2 3 4 5 Reserved Reserved
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3.1.4.1.2.1.8 Seconds-of-week (SOW). Bits 19 through 26 and bits 31 through 42 of each subframe of
the D1 navigation message shall contain the 20-bit seconds-of-week (SOW), which is defined as the number
of seconds that have occurred since the last Sunday, 00:00:00 BDT. The SOW count shall occur at the
leading edge of the first preamble bit (MSB) of the subframe.

3.1.4.1.2.1.9 Reserved bits. Bits 12 through 15 of every subframe or page of a subframe shall be
reserved.

3.1.4.1.2.2 BIC message characteristics
3.1.4.1.2.2.1 General. The B1C navigation message (B-CNAV1 navigation message) shall be
broadcast as a sequence of frames. Each frame shall contain 1 800 symbols with a symbol rate of 100

symbols per second. Each frame shall consist of three subframes with the basic frame structure shown in
Figure B BDS-3.

After Error correction coding ;

[« 1800 symbols 18s >
Subframe 1 Subframe2 1
72 symbols 1200 symbols 1
Subframe3
528 symbols
<

Y

Sixty-four >
systemLDPC(88,44)

|_<_BCH(21,6)+ >« Sixty-four
BCH(51,8) system LDPC(200,100)

Before Error correcting code ;
[« 878 bits >

Subframel Subframe2
14 bits 600 bits
Subframe3

264 bits

Figure B BDS-3. Basic frame structure of B-CNAV1

3.1.4.1.2.2.2 Subframe 1. Subframe 1 shall contain 14 bits before BCH error correction encoding.
After BCH (21,6) + BCH (51,8) encoding, its length shall be 72 symbols.

Note.— Additional information concerning BCH(21,6)+BCH(51,8) encoding is given in BDS OS BIC
ICD, section 6.2.2.1.

3.1.4.1.2.2.3 Subframe 2. Subframe 2 shall contain 600 bits before low-density parity check (LDPC)
encoding. The 576 MSBs of subframe 2 shall be included in the CRC calculation, and the 24 LSBs shall be
the corresponding CRC bits. After 64-ary LDPC (200, 100) encoding, its length shall be 1 200 symbols.

Note.— Additional information concerning 64-ary LDPC (200, 100) encoding is given in BDS OS BI1C
ICD, section 6.2.2.2.
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3.1.4.1.2.2.4 Subframe 3. Subframe 3 shall contain 264 bits before LDPC encoding. The 6 MSBs
shall be the page type (PagelD), the 24 LSBs shall be CRC bits, and the remaining 234 bits shall be message
data. PagelD and message data shall be included in the CRC calculation. After 64-ary LDPC (88,44)
encoding, its length shall be 528 symbols. The frame structure of subframe 3 shall be as shown in Figure B
BDS-4.

Note.— Additional information concerning 64-ary LDPC (88,44) encoding is given in BDS OS BIC
ICD, section 6.2.2.3.

< Direction of data flow MSB first«
< 264 bits >
MSB LSB
PagelD Message data CRC
6 bits 234 bits 24 bits

Figure B BDS-4. Frame structure for B-CNAV1 subframe 3

3.1.4.1.2.2.5 |Interleaving. After encoding, subframe 2 and subframe 3 shall be combined and
interleaved using a block interleaver.

Note.— Additional information concerning interleaving is given in BDS OS BIC ICD, section 6.2.2.4.
3.1.4.1.2.3 B2a message characteristics
3.1.4.1.2.3.1 General. The B2a navigation message (“B-CNAV2 navigation message”) shall be

broadcast as a sequence of frames. Each frame shall contain 600 symbols with a symbol rate of 200 symbols
per second. The B-CNAV?2 basic frame structure shall be as shown in Figure B BDS-5.

After Error correction coding:

< 600 symbols 3s >
s;;r;car:jr(c;:g;ls Message symbol
576 symbols
24 symbols
> Sixty-four N
[ systemLDPC(96,48) ol

X 288 bits N

4
MSB LSB
PRN MesType sow Navigation Message CRC
6 bits 6 bits 18 bits 234 bits 24 bits

Figure B BDS-5. B-CNAV2 basic frame structure

3.1.4.1.23.2 Frame structure. Each frame shall consist of a 24-symbol preamble and a 288-bit
navigation message before error correction encoding. After encoding by 64-ary LDPC (96,48), its length
shall be 1 200 symbols.

Note.— Additional information concerning 64-ary LDPC (96,48) encoding is given in BDS OS B2a
ICD, section 6.2.2.
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3.1.4.1.2.3.2.1 Preamble. Each frame shall contain a preamble consisting of the sequence of bits
“111000100100110111101000”.

3.1.4.1.2.3.2.2 Navigation message. Each frame shall contain 288 bits before LDPC encoding,
including the 6-bit PRN code, 6-bit message type, 18-bit SOW, 234-bit message data and 24-bit CRC. PRN,
message type, SOW, and message data shall be included in the CRC calculation. After 64-ary LDPC(96,
48) encoding, the frame length shall be 576 symbols.

3.1.4.1.3 DATA CONTENT

Note.— A full description of the data content of the words being transmitted is given in BDS OS B1l
ICD, BDS OS B11ICD and BDS OS B2a ICD.

3.1.4.1.3.1 Bll data content
3.1.4.1.3.1.1 The B1I D1 navigation data shall contain the information listed in Table B BDS-1.

Note.— Additional information concerning B1l D1 content and application of the data is given in BDS
OS B11ICD, section 5.2.4.

Table B BDS-1. B1I D1 navigation message content

Subframe Page Data content
number number

Week number (WN), user range accuracy index (URAI), autonomous satellite

] N/A health flag (SatH1), ionosphere model parameters (on, Bn, =0 - 3), equipment
group delay differential (Topi,Tap2), clock correction parameters (toc, a0, a1, a2),
age of data, clock (AODC), age of data, ephemeris (AODE)

2 N/A Ephemeris parameters (1/2) (\/K , €, An, My, Cyc, Cys, Cre, Crs)

3 N/A Ephemeris parameters (2/2) (toe, ®, Qo, €2, io, IDOT, Cic, Cis)

4 1-24 .

5 1-6 Pnum, almanac parameters (toa, \/K , e, 0, Mo, Qo, €2, 8, a9, a;, AmEpID)

5 7 Pnum, health information for 19 satellites (Heaj, i=1 - 19)
Pnum, health information for 11 satellites (Hea;, i=20 - 30), week number of

5 8
almanac (WN,), toa,
Pnum, time parameters relative to GPS time (Aqcps, Aigps), time parameters

5 9 relative to GLONASS time (AocLo, AicLo), time parameters relative to Galileo
time (AoGal, A1Gat)

5 10 Pnum, time parameters relative to UTC (Aourc, Aiurc, Ates, AtLse, WNLsr, DN)

5 11-23 Pnum, almanac parameters (toa, \/K , €, ®, Mo, Qo, Q , Oi, a0, a1, AmID)

5 24 Pnum, health information for 14 satellites (Heai, i=31 - 43)

3.1.4.1.3.1.2 User range accuracy index (URAI). Bits 49 through 52 of subframe 1 of the D1 message
shall contain the URAI. The range of URAI shall be from 0 to 15. The user range accuracy (URA) shall be
used to describe the signal-in-space accuracy (SISA) in metres. The relationship between URAI and URA
shall be as shown in Table B BDS-2.
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Note.— Additional information concerning URAI is given in BDS OS BlI ICD, section 5.2.4.5 and
section 5.2.3, Figure 5-8.

Table B BDS-2. Relationship between URAI and URA

Code URAI URA range (m, 10)
0000 0 0.00<URA <240
0001 1 240 <URA <340
0010 2 340<URA<4.85
0011 3 4.85 <URA<6.85
0100 4 6.85 <URA <9.65
0101 5 9.65 <URA<13.65
0110 6 13.65 <URA < 24.00
0111 7 24.00 < URA <48.00
1000 8 48.00 <URA £96.00
1001 9 96.00 <URA <192.00
1010 10 192.00 < URA < 384.00
1011 11 384.00 < URA < 768.00
1100 12 768.00 <URA <1 536.00
1101 13 1 536.00 < URA <3 072.00
1110 14 3072.00 <URA <6 144.00
1111 15 URA > 6 144.00

3.1.4.1.3.1.3 Autonomous satellite health flag (SatH1). Bit 43 of subframe 1 of the D1 message shall
provide SatHI1. A value of “0” shall indicate that the broadcasting satellite is healthy and a value of “1”
shall indicate that the broadcasting satellite is unhealthy.

Note.— Additional information concerning SatHlis given in BDS OS Bl ICD, section 5.2.4.6 and
section 5.2.3, Figure 5-8.

3.1.4.1.3.1.4 Satellite clock correction parameter toc shall be broadcast in the D1 navigation message.
The value of toc shall monotonically increase over the week and shall change if any of the clock parameters
change.

Note.— The update of the clock parameters always starts at the beginning of a superframe.
3.1.4.1.3.1.5 Satellite ephemeris parameter t.. shall be broadcast in the D1 navigation message. The
value of to. shall monotonically increase over the week and shall change if any of the ephemeris parameters

change. If t,. changes, then t. shall also change.

Note.— The update of the ephemeris parameters always starts at the beginning of a superframe.
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3.1.4.1.3.1.6 Page number (Pnum). Both subframe 4 and subframe 5 shall have 24 pages which shall
be identified through the page number (Pnum) contained in bits 44 through 50 of the subframes.

3.1.4.1.3.1.7 Identification of expanded almanacs (AmEpID). Bits 291 through 292 of pages 1
through 24 of subframe 4 and pages 1 to 6 of subframe 5 shall contain AMEpID. A binary value of “11” of
AmEpID shall indicate that pages 11 through 23 of subframe 5 are used to broadcast the almanac parameters
for SV ID 31 through 63, and page 24 of subframe 5 is used to broadcast the satellite health information for
SV ID 31 through 63. Otherwise, pages 11 through 24 of subframe 5 shall be reserved.

3.1.4.1.3.1.8 Identification of time-sharing broadcasting (AmID). Bits 291 through 292 of pages 11
through 23 of subframe 5 and bits 216 through 217 of page 24 of subframe 5 shall provide AmID. AmID
shall be used combining with AmEpID and Pnum to indicate the PRN of the satellite transmitting the
almanac parameters in the Pnum page. AmID shall only be used when AmEpID has a binary value of “11”.
The broadcasting scheme for the almanac parameters of SV ID 31 through 63 shall be as shown in Table B
BDS-3.

Table B BDS-3. Broadcasting scheme for the almanac parameters of PRNs 31 through 63

AmEpID AmID Pnum PRN
01 11-23 31-43
10 11-23 44 - 56
1 11-17 57-63
11
18-23 Reserved
00 11-23 Reserved

3.1.4.1.3.2 BIC and B2a data content

3.1.4.1.3.2.1 The B-CNAV1 data broadcasted on BIC shall contain the information listed in
Table B BDS-4. The B-CNAV?2 data broadcasted on B2a shall contain the message types and data content
listed in Table B BDS-5.

Note 1.— Additional information concerning B-CNAV1 data content and application of the data is
given in BDS OS BIC ICD, section 7.

Note 2.— Additional information concerning B-CNAV2 data content and application of the data is
given in BDS OS B2a ICD, section 7.
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Table B BDS-4. BI1C navigation message information contents

Subframe Data content
number
1 PRN, SOH
WN, HOW, IODC (issue of data, clock), IODE (issue of data, ephemeris)
Data Ephemeris [*
blocks* (t,e, SatType,AA, A, An,, Angy, My, e, w)
Ephemeris II*
2 (QO’ iO’ ‘Q: lOa CiSa CiC’ CTS; C‘rCa Cus: Cuc)
Clock correction parameters™®
(tocﬂaOSa'i’az)
TGDBzap, ISCB1Cd, TGDB1CP, RCV, CRC
Page Type 1(PagelD, health status(HS), data integrity flag (DIF), signal
integrity flag (SIF), accuracy integrity flag (AIF), signal-in-space monitored
accuracy index (SISMAI)***, SISAloe, SISAloc*, ionospheric delay correction
model parameters*, BDT-UTC time offset parameters*)
Page Type 2 (PagelD, HS, DIF, SIF, AIF, SISMAT***, SISAloc*, WNa, t_,
reduced almanac*)
3**

Page Type 3 (PagelD, HS, DIF, SIF, AIF, SISMAI*** SISAloe, earth
orientation parameters (EOP), BDT-GNSS time offset (BGTO) parameters)

Page Type 4 (PagelD, HS, DIF, SIF, AIF, SISMAT*** SISAloc*, midi
almanac*)

*  Data blocks containing a set of parameters.

ksk

At most 63 page types can be defined for subframe 3. Currently, four valid page types have been

defined: 1, 2, 3 and 4.

*** SISMA broadcast in B-CNAV1 is reserved for future use.
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Table B BDS-5. B2a message types and the data content

Message type**

Data content

1 10

PRN, MesType, SOW, WN, DIF(B2a), SIF(B2a), AIF(B2a),
SISMAI**** | DIF(B1C), SIF(B1C), IODE, ephemeris I*

2 11

PRN, MesType, SOW, HS, DIF(B2a), SIF(B2a), AIF(B2a),
SISMAI****  DIF(B1C), SIF(B1C), ephemeris IT*

PRN, MesType, SOW, HS, DIF(B2a), SIF(B2a), AIF(B2a),
SISMATI****  DIF(B1C), SIF(B1C), clock correction parameters*,
IODC, TcpB2ap, ISCpad, 1ionospheric delay correction model

parameters® , Tgpaicp

PRN, MesType, SOW, HS, DIF(B2a), SIF(B2a), AIF(B2a),
SISMAI****  DIF(B1C), SIF(B1C), clock correction parameters*,

IODC, WNa , toa, reduced almanac parameters™

PRN, MesType, SOW, HS,DIF(B2a), SIF(B2a), AIF(B2a),
SISMAI****  DIF(B1C), SIF(B1C), clock correction parameters*,
10DC, EOP

PRN, MesType, SOW, HS, DIF(B2a), SIF(B2a), AIF(B2a),
SISMAI****  DIF(BIC), SIF(BIC), AIF(BIC), clock correction

parameters*, BGTO parameters*, reduced almanac parameters*, [ODC,
WNa, toa

PRN, MesType, SOW, HS, DIF(B2a), SIF(B2a), AIF(B2a),
SISMAI**** | DIF(B1C), SIF(BI1C), SISAloc* , clock correction
parameters*, IODC, BDT-UTC time offset parameter*

PRN, MesType, SOW, HS, DIF(B2a), SIF(B2a),
AIF(B2a),SISMAT****  DIF(B1C), SIF(B1C), SISAloe , SISAloc*,

midi almanac parameters*

* Data blocks containing a set of parameters.

** At most 63 message types can be defined for the B-CNAV2 navigation message. Currently, eight
valid message types have been defined: 10, 11, 30, 31, 32, 33, 34 and 40.

*** The broadcast order of the B-CNAV2 message types may be dynamically adjusted, however
Message Types 10 and 11 are broadcast continuously together.

*#** SISMALI broadcast in B-CNAV?2 is reserved for future use.
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3.1.4.1.3.2.2  Page type. Page 1D shall be used to identify the page types of subframe 3 in B-CNAV1.
It shall be a 6-bit unsigned integer. Its definition shall be as shown in Table B BDS-6.

Table B BDS-6. Page type definition

Page ID (binary) Page type
000000 Invalid
000001 1
000010 2
000011 3
000100 4
Others Reserved

3.1.4.1.3.2.3 Message type (MesType). Message type shall be used to identify the message types of
the B-CNAV2 frames. It shall be a 6-bit unsigned integer. Its definition shall be as shown in Table B BDS-
7.

Table B BDS-7. Message type definition

Message Type (Binary) Message type
000000 Invalid
001010 10
001011 11
011110 30
011111 31
100000 32
100001 33
100010 34
101000 40

Others Reserved
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3.1.4.1.3.2.4 lIssue of data

Note 1.— Additional information concerning BIC issue of data is given in BDS OS BIC ICD,
section 7.4.1, Table 7-3 and section 7.4.2, Table 7-4.

Note 2.— Additional information concerning B2a issue of data is given in BDS OS B2a ICD,
section 7.4.1, Table 7-3 and section 7.4.2, Table 7-4.

3.1.4.1.3.2.4.1 Issue of data, ephemeris (IODE). IODE shall indicate the issue number of a set of
ephemeris parameters. The IODE value shall be updated when any ephemeris parameter is updated. The
IODE values shall indicate the range of the ephemeris data age. The ephemeris data age shall be defined as
the offset between the ephemeris parameters reference time (te) and the last measured time for generating
the ephemeris parameters. The values of IODE shall not be repeated within any 24 hours. The relationship
between the IODE values and the ephemeris data age shall be as in Table B BDS-8.

Table B BDS-8. Relationship between the IODE values and the ephemeris data age

IODE value Ephemeris data age
0-59 Less than 12 hours
60— 119 12 hours — 24 hours
120 - 179 1 day — 7 days
180 — 239 Reserved
240 — 255 More than 7 days

3.1.4.1.3.2.4.2 Issue of data, clock (IODC). IODC shall indicate the issue number of a set of clock
correction parameters. The IODC value shall be updated when any clock correction parameter is updated.
The IODC values shall indicate the range of the clock correction data age. The clock correction data age
shall be defined as the offset between the clock correction parameters reference time (toc) and the last
measured time for generating the clock correction parameters. The range of the clock correction data age
shall be defined by the 2 MSBs of IODC together with the 8 LSBs of IODC. The values of IODC shall not
be repeated within any 24 hours. The relationship between the IODC values and the clock correction data
age shall be as in Table B BDS-9.
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Table B BDS-9. Relationship between the IODC values
and the clock correction data age

2 MSBs of IODC 8 LSBs of IODC Clock correction data age
0-59 Less than 12 hours
60 —119 12 hours — 24 hours
00 120 —-179 1 day — 7 days
180 — 239 Reserved
240 — 255 More than 7 days
0-59 Less than 12 hours
60—119 Less than 12 hours
01 120—-179 Less than 1 day
180 —239 Reserved
240 — 255 No more than 7 days
0-59 More than 12 hours
60—-119 More than 24 hours
10 120—-179 More than 7 days
180 —239 Reserved
240 — 255 More than 7 days
11 Reserved Reserved

3.1.4.1.3.2.5 Satellite health status. Satellite health status (SHS) shall indicate the health status of the
transmitting satellite. The definitions of the SHS parameter shall be as shown in Table B BDS-10.

Note 1.— Additional information concerning BI1C SHS is given in BDS OS BIC ICD, section 7.14,
Table 7-22.

Note 2.— Additional information concerning B2a SHS is given in BDS OS B2a ICD, section 7.14, Table
7-22.

Table B BDS-10. Definitions of the SHS parameter

SHS value Definition Description
0 The satellite is healthy The satellite provides services
1 The satellite is unhealthy or under test The satellite does not provide services
2 Reserved Reserved

3 Reserved Reserved
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3.1.4.1.3.2.6 Satellite integrity status. The satellite integrity status shall be conveyed by two
parameters: data integrity flag (DIF) and signal integrity flag (SIF). Each of them shall occupy 1 bit and
their definitions shall be as shown in Table B BDS-11.

Note 1.— Additional information concerning the B1C satellite integrity status flag is given in BDS OS
BIC ICD, section 7.15, Table 7-23.

Note 2.— Additional information concerning the B2a satellite integrity status flag is given in BDS OS
B2a ICD, section 7.15, Table 7-23.

Table B BDS-11. Definitions of the satellite integrity status flag parameters

Parameter Value Definition
0 The error of message parameters broadcast in this signal
DIF does not exceed the predictive accuracy
1 The error of message parameters broadcast in this signal
exceeds the predictive accuracy
0 This signal is normal
SIF
1 This signal is abnormal

3.1.4.1.3.2.7 Satellite signal-in-space health status (SISHS)
3.1.4.1.3.2.7.1 BDS OS signal-in-space health status (SISHS) shall take one of the three states:
a) healthy: the signal meets the minimum service performance specified in this document;
b) unhealthy: the signal is not providing services or is being tested; and
c) marginal: the signal is neither of the two previous states.
3.1.4.1.3.2.7.2 The B1C and B2a SISHS shall be indicated by the combination of four SIS flags: HS,

SIF and DIF. The mapping between the values of the three flags and B1C/B2a SISHS shall be as shown in
Table B BDS-12.
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Table B BDS-12. The mapping between the values of the three flags and B1C/B2a SISHS

B1C/B2a
SISHS HS SIF DIF
Healthy 0 0 0
0 0 1
Marginal
2/3 0 0
Any value 1 0/1
Unhealthy
1 0/1 0/1

3.1.4.1.3.2.8 Signal-in-space accuracy (SISA) indices. The SISA shall describe the predictive
accuracy of the orbital parameters and clock correction parameters broadcast in the navigation message. It
shall comprise the along-track and cross-track accuracy of the satellite orbit (SISA.c) as well as the satellite
orbital radius and satellite clock correction accuracy (SISA.c).The SISA index parameters listed below shall
be used to calculate SISAq. and SISA,. and shall be broadcast in B-CNAV1 Subframe 3 for B1C and
B-CNAV2 Message Type 40 for B2a, respectively:

a) SISAI,. which is a signed, two’s complement integer in the range of +15 to -16 shall indicate the
combined satellite along-track and cross-track orbit accuracy as shown in Table B BDS-12-1;

b) SISAl which is a signed, two’s complement integer in the range of +15 to -16 shall indicate the
combined satellite orbit radial and satellite clock bias accuracy as shown in Table B BDS-12-2;

¢) SISAl with an integer value in the range of 0 to 7 shall indicate the satellite clock drift accuracy;

d) SISAI,: with an integer value in the range of 0 to 7 shall indicate the satellite clock drift rate
accuracy; and

e) fop shall indicate the time of week for data prediction.

Note 1.— Additional information concerning the SISA index parameters is given in BDS OS BI1C ICD,
section 7.16.

Note 2.— Additional information concerning the SISA index parameters is given in BDS OS B2a ICD,
section 7.16.
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Table B BDS-12-1. Mapping between SISA.. index and SISA.

SISAe index SISA.e (Metres)
15 6 144.00 < SISAe (or no accuracy prediction is available)
14 3072.00 < SISAq <6 144.00
13 1536.00 < SISAq < 3072.00
12 768.00 < SISAx < 1 536.00
11 384.00 < SISA.. < 768.00
10 192.00 < SISA < 384.00
9 96.00 < SISAq. < 192.00
8 48.00 < SISAx < 96.00
7 24.00 < SISAG < 48.00
6 13.65 < SISAg < 24.00
5 9.65 < SISA < 13.65
4 6.85 < SISA < 9.65
3 4.85 < SISA < 6.85
2 3.40 < SISAG < 4.85
1 2.40 < SISAGe < 3.40
0 1.70 < SISAxe < 2.40
-1 1.20 < SISAx< 1.70
-2 0.85 < SISA,< 1.20
-3 0.60 < SISAG < 0.85
-4 0.43 < SISA < 0.60
-5 0.30 < SISAx< 0.43
-6 0.21 < SISA< 0.30
-7 0.15 < SISAe < 0.21
-8 0.11 <SISA< 0.15
-9 0.08 < SISA< 0.11
-10 0.06 < SISA< 0.08
-11 0.04 < SISA < 0.06
-12 0.03 < SISA < 0.04
-13 0.02 < SISA< 0.03
-14 0.01 < SISA,< 0.02
-15 SISAe< 0.01
-16 No accuracy prediction available — used at own risk
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Table B BDS-12-2. Mapping between SISAq, index and SISAqc

SISAqp index

SISAoc (mMetres)

15 6 144.00 < SISAq (or no accuracy prediction is available)
14 3072.00 < SISAceh < 6 144.00
13 1536.00 < SISAqp < 3 072.00
12 768.00 < SISAqp < I 536.00
11 384.00 < SISAqp < 768.00
10 192.00 < SISA < 384.00
9 96.00 < SISAx < 192.00
8 48.00 < SISAqp < 96.00
7 24.00 < SISAgeh < 48.00
6 13.65 < SISAxp < 24.00
5 9.65 < SISAwp < 13.65
4 6.85 < SISA¢h < 9.65
3 4.85 < SISAp < 6.85
2 3.40 < SISAh < 4.85
1 2.40 < SISAp < 3.40
0 1.70 < SISAxr < 2.40
-1 1.20 < SISAcr < 1.70
-2 0.85 < SISAp < 1.20
-3 0.60 < SISAsh < 0.85
-4 0.43 < SISAsh < 0.60
-5 0.30 < SISAqp < 0.43
-6 0.21 < SISAp < 0.30
-7 0.15 < SISA < 0.21
-8 0.11 < SISAwp < 0.15
-9 0.08 < SISA.w < 0.11
-10 0.06 < SISAqh < 0.08
-11 0.04 < SISA.w < 0.06
-12 0.03 < SISAp < 0.04
-13 0.02 < SISAsp < 0.03
-14 0.01 < SISA. < 0.02
-15 SISAger < 0.01
-16 No accuracy prediction available — used at own risk
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3.1.4.2 DEFINITIONS OF PROTOCOLS FOR DATA APPLICATION
Note.— This section defines the inter-relationships of the data broadcast message parameters. It
provides definitions of parameters that are not transmitted but are used by either or both non-aircraft and

aircraft elements, and that define terms applied to determine the navigation solution and its integrity.

3.1.4.2.1 Parity algorithms.

3.1.4.2.1.1 The D1 message uses BCH(15,11,1) encoding as parity algorithms as indicated in section
3.1.4.1.2.1.5.

3.1.4.2.1.2 The B-CNAV1 message and the B-CNAV2 message use a 24-bit CRC. The CRC shall be
calculated in accordance with 3.7, with the following generator polynomial:

24
600 =) giX!
i=0

where:

Gi=1for0,1,3,4,5,6,7,10, 11, 14, 17, 18, 23, 24 and
0 otherwise.

3.1.4.2.2 Satellite clock correction parameters.
3.1.4.2.2.1 BDS system time t shall be computed as follows:

t =ty — Aty

where:
t=BDT in seconds at time of signal transmission;
tsv = the effective satellite ranging code phase time in seconds at time of signal transmission; and
Aty = the offset of satellite ranging code phase time in seconds defined as:

Atsv = ao + 3.1(11 - toc) + az(t - toc)z + Atr
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where:
ao, a1 and ay and t, are parameters transmitted in D1 navigation message subframe 1, in B-CNAV 1
subframe 2 and B-CNAV?2 message Types 30, 31, 32, 33 and 34; and

At; 1s the relativistic effect correction term defined as:

At, —F-e-J/A sin E,

where:

e JA ) Ex are parameters that can get from D1 navigation message subframe 2 and subframe
3, from B-CNAV1 subframe 2 and B-CNAV2 message Types 10 and 11;

F = -2u%c2;

1 =3.986004418x10" m’/s* is the value of the earth’s universal gravitational constant; and

¢ =2.99792458x10% m/s is the speed of light.

3.1.4.2.2.2 BDS system time related to UTC (NTSC) time. BeiDou system time offset with respect
to UTC shall be determined by using B1I data, B1C data or B2a data.

Note.— Additional information concerning time parameters and algorithms relating BeiDou system
time to UTC is given in section 5.2.4.18, BDS OS B1I ICD; section 7.12, BDS OS BIC ICD; and section
7.12, BDS OS B2a ICD.

3.1.4.2.3 Satellite position.

3.1.42.3.1 BII satellite position solution. The current satellite position shall be computed as shown
in Table B BDS-13.

Note 1.— The current satellite position is defined using ephemeris parameters. The ephemeris

parameters (tne,\/x, e, w, An, My, Qo, Q, iy, IDOT, Cy, Cus, Ci, Cis, Ci, Cis) used in the BlI satellite
position solution are parameters transmitted by D1 navigation message subframe 2 and subframe 3.

Note 2.— Additional information concerning ephemeris parameters and algorithms is given in BDS OS
BIIICD, section 5.2.4.12.
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B1I ephemeris algorithm

Computation steps

Description

p = 3.986004418x10%* m?/s?

Q. =7.2921150x10° rad/s

m=3.1415926535898

n=n,+An
M, =M, +nt,
M, =E, —esin E,

V1-e?sin E,

sinv, =
1-ecosE,
CoskE, —e
CoSV, = ————
1-ecosE,
o, =V, +0

8uk :Cus sin (2¢k)+cuc COS(Z(I)k)
Srk :Crs sin (2¢k)+crc COS(2¢k)
8i, = Cj sin (2¢k)+ Ci COS(2¢k)
U, =¢, +0u,
r. =A(—ecosE, )+ar,
i, =iy +IDOT-t, +38i,
X, =T, COSU,
Y =r.sinu,
Q, =Q,+(Q- )k -Q.t,,

X, =X, c0sQ, -y, cosi, sin Q,
Y, =X, sinQ, +y, cosi, cosQ,
Z, =Y, sini,

Value of the earth’s universal gravitational constant in BDCS
Value of the earth’s rotation rate in BDCS
Ratio of a circle’s circumference to its diameter

Computed semi-major axis

Computed mean motion (radians/s)

Computed time from ephemeris reference epoch
Corrected mean motion
Computed mean anomaly

Kepler’s equation for eccentric anomaly (radians)

Computed true anomaly

Computed argument of latitude

Argument of latitude correction
Radius correction

Inclination correction
Corrected argument of latitude parameters
Corrected radius

Corrected inclination

Computed satellite positions in orbital plane

Corrected longitude of ascending node in BDCS
MEO/IGSO satellite coordinates in BDCS

* In the equations, “t” is the time of signal transmission in BDT. “t” is the total time difference between t and
ephemeris reference time t.. , after accounting for beginning or end-of-week crossovers by subtracting 604 8§00
seconds from ti if ti is greater than 302 400 or adding 604 800 seconds to ty if tg is less than -302 400 seconds.
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3.1.42.3.2 BIC and B2a satellite position solution. The current satellite position shall be computed
as shown in Table B BDS-14.

Note 1.— The current satellite position is defined using ephemeris parameters. The ephemeris
parameters (t,,, SatType, AA, A, Ang, Ang, My, e, w, Qq, ig, , ig, Cis, Cic Crs, Cre> Cys» Cyc) used in the
BIC and Bla satellite position solution are parameters transmitted by B-CNAVI navigation message
subframe 2 and 3, or by B-CNAV?2 navigation message Type 10 and message Type 11.

Note 2.— Additional information concerning ephemeris parameters and algorithms is given in BDS OS
BIC ICD, section 7.7, and in BDS OS B2a ICD, section 7.7.

Table B BDS-14. B1C/B2a ephemeris algorithm

Computation steps Description

11=3.986004418x 10" m*/s? Geocentric gravitational constant of BDCS

Q, =7.2921150 x107 rad/ S Earth’s rotation rate of BDCS

7 = 3.1415926535898

Ratio of a circle’s circumference to its diameter

=t—1t, Time from ephemeris reference time

= | E
CAA
An, = An, +1/2 Angt,
n, =n, +An,
M, =M, +n,t,

M, =E, —esinE,

. 1-€e’sinE,

siny, =——
1-ecosE,
cosE, —e

cosy, = ————
1-ecosE,

h=v,+to

Semi-major axis at reference time

Semi-major axis

Computed mean motion (radians/s) at reference time

Mean motion difference from computed value
Corrected mean motion

Mean anomaly

Kepler’s equation for eccentric anomaly (radians)

True anomaly

Argument of latitude
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Computation steps Description

0, =C,sin (24, )+ C,. 005(24,) Argument of latitude correction
o1, =C,sin(24, ) +C,, cos (24, ) Radius correction
Si, =C,sin (2 4 ) +C, cos (2 4 ) Inclination correction

u, =4 +9ou, Corrected argument of latitude
r, = A (1-ecosE, )+, Corrected radius
I, =1y + i.o 1, +01, Corrected inclination

Position in orbital plane

X, =TI, COSU,
Y, =1, sinu,

Q =0, + (Q -Q, )tk -Qt,, Corrected longitude of ascending node

X, =X, CcosQ, — Y, cosi, sinQ,
Y, =X sinQ, +y, cosi, cosQ, Coordinate of the MEO/IGSO satellite antenna phase centre in BDCS
Z, =y,sini,

*  Semi-major axis reference value: A = 27906100m (MEO) A =42162200m (IGSO/GEO) .

** In the equation, t is the BDT time of signal transmission, i.e., the BDT time corrected for transit time; T, is

the total time difference between t and the ephemeris reference time 1, , after accounting for beginning or

end-of-week crossovers by subtracting 604 800 seconds from ti if ti is greater than 302 400 or adding 604
800 seconds to tx if ti is less than -302 400 seconds.

3.1.4.2.4 lonospheric delay correction.

3.1.4.2.4.1 Bllionospheric delay correction. The B11 ionospheric delay correction shall be computed
as shown in Table B BDS-15.



Table B BDS-15. Single-frequency ionospheric delay computation for B11

Computation steps

Description

t_ is the SOW in BDT computed by user.

E

\y:n—E—arcsin( R -cosE)
2 R+h

W is the earth’s central angle in radians between the
user location and the ionospheric pierce point (IPP).
R is the mean radius of the earth (6 378 km). E is the
satellite elevation from the user’s location in radians.

H is the height of ionosphere (375 km).

b =arcsin (sing,, - cosy + cosd, - siny - cosA)

d)M is the geographic latitude of the earth projection

of the IPP in radians;
A is the satellite azimuth from the user location in

radians.

Ay = A, +arcsin (sm\usmAJ

oSt

A is the geographic longitude of the earth projection
of the IPP in radians.

t=(t, + A, x43200/ z)[modulo 86400]

t is the local time (range 0 — 86 400 s) for the earth
projection of the IPP.

3

A, =120

n=0

n
, A, >0

oA

A; is the amplitude of the Klobuchar cosine curve in
the daytime computed from the on;

an: coefficients broadcast in D1 navigation message

0 , A, <0
subframe 3.
172800 . A,=172800 A4 is the period of the cosine curve in seconds;
3 n
A, =1 Bn w 172800> A, =72000 B. are the coefficients broadcast in D1 navigation
n=0
72000 , A, <72000 message subframe 3.

 |5x10° + A, cosp ZH=50400) 1
Iz(t) = A4
5x10° It —50400)> A, /4

50400 < A,/4

I, (t) is the vertical ionospheric delay correction.

1

1—( R -cosEj
\/ R+h

IBlI(t) =

1,00

Igiwy 1s the ionospheric delay along the BI1I
propagation path.

Note.— Additional information concerning BlI ionospheric delay correction parameters and user

algorithms is given in BDS OS B11 ICD, section 5.2.4.7.
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3.1.4.2.42 BIC and B2a ionospheric delay correction.

3.1.42.42.1 Single-frequency ionospheric delay correction. The B1C or B2a ionospheric delay
correction shall be computed as shown in Table B BDS-16.

Table B BDS-16. Single-frequency ionospheric delay computation for B1C and B2a

Computation steps Description
I indicates the earth’s central angle

between the user position and the IPP

T

= ——E —arcsin
=3

E is the elevation angle between the user
( - COS EJ and satellite (in radians);
+ ion

Hion is the altitude of the ionospheric

single-layer shell (400 km)
Re is the mean radius of the earth
(6 378 km)

(Dg is the geographic latitude of the earth
projection of the IPP

@, = arcsin(sin ¢, -cosy +cos @, -siny -cos A) Yis the geographic longitude of the

siny -sin A-cos @, earth projection of the IPP
cosy —sing, -sin g,

A, =4, +arctan [
@, Is the user geographic latitude

4, Is the user geographic longitude

A is the azimuth angle between the user

and the satellite (in radians)

% is the geomagnetic latitude of the
earth projection of the IPP in the earth-
fixed reference frame

4, Is the geomagnetic longitude of the

@y =arcsin(sin g, -sin g, +c0s g, -C0S 9, - COS(A, — Ay)) earth projection of the IPP in the
cos @, -sin(4, — 4,)-C0s @, earth-fixed reference frame
A, = arctan Singy -Sing, —sing, Am is the ge_ographic Iongitudeo of the
north magnetic pole: A= 1258
180°
@w is the geographic latitude of the north
magnetic pole: ' _8027° 4
180°

S,.,, IS the mean geographic longitude of

the sun (in radians)

_ . t is the time (in days) of the calculation
SIon =T (1_ 2. (t —Int (t))) epoch expressed by Modified Julian Date

(MID)
int(-) is rounding down
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Computation steps

Description

¢ =@,
sin(S,,, — Ay)
sing,, - €os(S,,, — Ay)

A=A, —arctan (

@' is the geomagnetic latitude of the IPP
in the solar-fixed reference frame
A" is the geomagnetic longitude of the

IPP in the solar-fixed reference frame

P, (sing’)=( n=m

P . (sing)=

20~ 1)L~ (sin q)’)z)n/z ,
(2 n=m+1

m+1)-P,. (sing’),
(sing’)—(n+m-1)-P,_

n-1,m

s
(2n-1)-sing’-P,

2 (SiNQ")

n-m

, else

p is the classic, un-normalized

Legendre function
(2n-1)11=(2n-1)-(2n—-3)---1

Foo (Sin (P') =1

N - \/(n—m)!~(2n +1)-(2-5,,)

(n+m)!
Nn,m is th lizati .
1, m=0 is the normalization function
Oom =
o 0, m>0
Pn n= Nn n Pn m M is the normalized Legendre

function with degree n and order m

P (SN @)-cos(m,- 4) m, 20

A (sing’)-sin(-m.-4") m <0

nIImI

The values of ni and mi are shown in

Table B BDS-17.

