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Pursuant to Section 120 of the Civil Aviation Act No.14 of 2010, (which is hereinafter referred to
the CA Act) Director General of Civil Aviation (hergifter referred to as the DGCA) shall have the
power to issue, whenever he considers it necessary or appropriate to do so, such Implem
Standards for the purpose of giving effect to any provision in the CA Act, Regulations or R
made tlereunder including the Articles of the Convention on International Civil Aviation specified
the Schedule to the CA Act.

Accordingly, |, being the DGCA do hereby issue the Implementing StandarBsidio Navigation
Aids as mentioned in the Attachmemereto(Ref: AttachmentNo. I1S-10-(i)-all -Att), in compliance
with the related provision® n  tRadio Navigation Aidg contained in Annex 10 Volume |
ifAeronautical Telecommunicationso to the Co

This Implementing Standaghall be applicabléo Aeronautical Navigation Service providers, aircraft
operating agencies and all users ofrdxautical Navigational Aidswithin Colombo Flight
Information Region. And shall come in to force with effect frd& June2023 and remain iforce
unless revisd# revoked.

This Implementing Standard will supersede the Implementing Standard SLGAI830 Edition
Revision 00 dated o&1 March 2021lissued by the DGE.

Attention is also drawn to section 103 of the CA Act, which states inter alia that faileemply
with any Implementing Standards is an offence. Further, if any standard stipulated in
Implementing is not complied with or violated, an appropriate enforcement action will be taken as
the Aviation Enforcement Policy & Procedures Man&LCAP 0005 by the DGCA under section
102 of the CA Act.

P.A Jayakantha
Directar General of Civil Aviation and
Chief Executive Officer

Civil Aviation Authority of Sri Lanka

No. 152/1, Minuwangoda Road,
Katunayake.

EnclosureAttachmentNo. IS-10-(i)-all T Att.
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Implementing Standards

Title: Compliance to Annex-10- Aeronautical
Telecommunications (Volume 1)

Notice to the Recipient

and Recommeated Practices (SARPs) adopted by the International Civil Aviatipn
Organization (ICAO) and inegporated in theAmendment No. 930 the ICAO Annex 10
AAeronautical Telecommunicationd Radi o Nayi

1.1. The requirements in this Implementing Standard are based on the Staanards

1.2. In pursuance of the obligation cast end\rticle 38 of the Convention which
requires the Contracting States to notify the ICAO of any differences between the national
regulations of the States and practices and the International Standards contained in the
respective Annex and any amendmentrdto, the CAASL will be taking steps to notify
ICAO of such differences relating to either a Standard or a Recommended Practice, if any.
The CAASL will also keep the ICAO currently informed of any differences which may
subsequently occur, or of the witlaslval of any differences previously notified. Furthermore,

the CAASL will take steps for the publication of differences between the national regulations
and practices and the related ICAO Standards and Recommended Practices through th¢
Aeronautical Informabn Service, which is published in accordance with the provisions in
the Anne 107 Volume Ito the Convention.

14

1.3. Taking into account of the ICAO council resolution dated 13 April 1948
which invited the attention of Contracting States of the desirabily o f using in
national regulations, as far as is practicable, the precise language of those ICAO Standards
that are of a regulatory character, to the greatest extent possible the CAASL has attempted td
retain the ICAO texts in the Annex inatting this Implementing Standard.

1.4 The requirements contained in this document are applicAbleAeronautical
Navigation Service providersaircraft operating agencieand all users of Aeronautical
Navigatioral Aids,

15 All Aeronautical Navigatia Service providers, aircraft operating ageneed all
users of Aeronautical Navigational Aidsof Sri Lanka shall strictly comply with the
requirenents published in this Document.

1.6 This Implementing Standard supersedes limplementing Standard oiRRadio
Navigational Aids 03 Edition Revision 00ssued by the Director General of Civil Aviation
dated or81% March 2021

1.7. The components in this Implementing Standard are defined as follows and they have
the status as indicated:
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1.7.1. Standard: Ay specification for physical characteristics, configuration, materiel,
performance, personnel or procedure, the uniform application of which is recognized as
necessary for the safety and regularity of national and international air navigation and to
which Contracting States will conform in accordance with the Convention; in the event of
impossibility of compliance, notification to the Council is compulsory under Article 38. The
ICAO Standards are reflected in the Implementing Standards if they are ogalémented

using the normal fonts and recipients are required to conflarnsuch requirements
invariably.