N -sin(a)k -tp))

-cos(a)k ~tp)+bv

12
ﬁj = aO.] +Z(ak1
k=1

d, . and bk]j are the non-broadcast

i

coefficients of the BeiDou global

ionosphere delay correction model

(BDGIM);

T, is the period for prediction

corresponding to the individual non-

2r
o, = T_ broadcast coefficients;

tp is the odd hour the day (01:00:00,
03:00:00, 05:00:00..., or 23:00:00 in
MID) which is nearest to the calculation
epoch.

17

=1 Ao is the predictive ionospheric delay (in

If}num‘(sin(p’)cos(m.-i') m; >0
B =
! (sing')-sin(-m;-2) m, <0

In Im;

TECu)

VTEC = Ab+iaiA

VTEC is the vertical ionospheric delay (in
TECu) of the IPP
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Computation steps Description
M — 1 . . . .
Fo > M is the ionospheric mapping
| Re -cos(E) -
Ret+H,, function of the IPP
40.28x10"

T, =M¢- T ‘VTEC Tion is the ionospheric delay correction

Table B BDS-17. Values of n. and m,
i 1 2 3 4 5 6 7 8 9

n,/m. | 0/0 1/0 /1 | /-1 | 2/0 | 2/1 | 2/-1 | 2/2 | 2/-2

Note.— Additional information concerning ionospheric delay correction model parameters broadcast
on BIC and B2a and the user algorithms are given in BDS OS BIC ICD, section 7.8.2, Table 7-12, and in
BDS OS B2a ICD, section 7.8.2, Table 7-12.

3.1.4.2.42.2 Dual-frequency ionospheric delay correction

For the dual-frequency user applying the B1C and B2a signals, the effect of the ionospheric delay shall
be corrected by using the dual-frequency ionosphere-free pseudo-range.

The dual-frequency ionosphere-free pseudo-range from the B1C pilot component and the B2a pilot
component (PReicp-82ap) Shall be computed as follows:

PRBZap - k12 ’ PRBle _ C (TGDBZap - k12 'TGDBle)

B1Cp-B2ap
precap 1-k, 1-k,

PR

The dual-frequency pseudo-range from the B1C pilot component and the B2a data component (PRgicp-
B2ad) shall be computed as follows:

PR, -k, PR C-(T. +ISC_ —k -T. )

PR B2ad 12 B1Cp GDB2ap B2ad 12 GDB1Cp

1-k, 1-k,

B1Cp-B2ad

The dual-frequency pseudo-range from the B1C data component and the B2a pilot component (PRgicq-
B2ap) Shall be computed as follows:
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PR, —k, PR, C-(Tom —K, Topme, —K, -1SC

P B2ap 12 B1Cd GDB2ap 12 GDBI1Cp B1Cd )
BICd-B2ap

1-k, 1-k,

The dual-frequency pseudo-range from the BIC data component and the B2a data component
(PRB1Cd-B2ad) shall be computed as follows:

PR . PResad — Kiz - PRgicq

BlCd-B2ad K
1- 12

C - (T + ISC -k, -T, — k., -ISC

GDB2ap B2ad 12 GDB1Cp 12 B1Cd )

1—-k

12

12

B (1575.42

1176.45

jZ
where , 1s the factor associated with frequency;

PRg;c, is the measured pseudo-range of the B1C pilot component (corrected by the clock correction but not
corrected by Tepaicy);

PRg,c, is the measured pseudo-range of the BIC data component (corrected by the clock correction but not
corrected by Tapaicpand ISCgica);

PRg2sp is the measured pseudo-range of the B2a pilot component (corrected by the clock correction but not
corrected by Tepnoap);

PRg,,q is the measured pseudo-range of the B2a data component (corrected by the clock correction but not
corrected by Topa2ap and ISCrzad);

Tepsicp is the group delay differential of the B1C pilot component;

TGDBZap is the group delay differential of the B2a pilot component;

ISCq,c4 is the group delay differential between the B1C data component and the B1C pilot component;
ISC,,; 1s the group delay differential between the B2a data component and the B2a pilot component;

¢ =2.99792458x10% m/s is the speed of light.

Note 1.— Additional information concerning B1C ionospheric delay model parameters is given in BDS
OS BIC ICD, section 7.8.

Note 2.— Additional information concerning B2a ionospheric delay model parameters is given in BDS
OS B2a ICD, section 7.8.
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3.1.4.2.5 SISA calculation for BIC and B2a.

The signal-in-space accuracy (SISA) for integrity use shall be calculated as:

SISA = \/(SISAoe xsin1d’) +SISA,°

where

SISA.e is the upper bound value corresponding to the SISAee index “N” as broadcast in B-CNAV1
Subframe 3 for B1C and in B-CNAV2 message Types 34 and 40 for B2a, respectively (defined in
3.1.4.1.3.2.8) as shown in Table B BDS-12-1.

SISA.. shall be calculated with the following equations (in metres):

SISA, =SISA, +SISA_ (t-t, ), for t-t, <93600s

ocl

SISA, =SISA +SISA_ (t—t_)+SISA,, (t—t_—93600)" for t~t, >93600s
where
SISA.e is the upper bound value corresponding to the SISAo index “N” as broadcast in B-CNAV1
Subframe 3 for B1C and in B-CNAV2 message Types 34 and 40 for B2a, respectively (defined in
3.1.4.1.3.2.8) as shown in Table B BDS-12-2;

SISAc is the satellite clock drift accuracy in metres per second derived from SISAl,; (defined in
3.1.4.1.3.2.8) as follows:

SIS A) _ 2—(SISAIM+14)
1

SISA.c is the satellite clock drift rate accuracy in metres per square second derived from SISAToe
(defined in 3.1.4.1.3.2.8) as follows:

SISA&,cz _ 2—(SISAIM+28)
where
t is the BDS system time in second;

top IS the time of week for data prediction in second broadcast in B-CNAV1 subframe 3 for B1C and in
B-CNAV2 message Types 34 and 40 for B2a, respectively.
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3.1.4.3 AIRCRAFT ELEMENTS

3.1.4.3.1 BDS RECEIVER

3.1.4.3.1.1 Satellite tracking. The receiver shall provide the capability to continuously track a
minimum of four BDS satellites and generate a position solution based upon those measurements.

3.1.4.3.1.2 Doppler shift. The receiver shall be able to compensate for dynamic Doppler shift effects
on nominal BDS OS signal carrier phase and ranging code measurements. The receiver shall compensate
for the Doppler shift that is unique to the anticipated application.

3.1.4.3.1.3 Resistance to interference. The receiver shall meet the requirements for resistance to
interference as specified in section 3.7.

3.1.43.1.4 Application of clock and ephemeris data. The receiver shall ensure that it is using the
correct ephemeris and clock data before providing any position solution. For B11, the receiver shall monitor
the parameters to. and to. to update clock and ephemeris data based upon the detected change in these
parameters. For B1C and B2a, the receiver shall monitor the parameters IODC and IODE to update clock
and ephemeris data based upon the detected change in these parameters.

3.1.44 TIME

The time reference for BDS shall be the BeiDou Navigation Satellite System Time (BDT). BDT shall
adopt the International System of Units (SI) seconds, and shall accumulate continuously without leap
seconds. The start epoch of BDT shall be 00:00:00 on 1 January 2006 of Coordinated Universal Time (UTC).
BDT shall connect with UTC via UTC (NTSC), and the deviation of BDT to UTC shall be maintained
within 50 nanoseconds (Modulo 1 second). The leap seconds shall be broadcast in the navigation (NAV)
message.

3.1.45 COORDINATE SYSTEM

3.1.4.5.1 BeiDou Coordinate System. The BDS broadcast ephemeris shall describe the position of the
transmitting antenna phase centre of a given satellite in the BeiDou Coordinate System (BDCS).

3.1.4.5.2 The difference between the latest physical realization of ITRF and BDCS shall not exceed
3 cm (95 per cent).

Note 1.— WGS-84 and BDS terrestrial reference frame BDCS are both realizations of ITRF. The
difference between BDCS and WGS-84 used in GPS is considered insignificant for aviation.

Note 2.— Additional information on the BDCS is in Attachment D, section 4.1.4.9.

End of new text.

Editorial note.— Renumber section 3.1.4 as 3.1.5
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ATTACHMENT D. INFORMATION AND MATERIAL
FOR GUIDANCE IN THE APPLICATION OF THE
GNSS STANDARDS AND RECOMMENDED PRACTICES

4. GNSS CORE ELEMENTS

4.1 Core constellations

Editorial note.— Insert a new section 4.1.4 as follows:

4.1.4 BDS

4.1.4.1 Assumptions. The performance standard is based upon the assumption that a representative
BDS Open Service (BDS OS) receiver is used. A representative receiver has the following characteristics:
it is designed in accordance with BDS ICDs; uses a 5-degree masking angle for MEO satellites and a 12-
degree masking angle for IGSO satellites; accomplishes satellite position and geometric range computations
in the most current realization of the BDCS (which is equivalent to WGS-84); compensates for dynamic
Doppler shift effects on nominal BDS OS ranging signal carrier phase and ranging code measurements;
excludes BDS unhealthy or marginal satellites from the position solution; uses up-to-date and internally
consistent ephemeris and clock data for all satellites it is using in its position solution; and loses track in
the event that a BDS satellite stops transmitting ranging code. The time transfer accuracy applies to a
stationary receiver operating at a surveyed location.

4.1.4.2 Accuracy. Position domain accuracy is measured with a representative receiver and a
measurement interval of 168 hours (seven sidereal days) for any point within the coverage area. The
positioning and timing accuracy are for the SIS only and do not include such error sources as: ionosphere,
troposphere, interference, receiver noise or multipath. The accuracy is derived based on the worst two of
all operational satellites being removed from the constellation and a 4.6-metre 95th percentile user range
error of any satellite.

4.1.4.2.1 Time transfer accuracy. Time transfer accuracy is the 95 per cent statistical deviation
between the BDS OS timing receiver output and Coordinated Universal Time (UTC) maintained by NTSC
in China. It can be used to evaluate the timing performance of a navigation satellite system.

4.1.4.3 Range domain accuracy. Range domain accuracy is measured with a representative receiver
and a measurement interval of 168 hours. Range domain accuracy is conditioned by the satellite indicating
a healthy status and transmitting BDS OS ranging code and does not account for satellite failures outside
of the normal operating characteristics. Range domain accuracy limits can be exceeded during satellite
failures or anomalies while uploading data to the satellite. Exceedance of the range error limit constitutes a
major service failure as described in 4.1.4.5. The range rate error limit is the maximum for any satellite
measured over any 3-second interval for any point within the coverage area. The range acceleration error
limit is the maximum for any satellite measured over any 3-second interval for any point within the coverage
area. Under nominal conditions, all satellites are maintained to the same standards, so it is appropriate for
availability modelling purposes to assume that all satellites have a 4.6-metre 95th percentile user range
error. The standards are restricted to range domain errors allocated to space and control segments.

4.1.4.4 Availability. Availability is the percentage of time over any 168-hour interval that the predicted
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95 per cent positioning error (due to space and control segment errors) is less than its threshold, for any
point within the coverage area. It is based on a 15-metre horizontal 95 per cent threshold and a 22-metre
vertical 95 per cent threshold; using a representative receiver and operating within the coverage area over
any 168-hour interval. The service availability assumes the worst combination of two out-of-service
satellites.

4.1.4.4.1 Satellite/constellation availability. At least 24 satellites in the 27 nominal plane/slot
positions must be set healthy and must be transmitting a navigation signal with a 0.998 probability (yearly
averaged). At least 21 satellites in the 27 nominal plane/slot positions must be set healthy and must be
transmitting a navigation signal with a 0.99999 probability (yearly averaged).

4.1.4.5 Major service failure

4.1.4.5.1 The single satellite major service failure is the condition that the SIS ranging error
(excluding atmospheric and receiver errors) of any satellite exceeds the not-to-exceed (NTE) tolerance
without an alert to users. For B1I signals, the NTE tolerance is defined to be 4.42 times the upper bound of
the URA range corresponding to the URA index (URAI) value being broadcast in D1 navigation messages,
as described in Appendix B, section 3.1.4.1.3.1.2. For B1C and B2a signals, the NTE tolerance is defined
to be 4.42 times the signal-in-space accuracy (SISA) value calculated as described in Appendix B, section
3.1.4.2.5. The Py of 1x107 in Chapter 3, 3.7.3.1.4.4.1 corresponds to a maximum of three major service
failures for each BDS OS signal per year assuming a maximum constellation of 30 satellites. The Mean
Time to Notify (MTN) is 60 minutes.

4.1.4.5.2 The common-cause major service failure is a condition that the BDS OS SIS user range
error of two or more satellites will exceed the NTE tolerance due to a common fault without an alert received
at the user receiver antenna. For B11 signals, the NTE tolerance is defined to be 4.42 times the upper bound
of the URA range corresponding to the URA index (URAI) value being broadcast in D1 navigation
messages, as described in Appendix B, section 3.1.4.1.3.1.2. For B1C and B2a signals, the NTE tolerance
is defined to be 4.42 times the SISA value calculated as described in Appendix B, section 3.1.4.2.5. The
Peonst of 6107 in Chapter 3, 3.7.3.1.4.4.2 corresponds to a maximum of 0.5 commonly caused major service
failures for the entire constellation per year. The MTN is 60 minutes.

4.1.4.6 Continuity. Continuity for a healthy BDS satellite is the probability that the BDS OS SIS will
continue to be healthy without unscheduled interruption over a specified time interval. Scheduled
interruptions, which are announced at least 24 hours in advance, do not contribute to a loss of continuity.

4.1.4.7 Coverage. The BDS OS supports the terrestrial coverage area which is from the surface of the
earth up to an altitude of 1 000 km.

4.1.4.8 BDS time. The time reference for the BDS uses the BeiDou Navigation Satellite System Time
(BDT), as described in Appendix B, 3.1.4.4.

4.1.4.9 BDS coordinate system. BDS uses the BeiDou Coordinate System (BDCS).

4.1.49.1 BDCS origin, axis and scale. The origin is located at the earth’s centre of mass; the Z-axis
is the direction of the IERS (International Earth Rotation and Reference System Service) Reference Pole
(IRP); the X-axis is the intersection of IERS Reference Meridian (IRM) and the plane passing through the
origin and normal to the Z-axis; the Y-axis, together with the Z-axis and the X-axis, constitute a right-
handed orthogonal coordinate system. The length unit is the international system of units (SI) metre.
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4.1.49.2 BDCS Ellipsoid. The geometric centre of the BDCS Ellipsoid coincides with the earth’s
centre of mass, and the rotation axis of the BDCS Ellipsoid is the Z-axis. The parameters of BDCS Ellipsoid
are defined as:

Semi-major axis: a=6378137.0m
Geocentric gravitational constant (mass of the earth’s atmosphere included):

1 =3.986004418x10" m?/s>
Flattening: f=1/298.257222101
Earth rotation rate: Q, =7.2921150x 10 rad/s

End of new text.

Origin: Rationale:

NSP/6 This proposal is intended to reflect the introduction of the BDS satellite navigation
system, operated by the People’s Republic of China. It is currently not included in
Annex 10. The proposed BDS SARPs include two signals in two frequency bands to
provide positioning, velocity and timing information to BDS users on a continuous,
worldwide basis. The availability of this additional constellation using two frequency
bands will contribute to mitigate ionospheric scintillation and the risk of having
insufficient satellites within a single constellation, as well as vulnerabilities in respect of
ionospheric disturbance and radio frequency interference.

INITIAL PROPOSAL 6
DFMC Satellite-based augmentation system (SBAS)

Editorial note.— Due to the renumbering of the GPS and GLONASS provisions
proposed in WP/2 and WP/3, cross-references to those provisions contained in the
SBAS provisions will need to be editorially corrected, accordingly.

CHAPTER 3. SPECIFICATIONS FOR RADIO NAVIGATION AIDS

3.7 Requirements for the Global Navigation Satellite System (GNSS)

3.7.3.4 Satellite-based augmentation system (SBAS)

Note.— All SBAS have to fulfil the requirements introduced in this section and in Appendix B, 3.5 except
when a specific condition is mentioned in the requirement such as the provision of optional functions.

3.7.3.4.1 Performance. SBAS combined with one or more of the other GNSS elements and a fault-
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free receiver shall meet the requirements for system accuracy, integrity, continuity and availability for the
intended operation as stated in 3.7.2.4, throughout the corresponding service area (see 3.7.3.4.34).

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.

3.7.3.4.1.1 SBAS combined with one or more of the other GNSS elements and a fault-free receiver
shall meet the requirements for signal-in-space integrity as stated in 3.7.2.4, throughout the SBAS coverage
area.

Note.— For L1 SBAS, mMessage Types 27 or 28 can be used to comply with the integrity requirements
in the coverage area. Additional guidance on the rationale and interpretation of this requirement is
provided in Attachment D, 3.3 and 6.2.3.

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

a) L1SBAS ranging: provide an additional L1 pseude—rangeranging signal with an accuracy indicator

b) L1 SBAS GNSS satellite status: determine and transmit the GNSS satellite health status (Appendix
B, 3.5.7.3);

c) L1 SBAS basic differential correction: provide GNSS satellite ephemeris and clock corrections
(fast and long-term) to be applied to the L1 pseudo-range measurements from satellites (Appendix
B, 3.5.7.4); and

d) L1 SBAS precise differential correction: determine and transmit the L1 ionospheric corrections and
associated integrity data (Appendix B, 3.5.7.5);-

e) dual-frequency, multi-constellation (DFMC) SBAS ranging: provide additional ionosphere-free
ranging capability using L1 and L5 signals from SBAS satellites (Appendix B, 3.5.14.2); and

f) DFMC SBAS ionosphere-free differential correction: determine and transmit GNSS satellite health
status, satellite ephemeris and clock corrections to be applied to the ionosphere-free pseudo-range
measurements from satellites (Appendix B, 3.5.14.3) and associated integrity data.

Note 1.— For single-frequency users, if functions b) and c) are provided, SBAS in combination with
core satellite constellation(s) can support departure, en-route, terminal and non-precision approach
operations, and if function d) is provided in addition to b) and c), then SBAS can also support precision

approach operatlons mcludlng Category I Jﬁa#éheﬁmeaemfm:ejarewdedéBA&rmeembmaaen—wwh

mel&dmg—@a—tegeﬁq—p#eemen—ﬁap#e&eh— The Ievel of performance that can be achreved depends upon the

infrastructure incorporated into SBAS and the ionospheric conditions in the geographic area of interest.

Note 2.— For dual-frequency users, if function f) is provided, SBAS in combination with core satellite
constellation(s) can support departure, en-route, terminal, non-precision approach operations and
precision approach operations including Category I.

Note 3.— In order to provide function e), SBAS needs to broadcast an L1 signal that meets the
requirements for ionosphere-free ranging using L1 and L5 pseudo-range measurements.

Note 4.— The ionospheric corrections are only broadcast on L1. Dual-frequency users will use an
ionosphere-free pseudo-range measurement and not require ionospheric corrections. lonosphere-free
pseudo-range combination for DFMC SBAS is further defined in Appendix B, 3.5.15.1.
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3.7.3.4.32:1 Ranging. When SBAS is providing a ranging service, the following Standards shall apply:

3.7.3.4.3.12%41% Excluding atmospheric effects, the range error for the ranging signal from SBAS
satellites shall not exceed 25 m (82 ft) (95 per cent).

3.7.3.4.3.22.12 The probability that the SBAS L1 range error exceeds 150 m (490 ft) in any hour
shall not exceed 107

3.7.3.4.3.32+43 The probability of unscheduled outages of the ranging function from an SBAS
satellite in any hour shall not exceed 1073,

3.7.3.4.3.4214 The range rate error shall not exceed 2 m (6.6 ft) per second.
3.7.3.4.3.52%5 The range acceleration error shall not exceed 0.019 m (0.06 ft) per second-squared.

3.7.3.4.43 Service area. An SBAS service area for any approved type of operation shall be a declared
area within the SBAS coverage area where SBAS meets the corresponding requirements of 3.7.2.4.

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

Note 2.— The coverage area is that area within which the SBAS broadcast can be received (i.e. the
geostationary union of SBAS satellites footprints).

Note 3.— SBAS coverage and service areas are discussed in Attachment D, 6.2.

3.7.3.4.54 RF characteristics for the SBAS L1 signal
Note.— Detailed RF characteristics are specified in Appendix B, 3.5.2 for L1.

3.7.3.45.14% L1 carrier frequency. The L1 carrier frequency shall be 1 575.42 MHz.

3.7.3.4.5.242 L1 signal spectrum. At least 95 per cent of the L1 broadcast power shall be contained
within a £12 MHz band centred on the L1 frequency. The bandwidth of the L1 signal transmitted by an
SBAS satellite shall be at least 2.2 MHz.

Note.— The SBAS L1 RF link needs to provide a higher transmission bandwidth to support the SBAS
ranging accuracy figure in Appendix B, 3.5.15.4.1, for DFMC SBAS ranging service. A higher transmission
bandwidth will improve the performance of the L1 SBAS ranging service. See Attachment D, 6.4.6.

3.7.3.4.5.343 L1-SBAS satellite signal power level

3.7.3.45.3.1431 Each SBAS satellite placed in orbit before 1 January 2014 shall broadcast
navigation signals on L1 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 antenna port 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.
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3.7.3.45.3.24.3:2 Each SBAS satellite broadcasting an SBAS L1 signal placed in orbit after 31
December 2013 shall comply with the following requirements:

a) The satellite shall broadcast navigation signals on L1 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 geostationary orbit (GEO) satellite signal needs to
be provided, the level of the received RF signal at the antenna port of the antenna specified in
Appendix B, Table B-88A, is at least —164.0 dBW.

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

c) The level of a received SBAS RF signal on L1 at the antenna port of a 0 dBic antenna located near
the ground shall not exceed —152.5 dBW.

d) The ellipticity of the broadcast L1 signal shall be no worse than 2 dB for the angular range of £9.1°
from boresight.

3.7.3.4.5.444 Polarization. The broadcast signal on L1 shall be right-hand circularly polarized.

3.7.3.4.5.545 Modulation. The transmitted sequence on L1 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.

3.7.3.4.6 RF characteristics for the SBAS L5 signal

Note.— Detailed RF characteristics are specified in Appendix B, 3.5.9 for L5.

3.7.3.4.6.1 L5 carrier frequency. The L5 carrier frequency shall be 1 176.45 MHz.

3.7.3.4.6.2 L5 signal spectrum. At least 95 per cent of the L5 broadcast power shall be contained
within a bandwidth centred on the L5 frequency and between 20 MHz and 24 MHz.

3.7.3.4.6.3 L5 signal power level. Each SBAS satellite broadcasting an SBAS L5 signal shall comply
with the following additional requirements:

a) The satellite shall broadcast navigation signals on L5 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 signal needs to be provided, the level of the received
RF signal at the output of a 3 dBi linearly polarized antenna shall be at least —158 dBW for all
antenna orientations orthogonal to the direction of propagation.

b) The minimum elevation angle used to determine SBAS satellite coverage shall not be less than 5
degrees for a user near the ground.

c) The level of a received SBAS RF signal on L5 at the output of a 0 dBic right-hand circularly
polarized antenna located near the ground shall not exceed —150.5 dBW.

d) The ellipticity of the broadcast L5 signal shall be no worse than 2 dB for the angular range of £9.1°
from boresight.

Note.— The received signal levels, from a) and c), are measured within a £10 MHz frequency band
centred on the L5 frequency.
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3.7.3.4.6.4 Polarization. The broadcast signal on L5 shall be right-hand circularly polarized.

3.7.3.4.6.5 Modulation. The transmitted sequence on L5 in-phase shall be the result of the 250-bits
of the navigation message with forward error correction (FEC) applied for 500 symbols per second that is
then bi-binary encoded and finally combined with the 10 230 bit pseudo-random noise code using Modulo-
2 addition. The resulting sequence shall then be BPSK-modulated onto the carrier at a rate of 10.23
megachips per second.

Note.— Detailed L5 modulation characteristics for L5 are specified in Appendix B, 3.5.9.
3.7.3.47 Timing

3.7.3.457.1 SBAS network time (SNT) for L1 SBAS. The difference between SNT of the SBAS
corrections on L1 and GPS time shall not exceed 50 nanoseconds.

3.7.3.4.7.2 SBAS network time (SNT) for DFMC SBAS. The difference between SNT of the SBAS
corrections broadcast on L5 and the reference time of the core constellation designated as reference
constellation (see the time reference identifier parameter in Appendix B, 3.5.11.4 broadcast by DFMC
SBAS) shall not exceed 1 microsecond.

3.7.3.4.86 L1 SBAS navigation information. The navigation data transmitted by the-an SBAS satellites
on L1 shall include the necessary information to support L1 SBAS services 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 (optional); and

h) service level status.

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

3.7.3.4.9 DFMC SBAS navigation information The navigation data transmitted by an SBAS satellite
on L5 shall include the necessary information to support DFMC SBAS services to determine:

a) SBAS satellite time of transmission;

b) SBAS satellite position;

c) corrected satellite time for all monitored satellites;

d) corrected satellite position for all monitored satellites;
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€) user position integrity; and
f) time transfer to UTC (optional).

Note.— Structure and contents of data are specified in Appendix B, 3.5.10 and 3.5.11, respectively.

APPENDIX B. TECHNICAL SPECIFICATIONS FOR
THE GLOBAL NAVIGATION SATELLITE SYSTEM (GNSS)

3. GNSS ELEMENTS

3.5 Satellite-based augmentation system (SBAS)
3.5.1 GENERAL
Note.— Geodetic Pparameters in this section are defined in WGS-84.

3.5.1.1 SBAS system and service description. SBAS shall consist of a non-aircraft subsystem and an
aircraft subsystem. The SBAS non-aircraft subsystem shall provide data and corrections for the GNSS
ranging signals over one or two GNSS frequencies broadcast from a satellite to the aircraft subsystem. The
SBAS non-aircraft subsystem shall broadcast on the L1 frequency to support the L1 SBAS service and/or
on the L5 frequency to support the DFMC SBAS service.

Note.— The SBAS non-aircraft subsystem may provide a single-frequency ranging signal on the SBAS

L1 frequency or a dual-frequency ranging signal as a combination of the signals transmitted on the SBAS
L1 and SBAS L5 frequencies.
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3.5.1.2 SBAS pseudo-range definition.
3.5.1.2.1 Carrier smoothing. Carrier smoothing shall be defined by the following filter:

PCSC,k = 0Pmeas + (1 - (X)Ppm]-
Poroj = (Pcsc,k_l 1k Acarrier_range)

where

Pcsck = the carrier smoothed code pseudo-range at time k;

Pcsc i = the previous carrier smoothed code pseudo-range at time k-1;

Pmeas = the measured pseudo-range as defined below;

Acarrier_range = the change in carrier range as defined below, and

a = the filter weighting function equal to the sample interval divided by the

smoothing time constant.
{ single-frequency: P i
Pmeas = { V12(Pu) — (P2i)
ionosphere-free: : :
P f iz— 1

where

Pnk = the raw pseudo-range of frequency n at time k; and

Y12 = the square of the ratio of frequency 1 to frequency 2;

single-frequency: (gol‘k = <P1,k-1)

Acarrier_range = — — —

Irengy oy e Y12( @1 = P1x-1) = (@2 — P2k-1)

(yiz— 1

where

Ok = the accumulated carrier in metres for frequency n at time k; and

Pnk-1 = the accumulated carrier in metres for frequency n at time k-1.

3.5.1.2.2 Corrected pseudo-range. The corrected pseudo-range for a given satellite i at time t is:
I:>Ri,corrected = PCSC,i +TCi+b;
where
Pcsci = the smoothed pseudo-range (defined in 3.5.1.1);
TCi = the tropospheric correction (defined in 3.5.5.3 for SBAS); and

bi the clock correction.
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3.5.2 SBAS L1 RF CHARACTERISTICS

3.5.2.6 Maximum code phase deviation. The maximum uncorrected code phase of the L1 broadcast
signal shall not deviate from the equivalent SBAS network time (SNT) for L1 SBAS by more than +2%°
seconds.

3.5.2.7 Code/data coherence. Each 2-millisecond symbol shall be synchronous with every other code
epoch.

3.5.2.8 Message synchronization. The leading edge of the first symbol that depends on the first bit of
the current message shall be broadcast from the SBAS satellite synchronous with a 1-second epoch of SNT
for L1 SBAS.

Table B-23. SBAS L1 PRN codes

3.5.3 DATA STRUCTURE ON SBAS L1 SIGNAL

Note.— Messages broadcast on SBAS L1 signal are independent of those broadcast on SBAS L5 signal.
Information broadcast on SBAS L1 signal is used only for the L1 SBAS service using GPS L1 C/A and
GLONASS L10OF (FDMA signal).

3.5.3.2 Preamble. For L1, Fthe preamble shall consist of the sequence of bits “01010011 10011010
110001107, distributed over three successive blocks. The start of every other 24-bit preamble shall be
synchronous with a 6-second GPS subframe epoch.

3.5.3.3 Message type identifier. The L1 message type identifier shall be a 6-bit value identifying the
message type (Types 0 to 63) as defined in Table B-24. The message type identifier shall be transmitted
MSB first.

3.5.3.4 Data field. The L1 data field shall be 212 bits as defined in 3.5.6. Each data field parameter
shall be transmitted MSB first.

3.5.3.5 Cyclic redundancy check (CRC). The SBAS message CRC code on L1 shall be calculated in
accordance with 3.9.
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Table B-24. L1 Bbroadcast message types

L1 Message type Contents
0 “Do Not Use” (SBAS test mode) — Content applies to L1 SBAS
service only
1 PRN mask
2t05 Fast corrections

6 Integrity information
7 Fast correction degradation factor
8 Spare
9 GEO ranging function parameters
10 Degradation parameters
11 Spare
12 SBAS network time/UTC offset parameters

13to0 16 Spare
17 GEO satellite almanacs
18 lonospheric grid point masks

19to 23 Spare
24 Mixed fast/long-term satellite error corrections
25 Long-term satellite error corrections
26 lonospheric delay corrections
27 SBAS service message
28 Clock-ephemeris covariance matrix

29to 61 Spare
62 Reserved — content applies to L1 SBAS service only
63 Null message — content applies to L1 SBAS service only

Note.— L1 messages (Table B-24) are for use with L1 SBAS service and L5 messages (Table B-90) are
for use with DFMC SBAS service. Types 0, 62 and 63 messages are used independently by both L1 SBAS
and DFMC SBAS services and their contents only apply to their service.

3.5.4 L1 SBAS DATA CONTENT

3.5.4.2 Geostationary orbit (GEO) ranging function parameters. GEO ranging function parameters
shall be as follows:

acfo: the time offset of the GEO clock with respect to SNT for L1 SBAS, defined at to ceo.

acr: the drift rate of the GEO clock with respect to SNT for L1 SBAS.
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3.5.4.3 GEO almanac parameters. GEO almanac parameters shall be as follows.

Table B-27. SBAS service provider identifiers

Identitier Service provider

WAAS
EGNOS
MSAS
GAGAN
SDCM
BDSBAS
KASS
A-SBAS
SouthPAN
9t0 13 SpareReserved
14,15 Reserved
16 to 31 Reserved for SBAS
provider supporting
DFMC SBAS only

co~NO O WNE O

Note 1.— A service provider ID of 14 is used for GBAS and is not applicable to SBAS.

Note 2.— Service provider IDs of 16 to 31 cannot be coded in the L1 SBAS message.

Table B-28. 10D, for GLONASS satellites

MSB LSB
Validity interval (5 bits) Latency time (3 bits)
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Table B-35. UTC standard identifier

UTC standard
identifier UTC standard

0 UTC as operated by the Communications-Research-Laboratory-National

Institute of Information and Communications Technology, Tokyo, Japan

1 UTC as operated by the U.S. National Institute of Standards and
Technology

2 UTC as operated by the U.S. Naval Observatory

3 UTC as operated by the International Bureau of Weights and Measures

4 Reserved for UTC as operated by a European laboratory

5 UTC as operated by the National Time Service Center, Chinese
Academy of Sciences

6 SpareReserved

7 UTC not provided

8to 15 Reserved for DFMC SBAS only

Note.— UTC standard identifiers of 8 to 15 cannot be coded in the L1 SBAS message.

GLONASS time offset L1 (daicLonass): A parameter broadcast on L1 that represents the stable part of the
offset between the L1 GLONASS time and the L1 SBAS network time.

Note.— If L1 SBAS does not support GLONASS, daicLonass IS not applicable.

3.5.5 DEFINITIONS OF PROTOCOLS FOR L1 SBAS DATA APPLICATION

3.5.6 L1 SBAS MESSAGE TABLES

Table B-37. Type 0 “Do Not Use” message broadcast on L1

Data content Bitsused  Range of values Resolution

SpareReserved 212 — —

Table B-52. Type 63 null message

Data content Bitsused  Range of values Resolution

SpareReserved 212 — —
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3.5.7 L1 SBAS NON-AIRCRAFT ELEMENTS

3.5.7.2 Ranging function. If an SBAS provides an L1 SBAS ranging function, it shall comply with
the requirements contained in this section in addition to the requirements of 3.5.7.1.

3.5.7.2.1 Performance requirements

Note.— See Chapter 3, 3.7.3.4.3:2%.

3.5.7.2.2 Ranging function data. SBAS shall broadcast ranging function data such that the SBAS
satellite position error projected on the line-of-sight to any user in the satellite footprint is less than 256
metres. Each SBAS satellite shall broadcast a URA representing an estimate of the standard deviation of
the ranging errors referenced to SNT for L1 SBAS.

Table B-55. SBAS L1 radio frequency monitoring

Parameter Reference

Alarm limit

Required action

Signal power level  Chapter 3,
3.7.3.4.453

Modulation Chapter 3,
3.7.3.4455

SNT-to-GPStime  Chapter 3,
3.7.3457

Carrier frequency 3521
stability

Code/frequency 35.24
coherence
Maximum code 3.5.2.6

phase deviation

Convolutional 3.5.29
encoding

Notes.—

minimum specified
power
maximum specified
power
(Note 2)

monitor for
waveform distortion

N/A
(Note 3)

N/A
(Note 3)

N/A
(Note 3)

N/A
(Notes 2 and 3)

all transmit messages
are erroneous

Cease ranging function (Note 1).

Cease broadcast.

Cease L1 ranging function (Note 1).

Cease L1 ranging function unless cupre reflects error.

Cease L1 ranging function unless oupre reflects error.

Cease L1 ranging function unless cupre reflects error.

Cease L1 ranging function unless oupre reflects error.

Cease broadcast.

1. Ceasing the ranging function is accomplished by broadcasting a URA and o 2ypre of “Do Not Use” for that SBAS satellite.

2. These parameters can be monitored by their impact on the received signal quality (C/N, impact), since that is the impact on the user.

3. Alarm limits are not specified because the induced error is acceptable, provided it is represented in the o 2ypre and URA parameters. If the error
cannot be represented, the ranging function must cease.
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3.5.7.4.2 Long-term corrections. Except for SBAS satellites from the same service provider, SBAS
shall determine and broadcast long-term corrections 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 error projected on the line-of-sight to any user in the satellite footprint
after application of these long-term corrections is less than 256 metres. For each GLONASS satellite, SBAS
shall translate satellite coordinates into WGS-84 as defined in 3.52.5.2 prior to determining the long-term
corrections. For each GPS satellite, the broadcast 10D shall match both the GPS IODE and 8 LSBs of IODC
associated with the clock and ephemeris data used to compute the corrections (3.1.1.3.1.4 and 3.1.1.3.2.2).
Upon transmission of a new ephemeris by a GPS satellite, SBAS shall continue to use the old ephemeris to
determine the fast and long-term error corrections for at least 2 minutes and not more than 4 minutes. For
each GLONASS satellite, SBAS shall compute and broadcast an 10D that consists of a latency and a
validity interval as defined in 3.5.4.4.1.

3.5.7.7.1 SBAS radio frequency monitoring. The SBAS shall monitor the SBAS satellite parameters
shown in Table B-55 and take the indicated action.

Note.— In addition to the radio frequency monitoring requirements in this section, it will be necessary to
make special provisions to monitor pseudo-range acceleration specified in Chapter 3, 3.7.3.4.243.5, and

carrier phase noise specified in 3.5.2.2 and correlation loss in 3.5.2.5, unless analysis and testing shows that
these parameters cannot exceed the stated limits.

3.5.8 L1 SBAS AIRCRAFT ELEMENTS

3.5.8.4.2.6.1 L1SBAS FAS data block parameters shall be as follows (see Table B-57A):

Note 1.— See 3.5.15.3.5 for the definitions of operation type, SBAS service provider ID and approach
performance designator applicable to DFMC SBAS receivers.

Note 2.— “L1 SBAS receivers” refers to receivers that meet the specifications of RTCA/DO-229.
Operation type: straight-in approach procedure or other operation types applicable to L1 SBAS receivers.

Coding: 0 = straight-in approach procedure
1to 15 =spare

SBAS service provider ID: shall indicate the service provider associated with this FAS data block.

Coding: 0-13 = See Table B-27.
14 = FAS data block is to be used with GBAS only.
15 = FAS data block can be used with any SBAS service provider.

Approach performance designator: this field is-shall not be used by L1 SBAS receivers.
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Editorial note.— Insert new sections 3.5.9 to 3.5.15 as follows (references
to core constellation SARPs to be cross-checked with final version).

3.5.9 SBAS L5 RF CHARACTERISTICS

3.5.9.1 Carrier frequency stability. The short-term stability of the L5 carrier frequency (square root
of the Allan variance) at the output of the satellite transmit antenna shall be better than 6.7 x 10™* over 1 to
10 seconds.

3.5.9.2 Carrier phase noise. The phase noise spectral density of the unmodulated carrier shall be such
that a phase locked loop of 10 Hz one-sided noise bandwidth is able to track the carrier to an accuracy of
0.1 radian (1 sigma).

3.5.9.3 Spurious emissions. Spurious emissions shall be at least 40 dB below the unmodulated carrier
power over all frequencies.

3.5.9.4 Code/carrier frequency coherence
3.5.9.4.1 For L5, the rate of change of code minus carrier shall be less than 0.5 metres/second.
3.5.9.4.2 For DFMC SBAS ranging satellites:

Note.— See 3.5.1.1 and 3.5.1.2 for a description of the smoothing filters to be used for the requirements
below.

3.5.9.4.2.1 The root-mean-square (RMS) value over 3 600 seconds of the difference between the L5
code pseudo-range and the L5 code pseudo-range smoothed using a 10-second carrier smoothing of the
code based pseudo-range shall be less than 0.200 metres.

3.5.9.4.2.2 The RMS value over 86 400 seconds of the difference between the L5 code pseudo-range
and the L5 code pseudo-range smoothed using a 100-second carrier smoothing of the code based pseudo-
range shall be less than 0.255 metres.

3.5.9.4.2.3 The RMS value over 3 600 seconds of the difference between the L1 code pseudo-range
and the L1 code pseudo-range smoothed using a 10-second carrier smoothing of the code based pseudo-
range shall be less than 0.15 metres.

3.5.9.4.2.4 The RMS value over 86 400 seconds of the difference between the L1 code pseudo-range
and the L1 code pseudo-range smoothed using a 100-second carrier smoothing of the code based pseudo-
range shall be less than 0.19 metres.

3.5.9.4.2,5 L1 and L5 short-term fractional code/carrier frequency coherence. For L1 and L5 signals
broadcast by an SBAS ranging satellite, the RMS value over 3 600 seconds of the difference between the
ionosphere-free pseudo-range and the ionosphere-free pseudo-range smoothed using a 10-second carrier
smoothing of the L1/L5 ionosphere-free pseudo-range combination shall be less than 0.29 metres.

3.5.9.4.2.6 L1 and L5 long-term fractional code/carrier frequency coherence. For L1 and L5 signals
broadcast by an SBAS ranging satellite, the RMS value over 86 400 seconds of the difference between the
ionosphere-free pseudo-range and the ionosphere-free pseudo-range smoothed using a 100 seconds carrier
smoothing of the L1/L5 ionosphere-free pseudo-range combination shall be less than 0.37 metres.

3.5.9.5 Correlation loss. The loss in the recovered signal power due to imperfections in the signal
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modulation and waveform distortion shall not exceed 1 dB.

Note.— The correlation loss is defined as the ratio of output powers from a perfect correlator for two
cases:

a) the actual received SBAS L5 signal correlated against a perfect unfiltered pseudo-random noise
reference; and

b) a perfect unfiltered pseudo-random noise signal normalized to the same total power as the SBAS
signal in case a), correlated against a perfect unfiltered pseudo-random noise reference.

3.5.9.6 Maximum code phase deviation. The L5 broadcast signal shall not deviate from the equivalent
SBAS network time (SNT) for DFMC SBAS by more than +21° seconds.

3.5.9.7 Code/data coherence. Each 2-millisecond symbol shall be synchronous with every other code
epoch.

3.5.9.8 Message synchronization. The leading edge of the first symbol that depends on the first bit of
the current message shall be broadcast from the SBAS satellite synchronous with a 1-second epoch of SNT
for DFMC SBAS.

Note.— The SNT time reference is provided by the Type 37 message as described in 3.5.11.5.
3.5.9.9 Convolutional and bi-binary encoding

3.5.9.9.1 Convolution encoding. A 250-bit-per-second data stream shall be encoded at a rate of 2
symbols per bit using a convolutional code with a constraint length of 7 to yield 500 symbols per second.
The convolutional encoder logic arrangement shall be as illustrated in Figure B-11 with the G3 output
selected for the first half of each 4-millisecond data bit period.

3.5.9.9.2 Bi-binary encoding. In addition to the convolution coding detailed in paragraph 3.5.9.9.1,
the convolution encoded 500 symbols per second data channel shall be further bi-binary encoded such that
a “0” symbol becomes a “01” pair and a “1” symbol becomes a “10” pair resulting in a data channel
operating at a 1 kHz rate.

Note.— See Attachment D, Section 6.4.4.

3.5.9.10 Pseudo-random noise (PRN) codes for L5. Each PRN code shall be a 10 230-bit code and be
added Modulo-2 with the navigation message data stream generated in paragraph 3.5.9.9.2.

Note.— Additional information on the PRN code is given in IS-GPS-705F.
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The initial state for the XA shift register shall be “1111111111111”, and the initial state for the XBi register
shall be as illustrated in Table B-89.

Table B-89. SBAS L5 PRN codes

PRN Initial XB code state XB code advance (chips)
code number (I channel) (I channel)
(Note 1) (Note 2)
120 1101001100010 2797
121 1100011001100 934
122 1000011000101 3023
123 1111011011011 3632
124 0000001100100 1330
125 1101110000101 4909
126 1100001000010 4 867
127 0001101001101 1183
128 1010100101011 3990
129 1111011110100 6217
130 1111111101100 1224
131 0000010000111 1733
132 1111110000010 2319
133 0011100111011 3928
134 1101100010101 2 380
135 0101011111011 841
136 0001100011011 5049
137 0001101110111 7027
138 1110011110000 1197
139 0111100011111 7208
140 0011101110000 8 000
141 1111001001000 152
142 0001101110010 6 762
143 0101100111100 3745
144 0010010111101 4723
145 1101110110011 5502
146 0011110011111 4796
147 1001010101111 123
148 0111111101111 8142
149 0000100100001 5091
150 1110001101011 7875
151 1111010010001 330
152 1011010111101 5272
153 0001101110000 4912
154 0000010111100 374
155 0100101111100 2 045
156 1110110111010 6 616
157 1101110101011 6 321

158 1101000110001 7 605
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3.5.10 DATA STRUCTURE ON SBAS L5 SIGNAL

Note.— Messages broadcast for use under DFMC SBAS service are independent from those broadcast
for use under L1 SBAS service. Information broadcast on SBAS L5 signal is used only for DFMC SBAS

service solutions using dual-frequency measurements from core constellations.

3.5.10.1 Format summary. All messages shall consist of a preamble, a message type identifier, a data

field and a cyclic redundancy check as illustrated in Figure B-21.

3.5.10.2 Preamble. For L5, the preamble shall consist of the sequence of bits “0101 1100 0110 1001
0011 10107, distributed over six successive blocks. The start of every 24-bit preamble shall be synchronous

with SNT time of day in seconds Modulo 6 seconds.

3.5.10.3 Message type identifier. The L5 message type identifier shall be a 6-bit value identifying the

message type as defined in Table B-90. The message type identifier shall be transmitted MSB first.

Table B-90. L5 broadcast message types

L5 message type

Contents

0
1-30
31
32
33
34, 35, 36
37
38
39
40
41
42
43-46
47
48-61
62
63

“Do Not Use” — content applies to DFMC SBAS service only
Spare

SBAS satellite mask

Satellite clock-ephemeris corrections and covariance matrix
Spare

Integrity information (DFREI and DFRECI)

Degradation parameters and DFREI scale table

Spare

SBAS satellite clock, ephemeris and covariance matrix - 1
SBAS satellite clock, ephemeris and covariance matrix - 2
Spare

SNT-to-UTC offset

Spare

SBAS satellites almanacs

Spare

Reserved — content applies to DFMC SBAS service only
Null message — content applies to DFMC SBAS service only

Note.— L1 messages (Table B-24) are for use with L1 SBAS service and L5 messages (Table B-90)
are for use with DFMC SBAS service. Types 0, 62 and 63 messages are used independently by both
L1 SBAS and DFMC SBAS services and their contents only apply to their service.
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3.5.10.4 Data field. The L5 data field shall be 216 bits as defined in 3.5.13. Each data field parameter
shall be transmitted MSB first.

3.5.10.5 Cyclic redundancy check (CRC). The SBAS message CRC code on L5 shall be calculated in
accordance with 3.9.

3.5.10.5.1 The length of the CRC code shall be k = 24 bits.
3.5.10.5.2 The CRC generator polynomial shall be:

G(X):X24+X23+X18+X17+Xl4+X11+X10+X7+X6+X5+X4+X3+X+1

3.5.10.5.3 The CRC information field, M(x), shall be:

M(X) =D mx®" = mx* + m,x** 4+ myx°
i=1

3.5.10.5.4 M(x) shall be formed from the 4-bit SBAS message preamble, 6-bit message type
identifier, and 216-bit data field. Bits shall be arranged in the order transmitted from the SBAS satellite,
such that m; corresponds to the first transmitted bit of the preamble, and ma2s corresponds to bit 216 of the
data field.

3.5.10.5.5 The CRC code r-bits shall be ordered such that r1 is the first bit transmitted and rp4 is the
last bit transmitted.

3.5.11 DFMC SBAS DATA CONTENT
3.5.11.1 Satellite mask parameters. The satellite mask parameters shall be as follows:
SBAS satellite mask: the satellite mask shall be a set of 214 bits such that each bit represents one specific
satellite as shown in Table B-91 and the value of that bit shall indicate whether augmentation is, or is

not, provided for that satellite. It shall be broadcast in the Type 31 message.

Note.— The satellite mask can set up to 92 satellites from the 214 possible satellites available for
augmentation.

Satellite slot number: a unique number representing a specific slot in the SBAS satellite mask (slots
numbers range from 1 to 214) assigned to a specific satellite for which augmentation can be provided.

Note 1.— The first transmitted bit of the satellite mask corresponds to GPS PRN code number 1.

Note 2.— This parameter is also broadcast in Type 32 messages to identify the satellite to which the
corrections apply.
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Table B-91. Satellite slot number assignments

Satellite slot number Assignment logic
1-32 GPS PRN
33-37 Reserved (GPS)
38 -69 GLONASS ID number plus 37
70-74 Reserved (GLONASS)
75-110 Galileo space vehicle identifier plus 74
111 Reserved (Galileo)
112 - 119 Spare
120 - 158 GEO SBAS PRN
159 - 195 BDS ranging code number plus 158
196 — 207 Reserved
208 - 214 Spare

Note 1.— An SBAS may augment different sets of satellites for the provision of L1 SBAS service
and for the provision of DFMC SBAS service.

Note 2.— Reserved means that the slot number has not yet been assigned but is planned for
assignment to a specific satellite constellation.

SBAS augmented satellite signals: the DFMC SBAS standards shall allow the augmentation of the
ionosphere-free combination of the following signal per core constellation:

a)

b)

d)

e)

for GPS: the GPS L1 C/A signal (as described in Chapter 3, 3.7.3.1.1.8 and 3.1.1.1.1) and the GPS
L5-Q signal (as described in Chapter 3, 3.7.3.1.8 and 3.1.1.1.4). The LNAYV data on GPS L1C/A
shall be used in DFMC SBAS position solution;

for GLONASS: the GLONASS L1 OC signal (as described in Chapter 3,3.7.3.1.2.10 and 3.1.2.1.5)
and the GLONASS L3 OC signal (as described in Chapter 3, 3.7.3.1.2.9 and 3.1.2.1.5). The data
on GLONASS L1 OC shall be used in DFMC SBAS position solution;

for Galileo: the Galileo E1-C signal (as described in Chapter 3, 3.7.3.1.3.11 and 3.1.3.1.1.2) and
the Galileo E5a-Q signal (as described in Chapter 3, 3.7.3.1.3.11 and 3.1.3.1.1.3). The FNAV data
on Galileo E5a-1 shall be used in DFMC SBAS position solution;

for BDS: the BDS B1C signal (as described in Chapter 3, 3.7.3.1.4.9 and 3.1.4.1.1.3) and the BDS
B2a signal (as described in Chapter 3, 3.7.3.1.4.10 and 3.1.4.1.1.4). The B-CNAV?2 data on BDS
B2a shall be used in DFMC SBAS position solution; and

for SBAS: the SBAS L1 signal (as described in 3.5.2) and SBAS L5 signal (as described in 3.5.9).
The data broadcast on SBAS L5 shall be used in DFMC SBAS position solution.

Satellite slot value: binary indication per satellite slot to indicate whether correction and integrity data are
provided for the satellite.

Coding:

0
1

data not provided
data provided

Augmented slot index: a number in the sequence of the satellite slot values set to “1” (1 up to 92) in the
SBAS satellite mask.
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Note.— The augmented slot index is “1” for the lowest satellite slot number for which the satellite slot
value is “1”.

Issue of data mask (IODM): an indicator provided in Types 31, 34, 35 and 36 messages that links the
integrity data provided in Types 34, 35 and 36 messages with the augmented slot indexes in the Type 31
message with the same IODM.

3.5.11.2 Satellite clock-ephemeris corrections and covariance matrix parameters. The clock-
ephemeris corrections and covariance matrix function parameters shall be as follows:

Satellite slot number: see 3.5.11.1.

Issue of data navigation (IODN): a 10-bit indicator broadcast in Type 32 messages that associates the clock
and ephemeris corrections of a satellite with the ephemeris data broadcast by that satellite. The IODN
for a given satellite matches with the following information (IODs) broadcast by the same satellite:

a) for GPS: 10DC parameter (3.1.1.1.3.1.4) in the L1 LNAV message;
b) for GLONASS: t, parameter (3.1.2.1.3.1) in strings Type 10, 31, 32 of L1OC navigation message;
c) for Galileo: IODnav parameter (3.1.3.1.3.7) in the F/NAV message;
d) for BDS: I0DC parameter (3.1.4.1.3.2.4.2) in the B-CNAV2 message; and
e) for SBAS: IODG parameter (3.5.11.5) in the Type 39/40 messages.
Orbit and clock parameters corrections: The orbit parameters shall be defined as follows:

dxecer): ephemeris correction for the X-axis in WGS84 ECEF coordinates;

dyecer): ephemeris correction for the Y-axis in WGS84 ECEF coordinates;

dz(ecer): ephemeris correction for the Z-axis in WGS84 ECEF coordinates;

dBcer: clock offset error correction expressed in metres;

6 X gcer)- ephemeris velocity correction for the X-axis in WGS84 ECEF coordinates;

8 ¥ (ecer): ephemeris velocity correction for the Y-axis in WGS84 ECEF coordinates;
8 Z(gcer): ephemeris velocity correction for the Z-axis in WGS84 ECEF coordinates;
6 B(ECEF): clock drift error correction expressed in metres per second; and

tp: time of applicability of the parameters 8x, dy, 8z, B, 8%, 6y, Szand & B expressed in seconds
of the day (see Attachment D, 6.7.11).

Scale exponent: a term to compute the scale factor used to code the Cholesky factorization elements.

Cholesky factorization elements (Ei,j): elements of an upper triangle matrix which compresses the
information in the clock and ephemeris covariance matrix. These elements are used to compute the user
location factor (dprre) as a function of user position (see 3.5.12.4.1).

Dual-frequency range error indicator (DFREI): a 4-bit indicator of the dual-frequency range error (DFRE)
value, with range from 0 to 15, with value 15 corresponding to “Do Not Use for SBAS”.

Note 1.— For other values (from 0 to 14), the table defining the correspondence between the DFREI
values and the standard deviation (oprre, In Metres) is given in 3.5.11.4.

Note 2.— The broadcast standard deviation values (within the allowed ranges as defined in 3.5.11.4)
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are SBAS-dependent.
JRcorr: the first order degradation parameter multiplier.
Note.— All parameters are broadcast in the Type 32 message.
3.5.11.3 Integrity message parameters. The integrity message parameters shall consist of:

Dual-frequency range error change indicator (DFRECI): a 2-bit indicator that denotes the integrity status
of a specific satellite identified by its augmented slot index (see 3.5.11.1), as specified in Table B-92.

Table B-92. DFRECI indicator

DFRECI State

0 (“007) Unchanged DFREI

1 (“017) Changed DFREI

2 (“107) Active DFREI value increased by one
3(“117) Do not use this satellite in SBAS mode

Note.— For a given satellite, the DFRECI indication “00”, and “10” always
refers to the last valid DFREI received (active DFREI) for that satellite. An active
DFREI could be any broadcast DFREI that has not yet timed out. DFRECI “10”
indications are not cumulative.

Issue of data mask (IODM): see 3.5.11.1.
Dual-frequency range error indicator (DFREI): see 3.5.11.2.
Note.— Parameters are broadcast using one or more the following message types:

a) Type 34 message providing DFRECI for all augmented satellites, DRFEI for up to 7 augmented
satellites and IODM; and

b) Types 35 and 36 messages broadcasting IODM and DFREIs for a maximum set of 53 and 39
augmented satellites, respectively.

3.5.11.4 Degradation parameters and DFREI scale table parameters. The old but active data
(OBAD) parameters and DFREI scale table parameters shall be as follows:

Common OBAD parameters: a set of parameters common to all augmented satellites where

(lvaLip)s2 is the Type 32 message validity interval;

(IvaLip)ssno is the Types 39 and 40 messages validity interval;

Cer is the step degradation parameter for en-route through non-precision approach applications;
Ccovariance is the clock-ephemeris covariance degradation parameter; and

Degradation equation selector indicates how the degradation terms combine for the dual-frequency
residual error model variance.

Coding: O
1

dprre only multiplies oprre, correction residuals are root-sum squared
dprre multiplies the linear sum of oprre and the degradation parameters
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Specific OBAD parameter: a set of parameters linked to a given core constellation used to account for the
degradation of corrections that are old but still valid, where:

Icorr is the time interval for application of Ccorr:
Ccorr is the step degradation parameter for precision approach applications; and
Rcorr is the first order degradation parameter.

Time reference identifier: a parameter that specifies the GNSS constellation on which the SNT for DFMC
SBAS is aligned, where

“0” is GPS;

“1” is GLONASS;

“2” is Galileo;

“3” is BDS;

“4” is reserved; and

“5”, “6” and “7” are spare.

DFREI scale table: provides the mapping between the DFREI parameter (see 3.5.11.2) and oprre as
specified in Table B-93.

oprre IS the standard deviation of the residual ionosphere-free clock and ephemeris range error following
the application of the DFMC SBAS clock and ephemeris corrections (Type 32 message) or of the SBAS
satellite clock and ephemeris (Type 39/40 message).

Table B-93. Evaluation of oprre in metres

Field valuege 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Field valuepi, 0000 000 001 001 010 010 011 011 100 100 101 101 110 110 111 1111
1 0 1 0 1 0 1 0 1 0 1 0 1 0

oorre: DFREI=0 0.125 0'1387 0.25 0'%12 0375 0‘237 05 0‘262 0.625 0'287 0.75 0'?312 0.875 0'?537 1 1.0625

oprre: DFREI=1 025 0375 05 0625 | 075 | 0875 1.0 1125 | 125 | 1375 15 1625 | 175 | 1875 20 2125

oprre: DFREI=2 0.375 05 0625 | 075 | 0875 1.0 1125 | 125 | 1375 15 1625 | 175 | 1875 20 2125 2.25

oprre: DFREI=3 05 0625 | 075 | 0875 1.0 1125 | 125 | 1375 15 1625 | 175 | 1875 20 2125 | 225 2375

oprre: DFREI=4 0.625 075 | 0875 1.0 1125 | 125 | 1375 15 1625 | 175 | 1875 20 2125 | 225 | 2375 25

oprre: DFREI=5 0.75 1.0 1.25 15 1.75 20 225 25 2.75 3.0 3.25 35 3.75 40 4.25 45

oprre: DFREI=6 1.0 1.25 15 175 20 2.25 25 2.75 30 3.25 35 375 40 425 45 475

oprre: DFREI=7 1.25 15 175 2 2.25 25 2.75 3 3.25 35 3.75 4 4.25 45 4.75 5

oprre: DFREI=8 15 1.75 2.0 2.25 25 2.75 3.0 3.25 35 3.75 4.0 4.25 45 4.75 5.0 5.25

oprre: DFREI=9 175 20 225 25 2.75 30 325 35 3.75 40 425 45 475 50 5.25 55

ODFRE:

DFREI=10 2.0 25 3.0 35 4.0 45 5.0 55 6.0 65 7.0 75 8.0 8.5 9.0 9.5

GDFRE:

DFREI=11 25 3.0 35 4.0 45 5.0 55 6.0 6.5 7.0 75 8.0 85 9.0 95 10.0

ODFRE:

DFREI=12 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0 13.0 14.0 15.0 16.0 17.0 18.0

ODFRE:

DFREI=13 4.0 7.0 10.0 13.0 16.0 19.0 22.0 25.0 28.0 310 34.0 37.0 40.0 43.0 46.0 49.0

ODFRE:

DFREI=14 100 160 22,0 28.0 34.0 40.0 46.0 52.0 58.0 64.0 700 76.0 82.0 88.0 94.0 100.0

ODFRE:

DFREI=15 DO NOT USE THIS SATELLITE IN SBAS MODE

Note.— All parameters are broadcast in the Type 37 message.

3.5.11.5 SBAS satellite clock, ephemeris and covariance matrix parameters. The broadcasting SBAS
satellite clock, ephemeris and covariance data shall be as follows:
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Issue of data GEO (IODG): an issue of data indicator that links Type 39 and 40 messages.
Note.— Each message of a paired Type 39/40 message set contains the same 2-bit IODG.

SBAS service provider ID: identifies the SBAS service provider responsible for the signal broadcast by the
SBAS satellite, as defined in Table B-27.

Keplerian parameters: the ephemeris information to determine the ionosphere-free dual-frequency L1/L5
antenna phase centre location is:

Cuc is the amplitude of cosine harmonic correction terms to the argument of latitude;
Cus is the amplitude of sine harmonic correction terms to the argument of latitude;
laot IS the rate of inclination angle;

a is the semi-major axis;

o is the argument of perigee;

Qo is longitude of ascending node of orbital plane at t.;

Mo is the mean anomaly at te;

I is the inclination at t¢; and

e is the eccentricity;

Satellite slot delta: identifies the broadcasting SBAS satellite in Table B-113.

Note.— A satellite slot delta of 0 is used in the Type 47 message to indicate that no almanac data
follows.

Table B-113. Satellite slot delta assignments

Satellite slot delta Assignment logic

0 No SBAS satellite (coding only used in Type 47 messages)
1-39 SBAS GEO satellite PRNs 120-158

40 -63 Spare

SBAS ephemeris time te: time of applicability of the ephemeris message in seconds of day;
clock parameters: provided for ionosphere-free position as follows:
acfo. clock offset; and
acr.: clock rate;
scale exponent: see 3.5.11.2;
covariance matrix: see 3.5.11.2;
dual-frequency range error indicator (DFREI): see 3.5.11.2; and
ORcoRR: See 3.5.11.2.

Note.— All parameters are broadcast in combined Type 39 and Type 40 messages.

3.5.11.6 GNSS time offsets parameters. The GNSS time parameters shall be as follows:
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The common UTC parameters are:

Aasnt:  drift coefficient of the SNT scale for DFMC SBAS relative to UTC;

Aosnt:  bias coefficient of the SNT scale for DFMC SBAS relative to UTC time scale;
tot: time data reference time of week;

WN::  data reference week number;

Ats: current or past leap second count;

WNise:  leap second reference week number;

DN: leap second reference day number;

Atise: current or future leap second count; and

UTC standard identifier (defined in 3.5.4.8).

The validity model parameters of the SNT-to-UTC offset model are:

TOW,pp: start time in time of week of the validity period of the information broadcast in the common
UTC parameter field;

WNapp:  week number associated to the TOW,p, defining the validity period of the information
broadcast in the common UTC parameter field. WNgpp set to 0 means that the WNapp = WNi-
1. WNap set to 1 means that the WNagp=WN;;

VP: identifies the validity period (time-out) duration according to Table B-116 for the common
UTC information; and

UTC offset status: SNT-to-UTC offset validity status defined according to Table B-115.

Table B-115. UTC offset status parameter

UTC offset status State
0 Previously received common UTC information
remains valid, no change in validity period.
1 Previously received common UTC information
is no longer valid and shall no longer be used.

Table B-116. VP parameter

VP VP duration VP VP duration

0 (“000”) | 1 day from broadcast | 4 (*“100™) 6 hours
1 (“001”) 1 hour 5(“101”) 9 hours
2 (“010”) 2 hours 6 (“110”) 12 hours
3(“0117) 4 hours 7 (“1117) 24 hours
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The time-out for the SNT-to-UTC offset information (noted TO4, below) shall be defined as follows:
a) if VPissetto0:TO4 = Type 42 message received time + 86 400 s;

b) if VP issetto avalue different from 0: TO4, = start time in seconds (defined by TOWp, and WNgpp)
+ (VP duration) x 3 600.

Note 1.— All parameters are broadcast in a Type 42 message.

Note 2.— It is not intended that Type 42 messages be used for positioning services with integrity, as no
integrity budget is defined in SBAS system for the time offset parameters.

3.5.11.7 SBAS satellite parameters. The SBAS satellite parameters shall be as follows:
satellite slot delta: see 3.5.11.5;
SBAS service provider ID: see 3.5.11.5;

broadcast indicator: when set to 1, it identifies the almanac data of the broadcasting satellite. It shall be set
to 0 otherwise;

almanac parameters: broadcast using Keplerian parameters, where:

a is the semi-major axis;

e is the eccentricity;

I is the inclination;

o is the argument of perigee;

Qq is the longitude of ascending node of orbital plane at beginning of week;
£ is the rate of right ascension of the ascending node;

Mo is the mean anomaly at t,; and

ta is SBAS almanac time (the almanac reference epoch in seconds of day);

week number rollover count (WNROcount): the number of week number rollovers already elapsed for the
GNSS constellation identified by the time reference identifier at the almanac reference time, t,, broadcast
in the SBAS | Keplerian parameters block of the Type 47 message (see Table B-104). WNROcoun: Value of
15 shall be used to indicate that the parameter is not valid and will be updated. The starting time per
constellation with respect to UTC shall be:

a) for GPS: midnight between 5 January 1980 and 6 January 1980 (see 3.1.1.4);

b) for GLONASS: midnight between 31 December 1995 and 1 January 1996 (see 3.1.2.4);

c) for Galileo: 13 seconds before midnight between 21 August 1999 and 22 August 1999
(see 3.1.3.4); and

d) for BDS: midnight between 31 December 2005 and 1 January 2006 (see 3.1.4.4).
Note 1.— All parameters are broadcast in a Type 47 message.

Note 2.— The Type 47 message provides the capacity to transmit the SBAS almanacs parameters of 2
SBAS satellites.
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3.5.12 Definitions of protocols for DFMC SBAS data applications

Note.— This section provides the definitions of parameters used by SBAS (non-aircraft and aircraft
elements) that are needed to compute the navigation solution and associated integrity (protection levels).

3.5.12.1 General information for DFMC SBAS data protocol

The conventional values to be used for the computation of the earth-fixed coordinates of the SBAS space
vehicle antenna phase centre shall be:

n=13.1415926535898 (ratio of a circle’s circumference to its diameter);
u =3.986005 x 10* m?/s? (earth’s gravitational parameter);
0,=7.2921151467 x 10° rad/s  (earth’s rotation rate); and

€ =299 792 458 m/s (speed of light in a vacuum).

Note.— The values of these parameters are not broadcast by SBAS but use of the correct values is
necessary to ensure interoperability between different SBAS implementations.

When computing a time difference (t — t) where the reference time t is expressed in the SNT (such as tp
broadcast in Type 32 message, t. broadcast in Type 40, t, broadcast in Type 47 message), the time t used
in 3.5.12 shall be expressed in the same time frame considering the conversion elements in Table B-117.

Table B-117. Conversion from a core constellation reference time to the SNT

‘CO” ‘61” 6‘2” “3”

t(SNT=0) t(SNZ;;)T t(SNT=2) t(SNz:)T
o | CGPS _ +(GPST) = t(@PST) — AtLS _ ¢(GPST) = t(GPST)
E +10800s —14s
i t(SNT=0) _ t(SNT=1) t(SNT=2) _ t(SNT=3) _
o
c t(GLONASST) — (GLONASST) t(GLONASST) t(GLONASST)
L GLONASS
% AtLS — AtLS — AtLS —
- 10 800 s 10 800 s 10 800 s
'% _ ((SNT=0) t(SNT=1) {(SNT=2) ((SNT=3)
= Galileo — ¢(GST) = (G5 — AtLS — ¢(GST) =+1(GST) _ 145
Iz +10800s
(@} =
8 BDS t(SNT=0) (B';(;;VT 1) — t(SNT=2) t(SNT=3)
o _ +(BDT) t —AtLS+ | _ (8pT) _ +(BDT)
O t +14s 10 800 s t +14s t
Note 1.— AtLS is computed through core constellation information.
Note 2.— Table B-117 describes how to convert a time of day ¢ (¢NSST) expressed in one of the GNSS core
constellation reference times into time of day tS¥7=9 expressed in the SNT specified by the time reference
identifier i.
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3.5.12.2 Determination of SBAS satellite position based on its almanac.

The following parameters described in 3.5.11.7 shall be used in the computation of the SBAS satellite
position based on its almanac:

ta: SBAS almanac time (the reference epoch of the almanac (s) as a time of day);
a: semi-major axis (m);

e: eccentricity (dimensionless);

Mo: mean anomaly (rad) at t.

o: argument of perigee (rad);

I: inclination angle (rad);

Qo: longitude of ascending node of orbital plane at beginning of week (rad); and
0: rate of right ascension of the ascending node (rad/s).

The computation of the SBAS satellite position shall be made for the epoch t, expressed in the SNT frame
for DFMC SBAS. The “almanac reference epoch” shall be broadcast as a time of day through t.. The SBAS
users shall account for the truncated nature of the t, parameter.

3.5.12.2.1 Computation of the mean anomaly (M)

The mean anomaly (M) at the epoch t shall be computed as:

where

Atzt_ta.

Note.— The SBAS user needs to ensure that t and ta have the same time reference when computing At.
Since the broadcast parameter t, is a time of day, conversion is needed to account for day or week changes.

3.5.12.2.2 Computation of the eccentric anomaly (E:)
The eccentric anomaly (E:) for epoch t shall be computed solving the equation:
M; = E; — esin(E).
Note.— This equation may be solved by iteration.
3.5.12.2.3 Computation of the argument of latitude (®x)
The argument of latitude (@) for epoch t shall be computed as:

¢t = Vt + w
where v is the true anomaly at epoch t:

1+e E,
V; = 2 X atan 1 tan (—)
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3.5.12.2.4 Computation of the coordinates in the orbital plane (x{;y{)
The coordinates in the orbital plane (x{;y;) for epoch t shall be computed as:
X{ = r;cosd;
) ) ) Yyt = resindy
where r is the orbit radius at epoch t:
re =aX [1— (e X cosEy)]
3.5.12.2.5 Computation of the space vehicle fixed earth’s coordinates (xt; Yr; Zi)
The space vehicle fixed earth’s coordinates (xt; Y; i) for epoch t shall be computed as:
xicos Q) — (yicoslsin Q ()

(
(x{sin Q) + (y{coslcos Q)
z, = yisinl

Xt
Yt
where € is the corrected longitude of the ascending node at epoch t:

Q= QO+[(-Q_ Q.e)At]_(Q.etaTOW)

and tarow is t, expressed in seconds as a time of week (or elapsed time since the beginning of the almanac
week).

3.5.12.3 Determination of SBAS satellite position based on its ephemeris

The following parameters, described in 3.5.11.5, shall be used in the computation of the SBAS satellite
position based on its ephemeris:

te: SBAS ephemeris time (the reference epoch of the ephemeris (s) as a time of day);
a: semi-major axis (m);

e: eccentricity (dimensionless);

Mo: mean anomaly (rad) at te;

o: argument of perigee (rad);

I inclination angle at te (rad);

Lot rate of inclination angle (rad/s);

Qo' longitude of the ascending node of orbital plane at t. (rad);

Cuc: amplitude of the cosine harmonic correction to the argument of latitude (rad); and
Cus: amplitude of the sine harmonic correction to the argument of latitude (rad).

The computation of the SBAS satellite position shall be made for the epoch t, expressed in the SNT frame
for DFMC SBAS. The “ephemeris reference epoch” shall be broadcast as a time of day through te. The
SBAS users shall account for the truncated nature of the t. parameter.

3.5.12.3.1 Computation of the mean anomaly (M)

The mean anomaly (M) at the epoch t shall be computed as:

Mt = MO + noAt
where
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_ K
ng = ;
Atzt_te

Note.— The SBAS user needs to ensure that t and te have the same time reference when computing At.
Since the broadcast parameter te is a time of day, a conversion is needed to account for day or week changes.

3.5.12.3.2 Computation of the eccentric anomaly (E)
The eccentric anomaly (E;) for epoch t shall be computed solving the equation:
M; = E; — esin(E,)
Note.— This equation may be solved by iteration.
3.5.12.3.3 Computation of the argument of latitude (®x)
The eccentric anomaly (®y) for epoch t shall be computed as:
Pr=vi+w

where v; is the true anomaly at epoch t:

+e E,
vy = 2 X atan - tan (—)

3.5.12.3.4 Computation of the corrected argument of latitude (u;)
The corrected argument of latitude (u;) for epoch t shall be computed as:
Uy = ¢y + Sy,
where du is the argument of latitude second harmonic perturbation at epoch t:
Su; = [Cussin(2¢,)] + [Cuccos(2d,)]
3.5.12.3.5 Computation of the coordinates in the orbital plane (x¢;y;)
The coordinates in the orbital plane (x{;y{) for epoch t shall be computed as:

X{ = I'tCOSU;
yi{ = rysinu;
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where r; is the orbit radius at epoch t:

r. = a[1 — (ecosE,)]

3.5.12.3.6 Computation of the space vehicle fixed earth’s coordinates (X Yt; Zt)

The space vehicle fixed earth’s coordinates (Xt; Yi; zi) for epoch t shall be computed as:

X; = (x{cosf,) — (y{cosi;sinQ,)
ye = (xisinQ) + (yicosi;cosQ,)
Z, = yisini;

where Q; is the corrected longitude of the ascending node at epoch t:

Q= Qo — (QeAt)

and iy is the corrected inclination for epoch t:

=1+ (IdotAt)

Note 1.— The Sagnac correction (earth’s rotation) needs to be taken into account.

Note 2.— The rate of right ascension of the ascending node is assumed to be zero.

3.5.12.4 SBAS DFMC navigation solution

Note.— 3.5.12.4 provides formulas for the SBAS DFMC navigation solution of an SBAS system
augmenting two core constellations, Constellation 1 (C1) and Constellation 2 (C2). When the number N of
constellations being augmented is different from 2 (N=1, 3 or 4), the size of G and of X will need to vary
accordingly. Additional information is available in Attachment D, 6.7.12.