1.7.2. Recommended Practice: Any specification for physical characteristics,
configuration, materiel, performance, personnel or procedure, thermn#pplication of

which is recognized as desirable in the interest of safety, regularity, efficiency or
environmentally responsiveness of international air navigation, and to which Contracting
States will endeavor to conform in accordance with the CoiorentThe ICAO
Recommended Practices are reflected in the Implementing Standards in italic fonts and the|
Recipients are encouraged to implement them to the greatest extent possible.

1.7.3. Appendices: Comprising material grouped separately for convenimric®rming
part of the Standards and Recommended Practices adopted by the Council. Enforcemen
action on such matters will be as in the case of Standards or Recommended Practices.

1.7.4. Definitions: A definition does not have independent status kan isssential part of
each Standard and Recommended Practice in which the term is used, since a change in the
meaning of the term would affect the specification.

1.7.5. Tables and Figures: add to or illustrate a Standard or Recommended Practice, and
which are referred to therein, form part of the associated Standard or Recommended Practics
and have the same status.
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Rev. Number Date Entered by
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Page3 of 349 Third Edition Rev:01 Date:15" June 2023




AttachmentNo. IS-10-(i)-all -Att

List of Effective Pages

Page| Eff. Date| Page E- D& | page | Eff. Date| Page| Eff. Date
1 [(15.06.2023 43 31.03.2021 85 31.03.2021 127 31.03.2021
2 [15.06.2023 44 31.03.2021 |86 31.03.2021 (128 31.03.2021
3 [15.06.2023 45 31.03.2021 87 31.03.2021 (129 31.03.2021
4 |15.06.2023 46 31.03.2021 188 31.03.2021 (130 15.06.2023
5 [15.06.2023 47 31.03.2021 89 31.03.2021 131 15.06.2023
6 [15.06.202348 31.03.2021 190 31.03.2021 132 15.06.2023
7 115.06.2023 49 31.03.2021 91 15.06.2023 (133 15.06.2023
8 [15.06.2023 50 31.03.2021 92 15.06.2023 134 15.06.2023
9 [15.06.202351 31.03.2021 93 15.06.2023|135 15.06.2023
10 [31.03.2021 52 31.03.2021 94 15.06.2023 (136 15.06.2023
11 31.03.2021 53 31.03.2021 95 15.06.2023|137 15.06.2023
12 [31.03.2021 54 31.03.2021 96 15.06.2023 (138 15.06.2023
13 [31.03.202 55 31.03.2021 97 15.06.2023 (139 15.06.2023
14 31.03.2021 56 31.03.2021 98 15.06.2023 (140 15.06.2023
15 [31.03.2021 57 31.03.2021 99 15.06.2023 (141 15.06.2023
16 |31.03.2021 58 31.03.2021 (100 31.03.2021 142 15.06.2023
17 131.03.2021 59 31.03.2021 101 3103.2021 (143 15.06.2023
18 [31.03.2021|60 31.03.2021 (102 31.03.2021 144 15.06.2023
19 31.03.2021 61 31.03.2021 (103 31.03.2021 (145 15.06.2023
20 [31.03.2021162 31.03.2021 (104 31.03.2021 (146 15.06.2023
21 [31.03.202163 31.03.2021 105 31.03.2021 (147 15.06.2@3
22 (31.03.2021 64 31.03.2021 (106 31.03.2021 (148 15.06.2023
23 [31.03.2021 |65 31.03.2021 107 31.03.2021 (149 15.06.2023
24 31.03.2021 66 31.03.2021 (108 31.03.2021 (150 15.06.2023
25 [31.03.202167 31.03.2021 109 31.03.2021 151 15.06.2023
26 [31.03.2021|68 31.03.2021 110 31.03.2021 152 15.06.2023
27 1(31.03.2021169 31.03.2021 111 31.03.2021 (153 15.06.2023
28 [31.03.2021(70 31.03.2021 112 31.03.2021 154 15.06.2023
29 [31.03.2021(71 31.03.2021 113 31.03.2021 (155 15.06.2023
30 [31.03.2021(72 31.03.2021 114 31.083.2021 (156 15.06.2023
31 [31.03.2021(73 31.03.2021 115 31.03.2021 157 31.03.2021
32 [31.03.2021(74 31.03.2021 (116 31.03.2021 (158 31.03.2021
33 [31.03.2021 (75 31.03.2021 117 31.03.2021 159 31.03.2021
34 (31.03.2021(76 31.03.2021 (118 31.03.2021 (160 31.03.202
35 [31.03.2021(77 31.03.2021 119 31.03.2021 161 31.03.2021
36 [31.03.2021(78 31.03.2021 120 31.03.2021 162 31.03.2021
37 [31.03.2021(79 31.03.2021 121 31.03.2021 (163 31.03.2021
38 [31.03.2021 80 31.03.2021 122 31.03.2021 (164 31.03.2021
39 (31.03.2021 81 31.03.2021 (123 31.03.2021 (165 31.03.2021
40 [31.03.2021 82 31.03.2021 124 31.03.2021 (166 31.03.2021
41 [31.03.2021 83 31.03.2021 (125 31.03.2021 167 31.03.2021
42 31.03.2021 84 31.03.2021 126 31.03.2021 (168 31.03.2021