The weighted least square navigation solution takes the following form:

where

a)

b)

X=GT-W-®)t-GT-w-Y

X is the weighted least square estimate of the error in the estimated location of the user about which
the linearization has been made:

X = [X, Y, z, ctey, CtC1-C2]
where

tca is the clock bias of the receiver in seconds with respect to Constellation 1 reference
time; and

tci-cois the time difference observed by the receiver in seconds between the reference
constellation 2 and the constellation 1, namely tci-c2 = tcz — tci;

Note.— This is one possible implementation. A second implementation is described in
Attachment D, 6.7.12.

Y is the P-dimensional vector containing the corrected ionosphere-free pseudo-range
measurements PR corrected, MiNus the expected ranging values based on the location of the satellites
and the estimated location of the user (X), where

P is the number of satellites used in the navigation solution;
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PRi corrected 1S the corrected ionosphere-free pseudo-range measurement for the satellite i computed
as specified in 3.5.1.2 with the parameters as follows:
b;, defined in 3.5.1.2, is SBAS corrected clock:
b; = c* (8Atsy; + Atgy,);

8 Atgy; is the time error estimate at time t computed with the parameters described in 3.5.11.2 as
follows:

¢ * 8Atgy; = 8B + 8B(t — tp);
Atgy; Is the satellite time correction described in 3.5.15.1.1.2; and
tp is the reference time of the corrections.

The satellite position error correction vector [0x(t), dy(t), 6z(t)] shall be expressed in the WGS-84
ECEF coordinate frame as follows and shall be added to the satellite coordinate vector [X(t), y(t),

z(9)]:
8x(t) Sx] [6x
Sy(©)| = |8y |+ |6y| (t —tp)
6z(t) 6z 6z

with 8x, 8y, 8z, 6 x, 6 yand & z defined in 3.5.11.2.

Note 1.— The SBAS user needs to ensure that t and tp have the same time reference when computing
t-tp. Since the broadcast parameter tp is a time of day, a conversion is needed to account for day or week
changes.

Note 2.— In case of SBAS ranging, for the SBAS ionosphere-free measurements of the SBAS
providing the correction and integrity information, the time error estimate §Atg is zero as there is no
correction provided for this satellite.

c) G s the observation matrix:
G; = [—cosE]; - sinAz; —cosE]; - cosAz; —sinEl; 1 n;] =i""row of G
where

El; is the elevation for satellite i after correction of its position using the parameters described in
3.5.11.2;

Az; is the azimuth for satellite i after correction of its position using the parameters transmitted
described in 3.5.11.2. The positive azimuth is defined clockwise from North; and

ni is “1” if satellite is part of reference constellation C2 or “0” if it is part of C1.
For SBAS ranging satellite: n; is “0” if C1 is GPS and nj is “1” if C2 is GPS.

Note 1.— The DFMC SBAS standards have no provisions for the augmentation of DFMC SBAS
ranging signals from other service providers.

Note 2.— If SBAS ranging is provided by the SBAS and if the SBAS is not augmenting GPS, the
SBAS range time offset needs to be solved by introducing an additional unknown in the observation matrix
as explained in Attachment D, 6.7.12.1.
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d) W is the weighting matrix:

where

w; O 0

w=|0 W 0

00 Wp
wi=1/07;

2 _ 2 2 2 2 .
0 i — 0 i,DFC + 0 i,tropo + 0 i,air DF + 0 i,iono
o £prc is the model variance for the residual error associated to SBAS corrections for

satellite i, as defined in 3.5.12.4.1;

o ftropo is the model variance for the troposphere residual error for satellite i, as defined

in 3.5.8.4.2.4 and 3.5.8.4.2.5;
0 £air pr IS the model variation for the combined measurement noise and multipath

residual errors applicable to the ionosphere-free combination of dual-frequency range
measurements (see 3.5.15.3.4.2) for satellite i; and

0 £iono 1S the model variance for the ionosphere-free residual error for satellite i, as defined
in 3.5.15.3.4.3.

3.5.12.4.1 Computation of the model variance for the residual error associated to SBAS corrections

2
% Drc-

Note.— The following calculations are done for each satellite. For convenience, the index i used in
3.5.12.4 was removed from the equations.

The user location factor ( 6 prgrg) shall be obtained via the clock-ephemeris covariance matrix C as follows:

where

Then

where
|

C=R'R
Ell El,Z El 3 E1,4
R = 2(scale exponent -5) E2 2 E2v3 E2,4
0 0 E;; Ej,
0 0 0 E

8DFRE = ITCI + Ec

is the 4-D line of sight vector from the user to the satellite in the WGS-84 coordinate frame

where the first three components are the unit vector from the user to the satellite and the fourth
component is 1;

&c

is derived from CCOVARIANCE (defined in 3.5.11.4) as.

ec = CcOVARIANCE X 7scale exponent—5 -and

scale exponent is defined in 3.5.11.2 and is transmitted through Type 32 messages for core
constellation satellites and Type 40 messages for SBAS satellites.
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The model variance for the residual error associated to SBAS corrections (63pc) at the time t shall be
computed using the SBAS corrections parameters described in 3.5.11.2 (for core constellations satellites)
and 3.5.11.5 (for SBAS satellite) associated to the OBAD parameters described in 3.5.11.4 based on the
broadcast degradation equation selector as follows:

«n)o- 2 — 2 2 2 2

0 f?FC—ObFRE X 8prrE t+ €CoRR +'52R
(13 2%, — 2

17 0ppc=(0prre + Ecorr + €Er)* X OprrE
where

O DFRE

€ CORR

tcorr

Icorr
Ccorr

(Rcorr)sv

[x]

_ |t=tcorr (RCORR)SV .
Ecorr = l—lcomz J Ceorr + (t = teorr) =500

is the standard deviation of the residual ionosphere-free clock and ephemeris range error
as defined in 3.5.11.4;

is the degradation parameter for corrections;

is the degradation parameter for en-route through non-precision approach applications. It
shall be equal to O if the corrections have not timed out for approach applications (APV-I
or Category 1). It shall be equal to Ce (see 3.5.11.4) if any of the corrections or the
DFREI/DFRECI (i.e. information broadcast in a valid Types 32, 34, 35, 36, 39 and 40
messages) have timed out for approach application but are still valid for en-route through
non-precision approach applications;

is the time of applicability (the start of the epoch of the SNT second that is coincident with
the transmission by SBAS of the first bit of the message block) of the latest satellite or
SBAS clock-ephemeris correction information received mapping with the satellite
ephemeris;

is the time interval for application of Ccorr (see 3.5.11.4);

is the step degradation parameter for precision approach applications (see 3.5.11.4);

is the satellite specific degradation factor computed from Rcorr (see 3.5.11.4) and SRcorr
as in 3.5.11.2 (for the augmented satellites) or in 3.5.11.5 (for SBAS):

if t-tcorr < Icorr, then (Rcorr)sv = RcorrxORcorr

if t-tcorr > lcorr, then (Rcorr)sv = Rcorg; and

is the greatest integer less than or equal to x.

3.5.12.5 Protection level calculation

For a general least-squares position solution, the projection matrix S shall be defined as:

where

Seast,1 Seast,2 " SeastP
Snorth,1  Snorth,2 " Snorth,P
S=| Sua Su2 “ sgp |=(GT-W-G)*-GT-w
v S
[ Ste,1 Stc, .2 tc, P
Stclcz,l Stclcz,z StC1C2rP

G is the observation matrix defined in 3.5.12.4; and

W is the weighting matrix defined in 3.5.12.4.
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The horizontal protection level (HPL) and the vertical protection level (VPL) shall be computed as follows:

where

HPL = KHdmajor
VPL = KV,PAdU

Ko = { 6.18 for en route through non precision approach operations
H™ 6.0 for APV — I and Category I operations '

KV,PA = 533,

dmajor 1S the error uncertainty along the semi-major axis of the error ellipse defined as

2
— dgast+drznorth dtzeast_dleorth 2 .
dmajor=\j > + ( 5 ) +din

du is the variance of model distribution that overbounds the true error distribution in the vertical
axis defined as:

2 _ VP 2 ~2.
dg = 2iz1S0, 915

where

d2,. is the variance of model distribution that overbounds the true error distribution in the
east axis:

2 _ VP 2 2.
d-east - Zi=1 Seast,i 0 i

d? is the variance of model distribution that overbounds the true error distribution in

north

the north axis:
d-rzlorth = Zip=1 Sr21()rth,i o 12 ;
dgy is the covariance of model distribution in the east and north axis:
dgy = Zf:l Seast,iSnorth,i © 12 '

Seast; IS the partial derivative of position error in the east direction with respect to the
pseudo-range error on the i"" satellite;

Snorth,i 1S the partial derivative of position error in the north direction with respect to the
pseudo-range error on the i"" satellite;

sy,i Is the partial derivative of position error in the vertical direction with respect to the
pseudo-range error on the i"" satellite; and

o ; is defined in 3.5.12.4.
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3.5.13 DFMC SBAS MESSAGE TABLES

Each SBAS message shall be coded in accordance with the corresponding message format defined in Tables
B-94 through B-106. All signed parameters in these tables shall be represented in two’s complement, with
the sign bit occupying the MSB.

Note 1.— The value of every parameter contained in a DFMC message is computed as follows,
considering that fieldvaiwe is the decimal value of the binary number, after two’s complement transformation
if specified in the description column of the table:

e ifthe parameter is coded as two’s complement: parameter = fieldvae*Scalefactor; and

o ifthe parameter is not coded as two’s complement.: parameter = offset + fieldyae*SCal€tactor, Where
the offset being specified in the comment column if different from the effective range minimum.

Note 2.— Reserved bits in DFMC messages can take any value.

Table B-94. Type 0 “Do Not Use” message broadcast on L5

Effective range
Section Name Length szl Unit Comment

factor min max

Reserved Reserved 216 - - - -

Note 1.— This message is the equivalent of the L1 SBAS Type 0 message but with application for the
messages broadcast on DFMC SBAS service only.

Note 2.— When this message is broadcast, it indicates that the signal does not support safety-of-life
operation. SBAS may broadcast the data field of any message type in each Type 0 message.
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Table B-95. Type 31 SBAS satellite mask

Effective
Section Name Length %Scale lange Unit Comment
actor .
min max
Satellite slot 1 1 o | 1 | - Bit for 1st GPS satellite
number 1
to satellite slot . .
GPS number 32 1 1 0 1 - to bit for 32nd GPS satellite
mask Satellite slot 1 1 0 1 - GPS reserved, bit 1
number 33
to satellite slot .
number 37 1 1 0 1 - to GPS reserved, bit 5
Satellite slot 1 1 0o | 1 - Bit for 1st GLONASS satellite
number 38
to satellite slot . .
GLONASS number 69 1 1 0 1 - to bit for 32nd GLONASS satellite
mask Satellite slot 1 1 0 1 - GLONASS reserved, bit 1
number 70
to satellite slot .
number 74 1 1 0 1 - to GLONASS reserved, bit 5
satellitesiot 1 1 0 1 - Bit for 1st Galileo satellite
number 75
Galileo to satellite slot 1 1 0 1 - to bit for 36th Galileo satellite
mask number 110
Satellite slot .
number 111 1 1 0 1 - Galileo reserved
Satellite slot
Spare number 112 1 1 0 1 )
P to satellite slot 1 1 0 1 }
number 119
Satellite slot . .
SBAS number 120 1 1 0 1 - Bit for 1st GEO SBAS satellite
mask to satellite slot 1 1 0 1 - to bit for 39th GEO SBAS satellite
number 158
Satellite slot 1 1 o | 1 | - Bit for 1st BDS satellite
number 159
BDS mask to satellite slot
1 1 0 1 - to bit for 37th BDS satellite
number 195
Satellite slot .
number 196 1 1 0 1 - reserved, bit 1
Reserved to satellite slot
number 207 1 1 0 1 - to reserved, bit 12
Satellite slot
Spare number 208 ! ! 0 ! i
P to satellite slot 1 1 0 1 )
number 214
10D 10DM 2 1 0 3 -

Note.— All parameters are defined in 3.5.11.1.
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Table B-96. Type 32 satellite clock-ephemeris corrections and covariance matrix

Scale Effective range
Section Name Length f Unit Comment
actor min max
Offset is 0 and coding range (0 to
511) exceeds the effective range
Satellite slot 9 1 1 214 ) Coding of 1 corresponds to
Message number satellite slot number of 1.
header The effective range is defined in
Table B-91
I0DN 10 1 0 1023 -
O ecer) 11 0.0625 -64 63.9375 m Coded as two’s complement
3Y(ecer) 11 0.0625 -64 63.9375 m Coded as two’s complement
3z (EcER) 11 0.0625 -64 63.9375 m Coded as two’s complement
3B ecer) 12 0.03125 -64 63.96875 m Coded as two’s complement
v -11 5
Orbit parameters 6 X (ECEF) 8 2 -0.0625 0.06201171875 m/s Coded as two’s complement
8 Y(EcER) 8 24 -0.0625 0.06201171875 m/s Coded as two’s complement
8 Z(gcER) 8 21 -0.0625 0.06201171875 m/s Coded as two’s complement
8 Becer) 9 212 -0.0625 0.062255859375 m/s Coded as two’s complement
o 13 16 0 86 384 s Coding range (0 to 131 056)
exceeds the effective range
Scale exponent 3 1 0 7 -
E11 9 1 0 511 -
Ez. 9 1 0 511 -
Ess 9 1 0 511 -
= 9 1 0 511 -
Covariance Eis 10 1 512 511 - Coded as two’s complement
parameters
Eis 10 1 -512 511 - Coded as two’s complement
Eiq 10 1 -512 511 - Coded as two’s complement
Ezs 10 1 -512 511 - Coded as two’s complement
Ezq 10 1 -512 511 - Coded as two’s complement
Esq 10 1 -512 511 - Coded as two’s complement
Integrity DFREI 4 1 0 15 -
parameters
SRcorr RC?:ztf)iale 3 1/8 1/8 1 -

Note 1.— This message contains the correction parameters for a single satellite identified by the
satellite slot parameter.

Note 2.— All parameters are defined in 3.5.11.2.
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Table B-97. Type 34 integrity information message

Scale

Effective range

Section Name Length P Unit Comment
actor min max
DFRECI 1 2 1 0 3
DFRECI
to DFRECI 92 2 1 0 3
DFREI 1 4 1 0 15
DFREI
to DFREI 7 4 1 0 15
Reserved Reserved 2
10D I0DM 2 1 0 3
Note 1.— DFREI is defined in 3.5.11.2.
Note 2.— IODM is defined in 3.5.11.1.
Note 3.— DFRECI is defined in 3.5.11.3.
Note 4.— See Attachment D, 6.7.14 for further guidance.
Table B-98. Type 35 integrity information message
Effective
Section Name Length fScaIe lanoe Unit Comment
actor .
min max
DFREI 1 4 1 0 15
DFREI
to DFREI 53 4 1 0 15
Reserved Reserved 2
10D 10DM 2 1 0 3

Note 1.— DFREI is defined in 3.5.11.2.

Note 2.— IODM is defined in 3.5.11.1.
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Table B-99. Type 36 integrity information message

Effective
Section Name Length fScaIe Lange Unit Comment
actor .
min | max
DFREI 54 4 1 0 15
DFREI
to DFREI 92 4 1 0 15
Spare Spare 56
Reserved Reserved 2
10D 10DM 2 1 0 3

Note 1.— DFREI is defined in 3.5.11.2.
Note 2.— IODM is defined in 3.5.11.1.

Note 3.— See Attachment D, 6.7.14 for further guidance.
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Table B-100. Type 37 degradation parameters and DFREI scale table

Effective range

Section Name Length fS Cile Unit Comment
gaelon min max
(IVALID)32 6 6 30 408 S
Common (IvaLID)30/0 6 6 30 408 s
OBAD
parameters Cer 6 05 0 315 m
Ccovariance 7 0.1 0 12.7 -
lcorr 5 6 30 216 s
GPS OBAD Ceorr 8 0.01 0 255 m
parameters
Rcorr 8 0.2 0 51 mm/s
lcorr 5 6 30 216 S
GLONASS
OBAD Ccorr 0.01 0 2.55 m
parameters
Rcorr 8 0.2 0 51 mm/s
lcorr 5 6 30 216 s
Galileo OBAD
parameters CCORR 8 0.01 0 2.55 m
Rcorr 8 0.2 0 51 mm/s
lcorr 5 6 30 216 S
BDS
parameters
Rcorr 8 0.2 0 51 mm/s
lcorr 5 6 30 216 S
SBAS OBAD
parameters Ceorr 0.01 0 2.5 m
RCORR 8 0.2 0 51 mm/s
lcorr 6 30 216 S
Reserved
OBAD Ccorr 8 0.01 0 2.55 m
parameters
Rcorr 8 0.2 0 51 mm/s
oprre: DFREI =0 4 0.0625 0.125 | 1.0625 m
oprre: DFREI =1 4 0.125 0.25 2.125 m
oprre;. DFREI =2 4 0.125 0.375 2.25 m
oprre: DFREI =3 4 0.125 0.5 2.375 m
oprre: DFREI =4 4 0.125 0.625 25 m
oprre: DFREI =5 4 0.25 0.75 45 m
oprre: DFREI =6 4 0.25 1 4,75 m
DFREI scale
table oprre: DFREI =7 4 0.25 1.25 5 m
oprre: DFREI =8 4 0.25 15 5.25 m
oprre: DFREI=9 4 0.25 1.75 55 m
oorre: DFREI =10 4 0.5 2 9.5 m
oorre: DFREI = 11 4 0.5 25 10 m
opere. DFREI = 12 4 1 3 18 m
opere. DFREI = 13 4 3 4 49
opere. DFREI = 14 4 6 10 100
Time ref. ID T'Tgeﬁfi‘:{::‘ce 3 1 0 7 -
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Scale Effective range
Section Name Length P Unit Comment
actor min max
Common .
0BAD | o r | ! S L N
parameters 4
Spare Spare 1 - - - -

Note.— All information is defined in 3.5.11.4.

Table B-101. Type 39 SBAS satellite clock, ephemeris and covariance matrix - 1
_ Scale Effective range )
Section Name Length P Unit Comment
actor min max
Offset is 0 and coding
range (0 to 63)
exceeds the effective
. i range
Satellite slot delta 6 1 1 39 Coding of 1
l\?l]essage corresponds to
eader satellite slot delta of 1
See Table B-113
10DG 2 1 0 3 -
SBAS provider ID 5 1 0 31 -
T x 210 . /2 x 10 Coded as two’s
Cuc 19 x 10% w2 x 10 x (1-27%%) L complement
7 x 219 . /2 x 10 Coded as two’s
Cue 19 e /2 % 10 x (1-21%) rad complement
Tn/6 x 272 % " 21 Coded as two’s
Idot 22 X 100 -7m/6 > 10 7m/6 ¥ 107 x (1-2%) | radls complement
Coded as two’s
i 34 x 2% - x (1-27% rad
pargr::ael:ers © " " " ) complement
Coded as two’s
-33 ~ _n-33
Qo 34 mx2 n nx (1-27) rad complement
Mo 2 %2 _n 7% (1-2%) rad Coded as two’s
complement
Coded as two’s
complement
Coding range
Closk acfo 25 0.02 -292 766.06 292 766.06 m (-335 544.32 to
oc 335 544.30) exceeds
parameters the effective range
5 } Coded as two’s
act 16 4% 10 1.31072 1.31068 m/s complement

Note 1.— All information is defined in 3.5.11.5.

Note 2.— 3.5.9.6 limits acf to 292 766.07 m.




B-160

Table B-102. Type 40 SBAS satellite clock, ephemeris and covariance matrix - 2

Scale

Effective range

Section Name Length fact ) Unit Comment
aeojj min max
Message | opg 2 1 0 3 -
header
I 33 nx 28 0 % (1-2%) rad
Orbit 30 -30
parameters € 30 2 0 1-2 )
a 31 0.02 6 370 000 49 319 672.94 m
SBAS .
ephemeris t 13 16 0 86384 s Coding range (0 to 131 056) exceeds the
: effective range
time
Scale 3 1 0 7
exponent
Ei1 9 1 0 511 -
Ez. 9 1 0 511 -
Ess 9 1 0 511 -
= 9 1 0 511 -
Covariance ,
parameters =P 10 1 -512 511 - Coded as two’s complement
Eis 10 1 -512 511 - Coded as two’s complement
Eiq 10 1 -512 511 - Coded as two’s complement
Ezs 10 1 -512 511 - Coded as two’s complement
Ezq 10 1 -512 511 - Coded as two’s complement
Es4 10 1 -512 511 - Coded as two’s complement
Integrity | prpg 4 1 0 15 -
parameters
RCORR
SRcorr scale 3 1/8 1/8 1 -
factor
Spare Spare 1 1 0 1 -

Note 1.— DFREI and dRcorr are defined in 3.5.11.2.

Note 2.— All other information is defined in 3.5.11.5.
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Effective range

Section Name Length fScetlle Unit Comment
geo] min max
Drift coefficient of SBAS time scale
Assnt 24 250 -023%50 (2%-1)*2%° sl/s relative to UTC time scale
(coded as two’s complement)
Bias coefficient of SBAS time scale
Aosnt 35 23 -2 2-23%8 s relative to UTC time scale
(coded as two’s complement)
Time data reference time of week
tot 8 3600 0 601 200 S Coding range (0 to 918 000) exceeds the
effective range
WN, 8 1 0 255 week Time data reference week number
) Current or past leap second count
Commeon UTC Diis 8 ! 128 127 s (coded as two’s complement)
parameters
Leap second
WNLsr 8 ! 0 255 week reference week number
Leap second reference day number
DN 3 1 1 7 day Offset is 0 and coding range (0 to 7)
exceeds the effective range
Coding of 1 corresponds to DN of 1
Current or future leap second count
Dl 8 ! -128 121 s (coded as two’s complement)
UTC stgr!dard 4 1 0 15 - UTC standard identifier
identifier
UTC offset 1 1 0 1 - SNT-to-UTC offset validity status
status
Validity period reference time of week
Validity period TOWey, 8 3600 0 601 200 s Coding range (0 to 918 000) exceeds the
parameters effective range
Validity period reference week number
WNapp ! ! 0 ! i relative to WN,
VP 3 1 0 7 - Validity period duration
Spare Spare 97 1 - - -
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Table B-104. Type 47 SBAS satellite almanacs

Effective range

Section Name Length ];Scale . Unit Comment
actor min max
Offset is 0 and coding range (0 to 63)
exceeds the effective range
Satellite slot delta 6 1 1 39 - Coding of 1 corresponds to satellite
SBAS | slot delta of 1
header See Table B-113
SBAS provider ID 5 1 0 31 -
Broadcast indicator 1 - - - -
a 16 650 6 370 000 48 967 750 m
e 8 28 0 0.99609375 -
I 13 nx 213 0 nx (1-2%%) rad
o) 14 mx 21 - X (1-2%%) rad Coded as two’s complement
SBAS |
Keplerian Qo 14 mx 218 - X (1-2%%) rad Coded as two’s complement
parameters
Q 8 1x 107 -1.28x107 1.27x107 rad/s Coded as two’s complement
Mo 15 mx 2 - T x (1-27%) rad Coded as two’s complement
t, 6 1800 0 84 600 s Coding range (0 to_113 400) exceeds
the effective range
Coding range (0 to 63) exceeds the
effective range
Satellite slot delta 6 1 0 39 - Coding of 1 corresponds to satellite
slot delta of 1
SBASHI See Table B-113
header
SBAS provider ID 5 1 0 31 -
Broadcast indicator 1 - - - -
a 16 650 6 370 000 48 967 750 m
e 8 28 0 0.99609375 -
I 13 mx 21 0 T x (1-213) rad
SBAS II 0 14 nx 213 - nx (1-2%%) rad Coded as two's complement
Keplerian
parameters Qo 14 w21 - X (1-2%%) rad Coded as two's complement
Q 8 1x10° -1.28x107 1.27x107 rad/s Coded as two's complement
Mo 15 mx 2 - nx (1-2%) rad Coded as two's complement
t, 6 1800 0 84 600 s Coding range (0 to_113 400) exceeds
the effective range
WN 15 indicates that the parameter is
rollover WNROount 4 1 0 15 - . L
count invalid

Note 1.— SBAS service provider identifiers are defined in 3.5.1.1.
Note 2.— All other parameters are defined in 3.5.11.7.




B-163

Table B-105. Reserved

Table B-106. Type 63 null message broadcast on L5

Scale Effective Range

Section Name Length i~

) Unit Comment
min max

Reserved Reserved 216 - - -

Note.— The null message is used as a filler message if no other message is available for broadcast for
the one-second time slot.

Table B-107. L5 message data time-out intervals

Associated Maximum update En-route, terminal,  Precision approach,
Data message types interval NPA time-out APV time-out

“Do Not Use” 0 6s N/A N/A
Satellite mask 31 120 s 600 s 600 s
DFREI or DFRECI 32 6s 18s 12's

34 6s 18s 12's

35 6s 18s 12s

36 6s 18s 12s

40 6s 18s 12s
Satellite clock-ephemeris 32 0.5X(lvaiia)s2 S per 1.5X(lvatid)32 (Ivalid)s2
corrections and covariance matrix corrected satellite
SBAS satellite clock, ephemeris 39 0.5X(Ivaig)39/40 S 1.5X(Ivaia)39/40 (Ivalid)39/40
and covariance matrix 40
Degradation parameters 37 120s 600 s 600 s
DFREI scale table 37 120s 600 s 600 s
Time reference identifier 37 120 s 600 s 600 s
SBAS service provider identifier 47 120s 600 s 600 s
SNT-to-UTC offset 42 240 s Note 3 Note 3

Note 1.— The time-out intervals are defined from the time of arrival at the receiver’s antenna port of the last
bit of the message.

Note 2.— There is no time-out requirement for other parameters of the Type 47 message than those listed
above.

Note 3.— The SNT-to-UTC offset information in the Type 42 message times out as defined in 3.5.11.6 taking
into account the parameters WNapp, TOWagp and VP.
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3.5.14 DFMC SBAS NON-AIRCRAFT ELEMENTS

Note.— The parameters that are referred to in this section are defined in 3.5.11.
3.5.14.1 General

3.5.14.1.1 Required data and broadcast intervals. SBAS shall broadcast the data required for the
supported functions described in Chapter 3, 3.7.3.4.2 as shown in Table B-108.

Note.— SBAS may broadcast null messages (Type 63 messages) in each time slot for which no other
data are broadcast.

3.5.14.1.1.1 All data broadcast by SBAS, whether required or not for a particular function, shall meet
the update requirements in Table B-108.

Table B-108. L5 data broadcast intervals and supported functions

Maximum lonosphere-free  Associated
broadcast DFMC SBAS differential message
Data type interval Ranging correction types
“Do Not Use” 6s 0
Clock-ephemeris error corrections and 0.5x(lvalig)32 S per R 32
covariance matrix data corrected satellite
SBAS satellite mask 120s R R 31
Integrity information 6s R R 32, 34, 35, 36
(DFREI and optionally DFRECI) and 40
SBAS satellite clock-ephemeris corrections  0.5X(Ivaiid)39/40 S R 39 and 40
and covariance matrix data
OBAD, DFREI scale table and time 120s R R 37
reference identifier
SBAS almanac data, broadcast indicator and 120's R R 47
SBAS service provider ID parameters
SNT-to-UTC offset 240s 42

Note 1.— “R” indicates that the data must be broadcast to support the function.

Note 2.— Integrity information includes DFRECI only if the Type 34 message is broadcast, otherwise it is limited
to DFRELI.
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3.5.14.1.2 SBAS radio frequency monitoring. The SBAS shall monitor the SBAS satellite parameters
shown in Table B-109 and take the indicated action.

Table B-109. SBAS L5 radio frequency monitoring

Parameter Reference

Alarm limit

Required action (Note 1)

Signal power level Chapter 3,
3.7.3453

and
3.7.34.6.3

Modulation Chapter 3,
3.7.3455

and
3.7.3.4.6.5

Carrier frequency 3.5.2.1 and
stability 3591

Code/frequency 3.5.2.4 and
coherence 3.5.9.4.2

Maximum code 3.5.2.6 and
phase deviation 3.5.9.6

Convolutional and 3.5.2.9 and
bi-binary encoding  3.5.9.9

Notes.—

minimum specified power
maximum specified power

(Note 2)

Monitor for
waveform distortion

N/A
(Note 3)

N/A
(Note 3)

N/A
(Notes 2 and 3)

All transmit messages
are erroneous

Minimum: cease DFMC SBAS ranging function.
Maximum: cease broadcast.

Cease DFMC SBAS ranging function.

Cease DFMC SBAS ranging function unless
o’orre reflects error.

Cease DFMC SBAS ranging function unless
o %orre reflects error.

Cease DFMC SBAS ranging function unless
o %prre reflects error.

Cease broadcast.

1. The monitoring parameters which require action to “cease DFMC SBAS ranging function” are required only for SBAS
satellites providing DFMC SBAS ranging. Ceasing the ranging finction is accomplished by broadcasting a DFREI of “Do
Not Use for SBAS” for that SBAS satellite.

2. These parameters can be monitored by their impact on the received signal quality (C/No impact), since that is the impact on

the user.

3. Alarm limits are not specified because the induced error is acceptable, provided it is represented in the o 2orre parameter. If

the error cannot be represented, the ranging function must cease.

3.5.14.1.3 “Do Not Use”. SBAS shall broadcast a “Do Not Use” message (Type 0 message) when
necessary to inform users not to use the SBAS satellite broadcast data on L5 and dual-frequency ranging

function.

3.5.14.1.4 Doppler shift in SBAS satellite. The Doppler shift in the SBAS satellite signal seen at any
fixed location within the footprint for any satellite shall not exceed:

a) +337 Hz for GEO satellite signal; and

b) £7 kHz for non-GEO satellite signal.
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3.5.14.1.5 SBAS ephemeris parameters. When broadcasting ephemeris parameters, each SBAS
satellite shall broadcast ephemeris parameters for itself as defined in 3.5.11.5.

3.5.14.1.5.1 The SBAS service provider shall ensure that the SBAS ephemeris time parameter t. in
the Type 40 message is set within -43 200 s and +43 199 s of the broadcast time and adjusted for day
CroSSoVers.

Note.— tc is encoded as a time of day and the applicable day/week complies with the [-43 200 s;
+43 199 s] time window.

3.5.14.1.6 Almanac data. Each SBAS satellite shall broadcast almanac data as defined in 3.5.11.7 for
all SBAS satellites of the same service provider.

Note.— Additional information for certain SBAS orbits is given in Attachment D, 6.7.5.
3.5.14.1.6.1 The error in the estimated position of the satellite derived from any Type 47 message
broadcast within the previous 15 minutes, with respect to the true satellite position, shall not exceed

3 000 km.

3.5.14.1.6.2 The error in the predicted Doppler shift computed from the Type 47 message shall not
exceed + 337Hz for a period of seven days after the broadcast of the Type 47 message.

Note.— SBAS receivers can expect this almanac accuracy for seven days from reception of the almanac
message. The receiver needs to account for day and week crossovers since the almanac reference time is
only in seconds of day.

3.5.14.1.6.3 If only one SBAS satellite almanac is provided in the Type 47 message, the bits from
118 to 225 assigned to the second SBAS satellite almanac shall be coded with “0”.

3.5.14.1.6.4 SBAS shall set the broadcast indicator to “1” for the SBAS satellite broadcasting the
Type 47 message, and set the broadcast indicator to “0” for all other SBAS satellites.

3.5.14.1.6.5 SBAS service provider shall ensure the correctness of the SBAS service provider ID
using the value allocated to the SBAS service provider as per Table B-27 in any Type 47 message.

3.5.14.1.6.6 SBAS service provider shall ensure that the SBAS almanac time parameter t, in the Type
47 message is set within -43 200 s and +43 199 s of the broadcast time and adjusted for day crossovers.

Note.— t, is encoded as a time of day and the applicable day/week complies with the [-43 200 s;
+43 199 s] time window.

3.5.14.2 Ranging function. If an SBAS provides a DFMC SBAS ranging function, it shall also comply
with the requirements contained in this section.

3.5.14.2.1 Performance requirements
Note.— See Chapter 3, 3.7.3.4.3.
3.5.14.2.2 Ranging function data. SBAS shall broadcast the ephemeris parameters, covariance matrix

and DFREI value only for the broadcasting SBAS satellite through Type 39 and Type 40 messages both
linked by their IODG.
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3.5.14.2.3 Active IODG. SBAS shall have no more than three active IODG. An active 10DG
corresponds to an IODG parameter broadcast in Types 39 or 40 messages, which have not timed out as per
Table B-107.

3.5.14.3 lonosphere-free differential correction function. If an SBAS provides an ionosphere-free
differential correction function, it shall also comply with the requirements contained in this section.

3.5.14.3.1 Performance of the ionosphere-free differential correction.

3.5.14.3.1.1 Foren-route, terminal and non-precision approach, given any valid combination of active
data, the probability of a horizontal error exceeding the HPL (as defined in 3.5.12.5) for longer than eight
consecutive seconds shall be less than 10~ in any hour, assuming a user with zero latency.

3.5.14.3.1.2 Given any valid combination of active data, the probability of an out of tolerance
condition (e.g. horizontal error exceeding the HPL or vertical error exceeding the VPL, as defined in
3.5.12.5), for longer than 5.2 consecutive seconds time-to-alert shall be less than 2 x 10" during any
approach, assuming a user with zero latency.

3.5.14.3.1.3 When SBAS detects that the probability of error exceeding the protection level is above
the integrity risk requirement for one of the SBAS operations, the resulting alert information (set DFRE to
a larger value or to “Do Not Use for SBAS”), broadcast in Types 32, 34, 35, 36 or 40 messages, shall be
repeated three times in a row after the initial notification of the alert condition for a total of four times in
four seconds.

Note 1.— A Type 0 message can also be sent four times in a row to indicate an alert condition. See
attachment D, 6.7.4 for additional guidance.

Note 2.— Active data is defined as data that has not timed out per 3.5.15.1.4.2. This requirement
includes core satellite constellation(s) and SBAS failures.

Note 3.— Subsequent messages can be transmitted at the normal update rate.

3.5.14.3.2 SBAS satellite mask and issue of data mask (IODM). SBAS shall broadcast an SBAS
satellite mask and IODM (Type 31 message). The satellite slot values shall indicate whether or not data are
being provided for each GNSS satellite.

3.5.14.3.2.1 SBAS shall change the IODM when there is a change in the SBAS satellite mask by
increasing by 1 the IODM Modulo-4 from the latest transmitted value.

3.5.14.3.2.2 The IODM in Type 34, 35 and 36 messages shall equal the IODM broadcast in the
satellite mask message (Type 31 message) used to designate the satellites for which data are provided in
those messages.

3.5.14.3.2.3 SBAS shall have no more than two active IODMs. An active IODM corresponds to a
satellite mask broadcast in a Type 31 message, which has not timed out as per Table B-107.

3.5.14.3.3 Satellite corrections and covariance matrix data.

3.5.14.3.3.1 Except for the broadcasting SBAS satellite, SBAS shall broadcast clock and ephemeris
corrections and covariance matrix (Type 32 message) for any satellite in the SBAS satellite mask (i.e. with
satellite slot value equal to “1””) when SBAS sets a DFREI between 0 and 14.
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Note.— The Type 39/40 message from the broadcasting satellite does not require further correction
and therefore SBAS broadcasting satellite will not send correction data for itself.

3.5.14.3.3.2 SBAS shall broadcast clock and ephemeris correction and covariance matrix data with
an issue of data navigation (IODN) matching to the clock and ephemeris data from GNSS satellites being
corrected (10Ds). The IODN value shall be derived from the IODs of GNSS satellite clock and ephemeris
data as described in 3.5.11.2.

3.5.14.3.3.3 In order to enable all SBAS users to acquire the new GNSS data upon transmission of
new valid clock and ephemeris data from the GNSS satellites, the SBAS shall continue to broadcast
corrections and covariance matrix with respect to the old clock and ephemeris data for a period of time of:

a) 120 to 240 seconds for GPS;
b) 150 to 320 seconds for GLONASS;
c) 150 to 350 seconds for Galileo; and
d) 120 to 300 seconds for BDS.

Note.— “Valid clock and ephemeris data” means that the information broadcast by the GNSS satellites
is in line with its signal interface control document (ICD), performance standard and SARPS.

3.5.14.3.3.4 For any non-SBAS satellite, SBAS shall only broadcast a Type 32 message when SBAS
has continuously monitored that satellite’s ephemeris and clock data for at least 300 seconds.

Note.— IOD is defined in 3.5.11.2 and includes a comparison of the GPS LNAV IODE with the 8 LSB
of the GPS LNAV IODC. Ephemeris and clock data is derived from the core constellation navigation
message being augmented by DFMC SBAS as mentioned in 3.5.11.1.

3.5.14.3.3.5 SBAS service provider shall ensure that the correction time of applicability parameter tp
in the Type 32 message is set within -43 200 s and +43 199 s of the broadcast time and adjusted for day
Crossovers

Note.— tp is encoded as a time of day and the applicable day/week complies with the [-43 200 s;
+43 199 s] time window.

3.5.14.3.4 Integrity data. For each satellite set in the SBAS satellite mask, SBAS shall broadcast
DFREI information using DFREI or DFRECI parameters, covariance matrix, scale exponent and
degradation parameters such that the integrity requirement in 3.5.14.3.1 is met. If the corrections exceed
their coding range or if 63 (as described in 3.5.12.4.1) cannot be determined, SBAS shall indicate that
the satellite is not appropriate for SBAS position (“Do Not Use for SBAS”).

Note.— The SBAS receiver will apply the DFRECI to its current active DFREI which can be any active
broadcast DFREI.

3.5.14.3.4.1 SBAS shall provide DFREI information, directly via DFREI parameter or indirectly via
DFRECI parameter, allowing the computation of ¢ pprg (as defined in 3.5.11.4) for the satellite set in the
satellite mask and monitored by SBAS using Types 34, 35 or 36 messages at least every six seconds.
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3.5.14.3.4.1.1 When using a Type 34 message, the SBAS shall transmit at most seven DFRECIs set
tO L41’7.

Note 1.— Instead of transmitting updated DFREI values in the Type 34 message, the SBAS can set some
DFRECI values to “2” or “3” to change DFREIs on more than seven satellites and still use the Type 34
message. Types 35 or 36 message can also be used instead of Type 34 messages to provide more DFREI
value updates.

Note 2.— The DFRECIs are in augmented slot index order derived from the Type 31 message with a
matching IODM.

3.5.14.3.4.1.2 When using a Type 34 message with DFRECI set to “1”, the SBAS shall broadcast the
new DFREI values in the order corresponding to the order of DFRECI set to “1” across the DFRECI field.
The new DFREI value shall apply to the augmented slot index of the corresponding DFRECI value set to

6(1”

3.5.14.3.4.2 SBAS shall set to “15” any DFREI value in the associated data field of Types 35 and 36
messages, which corresponds to satellite slot number not set in the mask.

3.5.14.3.4.2.1 When using a Type 34 message, SBAS shall set DFRECI value to “3” for DFRECI
slots exceeding the maximum augmented slot index.

3.5.14.3.4.2.2 Ifina given Type 34 message, the number N of DFRECI set to “1” is below seven, the
last 7-N DFREI values of the Type 34 message shall be set to “15”.

3.5.14.3.4.3 When using a Type 34 message, SBAS shall transmit a DFRECI of “3” (“Do Not Use
for SBAS”) instead of transmitting a DFRECI of “2” (“DFREI increased by one”) when the most recent
active DFRET was set to “14” and the corresponding DFRE value is no longer adequate to ensure integrity
as per 3.5.14.3.1.

3.5.14.3.4.4 SBAS shall send (lvaLin)s2 and (lvaLip)sgo in the Type 37 messages corresponding to the
time intervals during which the integrity data of Type 32 and Type 39/40 messages can be used.

Note.— These time intervals are measured from the time of arrival of the last bit of Type 32 or the last
bit of the last message in the paired Type 39/40 messages being received at the antenna port of the SBAS
receiver.

3.5.14.3.4.5 The integrity requirement in 3.5.14.3.1 shall apply throughout the update of parameters
in a Type 37 message.

Note.— It is expected that change in the DFREI scale table will be a rare event in the lifetime of an
SBAS.

3.5.14.3.4.5.1 For each DFREI, the oprre value shall always be greater than the opere Value specified
for lower DFREI in the scale table in the Type 37 message.

3.5.14.3.5 Old but active data (OBAD). SBAS shall broadcast OBAD parameters (Type 37 message)
such that the integrity requirement in 3.5.14.3.1 is met.
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3.5.14.3.6 Timing data

3.5.14.3.6.1 SBAS shall indicate on which reference time the SNT for DFMC SBAS is aligned
through the time reference identifier field of the Type 37 message.

3.5.14.3.6.2 If an SBAS provides the WNROcount information with a parameter not permanently set
to “15”, the SBAS shall monitor the week number rollover by updating the week number rollover count
(WNROcount) in the Type 47 message for the GNSS constellation identified by the time reference identifier
in the Type 37 message.

Note.— The week number rollover count is used to solve the possible ambiguity of the week number
value transmitted through the GNSS navigation data. Information on the reference time per constellation
to compute the WNROcount can be found in 3.5.11.7.

3.5.14.3.6.3 If a Type 42 message is broadcast, SBAS shall provide information to derive the SNT-
to-UTC offset in line with the information set in the VP parameter.

Note.— The UTC offset status parameter can be used by the SBAS to time-out previously broadcast
information.

3.5.14.3.6.4 If a Type 42 message is broadcast and if a SNT-to-UTC offset cannot be broadcast by
SBAS, SBAS shall broadcast all parameters in common parameter field with all bits coded to zero except
the UTC standard identifier set to “7”.

3.5.14.4 Monitoring

3.5.14.4.1 SBAS radio frequency monitoring. The SBAS shall monitor the SBAS satellite parameters
shown in Table B-109 and take the indicated action.

Note.— In addition to the radio frequency monitoring requirements in this section, it will be necessary
to make special provisions to monitor the pseudo-range acceleration specified in Chapter 3, 3.7.3.4.3.5,
carrier phase noise specified in 3.5.9.2, and correlation loss in 3.5.9.5, unless analysis and testing shows
that these parameters cannot exceed the stated limits.

3.5.14.4.2 Data monitoring. The SBAS shall monitor GNSS ranging signals to ensure that active data
meets the requirements of 3.5.14.3.1.

3.5.14.4.2.1 The ground subsystem shall lock on main correlation peaks of the tracked signals used
for the SBAS augmentation.

3.5.14.4.2.2 The ground subsystem shall ensure that broadcast data bound the residual error for
airborne receivers according to DFMC SBAS receiver design constraints defined in 3.5.15.1.1.3 when
exposed to GNSS signal distortions defined in Attachment D, 8.

Note.— SBAS receiver locks on the main correlation peak of the tracked signal following the
requirement in 3.5.15.1.5.

3.5.14.4.2.3 The monitor action shall be to set DFRE to a larger value or to “Do Not Use for SBAS”
for the satellite.

3.5.14.4.2.4 SBAS shall monitor all active data that can be used by any user within the coverage area.
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3.5.14.4.2.5 SBAS shall raise an alert within 5.2 seconds if any combination of active data and GNSS
signals-in-space results in a horizontal or vertical position error exceeding respectively the HPL or VPL (as
per 3.5.14.3.1).

Note.— The monitoring applies to all failure conditions, including failures in core satellite
constellation(s) or SBAS satellites. This monitoring assumes that the aircraft element complies with the
requirements of 3.5.15.

3.5.14.4.3 10D monitoring. SBAS shall take appropriate action to ensure integrity of the broadcast
information when the active IODN as described in 3.5.11.2 can be linked to more than one valid ephemeris.

Note 1.— Active data is defined as data that has not timed out as per Table B-107. This requirement
includes core satellite constellation(s) and SBAS failures.

Note 2.— Additional information on the application of SBAS corrections by an SBAS receiver is
provided in 3.5.15.1.4.8 and can be used to assess the time during which a mismatch of IODN and core
constellation can be considered by SBAS.

3.5.14.5 Robustness to core constellation(s) failures. SBAS shall continue to provide SBAS services
after removal of one or several satellites, including a complete core constellation.

Note. — SBAS systems are expected to maintain operation in the presence of failures or anomalies on
one or several satellites or failure of a complete core constellation. The level of supported service degrades
as more satellites are removed. Removal of a failed or unhealthy satellite does not impact the ability to
monitor and correct other satellites.

3.5.15 DFMC SBAS AIRCRAFT ELEMENTS
Note 1.— The parameters that are referred to in this section are defined in 3.5.11.

Note 2.— Whereas all SBAS receivers process signals from SBAS GEO satellites, processing non-GEO
SBAS signals is optional.

3.5.15.1 DFMC SBAS-capable GNSS receiver.

3.5.15.1.1 DFMC SBAS-capable GNSS receiver. Except as specifically noted, the DFMC SBAS-
capable GNSS receiver shall process the signals of the SBAS and meet the requirements applicable to the
core constellations it tracks as specified in 3.1.1.3.1 (GPS receiver), and/or 3.1.2.3.1 (GLONASS receiver),
and/or 3.1.3.3.1 (Galileo receivers), and/or 3.1.4.3.1 (BDS receivers). Pseudo-range measurements for each
satellite shall be smoothed using carrier measurements and the filter identified in 3.5.1.1 with the following
pseudo-range observables:

Py isthe L1 C/A or L10Cd or E1-C or B1C_pilot or SBAS L1 raw pseudo-range measurement
in metres;

P, s the L5-Q or L30OCd or E5a-Q or B2a_pilot or SBAS L5 raw pseudo-range measurement
in metres;

@1, Isthe accumulated L1 C/A or L10Cd or E1-C or B1C_pilot or SBAS L1 raw carrier phase
measurement in metres;



B-172

@,k s the accumulated L5-Q or L30OCd or E5a-Q or B2a_pilot or SBAS L5 raw carrier phase
measurement in metres;

2
Y12 = (?) is the square frequency ratio, where f1 is L1 C/A or L10Cd or E1-C or B1C_pilot or
2
SBAS L1 and f; is L5-Q or L30Cd or E5a-Q or B2a_pilot or SBAS L5; and

a is the filter weighting function defined as follows: after 100 seconds have elapsed since
filter initialization, a shall be equal to the sample interval in seconds divided by the time constant
of 100 seconds. In the first 100 seconds since filter initialization, a shall be equal to the sample
interval in seconds divided by the time in seconds since filter initialization.

3.5.15.1.1.1 The receiver shall process the augmented signals as follows:

a)

b)

d)

for GPS: the receiver shall use a BPSK(1) replica for L1 C/A signal and a BPSK(10) replica for
L5-Q signal. The satellite position and satellite clock shall be based on ephemeris in LNAV
message on L1. Group delay correction from LNAV message on L1 shall be applied,;

for GLONASS: the receiver shall use a BPSK(1) replica for L1OCd and a BPSK(10) replica for
L30Cd signal. The satellite position and satellite clock shall be based on ephemeris in strings 10,
11 and 12 of L10Cd or L30Cd,

for Galileo: the receiver shall use a BOC(1,1) replica for E1-C signal and a BPSK(10) replica for
E5a-Q signal. The satellite position and satellite clock shall be based on ephemeris in F/INAV
message on E5a; and

for BDS: the receiver shall use a BOC(1,1) replica for B1C pilot signal and a BPSK(10) replica
for B2a_pilot signal. The satellite position and satellite clock shall be based on ephemeris in
B-CNAV2 message on B2a.

Note.— The equivalent specific ionosphere-free computation is described in BDS-SIS-ICD-B2a (V1.0),
7.8.3 taking into account the group delays broadcast in B-CNAV2 message.

3.5.15.1.1.2 The satellite time correction (Atgy ;) for satellite i, defined in 3.5.12.4, shall be computed
using the following information:

a)

b)
c)
d)
e)

for GPS: the satellite clock correction A tgy ; shall be computed as described in 3.1.1.2.1.2 taking
into account the group delay correction broadcast in the LNAV message;

for GLONASS: the satellite clock correction A tgy, ; shall be computed as described in 3.1.2.2.2;
for Galileo: the satellite clock correction Aty ; shall be computed as described in 3.1.3.2.2;
for BDS: the satellite clock correction A tgy ; shall be computed as described in 3.1.4.2.2.1; and

for SBAS ranging satellite: the satellite clock correction Atgy ; shall be computed as Atgy; =
agro + agp1 A ¢ With acro and asn broadcast in the Type 39 message and A defined in 3.5.12.3.1.
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3.5.15.1.1.3 DFMC SBAS aircraft element design constraints. For the processing of L1, L5, E1, Eba,
B1C, B2a, L10C and L30OC signals, the aircraft element shall comply with the following constraints:

a) 3dB bandwidth between 12 and 24 MHz centred around L1 carrier frequency and around L5 carrier
frequency with a minimum of 24 dB per octave gain roll-off;

b) differential group delay not greater than 150 ns;

c) early minus late discriminator;

d) L1/E1/L10C/BIC correlator spacing between 0.08 and 0.12 L1 chips; and
e) L5/E5a/L30C/B2a correlator spacing between 0.9 chips and 1.1 L5 chips.

Note.— This requirement constrains the entire aircraft implementation of the DFMC SBAS capability
and not only for the DFMC SBAS receiver.

3.5.15.1.2 GEO SBAS satellite acquisition on L5. The receiver shall be able to acquire and track GEO
satellites for which a stationary receiver at the user receiver location would experience a Doppler shift as
large as £337 Hz.

3.5.15.1.3 Non-GEO SBAS satellite acquisition on L5. The non-GEO SBAS capable receiver shall be
able to acquire and track non-GEO satellites for which a stationary receiver at the user receiver location
would experience a Doppler shift as large as +7 kHz.

Note.— Information on non-GEO Doppler range is available in Attachment D, 6.7.5.
3.5.15.1.4 Conditions of use of data on L5.

3.5.15.1.4.1 The receiver shall use data from an SBAS message only if the CRC of this message has
been verified.

3.5.15.1.4.2 The receiver shall use the information transmitted in DFMC messages only within the
time-out period, defined in Table B-107, starting from the reception of the last bit of the message.

3.5.15.1.4.3 Upon reception of a Type 0 message, the receiver shall cease using all data received from
this signal that have defined time-out intervals in Table B-107, except for the SBAS service provider
identifier which can be used only for the SBAS acquisition process.

3.5.15.1.4.4 The receiver shall only apply integrity data for which Type 34, 35 or 36 messages IODM
matches an active Type 31 message IODM.

3.5.15.1.4.5 The reception of new DFREI shall replace the old DFREI.
3.5.15.1.4.6 DFRECI requirements.
3.5.15.1.4.6.1 The receiver shall treat the reception of a DFRECI = 0 or a DFRECI = 2 as though it

had received a new copy of the most recent, active DFREI previously received through Type 32, 34, 35, 36
or 40 messages.
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3.5.15.1.4.6.2 Upon reception of a DFRECI = 2, the equipment shall use the most recent, active
DFREI received through Types 32, 34, 35, 36 or 40 messages and use the oprre COrresponding to the active
DFREI increased by one.

Note.— The effect of the reception of a DFRECI = 2 (“value increase of 1) is not cumulative.

3.5.15.1.4.6.3 Upon reception of a DFRECI = 3, the receiver shall set the DFREI to “15” (“Do Not
Use for SBAS”) and exclude the satellite from the SBAS position solution.

3.5.15.1.4.6.4 Upon reception of a DFRECI = 1, the receiver shall update the DFREI value by
decoding the corresponding DFREI slot in the order of a Type 34 message DFRECI set to “1” across the
DFRECI field.

3.5.15.1.4.7 The receiver shall use the DFREI table through the latest decoded Type 37 message for
the computation of oprre based on received DFREI.

3.5.15.1.4.8 Upon reception of the initial valid Type 32 message applicable to a given non-SBAS
satellite, the receiver shall invalidate for this satellite any retained clock/ephemeris data set containing at
least one parameter received for the last time more than 5 minutes before the reception of the initial valid
Type 32 message.

Note.— The “initial valid Type 32 message” is the first Type 32 message received when there is no
active Type 32 message from the SBAS L5 signal in use.

3.5.15.1.4.9 The receiver shall apply the ephemeris and clock parameters, the covariance matrix
parameters, the OBAD parameters and the integrity parameters as described in 3.5.12.4 and 3.5.12.5.

3.5.15.1.4.10 The receiver shall use the content of Types 39 and 40 messages, only when Types 39
and 40 messages with the same I0DG have been received and have not timed out.

3.5.15.1.4.11 The receiver shall correctly account for the day and week rollover change when
observed after the last received Type 47 message.

3.5.15.1.4.12 The receiver shall only use SBAS augmented satellite ranges from satellites with
elevation angles at or above 5 degrees in the DFMC SBAS position computation.

3.5.15.1.4.13 The receiver shall only use correction, integrity and other data obtained from a single
SBAS satellite L5 signal, designated by its PRN code, for all satellites used in the position solution.

Note.— When using additional SBAS satellites for ranging, the receiver uses the clock and ephemeris
parameters in the Type 39/40 message from the ranging SBAS satellite(s), and the covariance and integrity
parameters (e.g. DFREI, delta_Rcorr) in the Type 32 message from the SBAS satellite being used for
corrections.

3.5.15.1.4.14 Prior to use, the receiver shall verify that the tracked SBAS PRN code matches the PRN
code derived from the satellite slot delta field within the almanac data upon reception of the Type 47
message with the broadcast indicator set to “1” or derived from the satellite slot delta field in an active Type
39 message.

3.5.15.1.4.15 In the event of a loss of four successive SBAS messages, the receiver shall invalidate
all DFREIs and DFRECISs previously received from this SBAS PRN.
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3.5.15.1.4.16 The receiver shall check that the tp parameter in Type 32 message, as well as t. and agfo
parameters in Type 39/40 message, are within the effective range indicated in the message tables under
3.5.13. If the effective range check fails, the message shall be discarded.

Note.— Message bits or fields marked as “Reserved” or “Spare” may take any value during the
operational lifetime of the SBAS service.

3.5.15.1.5 The SBAS receiver shall lock on main correlation peak of each of the tracked signals
augmented by the SBAS and used in the SBAS position solution.

3.5.15.2 SBAS satellite position

3.5.15.2.1 Position computation with ephemeris. When using SBAS ranging, the receiver shall
decode Type 39/40 messages and determine the position (Xe, Ys, Zg) of the SBAS satellite using the
protocol described in 3.5.12.3.

3.5.15.2.2 Position computation with almanac. When computing the SBAS satellite position using a
Type 47 message, the receiver shall determine the position (Xg, Y, Zg) of the SBAS satellite using the
protocol described in 3.5.12.2.

3.5.15.3 lonosphere-free differential functions

3.5.15.3.1 GNSS satellite status function. The receiver shall exclude satellites from the SBAS position
solution if they are identified as “Do Not Use for SBAS”.

Note 1.— In the case of a satellite designated marginal or unhealthy by the core satellite
constellation(s) health flags, SBAS may broadcast ephemeris and clock corrections that will allow the user
to continue using the satellite as long as performance requirements in 3.5.14.3.1 are met.

Note 2.— If satellites identified as “Do Not Use for SBAS” by SBAS are used in the position solution,
integrity is not provided by SBAS.

3.5.15.3.2 Core satellite constellation(s) ranging accuracy for precision approach. The RMS
(1 sigma) of the total airborne contribution in steady state to the error in a corrected ionosphere-free pseudo-
range shall be less than or equal to the value in Table B-114 at minimum and maximum power levels.

Table B-114. Core constellation satellite ionosphere-free
receiver ranging accuracy for precision approach

GPS GLONASS Galileo BDS
(See Chapter 3, | (See Chapter 3, | (See Chapter 3, | (See Chapter 3,
3.7.3.1.1.8.6) 3.7.3.1.29.4 3.7.3.1.3.11.1 3.7.3.1.49.4.1
and and and
3.7.3.1.2.10.4) | 3.7.3.1.3.11.2) 3.7.3.1.4.10.4.1)
Minimum power level | 0.4 m 0.65m 04 m 0.4m
Maximum power level | 0.3 m 0.3m 0.3m 0.3m
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3.5.15.3.3 The receiver shall use the protocol described in 3.5.12.4 for the SBAS position solution
and for the constellation time difference if more than one constellation is augmented by the SBAS.

3.5.15.3.4 The receiver shall compute the SBAS horizontal and vertical protection levels as defined
in 3.5.12.5.

3.5.15.3.4.1 The airborne receiver error variance o 3;. p for satellite i shall be computed as follows:

2 g _ 2 - 2 .
0gir prli]l = 050iselil + Oypgacpy prlil
where

0Z,iseli] is defined in 3.5.15.3.2;

Ofipgacoy pr the multipath and antenna group delay variation error model for ionosphere-free dual-
frequency 100-second smoothed measurements, described by a normal distribution with zero mean and a
standard deviation of:

for GPS, Galileo, GLONASS and BDS: oypgagpv prli] = 0.34 + 0.4 exp(—Elge, [i1/14°) (in metres);
and

where Elg., [i] is the elevation angle of satellite i (in degrees).
Note. — The models are valid when the receiver is in a steady state.

3.5.15.3.4.2 For ionosphere-free dual-frequency measurements, the residual ionospheric uncertainty
shall be defined as:

40.0
261.0+(Eldeg [i])Z
where Ely, [i] is the elevation angle (in degrees) of satellite i.

+ 0.018 (in metres)

O-i,iono -

3.5.15.3.5 The parameters in the SBAS FAS data block applicable to DFMC SBAS receivers shall be
as described in 3.5.8.4.2.6 with the exception of the operation type and the approach performance designator
as described below:

Operation type: straight-in approach procedure or other operation types applicable to DFMC SBAS
receivers.

Coding: O = straight-in approach procedure with SPID from 0 to 13
lto7 = spare
8 = straight-in approach procedure with SPID from 16 to 31
9to0 15 = spare

Approach performance designator (APD): shall indicate the SBAS service supporting the requirements in
accordance with Table 3.7.2.4-1 for the approach defined by the FAS data block, including the completion
of a system-specific safety analysis for Category 1 if the vertical alert limit (VAL) in the FAS data block is
greater than 10 m.
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Coding: O = DFMC SBAS or L1 SBAS service

1 = DFMC SBAS service augmenting one or more constellations (L1 SBAS not
supported)

2 = DFMC SBAS service augmenting at least two constellations (L1 SBAS not
supported)

3to4 = Spare

5 = DFMC SBAS service augmenting one or more constellations (L1 SBAS with
reduced continuity/availability)

6 = DFMC SBAS service augmenting at least two constellations (L1 SBAS with
reduced continuity/availability)

7 = Spare

Note 1.— The different APD coding values are intended to communicate potential performance
differences available from the SBAS services at the approach location based on the number of GNSS
frequencies and the number of augmented constellations used. Only DFMC SBAS airborne receivers use
the APD to select the appropriate airborne receiver mode to support the operation. Further information
can be found in Attachment D, 6.6.5.

Note 2.— “L1 SBAS not supported” means that, for a Category I approach, the L1 SBAS service in the
approach region does not meet the system-specific safety assessment for the published VAL. See also the
guidance in Attachment D, 3.3.9 and 6.6.5.

Note 3.— “L1I SBAS service with reduced continuity/availability” means that the L1 SBAS service in
the approach region does not meet the availability or continuity requirements for the approach. Additional
aircraft element integration may be used to satisfy availability and continuity requirements for the
approach. The determination of the SBAS-based position domain NSE availability and continuity, using
additional aircraft element system integration, and the assessment of the suitability of that availability and
continuity for the approach, is the responsibility of the aircraft element. For a Category 1 approach, the
L1 SBAS service does meet the system-specific safety assessment for the published VAL, following the
guidance in Attachment D, 3.3.9 and 6.6.5.

3.5.15.3.5.1 For operations defined by a FAS data block, the receiver shall determine the operational
SBAS service provider identifier (SPID) applicable to the operation as follows: if the operation type is 0,
the operational SPID shall be the value of the FAS data block SPID; if the operation type is 8, the
operational SPID shall the sum of 16 and the value of the FAS data block SPID.

3.5.15.3.5.2 For operations defined by a FAS data block and the operational SPID is not 15, the
receiver shall select SBAS signals with an active SPID decoded from a received Type 47 message that
matches the operational SPID determined from the FAS data block (see 3.5.15.3.5.1).

3.5.15.3.5.3 For operations defined by a FAS data block, the receiver shall use the APD to determine
the acceptable combination of SBAS navigation service (i.e. DFMC SBAS and/or L1 SBAS) and the
number of constellations required to support the intended operation (see Attachment D, 6.6.5).

3.5.15.3.5.4 For operations defined by a FAS data block with an operational SPID of 15 and an APD
of two or six, the receiver shall select SBAS satellites that augment two or more constellations that can be
used by the receiver.

Note.— If the operational SPID is 15 and the APD is not two or six, the receiver can select any
operational SBAS (not broadcasting MTO).
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3.5.15.4 Ranging function

3.5.15.4.1 DFMC SBAS satellite ranging accuracy. The root-mean-square (1 sigma) of the total
airborne contribution in steady state to the error in a corrected ionosphere-free pseudo-range for a dual-
frequency SBAS ranging satellite under the worst interference environment as defined in 3.7, excluding
multipath effects, tropospheric and ionospheric residual errors, shall be less than or equal to 0.8 metres at
the minimum received signal power level or equal to 0.6 metres at the maximum received signal power
level (Chapter 3, 3.7.3.4.6.3).

3.5.15.5 Timing function
3.5.15.5.1 Ifa UTC time is derived from an SBAS receiver through a Type 42 message, the receiver
shall time-out previously received SNT-to-UTC information if the receiver decodes a UTC offset status set

to 1.

3.5.15.5.2 Ifa UTC time is derived from an SBAS receiver through a Type 42 message, the receiver
shall not apply the content of the received Type 42 message if the UTC standard identifier is set to 7.

Note.— The receiver may still use previously received information if not timed-out and if the UTC offset
status is set to 0 in the received Type 42 message.

End of new text.

3.5.9-16 INTERFACE BETWEEN SBAS

Note.— Guidance material on the interface between different SBAS service providers is given in
Attachment D, 6.3.

Figure B-12. L1 Bdata block format

DIRECTION OF DATA FLOW FROM SATELLITE;
< MOST SIGNIFICANT BIT (MSB) TRANSMITTED FIRST

250 BITS/SECOND

24-BIT
| | 216 BIT DATA FIELD | CRC

6-BIT MESSAGE TYPE IDENTIFIER (L5-0 to L5-63)

4-BIT PREAMBLE OF 24 BITS TOTAL IN 6 CONTIGUOUS BLOCKS

Figure B-21. L5 data block format
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ATTACHMENT D. INFORMATION AND MATERIAL
FOR GUIDANCE IN THE APPLICATION OF THE
GNSS STANDARDS AND RECOMMENDED PRACTICES

3. NAVIGATION SYSTEM PERFORMANCE REQUIREMENTS

3.2.9 SBAS and GBAS receivers will be more accurate, and their accuracy will be characterized in
real time by the receiver using standard error models, as described in Chapter 3, 3.5, for SBAS and Chapter
3, 3.6, for GBAS.

Note 1.— The term “SBAS receiver” designates the GNSS avionics that at least meet the requirements
for an SBAS receiver as outlined in Annex 10, Volume | and the specifications of RTCA/DO-229D with
Change 1 (or equivalent) or the specification of the EUROCAE/ED-259 (or equivalent).

Note 2.— The term “GBAS receiver” designates the GNSS avionics that at least meet the requirements
for a GBAS receiver as outlined in Annex 10, Volume | and the specifications of RTCA/DO-253A, as
amended by United States FAA TSO-C161 and TSO-C162 (or equivalent).

3.3 Integrity

3.3.14 GNSS single-frequency augmentations are also subject to several atmospheric effects,
particularly due to the ionosphere. Spatial and temporal variations in the ionosphere will affect mostly
single-frequency navigation because they can cause local or regional ionospheric delay errors that cannot
be corrected within the L1 SBAS or GBAS architectures due to the definition of the message protocols and
the sparse sampling of augmentation systems. Such events are rare and their likelihood varies by region,
but they are not expected to be negligible. The resulting errors can be of sufficient magnitude to cause
misleading information and should be mitigated in the system design through accounting for their effects
in the broadcast parameters (€.9. Giono_vert i GBAS), and monitoring for excessive conditions where the
broadcast parameters are not adequate. The likelihood of encountering such events should be considered
when developing any system monitor. SBAS dual-frequency augmentations use ionosphere-free pseudo-
ranges in order to remove the first order ionosphere delay in the position computation. The dual-frequency
protection level includes a small error allocation to bound the residual ionosphere errors and greatly reduce
the impact of local and temporal variations in ionospheric delays on the navigation solution.

3.3.15 Another environmental effect that should be accounted for in the ground system design is the
errors due to multipath at the ground reference receivers, which depend on the physical environment of
monitoring station antennas as well as on satellite elevations and times in track.
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3.3.16 SBAS needs to assure the integrity of its broadcast corrections as required in Chapter 3, 3.7.2.4,
throughout its coverage area. This requirement also applies outside the intended service area, where user
receivers could navigate using either an SBAS navigation solution, if available, or L1 fault detection and
exclusion (FDE) navigation solution that combines satellites with SBAS corrections and satellites without
SBAS corrections. DFMC SBAS corrections are not intended for use in an FDE navigation solution. The
L1 SBAS contributions to a single-frequency FDE navigation solution are limited to assuring the integrity
of the transmitted corrections. SBAS systems have to comply with all the integrity requirements for all
typical operations from En-route to Category I, defined in Chapter 3, Table 3.7.2.4-1, in the coverage area
when, for a given operation, the horizontal and vertical protection levels are lower than the corresponding
alert limits. This is of particular importance for vertically guided operations using SBAS that are not
controlled by FAS data block.

4.4 GNSS antenna and receiver

4.4.1 The antenna specifications in Appendix B, 3.8.3.1, determine the axial ratio performance of the
antennas. The specifications for the single-frequency only antennas do not control the antenna axial ratio
except at boresight.

4.4.2 Linear polarization should be assumed for the airborne antenna for SBAS GEO signals received
at low-elevation angles. For instance, when receiving an SBAS GEO signal that needs to be provided i#the
at a minimum elevation angle forwhich-a-trackable GEO-sighal-needs-to-be-provided-is-of 5 degrees, the
single-frequency antennas should be presumed to be linearly polarized with —2.5 dBil (—5.5 dBic) gain
when-receiving-this-sighal. This should be taken into account in the SBAS GEO satellite link budget in
order to ensure that the minimum received RF signal at the antenna port meets the requirements of Chapter
3,3.7.3.4.4532and 3.7.3.4.6.3.

4,432 The failures caused by the receiver can have two consequences on navigation system
performance which are the interruption of the information provided to the user or the output of misleading
information. Neither of these events are accounted for in the signal-in-space requirement.

4.4.43 The nominal error of the GNSS aircraft element is determined by receiver noise, interference,
and multipath and tropospheric model residual errors. Specific receiver noise requirements for both the
SBAS airborne receiver and the GBAS airborne receiver include the effect of any interference below the
protection mask specified in Appendix B, 3.7. The required performance has been demonstrated by
receivers that apply narrow correlator spacing or code smoothing techniques.

445 The method for the search of the in-band, near-band and out-of-band maximum non-
aeronautical interference tolerable power consists, for each interference bandwidth BWi, in computing the
largest value of the Spectral Separation Coefficient (SSC) for all PRNs and for all central frequencies fci =
fCLiors +/- max(BWenss/2, BWi/2), where BWenss = 20 MHz. For all GNSS signals’ modulations (BPSK
and MBOC) considered in the SARPs, this process results in an in-band, near-band maximum tolerable
power monotonously increasing with BWi. The out-of-band maximum tolerable power is evaluated for
BWi = 1 kHz.

4.4.6 Following Note 5 in Table B-87 of Appendix B, Table B-87 does not describe non-aeronautical
pulsed interferences in the environment to be considered for the L5 channel in an L1/L5 receiver as their
impact is negligible compared to DME/TACAN and JTIDS/MIDS impact considered in the environment.
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6. SATELLITE-BASED AUGMENTATION SYSTEM (SBAS)

6.1 SBAS may provide an L1 SBAS service augmenting GPS and/or GLONASS constellations, a
dual-frequency, multi-constellation (DFMC) SBAS service augmenting one or more (up to four)
constellations, or both services. The L1 SBAS service uses the L1 message data to support single-frequency
service. The DFMC SBAS service uses the L5 message data to support DFMC SBAS service. The SBAS
messages and data content of the L1 SBAS and DFMC SBAS services are independent and users can only
apply the data from the data channel associated with the specific service. In addition, when the SBAS
supports ranging, the SBAS satellite may be used as a single-frequency ranging source on L1 using the L1
data, or a dual-frequency ranging source combining both L1 and L5 pseudo-ranges using the L5 data. 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, in addition for the L1 SBAS service, ionospheric delays and errors. The user applies a
tropospheric delay model.

6.1.3 The ranging source ephemeris error and slow moving clock error are the primary basis for the
corrections provided in DFMC SBAS service and provided in bases—for the long-term correction in L1
SBAS. The ranging source clock error is adjusted for the long-term correction and tropospheric error and
is the primary basis for the fast correction provided in L1 SBAS service. The ionospheric errors among
many ranging sources are combined into vertical ionospheric errors at predetermined ionospheric grid
points. These errors are the primary bases-basis for ionospheric corrections provided in L1 SBAS service.
No fast corrections are provided in DFMC SBAS service as a result of the slow clock drift performance of
GNSS core constellations. No ionospheric corrections are provided in DFMC SBAS service as DFMC
SBAS corrections are provided for ranging derived from the ionosphere-free combination of satellite signals,
which removes almost all ionospheric delay from the ranging measurements.

6.2 SBAS coverage area and service areas

6.2.1 It is important to distinguish between the coverage area and service areas for an SBAS. A
coverage area typically corresponds to the GEOs-union of SBAS satellite footprint areas and comprises one
or more service areas. Service areas are declared by SBAS service providers or by the State or group of
States managing the SBAS, for the typical operations defined in Table 3.7.2.4-1 (e.g. En-route, APV-I,
Category I) where the corresponding accuracy, integrity and continuity requirements are met with a certain
availability (e.g. 99 per cent). Some SBAS service providers publish service areas of their systems (e.g.
WAAS Performance standard, EGNOS Service Definition Document and AIPs). The service area for En-
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route may be wider larger than the service area for APV-1. DEMC SBAS can provide service areas that can
be larger than service areas provided by L1 SBAS for the same service levels. For the GNSS receiver, the
SIS is usable whenever the protection levels are lower than the alert limits for the intended operation
(VPL<VAL and HPL<HAL), irrespective of whether or not the GNSS receiver is inside the corresponding
service area defined by the SBAS service provider. SBAS systems support 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 can provides a single-frequency ranging source on L1. L1 ranging can be used in
the SBAS solution or for use-with other augmentation(s) (ABAS, GBAS or other SBAS); SBAS
can provide a dual-frequency ranging source using L1 and L5 frequencies suitable for a DFMC
SBAS position derived from the broadcasting SBAS system.

b) Satellite status and basic differential corrections: L1 SBAS provides en-route, terminal, and
non-precision approach service. Different operations (e.g. performance-based navigation (PBN)
operations) may be supported in different service areas;

c) Precise differential corrections: L1 SBAS provides APV and precision approach service (i.e. APV-
I;--ARM-H and Category | precision approach may be supported in different service areas)-;

d) lonosphere-free differential correction: DFMC SBAS provides en-route, terminal, non-precision
approach, APV and precision approach service (i.e. APV-I and Category | precision approach).
Different operations (e.g. PBN operations) may be supported in different service areas.

6.2.2 Satellite-based augmentation services are provided by the Wide Area Augmentation System
(WAAS) (North America), the European Geostationary Navigation Overlay Service (EGNOS) (Europe and
Africa), the Michibiki Satellite-based Augmentation Service (MSAS) (Japan) and the GPS-aided Geo-
augmented Navigation (GAGAN) (India). The System effor Differential Correction and Monitoring
(SDCM) (Russia), the BeiDou Satellite-based Augmentation System-SBAS (BDSBAS) (China), the Korea
Augmentation Satellite System (KASS) (Republic of Korea), the SBAS for Africa and Indian Ocean (A-
SBAS) (ASECNA) and the Southern Positioning Augmentation Network (SouthPAN) (Australia and New
Zealand) 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,anré basic differential corrections and ionosphere-free differential correction
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. L1 SBAS mitigates
errors which cannot be monitored by its ground network through message Types 27 or message Type 28.
DFMC SBAS mitigates errors that cannot be monitored by its ground network through message Type 32.

6.2.4 Each State is responsible for approving SBAS-based operations within its airspace. In some
cases, States will field SBAS ground infrastructure linked to an SBAS. In other cases, States may simply
approve service areas and SBAS-based operations using available SBAS signals. In either case, each State
is responsible for ensuring that SBAS meets the requirements of Chapter 3, 3.7.2.4, within its airspace, and
that appropriate operational status reporting and NOTAMs are provided for its airspace.
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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 number of visible satellites for which that SBAS
provides status and basic corrections would be reduced. Since L1 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. Unlike the L1 SBAS service that can only
provide ionospheric delay estimate near the SBAS reference network, the ionosphere-free differential
corrections will provide a valid solution in airspace located relatively far from the SBAS reference network.
In most cases, there will be overlap of DFMC services from neighbouring SBAS systems and users will be
able to transition directly from one SBAS system to another. There is no benefit from the combination of
ranging sources corrected by two or more SBAS services, but there would be additional error bounding to
account for potential differences among SBAS services. Therefore, the use of multiple SBAS is not
permitted when using dual-frequency service.