Pages of 349

Third Edition Rev:01 Date:15" June 2023




AttachmentNo. IS-10-(i)-all -Att

Page| Eff. Date| Page E- D& | page | Eff. Date| Page| Eff. Date
169 31.03.2021 211 31.03.2021 253 31.03.2021 295 31.03.2021
170 |31.03.2021 212 31.03.2021 254 31.03.2021 [296 31.03.2021
171 31.03.2021 213 31.03.2021 255 31.03.2021 297 31.03.2021
172 |31.03.2021 214 31.03.2021 256 31.032021 298 31.03.2021
173 |31.03.2021 215 31.03.2021 257 31.03.2021 299 31.03.2021
174 31.03.2021 216 31.03.2021 258 31.03.2021 300 31.03.2021
175 |31.03.2021 217 31.03.2021 259 31.03.2021 301 31.03.2021
176 31.03.2021 218 31.03.2021 260 31.03.2021 302 31.03.2021
177 |31.03.2021 219 31.03.2021 261 31.03.2021 (303 31.03.2021
178 |31.03.2021 220 31.03.2021 262 31.03.2021 (304 31.03.2021
179 31.03.2021 221 31.03.2021 263 31.03.2021 305 31.03.2021
180 [31.03.2021 222 31.03.2021 264 31.03.2021 (306 31.03.2021
181 31.03.2021 223 31.03.2021 265 31.03.2021 307 31.03.2021
182 [31.03.2021 224 31.03.2021 266 31.03.2021 308 31.03.2021
183 [31.03.2021 225 31.03.2021 267 31.03.2021 309 31.03.2021
184 31.03.2021 226 31.03.2021 268 31.03.2021 310 31.03.2021
185 [31.03.2021 227 31.03.2021 269 31.03.2021 311 31.03.2021
186 [31.03.2021 228 31.03.2021 270 31.03.2021 312 31.03.2021
187 31.03.2021 229 31.03.2021 271 31.03.2021 313 31.03.2021
188 |31.03.2021 230 31.03.2021 272 31.03.2021 (314 31.03.2021
189 31.03.2021 231 31.03.2@1 273 31.03.2021 315 31.03.2021
190 [31.03.2021 232 31.03.2021 274 31.03.2021 316 31.03.2021
191 [31.03.2021 233 31.03.2021 275 31.03.2021 317 31.03.2021
192 31.03.2021 234 31.03.2021 276 31.03.2021 318 31.03.2021
193 |31.03.2021 235 31.03.2021 277 31.032021 319 31.03.2021
194 31.03.2021 236 31.03.2021 278 31.03.2021 (320 31.03.2021
195 |31.03.2021 237 31.03.2021 279 31.03.2021 321 31.03.2021
196 [31.03.2021 238 31.03.2021 {280 31.03.2021 322 31.03.2021
197 31.03.2021 239 31.03.2021 281 31.03.2021 323 31.03.2021
198 |31.03.2021 240 31.03.2021 282 31.03.2021 (324 31.03.2021
199 31.03.2021 241 31.03.2021 283 31.03.2021 (325 31.03.2021
200 [31.03.2021 242 31.03.2021 284 31.03.2021 326 31.03.2021
201 [31.03.2021 243 31.03.2021 {285 31.03.2021 327 31.03.2021
202 31.03.2021 244 31.03.2021 286 31.03.2021 328 31.03.2021
203 [31.03.2021 245 31.03.2021 287 31.03.2021 329 31.03.2021
204 31.03.2021 246 31.03.2021 {288 31.03.2021 330 31.03.2021
205 [31.03.2021 247 31.03.2021 289 31.03.2021 331 31.03.2021
206 [31.03.2021 248 31.03.2021 290 31.03.2021 332 31.03.2021
207 31.03.2021 249 31.03.2021 291 31.03.2021 333 31.03.2021
208 [31.03.2021 250 31.03.2021 292 31.03.2021 (334 31.03.2021
209 31.03.2021 251 31.03.2021 293 31.03.2021 335 31.03.2021
210 [31.03.2021 252 31.03.D21 294 31.03.2021 (336 31.03.2021