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 NOTAMSs. 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 geestationarny—orbit satellite coverages (footprints) overlap, it there will be
necessary for SBAS equipment to handle selection and transition mechanisms-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 for an L1-only SBAS provider to monitor and send integrity and correction data for a
geostationary orbit satellite that belongs to another SBAS service provider. For L1 SBAS, augmenting
ranging SBAS satellites can improve—Fhis—mproves availability by adding ranging sources for user
receivers that can track additional SBAS satellites. This improvement does not require any interconnection
between SBAS systems and should be accomplished by all SBAS service providers. For DFMC SBAS, the
ranging signal from the SBAS PRN in use may be used. Ranging signal from other SBAS satellite(s) from
the same provider may be used with Type 32 message augmentation. Ranging signal from other SBAS
providers cannot be used.
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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 and ionosphere-
free differential 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) or dual-frequency range error
(DFRE) for each ranging source after application of fast (L1 SBAS) and long-term (L1 and DFMC SBAS)
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 beth-basic-and, precise and ionosphere-free differential corrections induced by using
old but active data. These models are used to modify the UDRE/DFRE 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-anrd-/GIVE or
DFRE 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 (oupre). 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 cupre. For the
basic differential function, the residual ephemeris error should be evaluated and may be determined to be
negligible.



B-185

6.3.7 lonosphere-free residual clock and ephemeris error (oprre). 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 ionosphere-free differential correction
function, the SBAS provider will ensure that the residual error for all users within a coverage area is
reflected in the oprre. The residual error needs to account for the increased noise in the ionosphere-free
dual-frequency combination.

6.3.78 Vertical ionospheric error (ocive). 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 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.

6.3.89 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 described in Appendix B, 3.6.5.5.1.1.2 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 3.5.15.3.2) and extrapolated to typical signal conditions. Specifically, the aircraft can be
assumed to have 6%ir = G’receiver T O2multipath, Where it is assumed that Greceiver is defined by the RMSy air
specified for GBAS Airborne Accuracy Designator A equipment, and omurtipath 1S defined in Appendix B,
3.6.5.5.1 for L1 SBAS equipment and 3.5.15.3.4.1 for DFMC SBAS equipment. 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. The standard multipath model in Appendix B, 3.5.15.3.4.1
accounts for multipath error in the ionosphere-free combination.

6.3.9-10 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 and 3.5.15.3.4. 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 (Giropo)-

6.4 RF characteristics

6.4.1 Minimum SBAS L1 GEO signal power level. The minimum aircraft equipment (e.g. RTCA/DO-
229D with Change 1) is required to operate with a minimum signal strength of —164 dBW at the antenna
port in the presence of non-RNSS interference (Appendix B, 3.7) and an aggregate RNSS noise density of
—-1732.8 dBm/Hz. In the presence of interference, receivers may not have reliable tracking performance for
a signal strength at the antenna port 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 receiving antenna port 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 minimum standard (e.g. RTCA/DO-301) 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.
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6.4.2 Minimum SBAS L5 signal power level. The minimum aircraft equipment is required to operate
with a minimum signal strength of —158 dBW at the antenna port in the presence of non-RNSS interference
(Appendix B, 3.7) and an aggregate RNSS noise density of —-171.4 dBm/Hz. An SBAS satellite that delivers
a signal power below —158 dBW at the receiving antenna port 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 SBAS satellite 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 of 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.

6.4.23 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. In L1 SBAS only, i}f 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.
Mix of uncorrected and SBAS corrected measurement is not allowed in DFMC SBAS. L1 SBAS and
DFMC SBAS services are independent. The SBAS network time used for L1 SBAS and that used for
DFMC SBAS may be different. In DFMC SBAS, a time reference identifier parameter is broadcast in Type
37 message to inform DFMC user about the core constellation time reference used to steer the SBAS
network time in DFMC SBAS (see Chapter 3, 3.7.3.4.7.2 which specifies the maximum time difference
between SNT and core constellation reference time). It refers to the time reference of a GNSS constellation,
which will be assumed to be the constellation of reference when computing SBAS user position and
estimating time offset for other constellation augmented by the SBAS system.

6.4.34 SBAS convolutional and bi-binary encoding. Information on the convolutional coding and
decoding of L1 SBAS messages can be found in RTCA/DO-229D with Change 1, Appendix A. Information
on the convolutional coding and decoding of DFMC SBAS messages can be found in EUROCAE/ED-259,
Appendix A. The SBAS L5 signals use bi-binary (Manchester) encoding (see section 1). SBAS L5 signals
without bi-binary encoding are suitable for testing and validation purposes only. Figure D-19 shows the
convention of the bi-binary encoding, where a “0” is expressed by a low-to-high transition (“0 during the
first half of the bit period and “1” during the second half) and where a “1” is expressed by a high-to-low
transition (“1” during the first half of the bit period and “0” during the second half).

500 bits-per-second bits 1 0 1 1 0 0 1 0 0

500 symbols per second (not Manchester
encoded)

500 Manchester encoded symbols per second LJ LIJIIII

Figure D-19. Bi-binary (Manchester) encoding scheme

6.4.45 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.
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6.4.56 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 and Appendix
B, 3.5.15.1.1.3. For GEOs supporting L1 SBAS ranging for which the on-board RF filter characteristics
have been published in RTCA/DO-229D with Change 1, 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/DO-229D with Change 1. For other SBAS GEOs-satellites supporting L1 SBAS ranging
or DFMC SBAS ranging, 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 satellites-GEOs. This effect can be minimized by ensuring that
the satellites-GEOs have a wide transmission bandwidth and small group delay across the pass-band.
Additionally, the DFMC SBAS tracking error in Appendix B, 3.5.15.4.1 is developed with the presumption
that the SBAS L1 signal supporting DFMC SBAS ranging is a wideband signal. SBAS service providers
are expected to ensure that the DFREs bound the residual errors including tracking bias errors for the DFMC
SBAS ranging signals.

6.4.67 SBAS pseudo-random noise (PRN) codes. RTCA/DO-229D with Change 1, Appendix A,
provides two methods for SBAS L1 PRN code generation. EUROCAE/ED-259, Appendix A, provides a
method for SBAS L5 PRN code generation.

6.4.8 SBAS L5 carrier phase noise. A practical way to comply with the SBAS L5 code carrier noise
requirement would be to comply with the following table specification:

Table D-15. L5 carrier phase noise

Frequency offset from L5 carrier (Hz) Phase noise relative to the carrier
(dBc/Hz)
0 0
il -19.5
5 -47.5
10 -52.5
10? -66.5
10° -74.5
10 -85.5
10° -90.5
3x10° -90.5
Greater than 10° -92.5

6.4.9 Cross-correlation loss. Cross-correlation loss is defined as the ratio of the following two
correlation outputs: (1) the actual received signal correlated against a perfect unfiltered reference signal;
and (2) a perfect unfiltered signal normalized to the same total power as the signal in case (1), correlated
against a perfect unfiltered reference signal. The correlation loss can be calculated as indicated in the
equation below:

i,
20 Log,,

S | 148
l: VCxx Cyr }
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where “Cxx” is the value resulting from correlation of the unfiltered reference signal with itself, “Cyy” is
the value resulting from correlation of the actual received signal with itself, and “Cxy” is the value resulting
from correlation of the actual received signal with the unfiltered reference signal when these two signals
are optimally aligned for maximal cross correlation. The bracketed term above is the correlation coefficient
between the actual received signal and the unfiltered reference signal.

6.5 SBAS-dData characteristics on SBAS L1 signal

6.5.1 SBAS messages. Due to the limited bandwidth, SBAS L1 signal data is encoded in messages
that are designed to minimize the required data throughput. RTCA/DO-229D with Change 1, Appendix A,
provides detailed specifications for SBAS messages.

6.5.2 Data broadcast intervals. The maximum broadcast intervals between L1 SBAS messages are
specified in Appendix B, Table B-54. These intervals are such that a user entering the L1 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-229D with Change 1, although other models can be used.

6.5.5 Multipath considerations. Multipath is one of the largest contributors to positioning errors for
L1 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.
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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, L1 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, sectien 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 Appendix B, 3.5.8.4.2.6.1 and Table B-57A, with additional description of fields used by DFMC
SBAS user equipment in Appendix B, 3.5.15.3.5. The format— is the same as the GBAS FAS data block
defined in Appendix B, section 3.6.4.5.1 and Table B-66, with the following exceptions. The SBAS FAS
data block also contains the HAL and VAL to be used for the approach procedure as described in 6.3.4.
SBAS user equipment interprets certain fields differently from GBAS user equipment and DFMC SBAS
user equipment uses two fields not used by L1 SBAS user equipment. The new fields have been defined
such that existing FAS data blocks designed for the L1 SBAS service are compatible for use with DFMC
SBAS user equipment. FAS data blocks that have APD codings other than 0 are only for use by and should
only be installed on aircraft with DFMC SBAS user equipment.

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 civil authorities. States are responsible for providing the FAS data for
incorporation into the database.

6.6.3 An example of the coding of FAS data block for SBAS is provided in Table D-1. This example
illustrates the coding of the various application parameters, including the cyclic redundancy check (CRC).
The engineering values for the message parameters in the table illustrate the message coding process.

6.6.4 DFMC SBAS user equipment uses the operation type field from the FAS data block to
determine the required SBAS service provider identifier (SPID) for the approach. The DFMC SBAS service
broadcasts a 5-bit SPID while the FAS data block only supports a 4-bit SPID. To differentiate the additional
16 SPID values, the DFMC SBAS user equipment looks for the operation type field. User equipment that
receives an operation type of 0 or does not read the operation type field will interpret the SPID as published
with values between 0 and 15. User equipment that receives an operation type of 8 will add 16 to the value
of the SPID from the FAS data block, resulting in a range from 16 to 31. This expanded range can only be
broadcast on the DFMC SBAS service and is intended for use by SBAS systems that only provide a DFMC
SBAS service.
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Table D-1. Example of an SBAS FAS data block
PROCEDURE
DATA DESIGN FAS DB BINARY
CONTENT BITS | RANGE OF CODING RULES VALUES VALUE BINARY REPRESENTATION | HEXADECIMAL
DESCRIPTION |USED | VALUES |RESOLUTION (Note 5) PROVIDED USED DEFINITION (Note 1) REPRESENTATION
Operation Type 4 [0..15] 1 0: Straight-in approach Straight-In 0 ma..My 0000 08
procedure
1-7: Spare
8: Straight-in approach
with SBAS service
provider 1D extension
9-15: Spare (Note 1)
SBAS service 4 [0..15] 1 For operation type = 0 EGNOS 1 Ms..Ms 0001
provider ID 0-13: See Table B-27
14 : GBAS only
15 : Any SBAS provider
For operation type = 8
0-—15: SBAS service
provider 1D 16 to 31
(See Table B-27)
Airport ID 32 011012013014 - a1, az, a3 = [0..9, A..Z] LFBO LFBO Mao..M33 ‘L’ 00 001100 FO0 40 60 30
a4 = [<space>, 0.9, A..Z] Maz..M2s5 ‘F* 00 000110
Dout = ASCII value & 3F Maa4..M17 ‘B’ 00 000010
Mie..My ‘0’ 00 001111
(Note 2)
Runway 6 [01..36] 1 - 14 14 Mag..May 001110 72
number
Runway letter 2 [0..3] 1 0 : No letter R 1 Mag Ma7 01
1:Rightl
2: Centre (C)
3: Left(L)
Approach 3 [0.7] 1 Notused-by SBAS 0 (default 0 Ms1..Mag 000 0B
performance vahue- L1
designator See Appendix B, SBAS or
35.15.35 DFMC
SBAS)
Route indicator 5 o - a = [<space>, A..Z] z z Mse..Ms2 11010
a#tlanda#0
Reference path 8 [0..48] - Not used by SBAS 0 (default 0 Méa..Ms7 00000000 00
data value)
selector
Reference path 32 010203014 - a=[E, M, W] E14A E14A Mos..Msy 'E' 00 000101 802C 8C A0
identifier az, o3 = [0..9] Mgg..Mg1 '1' 00 110001
a4 = [<space>, A, B, D..K, Mgo..M73 '4' 00 110100
M..Q, S..Z] M72..Mes ‘A’ 00 000001
Dour = ASCHI value & 3F (Note 2)
LTP/FTP 32 [-90.0°.. 0.0005 arcsec | Dconvi = Din-> rounding Din= Dconvi = Ma2g..M121 00010010 AD 47 5D 48
latitude 90.0°] method (Note 3) 43°38'38.810 | 43°38'38.810 | mizo..Mu13 10111010
Dconvz = Dconvi -> 3"N 5" N Ma12..M1os 11100010
decimal (sec) Dconvz = Mao4..Mg7 10110101
Dout = Dconvz X 2 000 157118.8105
N : Dour sec
S : Two's complement Dour =
(Dour) 314 237 621
LTP/FTP 32 [-180.0°.. 0.0005 arcsec | Dconvi = Din-> rounding Din= Dconvi = Mago..Mis3 00000000 7A 7B C9 00
longitude 180.0°] method (Note 3) 001°20'45.35 | 001°20453590°E|  Musz..Muas 10010011
Dconvz = Dconva -> 91"E Dconvz = Misa..M137 11011110
decimal (sec) 4845.359 sec |  Mize..M12g 01011110
Dout = Dconvz x 2 000 Dour=
E : Dout 9690 718
W : Two's complement
(Dour)
LTP/FTP height | 16 [-512.. 0.1m Dconv = round (D, Din= Dconv = Ma76..M169 00011001 F398
6041.5] resolution) 148.74m 148.7 Mies..Mi61 11001111
Dour = (Din+512) x 10 Dour = 6 607
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PROCEDURE
DATA DESIGN FAS DB BINARY
CONTENT BITS | RANGE OF CODING RULES VALUES VALUE BINARY | REPRESENTATION | HEXADECIMAL
DESCRIPTION |USED| VALUES |RESOLUTION (Note 5) PROVIDED USED DEFINITION (Note 1) REPRESENTATION
AFPAP latitude | 24 | [-1.0°..1.0°] | 0.0005 arcsec |Dconvi= Din -> rounding Din=- Dconvi = - M2o0..M193 11111101 B4 CO BF
method (Note 3) 0°01'37.8973" | 00°01'37.8975" | Mi1g2..M1ss 00000011
Dconva = Dconvi -> Dconvz = - Maga..M177 00101101
decimal (sec) 97.8975"
Dout = Dconvz X 2 000 Dour = Two's
+: Dout complement
- : Two's complement (195795)
(Dour) Dout =
16 581 421
AFPAP 24 [-1.0°..1.0°] | 0.0005 arcsec |Dconvi = Din -> rounding Din= Dconvi = M224..M217 00000011 5A 38 CO
longitude method (Note 3) 0°01'41.9329 | 0°01'41.9330" Ma216.M209 00011100
Dconvz = Dconvi -> " Dconvz = M208..M201 01011010
decimal (sec) 101.9330"
Dout = Dconvz X 2 000 Dout =
+: Dour 203 866
- : Two's complement
(Dour)
Approach TCH 15 |[0..1638.35m] 0.05m Dconv = round (Din, Din=15.00m| Dconv = Ma39..Ma233 0000001 3481
[0..3276.71t] 0.1ft resolution) 15.00m Ma32..M225 00101100
m : Dout = Din x 20 Dour = 300
ft : Dout = Din X 10
Approach TCH 1 [0,1] - 0: feet m 1 Maa0 1
units 1: metres
selector
Glide path angle | 16 [0..90.00°] 0.01° Dconv = round (D, Din =3.00° Dconv = Mas6..M24g 00000001 3480
(GPA) resolution) 3.00° Ma4g..M241 00101100
Dout = Din x 100 Dout = 300
Course width 8 [80.00m.. 0.25m Dconv = round (Din, Din= Dconv = Mas4..Mas57 01100100 26
143.75m] resolution) 105.00m 105.00m
Dout = (Dconv - 80) x 4 Dout = 100
ALength offset 8 [0..2032m] 8m Dconv = round (Din, Din = Dconv = M272..M265 00100100 24
resolution) 284.86m 288m
Dour = (integer division Dour = 36
of Dconv by 8) + 1
Dour = 255 : not provided
value
Horizontal alert 8 [0..50.8m] 0.2m Dconv = round (D, Din = 40.0m Dconv = Mzgo..M273 11001000 13
limit (HAL) resolution) 40.0m
Dour =Din*5 Dour = 200
Vertical alert 8 [0..50.8m] 0.2m Dconv = round (D, Din =50.0m Dconv = Magg..M2g1 11111010 5F
limit (VAL) resolution) 50.0m
Dour = Value * 5 Dour =250
Dour =0 : vertical
deviations cannot be used
Final approach 32 [0..2%2-1] Dour = remainder (P(x) / - - 132..125 10101110 75 C3 26 F1
segment CRC Q(x)) I24..117 11000011 (Note 4)
I16..r'y 01100100
rs..l 10001111
Notes.
1. The rightmost bit is the LSB of the binary parameter value and is the first bit transmitted to the CRC calculator.
2. The two most significant bits of each byte are set to 0 (see bold characters).
3. The rounding methodology is provided in the PANS-OPS (Doc 8168) Volume II.
4. The FAS CRC value is displayed in the order ras..rs, riz..r2s, re..rs, ri..rs where riis th i"" coefficient of the remainder R(x) as defined in Appendix B, 3.9 .
5. Div : raw data value, Dconv : converted data value according to coding rules, Dour : coded data value.

Editorial note — Insert new text as follows:

6.6.5 DFMC SBAS user equipment uses the approach performance designator (APD) field to identify
which of the SBAS services provide adequate performance to support the procedure identified in the FAS
data block. The service modes are the L1 SBAS service, the DFMC SBAS when one or more augmented
constellations are usable, and the DFMC SBAS service when two or more augmented constellations are
usable. Constellations are usable when the SBAS provides augmentation and the user equipment can use
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the augmentation. For procedures using APV performance level, the user equipment can check the
computed protection level(s) against the associated alert limit(s) to determine suitability of the navigation.
For procedures using the Category 1 performance level, the integrity referred to in Chapter 3, Table 3.7.2.4.-
1, Note 2 requires a system-specific safety analysis when the VAL is set to be greater than 10 m. This
includes a performance assessment that the SBAS service provider makes, which the ANSP can use to
support the decision on the APD coding for published procedures. Since the DFMC SBAS service will have
a significantly larger service volume than the L1 SBAS service, ANSPs will be able to publish approach
procedures based on DFMC SBAS services that an associated L1 SBAS service cannot fully support. In
some circumstances, the L1 SBAS service might not meet the availability or continuity for the approach
but would otherwise meet the performance requirements and could be used, if available. ANSPs can then
publish the procedure with APD codings of 5 or 6 based on the L1 SBAS service performance provided by
the SBAS service provider. In some circumstances, when the L1 SBAS service does not meet the criteria
in 3.3.9 or when the ANSP determines that the L1 SBAS service is not suitable for use, ANSPs can then
publish procedures with APD codings of 1 or 2. The table below provides an indication of when the different
APD codings are appropriate. ANSPs code DFMC SBAS procedure with an APD of 1 or 2 when there is
no L1 SBAS service deemed to be available in support of flying the published approach.

0 e Any procedure based on the APV performance level when the L1 SBAS service meets
availability and continuity.

e Any procedure using the Category 1 performance level when the L1 SBAS service meets
availability, continuity, and the system-specific safety assessment.

1 e Any procedure based on the APV performance level when the ANSP wants to control the
operation to DFMC mode only with at least one constellation.

e Any procedure based on the Category 1 performance level when the system specific safety
assessment is met with the DFMC SBAS service with at least one constellation, but would
not be met with an L1 SBAS service.

2 e Any procedure based on the APV performance level when the ANSP wants to control the
operation to DFMC mode only and two or more constellations are required to meet the
availability and continuity requirements with the DFMC SBAS service.

e Any procedure based on the Category 1 performance level when the system specific safety
assessment is met with the DFMC SBAS service but would not be met with an L1 SBAS
service, and two or more constellations are required to meet the availability and continuity
requirements with the DFMC SBAS service.

5 e Any procedure based on the APV performance level when the L1 SBAS service is not
expected to meet availability or continuity while DFMC SBAS service meets availability
and continuity with at least one constellation.

e Any procedure based on the Category 1 performance level when both the DFMC and L1
SBAS services satisfy the system specific safety assessment, although the L1 SBAS
service is not expected to meet availability and/or continuity.

6 e Any procedure based on the APV performance level when availability and continuity are
met only using a DFMC SBAS service augmenting more than one constellation. Neither
single constellation DFMC SBAS, nor a L1 SBAS service are expected to meet availability
and continuity.

e Any procedure based on the Category 1 performance level when availability and
continuity are met only using a DFMC SBAS service augmenting more than one
constellation. Neither single constellation DFMC SBAS, nor a L1 SBAS service are
expected to meet availability and/or continuity, but all services meet the system specific
safety assessment.
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6.6.6 User equipment not designed to process DFMC SBAS (e.g. compliant with RTCA/DO-229
standards) is not required to use the APD field (see Chapter 3, Appendix B, 3.5.8.4.2.6.1) whereas DFMC
SBAS equipment uses this field. SBAS procedures developed for L1 SBAS service use an APD coded as
0. The 0 coding is therefore retained for procedures supported by both L1 SBAS and DFMC SBAS. SBAS
user equipment not designed to process DFMC SBAS (e.g. compliant with RTCA/DO-229 standards)
should only be used in combination with FAS data blocks with APD set to 0.

6.7 DFMC SBAS considerations

6.7.1 Data broadcast intervals. The maximum broadcast intervals between DFMC SBAS messages
are specified in Appendix B, Table B-107. These intervals are such that a user entering the DMFC SBAS
coverage area is able to output a corrected position along with SBAS-provided integrity information in a
reasonable time. For en-route, terminal, NPA and precision approach operations, all needed data will be
received within 3 minutes considering a maximum of 92 satellites set in the DFMC SBAS mask. 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 number of
constellations augmented and the number of SBAS satellites used by the service provider.

6.7.2 DFMC SBAS mask

6.7.2.1 SBAS mask parameters. Appendix B, Table B-91, provides the mapping between the DFMC
SBAS satellite mask and GNSS satellites. It was decided to define specific satellites per constellation that
could be augmented in DFMC SBAS. It concerns the GPS PRN numbers 1 to 32 and 120 to 158 (SBAS
PRN), GLONASS ID number 1 to 37, Galileo SVID 1 to 36 and BDS ranging code number 1 to 37. If any
constellation broadcasts a signal from a satellite identified with a parameter exceeding the ranges specified,
this satellite is not eligible for DFMC SBAS augmentation. DFMC SBAS mask broadcast in Type 31
message is independent from the L1 SBAS mask broadcast in Type 1 message even if both services are
delivered by an SBAS provider.

6.7.2.2 SBAS mask transition. The Standard does not specify the means to conduct a mask transition,
therefore SBAS providers might choose different mask transition strategies. The user requires a valid mask
to decode the integrity messages sent every six seconds in the Type 34, 35 or 36 messages. The user needs
to receive a valid integrity message at least every 12 seconds in order to continue vertical operations, since
the integrity parameters time out after 12 seconds. The satellite mask message (Type 31) is valid for 360
seconds. Therefore, one method for mask transitions would be to start the transition with the broadcast of
a new Type 31 message while continuing to reference the old Type 31 in the integrity messages. After the
second (or third) transmission of the new Type 31, the SBAS would transition the integrity messages to use
the new satellite mask message. Users should be able to receive the new satellite mask with two or three
transmissions and, in the meantime, would continue to operate normally. Other satellite mask transition
options could be used such as: broadcast two integrity messages per cycle, one using the old satellite mask
and one using the new satellite mask. SBAS providers need to assess the impact on continuity of service
associated with the selected mechanism for SBAS mask transition when the user misses some messages.

6.7.3 DFMC SBAS almanac and ephemeris generation. The DFMC SBAS ephemeris and almanac
messages were designed to provide a set of Keplerian parameters. This design enables using SBAS satellites
whose orbits are not geostationary ones. The DFMC SBAS ephemeris and almanac messages enable the
broadcast of satellites in MEO, HEO, IGSO and GEO orbital position. For some special case orbits, like
low-inclination (geostationary) orbits or circular, zero eccentricity orbits, some of the Keplerian parameters
are not well defined and therefore are not unique. Valid sets of Keplerian parameters exist and the user will
be able to properly determine the satellite position provided the SBAS creates a valid set of parameters.
SBAS providers can set the problematic parameters to constant values and the resulting ephemeris or
almanac fit will converge to a good solution. The SBAS calculation removed the rate of right ascension of



B-194

ascending node (RAAN) since the validity time of the ephemeris is short. Proper selection of the harmonic
correction to argument of latitude can correct the error introduced by the removal of rate of RAAN for the
geostationary satellite case. For the case of inclined orbits, the error is still not negligible and the
compensation needs to include IDOT in combination with Cys and Cyc. These correction parameters were
chosen in general as they allow for (roughly) along-track (Cus, Cyc) and cross-track (IDOT) corrections.
Since the elimination of rate of RAAN is addressed by other parameters, a long parameter fitting interval
may degrade accuracy of SBAS satellite position.

6.7.4 Integrity considerations

6.7.4.1 General. While the SBAS corrections remove the observable error, there remains some
uncertainty on the residual error. The SBAS ground segment selects DFREs to broadcast to provide
protection level bounding of the user’s residual position errors after the application of SBAS corrections.
The SBAS ground segment should account for the growth of the uncertainty in the nominal error that occurs
when the user applies any received augmentation data that remains valid (has not timed out). The SBAS
ground segment can choose and broadcast the associated degradation parameters to help maintain this
bounding. This ensures that alerts will not be necessary under normal conditions over the validity period of
the corrections and the DFRESs. As the uncertainty increases, the SBAS can increase the DFRES to maintain
adequate bounding. Provided that the degradation parameters add sufficient bounding to meet the integrity
requirements of Appendix B, 3.5.14.3, an increase in the current DFRES to cover nominal behaviour will
not require an alert to protect users still applying older active values. As specified in Appendix B, 3.5.14.4.2,
the SBAS system is required to monitor for satellite ranging faults and applicability of active SBAS data.
During this monitoring, the SBAS is required to maintain integrity. For some monitored behaviours, like a
clock run-off, if the errors are consistent with the SBAS system design and integrity analysis and the errors
continue to be bounded by the active previously broadcast DFREs in combination with the degradation
parameters, the SBAS should not broadcast an alert in order to maintain continuity. If the SBAS determines
that old but active data with the degradations applied will not meet the integrity requirement, then the SBAS
will broadcast an alert for that satellite. The alert could be in the form of larger DFREISs, up to and including
the value indicating “Do Not Use in SBAS Mode”. For other monitored cases, like detection of abnormal
signal quality, the SBAS may be better served to broadcast an alert for the satellite directly to “Do Not Use
in SBAS Mode”.

6.7.4.2 Mechanism. There are several means to provide an alert. The alert sequence consists of a
broadcast of at least four consecutive instances of data that will mitigate the misleading information. For
individual satellites, it is often sufficient to broadcast larger DFREs to bound the error. This provides
protection for all satellite data including that with longer time-out periods. Through this use of DFRESs to
alert, once the alerting condition has cleared, the nominal performance can be restored quickly by
broadcasting nominal DFREs. The SBAS should expect that the user will miss messages and could be using
any data that was previously broadcast that has not yet reached its time-out. When sending larger DFRE
data to mitigate the misleading information, the SBAS sends the new DFRE in at least four consecutive
messages. Since the DFRE terms are found in several different messages, it is possible to mix messages to
achieve this repetition, such as four consecutive Type 32 messages or four consecutive Type 34/35/36
messages, or a combination of four consecutive Type 32 and integrity messages.

6.7.4.3 Use of Type 0 message for alerts. If necessary, to remove active data from the user receiver,
SBAS can broadcast Type 0 messages. If the active data results in misleading information, the SBAS may
use Type 0 message as an alert and send it in four consecutive messages. The reception of Type 0 messages
will result in users dropping L5 data sent by the broadcasting satellite on the respective link. The use of
Type 0 messages to alert individual satellites is generally not necessary as the use of larger DFREIs can
provide for satellite alerts with less impact to the SBAS service.
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6.7.4.4 Missed messages and use of Type 0 messages. Since the alert is required to be sent four times,
a receiver might miss an alert if it misses four consecutive messages. For safety during approach operations,
when the receiver misses four messages, it is required to invalidate all DFREIS/DFRECIs (see Appendix B,
3.5.15.1.4.15). The receiver could resume using correction data upon reception of an appropriate set of
DFREIs with no other changes, as might occur with the reception of a Type 35 or Type 36 message. The
SBAS should consider the possibility that the user receiver missed an alert sequence and should continue
to broadcast DFREIs or DFRECIs consistent with the alerted value for all correction data that remains valid.
This is also true following broadcast of a Type 0 message. If the user misses four or more messages, the
user will only time out the DFREIS/DFRECIs and not remove other data. Therefore, the SBAS should
consider how to resume nominal broadcast sequence following a Type 0 message alert sequence. The SBAS
could continue to broadcast Type 0 messages or make impacted satellites unavailable until the misleading
broadcast data has timed out. Transition from alerting through Type 0 messages to alerting through “Do
Not Use for SBAS” may permit the receiver to use new SBAS data sooner.

6.7.5 Integrity data

6.7.5.1 Integrity messages. The DFMC SBAS concept defined three message types to provide
integrity information with a repetition not to exceed six seconds. DFMC SBAS will broadcast integrity data
for all satellites set in the satellite mask (Type 31 message), and can use any combination of these messages.
The integrity messages are Types 34, 35 and 36. The Type 35 message provides DFREI information for the
first 53 satellites in the Type 31 mask message and can be the sole message used when the SBAS augments
53 or fewer satellites. The Type 36 message is similar to the Type 35 message and is used together with the
Type 35 message to broadcast DFREI information for satellites 54 to 92. Using a paired Type 35/36
message doubles the number of integrity messages being sent and might reduce the ability to send other
information (e.g. correction information) more frequently compare to the minimum required. The Type 34
message is an option to provide integrity information for up to 92 satellites in a single SBAS message.

6.7.5.2 Use of the integrity message. The Type 34 message gives a means to provide integrity
information for up to 92 satellites in a single message through the use of a 2-bit DFRE change indicator
(DFRECI) instead of a 4-bit DFREI for each satellite. The Type 32 message provides the actual DFREI.
For most operations, the DFREI will stay the same or only change by one increment during the time-out
period of the DFREI. Therefore, the two-bit indicator has only four states indicating the following: 1) no
change in DFREI, used to indicate that all broadcast, valid DFREIs remain valid; 2) increase the DFREI by
one step (bump); 3) the Type 34 message will provide a new DFREI in one of seven slots allocated for
DFREI updates in the message; or 4) indicate that the satellite is “Do Not Use for SBAS”. The user could
apply the indicator to the last received DFREI that has not timed out. The SBAS system design accounts
for the user missing prior broadcast DFREI and/or DFRECI values. The SBAS cannot expect the user to
have the most recent DFREI and monitors all old but active data transmitted to comply with the integrity
requirement in Appendix B, 3.5.14.3.1. The SBAS can provide seven DFREIs in the Type 34 message. If
the SBAS provider needs to increase more than seven DFREIs by more than one DFREI value, then the
SBAS provider has two options, either set satellites that cannot be coded in the DFREI field to “Do Not
Use for SBAS”, or provide DFREIs using the Type 35 or Type 36 message. The SBAS provider can
broadcast a DFRECI set to 0 corresponding to an existing higher DFREI value when a lower one could be
broadcast. The DFRECI bump is not cumulative and can apply to any broadcast DFREI that could still be
valid. Each Type 32 satellite correction message contains a DFREI. Any DFREI sent in a Type 32 message
is valid until its time-out unless a new DFREI has been sent in multiple consecutive Types 34, 35 or 36
messages. When SBAS sends a new DFREI in all integrity messages broadcast during the DFREI validity
period, SBAS can consider that the user will have the new DFREI and that the DFREI value broadcast in
the previous Type 32 message has been replaced.

6.7.5.3 Use of DFMC SBAS integrity message for alerting. When an SBAS augments 53 or fewer
satellites or uses the Type 34 message, the SBAS can send an alarm sequence using consecutive Type 34
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or Type 35 messages and meet the alarm requirement. When an SBAS augments more than 53 satellites
and chooses to use the Type 35/36 message pair, the alert logic becomes more complex. If all the satellites
for which an alert needs to be sent are in the same message type, then that message type could be broadcast
multiple times to meet the alert requirement. If the satellites that require an alert are contained across both
the Type 35 and Type 36 messages, then it will be necessary to transition to use the Type 34 message or a
Type 0 message to alert these satellites. The use of the Type 34 message is the preferred option to limit
service disruption since the use of Type 0 message requires recovery of all SBAS data.

6.7.6 DFREI scale table update. The Type 37 message contains integrity related parameters which
are used in the DFMC SBAS HPL and VVPL equations. In particular, the Type 37 message contains a DFREI
scale table which provides the link between broadcast DFREI values and the associated dual-frequency
range error sigma value to use in the protection level computation. Since the Type 37 message content is
related to SBAS design, the expectation is that the Type 37 message parameters will change rarely. However,
when the Type 37 message content does change, the SBAS provider will need to ensure that SBAS receivers
maintain integrity during the change. The SBAS provider can achieve this through the broadcast of Type 0
message to clear SBAS receivers of the old Type 37 message data, through the inflation of broadcast DFREI
values for all satellites, by alerting specific satellites that might not maintain integrity, or with no change if
SBAS receivers will maintain integrity when using any valid broadcast Type 37 message data.

6.7.7 Time-to-alert. Figure D-2 also provides explanatory material in the frame of DFMC SBAS for
the allocation of the total time-to-alert defined in Chapter 3, Table 3.7.2.4-1.

6.7.8 Tropospheric function. A tropospheric delay estimate for precision approach is described in
6.5.4.

6.7.9 Multipath considerations. Multipath is the largest contributors to positioning errors for DFMC
SBAS affecting both ground and airborne elements in particular due to ionosphere-free combination of
SBAS corrected dual-frequency measurements. Mitigation techniques for SBAS ground elements,
described in 6.5.5, are also valid in DFMC SBAS.

6.7.10 Week number rollover. The week number rollover count (WNROcount) Value of 15 indicates
that parameter is not valid. The DFMC SBAS receiver may use the WNROunt parameter to solve the
possible ambiguity of the truncated week number value (WN,,) transmitted through the GNSS navigation
data if the SBAS broadcast a WNROcount between 0 and 14. In this case, the WNROcoun: is processed as
follows:

e If the current truncated week number (W N,,) of the GNSS constellation designated by a Type 37
message is equal to the maximum value WN — 1, and the current day number of week is 7 and the
reference time t, corresponds to day number of week 1 in the GNSS constellation reference time,
the total number of weeks (W N) elapsed since the beginning of the GNSS reference time is given

by:

WN = (WNRO pyne — 1) X WN + WN, = WNROoune X WN — 1

e If the current truncated week number (W N,,) of the GNSS constellation designated by a Type 37
message is 0, and the current day number of week is 1 and the reference time t, corresponds to day
number of week 7 in the GNSS constellation reference time, the total number of weeks (WN)
elapsed since the beginning of the GNSS constellation reference time is given by:

WN = (WNROqoynt + 1) X WN + WN,, = (WNRO pyne + 1) X WN

e  Otherwise:
WN = WNROoyn: X WN + WN,,
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6.7.11 Day crossovers considerations. The parameters tg, t, and te are expressed in seconds of day,
adjusted for day crossovers. The following mechanism can be used at the user level to determine the
reference day for a tq, ta Or t. parameter received in a message broadcast at epoch t. Taking the case of a tq
parameter, with t and td expressed in seconds of day:

o 1f-43200 <(ty -t) <43 199, tq is expressed in seconds of the message broadcast day;

o If (tq-t) <—43 200, tq is expressed in seconds of the next day of the message broadcast day; and

o If(tg -t) > 43 199, t4 is expressed in seconds of the previous day of the message broadcast day;
The previous mechanism can be applied to t. and te, replacing tq by ta or te.

6.7.12 Position computation in DFMC SBAS. Appendix B, 3.5.12.4 provides the protocol to compute
SBAS position out of two augmented constellations by an SBAS. Assuming that an SBAS augments N
number of constellations, N being equal to three or more, the linearized weighted least square estimate X
includes N - 2 additional elements for the time offsets between the additional constellation and the reference
constellation 1. In addition, the observation matrix G, described in Appendix B, 3.5.12.4 c), is modified to
integrate N - 2 additional columns of time parameters. Those time parameters equal 1 for all satellites of
this specific constellation when setting the parameter for the column number corresponding to the time
offset column of this constellation in X. Those time parameters equal 0 otherwise.

6.7.12.1 Alternative observation matrix G. The DFMC SBAS navigation solution can be computed
with the following observation matrix G as an alternative to the one defined in Appendix B, 3.5.12.4:

G; = [—cosE]; - sinAz; —cosEl; - cosAz; —sinEl; n;; nj,] =i row of G

where

Ni1 is “1” if the satellite is part of reference constellation C1 or “0” if the satellite is
part of constellation C2;

Ni2 is “0” if the satellite is part of reference constellation C1 or “1” if the satellite is
part of constellation C2;
If the i row of G corresponds to a SBAS ranging measurement:
Ni1 is “1” if C1 is GPS or “0” otherwise;

Ni2 is “1” if C2 is GPS or “0” otherwise.

If the SBAS providing SBAS ranging measurement is not augmenting GPS, the SBAS clock offset needs
to be solved by an additional unknown:

Ni3 is “1” if C1 and C2 are different than GPS (additional unknown to solve the clock
offset of the SBAS satellite ranging constellation).

The navigation solution vector obtained with the alternative observation matrix is:
X =[X,V, z, Ctcy, Ctco]
where
tca is the clock bias of the receiver with respect to constellation 1 reference time;
tco is the clock bias of the receiver with respect to constellation 2 reference time.
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6.7.13 Dual PRNs from one SBAS satellite

6.7.13.1 Assignment of SBAS PRN codes to satellites. For vertically-guided approach operations, the
system safety analysis expects user equipment to track two different satellites (as identified by PRN code),
if available, to improve continuity of the operation. The broadcast of two PRNs from the same SBAS
satellite introduces the SBAS satellite as a common failure between the two SBAS PRNs and might not
provide the same level of continuity for these operations.

6.7.13.2 Multiple SBAS range from the same satellite. A concern with the broadcast of two ranging
PRNs from the same SBAS satellite is that user equipment will use both ranging sources as if they were
independent. If there are two ranging PRNs from the same SBAS satellite, the DFMC SBAS mask can
prohibit use of both ranging signals in the same position solution for the DFMC SBAS user since the DFMC
SBAS user is required to use all information from a single SBAS PRN. Therefore, an SBAS should preclude
use of the second SBAS ranging signal from the same satellite by ensuring that the second ranging SBAS
PRN satellite slot number is not set to “1” in the satellite mask received from the first SBAS PRN signal
and vice-versa.

6.7.14 Test operations. Prior to certification for aviation use, SBAS broadcasts a Type 0 Do Not Use
message. Aviation equipment will process this Type 0 message by clearing SBAS data received from that
SBAS satellite. During pre-operational testing when the SBAS is able to compute valid data, some SBAS
providers can broadcast valid data in the Type 0 message. Non-safety of life receivers might decide to use
this data to calculate SBAS position solutions. For the L1 messages, some SBAS providers populated the
Type 0 message with Type 2 data content. For the L5 message, SBAS providers may populate the Type 0
message with the content of Type 34, Type 35 or Type 36 messages. To identify which of these three
integrity messages content is broadcast under Type 0 message, SBAS providers can use bits 222 and 223,
with the following convention:

“00” No integrity data.

“01” Type 34 data content.
“10” Type 35 data content.
“117 Type 36 data content.

SBAS providers may choose a different coding of Type 0 messages in test operation.

6.7.15 Non-geostationary satellite consideration. There are several considerations for non-
geostationary satellites. With higher satellite eccentricity, the deviations in power and Doppler shift require
more consideration from the SBAS provider. Based on analysis, when the eccentricity exceeds 0.15, then
the power differential from the orbit will exceed 3 dB and require some onboard power control function.
The range change in the orbit will cause a constant power satellite bus to have broadcast power outside of
either the maximum or minimum required power at some point during the orbit. When the eccentricity is
above 0.3, the satellite Doppler shift at perigee will exceed the maximum specified Doppler shift. Some
user equipment might no longer be able to track this satellite at perigee. Generally, highly eccentric orbits
are used to increase satellite dwell time over a particular region during the apogee portion of the orbit.
Therefore, the inability of user equipment to track the satellite around perigee might not impact the intended
SBAS service. The Doppler shift for non-GEO SBAS is set to + 7 kHz in Appendix B, 3.5.14.1.4, in line
with these analyses.

6.7.16 SNT-to-UTC conversion
6.7.16.1 Users compute the time referenced in SNT at each epoch by solving the DFMC SBAS

navigation solution. The optional Type 42 message provides the parameters to convert the time referenced
in SNT into time referenced in UTC.
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6.7.16.2 SNT is aligned on the core constellation time identified by the SBAS time reference
identifier broadcast in the Type 37 message. The core constellation broadcasts parameters to convert the
core constellation time into UTC, without an associated validity period. An SBAS service provider can
broadcast a Type 42 message with UTC conversion parameters corresponding to the ones broadcast by the
reference core constellation, without guarantee on the validity period by setting the validity period
parameter to “000”. SBAS service providers can broadcast a Type 42 message with other validity period
values to provide a more accurate UTC conversion service (see Appendix B, 3.5.11.6).

6.7.16.3 Under nominal operation, the UTC conversion parameters broadcast in the Type 42 message
are valid during a period of time equal to the validity period parameter. The UTC offset status parameter
provides a mechanism to invalidate parameters broadcast in the previous Type 42 message and for which
the validity period (VP) has not timed out. In that case, users should discard the UTC conversion parameters
from the previous Type 42 message and start using the parameters contained in the latest received Type 42
message, if any provided (i.e. UTC standard identifier not set to 7).

End of new text.

9. STATUS MONITORING AND NOTAM

9.1 System status

9.1.1 Degradation of GBAS usually has local effects and affects mainly approach operations. System
degradation of GBAS is to be distributed as approach-related information.

9.1.2 Degradation of core satellite constellation(s) or SBAS can be limited to-ustaHy-has-net-enly

local effects affecting mainly approach operations, but can also impact additional-conseguencesfor a wider
area, and may directly affect en-route operations in the SBAS service area(s). System degradation impacting

en-route or wider area SBAS operations efthese-elements is to be distributed as area-related information.
An example is an ionosphere storm that removes all vertically-guided approach capability. System
degradation impacting limited approaches can be distributed as approach-related information.

11. RECORDING OF GNSS PARAMETERS

11.4 For SBAS the following monitored items should be recorded for all geestationary SBAS
satellites in view in addition to the GNSS core system monitored items listed above:

a) observed geostationary SBAS satellite carrier-to-noise density (C/No);
b) observed geestationary SBAS satellite raw pseudo-range code and carrier phase measurements;
c) broadcast SBAS data messages; and

d) relevant receiver status information.
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Origin: Rationale:

NSP/6 This proposal introduces Annex provisions to support the evolution of SBAS. SBAS is a
wide-coverage GNSS augmentation system in which the user receives augmentation
information from a satellite-based transmitter. It is currently in service worldwide using
signals transmitted on the L1 frequency, already standardized by ICAQO. The proposal
includes amendments to the existing SBAS SARPs to add a signal transmitted on the L5
frequency and to enhance the ability of SBAS to augment multiple constellations (up to
92 satellites). As a result of these features, DFMC SBAS service can be provided even in
regions of active ionosphere where availability of an L1 SBAS service would be low, and
DFMC SBAS users will benefit from improved availability, continuity and accuracy
compared to the existing L1 SBAS service. Backward compatibility will be preserved, as
existing L1 SBAS avionics will continue to function with the existing L1 SBAS service,
which is not modified by the proposed amendment.

INITIAL PROPOSAL 7
General provisions for dual-frequency, multi-constellation (DFMC) GNSS - Part 2

CHAPTER 3. SPECIFICATIONS FOR RADIO NAVIGATION AIDS

3.7 Requirements for the Global Navigation Satellite System (GNSS)

3.7.3.2 Reserved
3.7.3.3 Aircraft-based augmentation system (ABAS)

3.7.3.3.1 Performance. The ABAS function combined with one or more of the other GNSS elements
and both a fault-free GNSS receiver and fault-free aircraft system used for the ABAS function shall meet
the requirements for accuracy, integrity, continuity and availability as stated in 3.7.2.4 for the intended
operation.

Note.— For GNSS receivers supporting the ABAS function, the requirements to be resistant to
interference, as specified in 3.7.4, apply.

3.7.3.6 Aircraft GNSS receiver

3.7.3.6.1 The aircraft GNSS receiver shall process the signals of those GNSS elements that it intends
to use as specified in Appendix B, 3.1.1 (for GPS), Appendix B, 3.1.2 (for GLONASS), Appendix B, 3.1.3
(for Galileo), Appendix B, 3.1.4 (for BDS), Appendix B 3.3 (for combined GRS-and-GLONASS-core
satellite constellations), Appendix B, 3.4 (for ABAS), Appendix B, 3.5 (for SBAS) and Appendix B, 3.6
(for GBAS and GRAS).
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3.7.4 Resistance to interference

3.7.4.1 GNSS shall comply with performance requirements defined in 3.7.2.4 and Appendix B, 3.7
in the presence of the interference environment defined in Appendix B, 3.7.

Note.— GRS-and-GLONASS-GNSS elements operating within the frequency bands 1 164 — 1 215 MHz
and 1 559 — 1 610 MHz are classified by the ITU as operating in the previding-a-radionavigation-satellite
service (RNSS). Those frequency bands also include global allocations to the—and— aeronautical
radionavigation service (ARNS). Both aeronautical uses of those services are considered “safety services”
and are afforded special spectrum protection status-fer-RNSS in the ITU radio regulations. In order to
achieve the performance objectives for precision approach guidance to be supported by the GNSS and its
augmentations, RNSS/ARNS is intended to remain the only global allocation in the 1 164 — 1 215 MHz and
1559 — 1 610 MHz band and emissions from systems in this and adjacent frequency bands are intended to
be tightly controlled by national and/or international regulation.

APPENDIX B. TECHNICAL SPECIFICATIONS FOR
THE GLOBAL NAVIGATION SATELLITE SYSTEM (GNSS)

3. GNSS ELEMENTS

3.1 Core constellations

3.2 (Reserved)

3.3 CombineduUse of GRS-and-GEONASS-multiple core satellite constellations
3.3.1 AIRCRAFT ELEMENTS

3.3.1.1 Combined—Multi-constellation GNSS receiver. The eembined—multi-constellation GNSS
receiver shall process signals from GRS—and-GLONASS-two or more core satellite constellations in
accordance with the requirements specified in 3.1.1.3.1, GPS {GNSS)-receiver, and 3.1.2.3.1, GLONASS
{GNSS}receiver, 3.1.3.3.1, Galileo receiver and 3.1.4.3.1, BDS receiver.

3.3.1.1.1 Resistance to interference. The eembinred-multi-constellation GNSS receiver shall meet the
individual requirements for GRS-and-GLONASS-the core satellite constellations processed as specified in
3.7.

3.3.1.2 Antenna(e). GRSand-GLONASS-Core satellite constellation signals shall be received through
one or more antennae.

Note.— Performance characteristics of GNSS receiver antennae are defined in 3.8.

3.3.1.3 Conversion-between-coordinate-systems—Position information provided by a eembined multi-
constellation GRS-and-GEONASS-GNSS receiver shall be expressed in WGS-84 earth coordinates.
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3.3.1.4 GPS/GLONASS-time. When combining measurements from GLONASS—and-GPS-—core
satellite constellations, the difference between-GLONASS-time-and-GPS-time-among each core satellite
constellation reference time shall be taken into account.
3.3.1.4.1 GPSIGLONASS Multi-constellation GNSS receivers shall solve for the time offset between

the core constellations as an additional unknown parameter in the navigation solution and not only rely on
the time offset broadcast in the navigation messages.

3.4 Aircraft-based augmentation system (ABAS)

Note.— Guidance on ABAS and associated signal processing is given in Attachment D, section 5.

3.7 Resistance to interference

3.7.1 PERFORMANCE OBJECTIVES

Note 1.— For unaugmented-GPS—and-GLONASS-GNSS receivers not using differential corrections

from an augmentation system, the resistance to interference is measured with respect to the following core
satellite constellation performance parameters:

Tracking error (1 sigma)

GPS L1 (single-frequency equipment) 0.36 m
GPS L1 (dual-frequency equipment) 0.15m
GPS L5 0.15m
GPS L1-L5** 0.40m
GLONASS L10OF 0.80 m
GLONASS L10C 0.30 m
GLONASS L30C 0.10 m
GLONASS L10C-L30C** 0.65m
Galileo E1-E5a** 0.40m
Galileo E1 0.15m
Galileo E5a 0.15m
BDS B1lI 0.60 m
BDS B1C 0.20 m
BDS B2a 0.15m
BDS B1C-B2a** 0.40m

* The accuracy budget for the tracking error is specified for smoothed
measurements.
** Refers to dual-frequency ionosphere-free pseudo-range measurements.

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

Note 3.— For SBAS receivers, the resistance to interference is measured with respect to parameters
specified in 3.5.8.2.1, and 3.5.8.4.1, and 3.5.15.3.2.
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Note 4.— For GBAS receivers, the resistance to interference is measured with respect to parameters
specified in 3.6.7.1.1 and 3.6.8.2.1.

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.
This defined interference environment is relaxed during initial acquisition of GNSS signals when the
receiver cannot take advantage of a steady-state navigation solution to aid signal acquisition.

Note 7.— If not specified, the equipment performance objectives and requirements specified for a
particular constellation apply whether the equipment supports only that constellation (single constellation
equipment) or that constellation and other constellation(s) (multiple constellation equipment).

3.7.2 CONTINUOUS WAVE (CW) INTERFERENCE
3.7.2.1 GPS L1 AND SBAS L1 RECEIVERS

Note.— Less interference power is tolerated by the interference thresholds for GPS L1 and SBAS L1
receivers than for the dual-frequency L1/L5 receivers in the band 1 480 — 1 565 MHz described in 3.7.2.3.

3.7.2.1.1 After steady-state navigation has been established, GPS L1 and SBAS L1 receivers 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
GPS L1 and SBAS L1 signal level of —-164 dBW at the antenna port.

3.7.2.1.2 During initial acquisition of the GPS L1 and SBAS L1 signals prior to steady-state
navigation, GPS L1 and SBAS L1 receivers shall meet the performance objectives with interference
thresholds 6 dB less than those specified in Table B-83.

3.7.2.2 GLONASS RECEIVERS

3.7.2.2.1 After steady-state navigation has been established, GLONASS FDMA signals receivers in
L1 band (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 specified in Table
B-84 and shown in Figure B-16 and with a desired signal level —-166.5 dBW at the antenna port.
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Table B-83. CW interference thresholds for GPS L1 and SBAS L1 receivers
in steady-state navigation

Frequency range f; of the Interference thresholds for receivers
interference signal in steady-state navigation

fi<1315MHz -4.5 dBW
1315 MHz < ;<1 500 MHz Linearly decreasing from —4.5 dBW to —38 dBW
1500 MHz < fj<1 525 MHz Linearly decreasing from —38 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 <fi<1 610 MHz Linearly increasing from —150.5 dBW to —60 dBW
1610 MHz <fi<1 618 MHz Linearly increasing from —60 dBW to —42 dBW=*
1618 MHz < ;<2 000 MHz Linearly increasing from —42 dBW to —-8.5 dBW*
16101618 MHz <fi<1 626.5 MHz Linearly increasing from —42 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 isare on-board satellite communications.

3.7.2.2.1.1 After steady-state navigation has been established, GLONASS FDMA signals receivers
in L1 band used for all phases of flight (excluding those used for the precision approach phase of flight)
and put into operation before 1 January 2017 shall meet the performance objectives with CW interfering
signals present with a power level at the antenna port 3 dB less than the interference thresholds specified in
Table B-84 and shown in Figure B-16 and with a desired signal level of —166.5 dBW at the antenna port.

Table B-84. CW interference thresholds for GLONASS FDMA signals receivers
in L1 band in steady-state navigation

Editorial note.— Insert new text as follows:

3.7.2.2.1.2 After steady-state navigation has been established, GLONASS CDMA signals receivers
in L1 and L3 bands 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 Tables TAB-01 and TAB-02 and
shown in Figures FIG-01 and FIG-02 and with a desired signal level of —161.5 dBW at the antenna port.
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Table TAB-01. CW interference thresholds for GLONASS CDMA signals receivers
in L1 band in steady-state navigation

Frequency range f; of the
interference signal

Interference thresholds for receivers
in steady-state navigation

fi<1315MHz

1315 MHz <fi<1562.15625 MHz
1562.15625 MHz < fi < 1 583.65625 MHz
1583.65625 MHz < fi< 1 592.9525 MHz
1592.9525 MHz < fi< 1 609.36 MHz
1609.36 MHz < fi <1 613.65625 MHz
1613.65625 MHz < fi <1 635.15625 MHz
1613.65625 MHz < fi <1 626.15625 MHz
1635.15625 MHz < f; <2 000 MHz
1626.15625 MHz < f; <2 000 MHz

fi>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*
Linearly increasing from —22 dBW to —-8.5 dBW**
-8.5dBW

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

Table TAB-02. CW interference thresholds for GLONASS CDMA signals receivers
in L3 band in steady-state navigation

Frequency range f; of the
interference signal

Interference thresholds for receivers
in steady-state navigation

fi <908 MHz

908 MHz < ;<1 155.775 MHz
1155775 MHz < f; < 1 178.775 MHz
1178.775 MHz < fi <1 191.775 MHz
1191.775 MHz < fi <1 212.275 MHz
1212.275 MHz < f; <1 224.875 MHz
1224.875 MHz < f; < 1 244.375 MHz
1244.375 MHz < f; <1 492.125 MHz
fi>1492.125 MHz

—-4.5 dBW

Linearly decreasing from —4.5 dBW to —42 dBW
Linearly decreasing from —42 dBW to —73 dBW
Linearly decreasing from —73 dBW to —143 dBW
-143 dBW

Linearly increasing from —143 dBW to —73 dBW
Linearly increasing from —73 dBW to —42 dBW
Linearly increasing from —42 dBW to —4.5 dBW
-4.5 dBW

Editorial note.— End of new text

3.7.2.2.2 During initial acquisition of the GLONASS FDMA signals in L1 band prior to steady-state
navigation, GLONASS receivers shall meet the performance objectives with interference thresholds 6 dB
less than those specified in Table B-84.

Editorial note.— Insert new text as follows:

3.7.2.2.2.1 During initial acquisition of the GLONASS CDMA signals in L1 and L3 bands prior to
steady-state navigation, GLONASS receivers shall meet the performance objectives with interference
thresholds 6 dB less than those specified in Tables TAB-01 and TAB-02.
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3.7.2.3 GPS L1/L5, GALILEO E1/E5A AND DFMC SBAS receivers

3.7.2.3.1 During initial L5/E5a acquisition prior to steady-state navigation, and after steady-state
navigation has been established, DFMC SBAS receivers processing signals centred on L1/E1 and L5/E5a
frequencies 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 TAB-03 and shown in Figure FIG-
03, and with a desired SBAS L5 signal level of —162.5 dBW, with a desired GPS L5 signal level of —159.4
dBW, and with a desired Galileo E5a signal level of —-160.4 dBW at the antenna port.

3.7.2.3.2 After steady-state navigation has been established, DFMC SBAS receivers processing
signals centred on L1/E1 and L5/E5a frequencies 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 TAB-03 and shown in Figure FIG-03, and with a desired GPS L1 and SBAS L1 signal
level of —163 dBW and with a desired Galileo E1 signal level of —162.25 dBW at the antenna port. During
initial L1/E1 acquisition, DFMC SBAS receivers shall meet the performance objectives with interference
levels that are 6 dB below what is specified in Table TAB-03.

Note.— CW interference thresholds for DMFC SBAS receivers determine the interference power levels
applicable for the frequency ranges defined in Table TAB-03.

Table TAB-03. CW interference thresholds for GPS L1/L5, Galileo E1/E5a and
DFMC SBAS receivers

Frequency range f; of the interference signal Interference thresholds for receivers

fi<1000 MHz

1000 MHz < f;< 1 100.45 MHz
1100.45 MHz < fi<1 148.45 MHz
1148.45 MHz < fi<1 166.45 MHz
1166.45 MHz < fi<1 186.45 MHz
1186.45 MHz < f; <1 205.45 MHz
1205.45 MHz < fi <1 252.45 MHz
125245 MHz < fi< 1315 MHz
1315 MHz <fi<1 525 MHz
1525 MHz <fi<1 531 MHz
1531 MHz <fi<1 536 MHz
1536 MHz < f; <1 565.42 MHz
1565.42 MHz < fi <1 585.42 MHz
1585.42 MHz < fi< 1 610 MHz
1610 MHz <fi<1 618 MHz
1618 MHz < f; <2 000 MHz
1618 MHz < fi <1 626.5 MHz
1626.5 MHz < f;<2 000 MHz
f;>2 000 MHz

-21dBW

Linearly decreasing from —21 dBW to —44 dBW
Linearly decreasing from —44 dBW to —-54 dBW
Linearly decreasing from -54 dBW to —145 dBW
-145 dBW

Linearly increasing from —145 dBW to -54 dBW
Linearly increasing from —54 dBW to —43 dBW
Linearly increasing from —43 dBW to —39 dBW
Linearly increasing from -39 dBW to —31.5 dBW
Linearly decreasing from —-31.5 dBW to —34 dBW
Linearly decreasing from —34 dBW to —65 dBW
Linearly decreasing from —65 dBW to —150.5 dBW
-150.5 dBW

Linearly increasing from —150.5 dBW to —60 dBW
Linearly increasing from —60 dBW to —42 dBW
Linearly increasing from —42 dBW to —-12 dBW*
Linearly increasing from —42 dBW to -22 dBW*
Linearly increasing from —22 dBW to —12 dBW**
-12 dBW**

*  Applies to aircraft installations where there are no on-board satellite communications.
** Applies to aircraft installations where there are on-board satellite communications.
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3.7.2.4 BDS RECEIVERS

3.7.2.4.1 After steady-state navigation has been established, BDS BI1I receivers 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 TAB-04B and shown in Figure FIG-04A and with a desired
BDS signal level of —164.5 dBW at the antenna port. During initial acquisition prior to steady-state
navigation, BDS B1I receivers shall meet the performance objectives with 6 dB less than those specified in
Table TAB-04B.

3.7.2.4.2 After steady-state navigation has been established, BDS B1C/B2a receivers shall meet the
performance objectives with a power level at the antenna port equal to the interference thresholds specified
in Table TAB-04C and shown in Figure FIG-04B and with desired BDS signal levels of —163.5 dBW for
B1C and -160.5 dBW for B2a at the antenna port. During initial acquisition prior to steady-state navigation,
BDS B1C/B2a receivers shall meet the performance objectives with 6 dB less than those specified in Table
TAB-04C.

Table TAB-04B. CW interference thresholds for BDS B1I receivers
in steady-state navigation

Frequency range f; of the Interference thresholds for receivers
interference signal in steady-state navigation

fi <1465 MHz -18 dBW
1465 MHz < f;< 1528 MHz Linearly decreasing from —18 dBW to —30 dBW
1528 MHz < f; < 1 559.052 MHz Linearly decreasing from —30 dBW to —150.5 dBW
1559.052 MHz < f; < 1 563.144 MHz -150.5 dBW
1563.144 MHz < f; <1 610 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 are on-board satellite communications.
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in steady-state navigation

Frequency range f; of the
interference signal

Interference thresholds for receivers

fi <1000 MHz

1000 MHz <f;< 1 100.45 MHz
1100.45 MHz < fi< 1 148.45 MHz
1148.45 MHz < fi< 1 166.45 MHz
1166.45 MHz < f; <1 186.45 MHz
1186.45 MHz < f; < 1 205.45 MHz
1205.45 MHz < f; < 1 252.45 MHz
1252.45 MHz < fi< 1315 MHz
1315 MHz < f; <1525 MHz
1525 MHz < fj<1 531 MHz
1531 MHz < f;<1 536 MHz
1536 MHz <fi<1565.42 MHz
1565.42 MHz < f; < 1 585.42 MHz
1585.42 MHz < fj<1 610 MHz
1610 MHz <fi<1 618 MHz
1618 MHz < f; <2 000 MHz
1618 MHz <fi <1 626.5 MHz
1626.5 MHz < f; <2 000 MHz

—24 dBW

Linearly decreasing from —24 dBW to —44 dBW
Linearly decreasing from —44 dBW to —-54 dBW
Linearly decreasing from -54 dBW to —145 dBW
-145 dBW

Linearly increasing from —145 dBW to -54 dBW
Linearly increasing from -54 dBW to -43 dBW
Linearly increasing from —43 dBW to -39 dBW
Linearly increasing from -39 dBW to —31.5 dBW
Linearly decreasing from —31.5 dBW to —34 dBW
Linearly decreasing from —34 dBW to —65 dBW
Linearly decreasing from —65 dBW to —150.5 dBW
-150.5 dBW

Linearly increasing from —150.5 dBW to —60 dBW
Linearly increasing from —60 dBW to —42 dBW*
Linearly increasing from —42 dBW to —-8.5 dBW*
Linearly increasing from —60 dBW to —22 dBW**
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 are on-board satellite communications.

Editorial note.— End of new text.

3.7.3 BAND-LIMITED NOISE-LIKE INTERFERENCE
3.7.3.1 GPS L1 AND SBAS L1 RECEIVERS

3.7.3.1.1 After steady-state navigation has been established, GPS L1 and SBAS L1 receivers shall
meet the performance objectives with noise-like interfering signals present in the frequency range of
1575.42 MHz £Bwi/2 and with power levels at the antenna port equal to the interference thresholds
specified in Table B-85 and shown in Figure B-17 and with the desired signal level of —-164 dBW at the
antenna port.

Note.— Bwi is the equivalent noise bandwidth of the interference signal.
3.7.3.1.2 During initial acquisition of the GPS and SBAS signals prior to steady-state navigation, GPS

L1 and SBAS L1 receivers shall meet the performance objectives with interference thresholds 6 dB less than
those specified in Table B-85.
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3.7.3.2 GLONASS RECEIVERS

3.7.3.2.1 After steady-state navigation has been established, GLONASS FDMA signals receivers in
L1 band (except those identified in 3.7.3.2.1.1) shall meet the performance objectives while receiving noise-
like interfering signals in the frequency band fx xBwi/2, with power levels at the antenna port equal to the
interference thresholds specified in Table B-86 and shown in Figure B-18 and with a desired signal level
of -166.5 dBW at the antenna port.

3.7.3.2.1.1 After steady-state navigation has been established, GLONASS FDMA signals receivers
in L1 band used for all phases of flight (excluding those used for the precision approach phase of flight)
and put into operation before 1 January 2017 shall meet the performance objectives while receiving noise-
like interfering signals in the frequency band fx £Bwi/2, with power levels at the antenna port 3 dB less than
the interference thresholds specified in Table B-86 and shown in Figure B-18 and with a desired signal
level of —166.5 dBW at the antenna port.

Note.— fi is the centre frequency of a GLONASS channel with fy = 1 602 MHz + k x 0.5625 MHz and
k =7 to + 6 as defined in Table B-16 and Bw; is the equivalent noise bandwidth of the interference signal.

3.7.3.2.1.2 After steady-state navigation has been established, GLONASS CDMA signals receivers
in L1 and L3 bands shall meet the performance objectives while receiving noise-like interfering signals in
the frequency band fix £Bwi/2, with power levels at the antenna port equal to the interference thresholds
specified in Tables TAB-05 and TAB-06 and shown in Figures FIG-05 and FIG-06 and with a desired
signal level of —161.5 dBW at the antenna port.

3.7.3.2.2 During initial acquisition of the GLONASS FDMA signals in L1 band prior to steady-state
navigation, GLONASS receivers shall meet the performance objectives with interference thresholds 6 dB
less than those specified in Table B-86.

Editorial note.— Insert new text as follows:

3.7.3.2.2.1 During initial acquisition of the GLONASS CDMA signals in L1 and L3 bands prior to
steady-state navigation, GLONASS receivers shall meet the performance objectives with interference
thresholds 6 dB less than those specified in Tables TAB-05 and TAB-06.

Table TAB-05. Interference threshold for band-limited noise-like interference to
GLONASS CDMA L1 signals receivers in L1 band in steady-state navigation

Interference bandwidth Interference threshold
0Hz <Bw;<1kHz -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
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Table TAB-06. Interference threshold for band-limited noise-like interference to
GLONASS CDMA signals receivers in L3 band in steady-state navigation

Interference bandwidth Interference threshold
0Hz <Bw;<1kHz -143 dBW
1 kHz < Bw; <1 MHz Linearly increasing from —143 to —140 dBW
1 MHz < Bw; < 20 MHz Linearly increasing from —140 to -126.9 dBW
20 MHz < Bw; -126.9 dBW

3.7.3.3 GPSL1/L5, GALILEO E1/E5A AND DFMC SBAS RECEIVER

3.7.3.3.1 During initial L5/E5a acquisition prior to steady-state navigation, and after steady-state
navigation has been established, GPS L1/L5, Galileo E1/E5a and DFMC SBAS receivers processing signals
centred on L1/E1 and L5/E5a frequencies shall meet the performance objectives with noise-like interfering
signals present in the frequency range of 1 176.45 MHz £Bwi/2 and with power levels at the antenna port
equal to the interference thresholds specified in Table TAB-07 and shown in Figure FIG-07 and with a
desired SBAS L5 signal level of -162.5 dBW, with a desired GPS L5 level of —159.4 dBW and with a
desired Galileo E5a level of —160.4 dBW at the output of the antenna.

Note.— Bwi is the equivalent noise bandwidth of the interference signal.

3.7.3.3.2 After steady-state navigation has been established, GPS L1/L5, Galileo E1/E5a and DFMC
SBAS receivers processing signals centred on L1/E1 and L5/E5a frequencies 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 shown
in Figure B-17 and with the desired GPS and SBAS L1 signal levels of —-163 dBW and with the desired
Galileo E1 signal level of —162.25 dBW at the antenna port. During initial L1/E1 acquisition, DFMC SBAS
receivers shall meet the performance objectives with interference thresholds 6 dB less than those specified in
Table B-85.

Note.— Bwi is the equivalent noise bandwidth of the interference signal.

Table TAB-07. Interference threshold for band-limited noise-like interference to
GPS L1/L5, Galileo E1/E5A and DFMC SBAS receivers

Interference bandwidth Interference threshold for receivers
0 Hz < Bw;j < 1kHz -145.0 dBW
1 kHz <Bw; <10 kHz Linearly increasing from —145.0 to -137.5 dBW
10 kHz < Bw; <100 kHz Linearly increasing from —-137.5 to -133.9 dBW
100 kHz < Bw; <1 MHz Linearly increasing from —133.9 to —133.0 dBW
1 MHz < Bw; <10 MHz Linearly increasing from —133.0 to -131.7 dBW*
10 MHz < Bw; <40 MHz Linearly increasing from —-131.7 to -127.0 dBW*

* The interference threshold is not to exceed —134.0 dBW/MHz in the frequency
range 1 176.45 £10 MHz.
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3.7.3.4 BDS RECEIVERS

3.7.3.4.1 After steady-state navigation has been established, BDS BI1I receivers shall meet the
performance objectives with noise like interfering signals present in the frequency range of 1561.098 MHz
+Bwi/2 and with power levels at the antenna port equal to the interference thresholds specified in Table
TAB-08A and shown in Figure FIG-08A and with a desired B1I signal level of —164.5 dBW at the output
of the antenna. During initial acquisition of the BDS B1I signals prior to steady-state navigation, BDS
receivers shall meet the performance objectives with interference thresholds 6 dB less than those specified
in Table TAB-08A.

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

3.7.3.4.2 After steady-state navigation has been established, BDS B1C receivers shall meet the
performance objectives with noise-like interfering signals present in the frequency range of 1 575.42 MHz
+Bwi/2 and with power levels at the antenna port equal to the interference thresholds specified in Table
TAB-08B and shown in Figure FIG-08B and with a desired B1C signal level of —163.5 dBW at the output
of the antenna. During initial acquisition of the BDS B1C signals prior to steady-state navigation, BDS
receivers shall meet the performance objectives with interference thresholds 6 dB less than those specified
in Table TAB-08B.

Note.— Bwi is the equivalent noise bandwidth of the interference signal.

Table TAB-08A. Interference threshold for band-limited noise-like interference to
BDS BI1I receivers in steady-state navigation

Interference threshold for receivers

Interference bandwidth . S
in steady-state navigation

0 Hz < Bw; <700 Hz -150.5 dBW
700 Hz < Bw; < 10 kHz Linearly increasing from —150.5 dBW to —143.5 dBW
10 kHz < Bw; < 100 kHz Linearly increasing from —143.5 dBW to —140.5 dBW
100 kHz < Bwi < 1 MHz -140.5 dBW

1 MHz < Bw; <4.096 MHz Linearly increasing from —140.5 dBW to —134.4 dBW
4.096 MHz < Bw; < 10 MHz Linearly increasing from —134.4 dBW to —126 dBW
10 MHz < Bw; -126.0 dBW

* The interference threshold is not to exceed —140.5 dBW/MHz in the frequency range
1561.098 + 2.046 MHz.
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Table TAB-08B. Interference threshold for band-limited noise-like interference to
BDS B1C receivers in steady-state navigation

Interference threshold for receivers in steady-state

Interference bandwidth navigation
0 Hz < Bw; < 700 Hz -150.5 dBW
700 Hz < Bw; < 10 kHz Linearly increasing from —150.5 to —143.5 dBW
10 kHz < Bw; < 100 kHz Linearly increasing from —143.5 to —140.5 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
1575.42 £10 MHz.

3.7.3.4.3 After steady-state navigation has been established, BDS B2a receivers shall meet the
performance objectives with noise-like interfering signals present in the frequency range of 1 176.45 MHz
+Bwi/2 and with power levels at the antenna port equal to the interference thresholds specified in Table
TAB-08C and shown in Figure FIG-08C and with a desired B2a signal level of —-160.5 dBW at the output
of the antenna. During initial acquisition of the BDS B2a signals prior to steady-state navigation, BDS
receivers shall meet the performance objectives with interference thresholds 6 dB less than those specified
in Table TAB-08C.

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

Table TAB-08C. Interference threshold for band-limited noise-like interference to
BDS B2a receivers in steady-state navigation

Interference bandwidth Interference threshorl](fjJl J?(]ra([?gﬁivers in steady-state
0 Hz < Bw; < 1kHz —-145.0 dBW
1 kHz < Bw; <10 kHz Linearly increasing from —145.0 to —137.5 dBW
10 kHz < Bw; <100 kHz Linearly increasing from —137.5 to —133.9 dBW
100 kHz < Bw; <1 MHz Linearly increasing from —133.9 to —133.0 dBW
1 MHz < Bw; <10 MHz Linearly increasing from —133.0 to —131.7 dBW*
10 MHz < Bw; <40 MHz Linearly increasing from —131.7 to -127.0 dBW*

* The interference threshold is not to exceed —134.0 dBW/MHz in the frequency range
1176.45 £10 MHz.

Editorial note.— End of new text.
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37+3-3-3.7.3.5 Pulsed interference. After steady-state navigation has been established, the GNSS
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+434-3.7.3.6 SBAS-and-GBAS-GNSS 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, 10.5
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 passive antenna element gain for single-frequency antennas shall
not be less than that shown in Table B-88A for the specified elevation angle above the horizon. For these
antennas, Fthe maximum passive antenna element gain shall not exceed +4 dBic for elevation angles above
5 degrees. The minimum passive antenna element gains at both frequencies for dual-frequency antennas
shall comply with Table B-88B for the specified elevation angles above the horizon. For these antennas,
the maximum passive antenna element gain shall be limited to +4 dBic for elevation angles above 75
degrees.

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

3.8.3.1 Axial ratio. For single-frequency antennas, Fthe axial ratio shall not exceed 3.0 dB as
measured at boresight. For dual-frequency antennas, the axial ratio shall be less than or equal to 3 dB over
the operating frequency range as measured in a region extending from boresight down to 40 degrees off
boresight across all azimuth angles.

Table B-85. Interference threshold for band-limited noise-like interference to
GPS L1 and SBAS L1 receivers in steady-state navigation

Table B-86. Interference threshold for band-limited noise-like interference to
GLONASS FDMA signals receivers in L1 band in steady-state navigation
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Table B-87. Interference thresholds for pulsed interference

GPS L1, GLONASS GLONASS BDS B1C BDS B1l
Galileo L1 and FDMA CDMA

SBAS L1
Frequency range for in-band 1575.42 MHz 1592.9525 MHzto 1191.775MHzto 1575.42 MHz 1561.98 MHz
and near-band + 20 MHz 1609.36 MHz 1212.275 MHz/ + 20 MHz + 2.046 MHz

1592.9525 MHz to
1 609.36 MHz

Interference threshold (Pulse —20 dBW —20 dBW —20 dBW /-20 dBW -20 dBW —20 dBW
peak power) for in-band and
near-band interference
Interference threshold (Pulse 0 dBW(*) 0 dBW 0dBW /0 dBW 0 dBW 0 dBW
peak power) outside the in-
band and near-band frequency
ranges (out-of-band
interference)
Pulse width <125 us <250 ps <250 ps / <250 ps <125 ps <125 ps
Pulse duty cycle <1% <1% 2% /<1% <1% <1%
Interference signal bandwidth ~ >1 MHz >500 kHz >1 MHz / >500 kHz >1 MHz >1 MHz
for in-band and near-band
interference

Note 1.— The interference signal is additive white Gaussian noise centred around the carrier frequency and with bandwidth and pulse
characteristics specified in the table.

Note 2.— In-band, near-band and out-of-band interference refers to the centre frequency of the interference signal.

Note 3.— Out-of-band interference is interference, the centre frequency of which is located on either side from the centre frequency of
the frequency range for in-band and near-band at a distance of at least 250 per cent of the bandwidth of this frequency range.

Note 4.— The signal bandwidth specifies the minimum bandwidth of the noise-like signal with a power as large as the interference
threshold that is pulsed with the specified pulse width and duty cycle.

Note 5.— (*) When considering the L1 channel of an L1/L5 receiver, this value is related to non-aeronautical pulsed interferences with
a carrier frequency within 1 215 MHz — 2 000 MHz. This table does not describe non-aeronautical pulsed interferences in the environment
to be considered for the L5 channel in an L1/L5 receiver (see Attachment D, 4.4.5 for further guidance).

Table B-88A. Minimum antenna gain — single-frequency antennas for GPS (L1),
GLONASS (L10OF), BDS (B1C), BDS (B1l), and/or SBAS L1

Elevation angle degrees Minimum gain dBic

0 -7.0
5 -5.5
10 -4.0

15t0 90 2.5
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Table B-88B. Minimum antenna gain — dual-frequency antennas for GPS (L1/L5),
GLONASS (L10C/L30C), Galileo (E1/E5a), BDS (B1C/B2a) and/or SBAS (L1/L5)

Elevation angle degrees Minimum gain dBic

0 7.0
5 4.5
10 -3.0
15 -1.5
30 0.5
>75 15

Figure B-15. CW interference thresholds for GPS L1 and SBAS L1
receivers in steady-state navigation

Figure B-16. CW interference thresholds for GLONASS FDMA signals receivers
in L1 band in steady-state navigation

Figure B-17. Interference thresholds versus bandwidth for
GPS L1 and SBAS L1 receivers

Figure B-18. Interference thresholds versus bandwidth for
GLONASS FDMA signals receivers in L1 band
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ATTACHMENT D. INFORMATION AND MATERIAL
FOR GUIDANCE IN THE APPLICATION OF THE
GNSS STANDARDS AND RECOMMENDED PRACTICES

3.5.6 Determining GNSS availability

Note.— Additional guidance material pertaining to reliability and availability of radio communications
and navigation aids is contained in Attachment F.

3.5.6.1 The availability of GNSS is complicated by the movement of satellites relative to a coverage
area under consideration and the potentially long time needed to restore a satellite in the event of a failure.
Accurately measuring the availability would require many years to allow for a measurement period longer
than the MTBF and repair times. The availability of GNSS should be determined through design, analysis
and modelling, rather than measurement. The availability model should account for the ionospheric,
tropospheric and receiver error models used by the receiver to verify integrity (e.g. HPL, LPL and VPL
calculations). The availability specified in Chapter 3, 3.7.2.4, applies to the design availability.

3.5.6.2 The availability of ABAS, GBAS and SBAS must be evaluated by comparing the augmented
performance to the operational requirements of Chapter 3, 3.7.2.4. The availability of ABAS, GBAS and
SBAS does not directly relate to the core constellation service availability standards in Chapter 3.
Availability analysis is based on the number of usable satellites from the core constellation(s) and the
performance of the augmentation system(s). Information on the operational satellites/slots is given in the
satellite/slot/constellation availability standards or guidance material for each core constellation.

5. AIRCRAFT-BASED AUGMENTATION SYSTEM (ABAS)

5.2 ABAS includes processing schemes that provide:

d) accuracy aiding through filtering techniques and/or estimation of remaining errors in determined
ranges.

8. SIGNAL QUALITY MONITOR (SQM) DESIGN

8.1 The objective of the signal quality monitor (SQM) is to detect satellite signal anomalies in order
to prevent aircraft receivers from using misleading information (MI). Ml is an undetected aircraft pseudo-
range differential error greater than the maximum error (MERR) that can be tolerated. These large pseudo-
range errors are due to GfA-code correlation peak distortion caused by satellite payload failures. If the
reference receiver used to create the differential corrections and the aircraft receiver have different
measurement mechanizations (i.e. receiver bandwidth and tracking loop correlator spacing), the signal
distortion affects them differently. The SQM must protect the aircraft receiver in cases when
mechanizations are not similar. SQM performance is further defined by the probability of detecting a
satellite failure and the probability of incorrectly annunciating a satellite failure.
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8.2 The signal effects that might cause a GBAS or SBAS to output MI can be categorized into three
different effects on the correlation function as follows:

a) Dead zones: If the correlation function loses its peak, the receiver’s discriminator function will
include a flat spot or dead zone. If the reference receiver and aircraft receiver settle in different
portions of this dead zone, Ml can result.

b) False peaks: If the reference receiver and aircraft receiver lock to different peaks, Ml could exist.

c) Distortions: If the correlation peak is misshapen, an aircraft that uses a correlator spacing other
than the one used by the reference receivers may experience Ml.

8.3 The threat model proposed for use in assessment of SQM has three parts that can create the three
correlation peak pathologies listed above.

8.4 Threat Model A consists of the normal G/A-code signal except that all the positive chips, and
positive/negative sub-carrier chips for Galileo E1-C signal and BDS B1C_pilot signal, have a falling edge
that leads or lags relative to the correct end-time for that chip. This threat model is associated with a failure
in the navigation data unit (NDU), the digital partition of a GRS-e+-GLONASS-satellite. The occurrences
of Threat Model A on GPS L1 C/A and on GPS L5 Q5 signals are independent events. If overlapping in
time, the signs and sizes of leads and lags may be different on L1 C/A and L5 Q5 signals.

8.4.1 Threat Model A for GPS has a single parameter A, which is the lead (A < 0) or lag (A > 0)
expressed in fractions-efa-chip-microseconds. The range for this parameter is —0.12 < A <0.12 for the L1
C/A code signal. The range for this parameter is —0.1 <A < 0.1 for the GPS L5 QS5 signal. Threat Model A
for GLONASS has a single parameter A, which is the lead (A < 0) or lag (A > 0) expressed in fractions-of
a-chip-microseconds. The range for this parameter is -0 H-<-A<06-4H —0.22 < A < 0.22 for GLONASS
L1OF signal. The range for this parameter is —0.1 < A < 0.1 for GLONASS L10C signal and 0.1 <A <
0.1 for GLONASS L30C. Threat Model A for Galileo has a single parameter A, which is the lead (A < 0)
or lag (A > 0) expressed in microseconds. The range for this parameter is - 0.12 < A <0.12 for Galileo E1-
C signal. The range for this parameter is—0.1 < A <0.1 for Galileo E5a-Q signal. Threat Model A for BDS
has a single parameter A, which is the lead (A < 0) or lag (A > 0) expressed in microseconds. The range
for this parameter is —0.05 < A < 0.05 for BDS B1C _pilot signal. The range for this parameter is —0.05 < A
< 0.05 for BDS B2a_pilot signal.

8.4.2 Within this range, threat Model A generates the dead zones described above. (Waveforms with
lead need not be tested, because their correlation functions are simply advances of the correlation functions
for lag; hence, the Ml threat is identical.)

8.5 Threat Model B introduces amplitude modulation and models degradations in the analog section
of the GRS-or-GLONASS-core constellation satellite. More specifically, it consists of the output from a
second order system when the nominal €/A-code baseband signal is the input. Threat Model B assumes
that the degraded satellite subsystem can be described as a linear system dominated by a pair of complex
conjugate poles. These poles are located at ¢ = j2nfy, where o is the damping factor in 10° nepers/second
and fq is the resonant frequency with units of 10° cycles/second.
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8.5.1 The unit step response of a second order system is given by:

0 t<0
_ o
e(t) = {1 — exp(—ot) [coswdt + w—sinwdt] t=> 0}
d

where g = 2nfq.

8.5.2 Threat Model B for GPS corresponding to second order anomalies uses the following ranges
for the parameters A, fg and o:

A=0;4<f43<17;and 0.8 <5 <8.8.

The occurrence of Threat Model A on the GPS L1 C/A signal, the occurrence of Threat Model B on GPS
L1 C/A signal, the occurrence of Threat Model A on the GPS L5 Q5 signal and the occurrence of Threat
Model B on the GPS L5 Q5 signal are independent events. The parameters characterizing the leads, lags,
ringing frequency fq, and decay parameter o are not constrained to be the same size or sign on GPS L1 C/A
and GPS L5 Q5 signals.

Threat Model B for GLONASS corresponding to second order anomalies uses the following ranges for the
parameters defined above:

L1OF signal: A=0; 10 <f;<20;and 2 <o <8.
L10C signal: A=0; 0.1 <f3<14; and 0.1 <5 <24.
L30C signal: A=0; 0.1 <f3<8;and 0.1 <o < 15.

Threat Model B for Galileo corresponding to second order anomalies uses the following ranges for the
parameters defined above:

E1-Csignal: A=0; 0.1 <f3<18;and 0.1 <5 <63.
E5a-Q signal: A=0; 0.1 <fy<8;and 0.1 <o <23.

Threat Model B for BDS corresponding to second order anomalies uses the following ranges for the
parameters defined above:

B1C_pilot signal: A =0; 1.5 < f3 <18; and 0.1 < ¢ < 20.
B2a_pilot signal: A=0; 4<f;<18;and 0.1 <c <18.

8.5.3 Within these parameter ranges, Threat Model B generates distortions of the correlation peak as
well as false peaks.

8.6 Threat Model C introduces both lead/lag and amplitude modulation. Specifically, it consists of
outputs from a second order system when the C/A code signal at the input suffers from lead or lag. This
waveform is a combination of the two effects described above.
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8.6.1 Threat Model C for GPS includes parameters A, fd and ¢ with the following ranges:

L1signal: -0.12 uys <A <0.12 pys; 7.3 <f3<13;and 0.8 <5 < 8.8.
L5 signal: -0.10 ps<A <0.10 ps; 7.3 <f4<13; and 0.8 <o < 8.8.

Threat Model C for GLONASS includes parameters A, fq and ¢ with the following ranges:

L1OF signal: 0-H<A<0+4+ 022 us<A<0.22 ps; 10 <f3 <20; and 2 <o < 8.
L10OC signal: —=0.1 us <A <0.1 us; 0.1 <fd <14; and 0.1 <o <24.
L30C signal: —0.1 us <A <0.1 ps; 0.1 <fd<8;and 0.1 <o < 15.

Threat Model C for Galileo includes parameters A, fq and ¢ with the following ranges:

E1-Csignal: —0.12 ps <A <0.12 ps; 0.1 <f3<18; and 0.1 <6 < 63.
E5a-Q signal: —0.1 ps <A <0.1 ps; 0.1 <f4<8;and 0.1 <o <23.

Threat Model C for BDS includes parameters A, fq and o with the following ranges:

B1C pilot signal: —0.05 <A <0.05; 1.5 <3< 18; and 0.1 <6 < 20.
B2a_pilot signal: —-0.05 <A <0.05;4<f;<18;and 0.1 <o < 18.

8.6.2 W.ithin these parameter ranges, threat Model C generates dead zones, distortions of the
correlation peak and false peaks.

8.7 Unlike GRS-and-GLONASS-core constellation signals, the SBAS ranging signal is commissioned
and controlled by the service provider. Moreover, the service provider also monitors the quality of the signal
from the SBAS. To this end, the threat model will be specified and published by the service provider for
each SBAS satellite. The SBAS SQM will be designed to protect all avionics that comply with Table D-
12. Publication of the threat model is required for those cases where a service provider chooses to allow the
SBAS L1 ranging signal from a neighbouring service provider to be used for precision approach by SBAS
or GBAS. In these cases, the service provider will monitor the SBAS ranging signal from the neighbouring
satellite.

8.8 In order to analyse the performance of a particular monitor design, the monitor limit must be
defined and set to protect individual satellite pseudo-range error relative to the protection level, with an
allocation of the ground subsystem integrity risk. The maximum tolerable error (denoted as MERR) for
each ranging source i can be defined in GBAS, L1 SBAS and DFMC SBAS as:

MERRGBas = Kffdepr_gnd,i and

_ 2 : 2
MERR4 SBAS—KV,pA\/ Siupre t mln{ci,UIRE}

_ ’ 2
MERRprmc sBas=Ky pa [ OiDFRE
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for SBAS, and in particular for L1 SBAS APV and precision approach where min {cﬁUIRE} is the minimum

possible value for any user;, MERR is evaluated at the output of a fault-free user receiver and varies with
satellite elevation angle and ground subsystem performance.

8.9 The SQM is designed to limit the worst differential error JBRE to values below the MERR in
the case of a satellite anomaly. Typically, the SQM measures various correlation peak values and generates
spacing and ratio metrics that characterize correlation peak distortion. Figure D-18 illustrates typical points
at the top of a fault-free, unfiltered correlation peak.

8.9.1 A correlator pair is used for tracking. All other correlator values are measured with respect to
this tracking pair.

8.9.2 Two types of test metrics are formed: early-minus-late metrics (D) that are indicative of tracking
errors caused by peak distortion, and amplitude ratio metrics (R) that measure slope and are indicative of
peak flatness or close-in, multiple peaks.

8.9.3 Itis necessary that the SQM has a precorrelation bandwidth that is sufficiently wide to measure
the narrow spacing metrics, so as not to cause significant peak distortion itself and not to mask the anomalies
caused by the satellite failure. Typically, the SQM receiver must have a precorrelation bandwidth of at least
16 MHz for GPS L1 and at least 24 MHz for L5,-and at least 15 MHz for GLONASS, at least 24 MHz for
Galileo and at least 24 MHz for BDS.

8.9.4 The test metrics are smoothed using low-pass digital filters. The time constant of these filters
are to be shorter than those used jointly-{and-standardized-at-100-seconds) by the reference receivers for
deriving differential corrections and by the aircraft receiver for smoothing pseudo-range measurements
{using-carrier-smoothing)-(and standardized at 100 seconds). The smooth metrics are then compared to
thresholds. If any one of the thresholds is exceeded, an alarm is generated for that satellite.

8.9.5 The thresholds used to derive performance are defined as minimum detectable errors (MDES)
and minimum detectable ratios (MDRs). Fault-free false detection probability and missed detection
probability are used to derive MDEs and MDRs. The noise in metrics (D) and (R), as denoted 6p st and
oriest Delow, is dominated by multipath errors. Note that the metric test can also have a mean value (utest)
caused by SQM receiver filter distortion. Threshold tests must also account for the mean values.

8.9.6 The MDE and MDR values used in the SQM performance simulations are calculated based on
the following equations:

MDE = (Kffd + Kmd) OD,test and
MDR = (Kffd + Kmd) OR,test
where

Ksa = 5.26 is a typical fault-free detection multiplier representing a false detection probability of 1.5 x
107" per test. The false detection probability may be allocated to each metric used in the SQM depending on
the number of metrics implemented,;
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Kma = 3.09 is a typical missed detection multiplier representing a missed detection probability of 1073

per test. The allocation of the missed detection probability can be further optimised considering the probability
of integrity risk induced by each distortion (given its differential bias) and the probability of integrity failure
allocated to the signal distortion event;

obwst IS the standard deviation of measured values of difference test metric D; and
oreest IS the standard deviation of measured values of ratio test metric R.

8.9.7 If multiple independent SQM receivers are used to detect the failures, the sigma values can be
reduced by the square root of the number of independent monitors.

8.9.8 A failure is declared if

| D,test — Up test | > MDE or
| R,test - HR,test | > MDR

for any of the tests performed, where pix st is the mean value of the test X that accounts for fault-free SQM
receiver filter distortion, as well as correlation peak distortion peeuliarto-associated with the specific G/A
code PRN. (NetaH-GfA-€Code correlation peaks can have the-same different slopes across different codes
within the same code family. In a simulation environment, however, this PRN-code distortion can be
ignored, and a perfect correlation peak can be used, except for simulated filter distortion.)

8.10 The standard deviations of the test statistics, 6ptest and or est Can be determined via data collection
on a multicorrelator receiver in the expected operating environment. The data collection receiver utilizes a
single tracking pair of correlators and additional correlation function measurement points which are slaved
to this tracking pair, as illustrated in Figure D-18 for GPS and GLONASS and in Figure FIG-09 for Galileo
and BDS. Data is collected and smoothed for all available measurement points in order to compute the
metrics. The standard deviation of these metrics define op st It is also possible to compute these one sigma
test statistics if a multipath model of the installation environment is available.

8.10.1 The resulting opest iS highly dependent on the multipath environment in which the data are
collected. The deviation due to multipath can be an order of magnitude greater than that which would result
from noise even at minimum carrier-to-noise level. This aspect illustrates the importance of the antenna
design and siting criteria which are the primary factors in determining the level of multipath that will enter
the receiver. Reducing multipath will significantly decrease the resulting MDESs and thus improve the SQM
capabilities.

8.10.2 Mean values pptst and Hrgest, ON the other hand, are determined in a relatively error-free
environment, such as through the use of GRS-and-GLONASS-core constellation satellite signal simulator
as input. These mean values model the nominal SQM receiver’s filter distortion of the autocorrelation peak,
including the effects of distortion due to adjacent minor autocorrelation peaks. The mean values can differ
for the various PRNs based on these properties.
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8.10.3 The presence of nominal signal deformation biases may cause the distribution of the monitor
detectors to have non-zero mean. These biases can be observed by averaging measurements taken from a
real-world data collection. Note that the nominal biases may depend on elevation and they typically change
slowly over time. For example, nominal GPS deformations are leads and lags that are present in unfaulted
conditions and thus may exist all the time. The nominal GPS deformation is in the range —0.01 us < A <
+0.01 ps.

8.10.4 The SQM for SBAS is validated for the signal distortions defined by the GPS, GLONASS,
Galileo and BDS TM-A/B/C threat space only for a vertical alert limit greater or equal to 35 m.

Editorial note.— Proposals to change this section need to bring additional
validation material, including the sufficiency of the monitor form herein.

8.11 In order for the ground monitor to protect users against the different threat models described
above, it is necessary to assume that aircraft receivers have specific characteristics. If no such constraints
were assumed, the complexity of the ground monitor would be unnecessarily high. Evolution in the
technology may lead to improved detection capability in the aircraft receiver and may alleviate the current
constraints.

8.11.1 For double-delta correlators, the aircraft receiver tracks the strongest correlation peak over the
full code sequence for every ranging source used in the navigation solution.

8.11.2 For double-delta correlators, the precorrelation filter rolls off by at least 30 dB per octave in
the transition band. For GBAS receivers, the resulting attenuation in the stop band is required to be greater
than or equal to 50 dB (relative to the peak gain in the pass band).

8.11.3 The following parameters are used to describe the tracking performance specific to each type
of satellite:

a) the instantaneous correlator spacing is defined as the spacing between a particular set of early and
late samples of the correlation function;

b) the average correlator spacing is defined as a one-second average of the instantaneous correlator
spacing. The average applies over any one-second time frame;

c) the discriminator A is based upon an average of early-minus-late samples with spacings inside the
specified range, or is of the type A = 2Aam — Azq1, With both d; and 2d; in the specified range. Either
a coherent or non-coherent discriminator is used;

d) the differential group delay applies to the entire aircraft system prior to the correlator, including the
antenna. The differential group delay is defined as:

dd dd
7 () — 1o 6]

where

fe is the precorrelation band pass filter centre frequency;
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f is any frequency within the 3dB bandwidth of the precorrelation filter;
) is the combined phase response of precorrelation band pass filter and antenna; and
® is equal to 2xf.

8.11.4 For aircraft receivers supporting single-frequency L1 using early-late correlators and tracking
GPS L1 C/A satellites signal, the precorrelation bandwidth of the installation, the correlator spacing and
the differential group delay are within the ranges defined in Table D-11, except as noted below.

8.11.4.1 For GBAS airborne equipment using early-late correlators and tracking GPS satellites, the
precorrelation bandwidth of the installation, the correlator spacing and the differential group delay
(including the contribution of the antenna) are within the ranges defined in Table D-11, except that the
region 1 minimum bandwidth will increase to 4 MHz and the average correlator spacing is reduced to an
average of 0.21 chips or instantaneous of 0.235 chips.

8.11.4.2 For GBAS airborne equipment class D (GAEC D) receivers using early-late correlators and
tracking GPS satellites, the precorrelation bandwidth of the installation, the correlator spacing and the
differential group delay are within the ranges defined in Table D-11, regions 2, 3 or 4 only. In addition, in
region 2 the range of average correlator spacing is 0.045 — 0.12 chips, and the instantaneous correlator
spacing is 0.04 — 0.15 chips.

8.11.4.3 For SBAS airborne equipment using early-late correlators and tracking GPS L1 C/A
satellites signal, the precorrelation bandwidth of the installation, the correlator spacing and the differential
group delay (including the contribution of the antenna) are within the ranges of the first three regions
defined in Table D-11 for L1 signal.

8.11.5 For aircraft receivers supporting single-frequency L1 using early-late correlators and tracking
GLONASS satellites, the precorrelation bandwidth of the installation, the correlator spacing, and the
differential group delay are within the ranges as defined in Table D-12.

8.11.5.1 For GBAS airborne equipment class D (GAEC D) aircraft receivers using early-late
correlators and tracking GLONASS satellites, the precorrelation bandwidth of the installation, the correlator
spacing, and the differential group delay are within the ranges as defined in Table D-12, regions 2 and 3
only. In addition, in region 2 the range of average correlator spacing is 0.05 — 0.1 chips, and the
instantaneous correlator spacing is 0.045 — 0.11 chips.

8.11.6 For aircraft receivers supporting single-frequency L1 using double-delta correlators and
tracking GPS L1 C/A satellites signal, the precorrelation bandwidth of the installation, the correlator
spacing and the differential group delay are within the ranges defined in Tables D-13A and D-13B.

8.11.6.1 For GBAS airborne equipment class D (GAEC D) receivers using double-delta correlators
and tracking GPS satellites, the precorrelation bandwidth of the installation, the correlator spacing and the
differential group delay are within the ranges defined in Table D-13, regions 2 and 3 only.

8.11.7 For aircraft receivers supporting single-frequency L1 and using the early-late or double-delta
correlators and tracking SBAS L1 satellites, the precorrelation bandwidth of the installation, the correlator
spacing and the differential group delay are within the ranges defined in Table D-14.
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8.11.7.1 For GBAS airborne equipment class D (GAEC D) receivers using the early-late or double-
delta correlators and tracking SBAS satellites, the precorrelation bandwidth of the installation, the correlator
spacing and the differential group delay are within the ranges defined in Table D-14, region 2 only. In
addition, for GAEC D receivers using early-late correlators and tracking SBAS satellites, the average
correlator spacing is 0.045 — 0.12 chips, and the instantaneous correlator spacing is 0.04 — 0.15 chips.

8.11.8 For aircraft receivers designed for DFMC SBAS, the L5 (or L3) signal tracking precorrelation
bandwidth of the installation, the correlator spacing and the differential group delay are within the ranges
defined in Table TAB-09 using the early-late correlators and tracking the GPS, Galileo, GLONASS, BDS
or SBAS L5 signals identified in Attachment B, section 3.5.11.1.

8.11.9 For aircraft receivers designed for DFMC SBAS, the L1 signal tracking precorrelation
bandwidth of the installation, the correlator spacing and the differential group delay are within the ranges
defined in Table TAB-10 using the early-late correlators and tracking the GPS, Galileo, GLONASS, BDS
or SBAS L1 signals identified in Attachment B, section 3.5.11.1.

8.11.10 The instantaneous correlator spacing may be larger than the average correlator spacing range
provided in Table TAB-09 and Table TAB-10 accounting for noise or jitter in the correlator spacing.

Table D-13A. GPS tracking constraints for GRAS and
SBAS airborne receivers with double-delta correlators

Average correlator

3 dB precorrelation spacing Instantaneous correlator
bandwidth, X) spacing Differential
Region BW (chips) (chips) group delay
3 14 < BW £< (133.33 x X) +2.667 MHz ~ 0.07—0.24 0.06 — 0.26 <150 ns

Table TAB-09. DFMC SBAS tracking constraints for early-late correlators
tracking the L5, E5a or L3OC signals

3 dB precorrelation Average
bandwidth, correlator spacing Differential
Region BW (chips) group delay

1 12 <BW <24 MHz 09-11 <150 ns
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Table TAB-10. DFMC SBAS tracking constraints for early-late correlators
tracking the L1, E1 or L1OC signals

3 dB precorrelation Average
bandwidth, correlator spacing Differential
Region BW (chips) group delay
1 12 <BW <24 MHz 0.08 - 0.12 <150 ns

10. INTERFERENCE
10.1 Potential for interference

Satellite radio navigation systems such as GPS-and, GLONASS, Galileo and BDS feature relatively weak
received signal power, meaning that an interference signal could cause loss of service. In order to maintain
service, it will be necessary to ensure that the maximum interference levels specified in the SARPs are not
exceeded.

10.2 In-band interference sources

A potential source of in-band harmful interference is Fixed Service operation in certain States. There is a
primary allocation to the fixed service for point-to-point microwave links in certain States in the frequency
band used by GPS-and, GLONASS, Galileo and BDS.

10.3 Out-of-band interference sources

Potential sources of out-of-band interference include harmonics and spurious emissions of aeronautical
VHF and UHF transmitters. Out-of-band noise, discrete spurious products and intermodulation products
from radio and TV broadcasts can also cause interference problems.

10.4 Aircraft generated sources

10.4.1 The potential for harmful interference to GPS-and, GLONASS, Galileo and BDS on an aircraft
depends on the type of aircraft, its size and the transmitting equipment installed. The GNSS antenna location
should take into account the possibility of on-board interference (mainly SATCOM).

10.5 Integrity in the presence of interference

The requirement that SBAS—and-GBAS-GNSS receivers do not output misleading information in the
presence of interference is intended to prevent the output of misleading information under unintentional
interference scenarios that could arise. It is not intended to specifically address intentional interference.
While it is impossible to completely verify this requirement through testing, an acceptable means of
compliance can be found in the appropriate receiver Minimum Operational Performance Standards
published by RTCA and EUROCAE.
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Figure FIG-09. Correlator outputs for Galileo E1-C or BDS B1C_pilot (left)
and Galileo E5a-Q or BDS B2a_pilot (right)

Origin:

NSP/6

Rationale:

This proposal addresses Annex provisions that cover common aspects of all GNSS
elements and need to be updated to reflect the introduction of DFMC GNSS. It includes
amendments to the provisions for ABAS, aircraft receivers, resistance to interference,
receiver antenna characteristics and signal quality monitor design, which in the Annex
are mostly located after the provisions for individual GNSS elements. (Additional
common aspects are covered in Initial Proposal 1.)
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INITIAL PROPOSAL 8
Ground-based augmentation system (GBAS)

APPENDIX B. TECHNICAL SPECIFICATIONS FOR
THE GLOBAL NAVIGATION SATELLITE SYSTEM (GNSS)

3. GNSS ELEMENTS

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

3.6.1 GENERAL

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

Note 1.— Guidance material is provided in Attachment D, 7.1.

Note 2— GBAS SARPs have not yet been updated to support dual-frequency multi-constellation
(DFMC) use. These SARPs are applicable to GPS L1 C/A and GLONASS L10OF only. Throughout the GBAS
SARPs (Appendix B, 3.6) and in the GBAS sections of Attachment D, the term GLONASS should be
understood to refer to GLONASS L1OF signals and services only, and the term GPS should be understood
to refer to GPS L1 C/A signals and services only.

3.6.7.3.4 lonospheric gradient mitigation

For FAST D ground subsystems, the probability of an error (JEr|) in the 30-second smoothed corrected
pseudo-range at the landing threshold point (LTP) for every GAST D supported runway that: a) is caused
by a spatial ionospheric delay gradient, b) is greater than the E g value computed from a broadcast Type 2
message, and c) is not detected and reflected in the broadcast Type 11 message within 1.5 seconds shall be
less than 1 x 10°° in any one landing. The FAST D ground subsystem shall limit the Type 2 broadcast
parameters to ensure that the maximum E,c at every LTP supporting GAST D operations shall not exceed
2.75 metres, except when operational requirements are demonstrated to permit it.

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

Note 2.— Validation guidance for ionospheric gradient mitigation this—reguirement can be found in
7.5.6.1.8.

Note 3.— To broadcast Type 2 parameters such that Eic exceeds 2.75 m for a specific LTP supporting
GAST D operations, a tailored analysis will demonstrate that the resulting GAST D continuity
and availability supports the intended operation. Guidance for assessing acceptability of Eic exceeding
2.75 m can be found in 7.5.13.1.
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ATTACHMENT D. INFORMATION AND MATERIAL
FOR GUIDANCE IN THE APPLICATION OF THE
GNSS STANDARDS AND RECOMMENDED PRACTICES

7.5.6.1.6 Requirements for FAST D ground subsystems to support mitigation of errors caused by
ionospheric anomalies. Although much of the responsibility for mitigation of ionospheric errors is allocated
to the airborne segment, there is a requirement for FAST D ground subsystems that is necessary to support
mitigation of such effects. Appendix B, 3.6.7.3.4 specifies that the ground subsystem is responsible for
ensuring mitigation of ionospheric spatial delay gradients. The ground subsystem ensures that the value of
the maximum corrected pseudo-range error (Eic) computed from the Type 2 data does not exceed 2.75
metres at all LTPs associated with runways that support GAST D procedures. One option available to the
manufacturer is to restrict the distance between the GBAS reference point and the LTP. It may, in some
cases, be desirable to allow GAST D service at LTPs where Eic exceeds 2.75 m. This could have an impact
on the availability of the GAST D service for that particular approach. The service provider should then
evaluate whether the expected performance is adequate for the intended service. See 7.5.13.1 for guidance
on how availability assessment can be done.

7.5.10.1 The monitor design (for example, its smallest detectable error) is to be based upon the
integrity risk requirements and the failure model the monitor is intended to protect against. A bound on the
GPS ephemeris failure rate can be determined from the reliability requirements defined in Chapter 3,
3.1.7.3.1.34, since such an ephemeris error would constitute a major service failure.

7.5.13 Ground subsystem requirements and airworthiness performance assessment. Airworthiness
certification of autoland systems, for use in Category /111 operations, requires an assessment of landing
performance under fault-free and faulted conditions. More information, describing how the technical
standards can be used to support an assessment, may be found in RTCA document DO-253D, “Minimum
Operational Performance Requirements for Airborne Equipment using the Local Area Augmentation
System”, Appendix J=.

7.5.13.1 Estimating availability. It may, in some cases, be necessary to estimate the expected
availability for an airport or a runway end. Examples are cases where the mask angles are high or Eic
exceeds 2.75 m. When the maximum value of 2.75 m is established for the Eg, this is based on availability
simulations where conservative assumptions are used for the constellation and aircraft performance, and
the target is to provide the GAST D service with an availability of 0.999 for Category Il airports around
the world. Therefore, the Eg limit of 2.75 m guarantees an availability that is higher than 0.999 under the
worst-case assumptions, when only the residual ionospheric component is considered. However, for many
locations, the availability may still be within this limit for E;c > 2.75 m. Also, Chapter 3, Table 3.7.2.4-1
specifies a range of availability requirements, and the service provider must assess which availability is
needed for the operation in question. In case GAST D service is provided to an LTP where Ec exceeds
2.75 m, no assumptions can be made on availability, and the service provider is then responsible for
estimating the availability according to the guidance outlined below, making assumptions on airborne
performance. The maximum allowable undetected airborne error in the position domain (maxEv, maxE)
as derived from the touchdown airworthiness requirements, can be assumed to be 10 m or higher.

7.5.13.2 In general, availability at a given approach can be estimated by taking into account the
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ground station parameters transmitted under normal conditions, to compute airborne VEB/LEB and
VPL/LPL and to compare against VALS/LALs for a particular approach. The result of the airborne
geometry screening is a separate component of the availability. For cases where Eic exceeds 2.75 m, it is
sufficient to consider the availability resulting from airborne geometry screening, which will drive
availability rather than protection levels.

7.5.13.3 Ata minimum, the duration of the simulation must consider all constellation states (24 hours
for GPS). When taking additional probabilistic considerations into account, e.g. scintillation probability,
longer simulation durations may be required.

7.5.13.4 VPL/LPL should be compared against VAL/LAL at 200 ft (or at the threshold if that is
further away from the GBAS reference point).

7.5.13.5 VEBJ/LEB should be compared against VAL/LAL at 23 NM or wherever the approach is
intended to start.

7.5.13.6 The constellation to be used is the standard expandable (27 SV) constellation, as defined in
the GPS Standard Positioning Service (SPS) Performance Standard, Fourth Edition with N-1 and N-2 state
probabilities as given in Table D-XX.

7.5.13.7 If the availability requirement is met under these conditions, no further analysis is required.
If additional analysis is needed, a less conservative constellation can be used, e.g. a contemporary Yuma
almanac. The same constellation state probabilities may be used, or, if possible, probabilities applicable to
that constellation.

Table D-XX. GPS constellation state probabilities

P N satellites

constellation operatin N-1 N-2 N-3 N-4
state perating

Probability 0.95 0.035 0.015 0 0

7.5.13.8 The ground station parameters are those transmitted by the particular ground subsystem.
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7.5.13.9 The assumptions for airborne parameters are:

e AADB;

o aircraft speed: 160 kts;

®  Gdivg - 0 (assumes smoothing filter steady state);

®  onoise - 0.15 (worst-case within AAD B);

e MaxE, MaxE.: 10 m;

o  MaxSyet=MaxEy Er;

e MaxS, s =MaxE, /Eg;

o MaxSyerz = MaxEy ; max (Eic);

o MaxSiaz=MaxE.;max (Eig);

e Eg is the maximum undetected pseudo-range error for the GAST D approach, either 1.6 m or EIG
for the approach, whichever is larger; and

o the airborne receiver is capable of simultaneously tracking and continuously decoding the
associated navigation data for at least 12 ranging sources.

Origin: Rationale:

NSP/6 This proposal is intended to address potential restrictions on the use of a single GBAS
ground station to support multiple runways that could be caused by the current limit on
Eic (2.75 m). Eic is proportional to the distance between the GBAS ground station and
the runway threshold(s) served by that station. Thus, setting a limit on E,c implicitly sets
a limit on the maximum distance allowed between the ground station and the threshold(s).
This distance limit constrains the siting of the station and imposes significant restrictions
on the use of a single GBAS station to support multiple runways. Relaxing the Eg limit
can alleviate the restrictions without any impact on safety, as system integrity is not
affected, but could decrease availability of service under certain conditions. Accordingly,
the proposal maintains the original limit as a general provision, but allows deviations for
airports in which availability remains acceptable if the limit is increased. The proposal
also contains guidance material on availability estimation to assist the availability trade-
off analysis.







ATTACHMENT C to State letter AN 7/62.1.4-21/41

RESPONSE FORM TO BE COMPLETED AND RETURNED TO ICAO TOGETHER
WITH ANY COMMENTS YOU MAY HAVE ON THE PROPOSED AMENDMENT

To: The Secretary General
International Civil Aviation Organization
999 Robert-Bourassa Boulevard
Montréal, Québec
Canada, H3C 5H7

(State)

Please make a checkmark (v') against one option for each amendment. If you choose options “agreement
with comments” or “disagreement with comments”, please provide your comments on separate sheets.

Agreement | Agreement | Disagreement | Disagreement | No position
without with without with
comments | comments* comments comments

Amendment to Annex 10 —
Aeronautical Telecommunications,
Volume | — Radio Navigation Aids
(Attachment B refers)

*“Agreement with comments™ indicates that your State or organization agrees with the intent and overall
thrust of the amendment proposal; the comments themselves may include, as necessary, your reservations
concerning certain parts of the proposal and/or offer an alternative proposal in this regard.

Signature: Date:

—END —
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