Page5 of 349 Third Edition Rev:01 Date:15" June 2023




AttachmentNo. IS-10-(i)-all -Att

Page| Eff. Date| Page [FM- Da® | page | Eff. Date| Page| Eff. Date

337 [31.03.2021

338 [31.03.2021

339 [31.03.2021

340 [31.03.2021

341 [31.03.2021

342 [31.03.2021

343 [31.03.2021

344 [31.03.2021

345 [31.03.2021

346  [31.03.2021

347 [31.03.2021

Pages6 of 349 Third Edition Rev:01 Date:15" June 2023




History of Revision

AttachmentNo. IS-10-(i)-all -Att

Revision Source Areas subjected to Change Effective
Number date
IS 034 Replacing ASN 114
Edition 01- 24.102014
Rev 00
IS 034 ICAO Annex 10 | Replacing IS 034 Edition 0% Rev 00
Edition 02- | Volume I upto 01.01.2017
Rev 00 Amendment 90
IS 034 Incorporating periodicity of flight calibratior,
Edition 02- 01.09.2019
Rev 02
IS 034 ICAO Annex 10 | 1. Replacing IS 034 Edition 02 Rev 02
Edition 03- | Volume | 2. IncorporatinglICAO Annex 10 Volume | 31.03.2021
Rev 00 Amendment 91 Amendment 91 & 92
& 92 3. Incorporating Appendix B
IS 034 ICAO Annex 10 | 1. Replacing IS 034 Edition 03 Rev 00
Edition 03- | Volume | _
Rev 01 Amendment 93 | 2. Incorporating ICAO Annex 10 Volume | 15.06.2023

Amendment 8

Page7 of 349

Third Edition

Rev:01

Date:15" June 2023




AttachmentNo. IS-10-(i)-all -Att

Table of Contents

1 CHAPTER T DEFINITIONS ...ttt e eeene s e 1-10
2 CHAPTER - GENERAL PROVISIONS FOR RADIO NAVIGATION AIDS 2-13
2.1 Standard radio NAVIgation @IdS..............uuueiiieiiieeeiiiiiii e 2-13
2.2 Groundandflight tEStING.......cooeiiiiiii e 2-15
2.3 Provision of information on the opestional status of radio navigation services.2-15
2.4 Power supply for radio navigation aidsandcommunication systems................ 2-15
2.5 Human Factos CONSIAEralioNS..........ccoeviviiiiieiiiiiieene e e eeeeeeeeeeeeeeee e eeeeeeeee 2-16
3 CHAPTER 7 SPECIFICATIONS FOR RADIO NAVIGATION AIDS ............ 3-17
3.1 SPEIfICAtioON TOr ILS ... 3:17
3.2 PO 3-54
3.3 Speification for VHF omnidirectionalradiorange(VOR)...........cccoeiiiivivnnnnn. 3-55
3.4 Speification for non-directional rado beacon(NDB) .............ccoovvviviiiiiiieeee..n. 3-61
3.5 Speification for UHF distance measuring equpment (DME).......................... 3-67
3.6 PP SOPPPRPR 3-90
3.7 Requirements for the Global Navigation Satellite System (GNSS).............. 391
3.8 (RIS VL= TP 3-115
3.9 System characteristics of borne ADF receiving systems..............ccccceeeeee. 3-116
3.10 (RESEIVEA)... ..ot e e e e e e e e e e ameena e e e as 3-117
3.11 N et et e e ——e et e e e e e e bttt e e aant e e e nnaraaaaees 3-118
APPENDIX A. i MICROWAVE LANDING SYSTEM (MLS) CHARACTERISTICS -
N A ettt ettt et ea—— e e e e et —— e e e e e e et b e ananreteeee e e e nnrreeaaeeeanrnnnas 3-129
APPENDIX B. TECHNICAL SPECIFICATIONS FOR .......cccooivieeeeiiiiiieeeeeeen 3-130
THE GLOBAL NAVIGATION SATELLITE SYSTEM (GNSS)  .cvvvieiiiiiieeeeeee 3-130
1 DEFINITIONS oottt ceee e e e e emmne st e e e e s e nnss e e s enmne s 3-130
2 GENERAL oottt e e e e amne e nneee 2-130
3 GNSS ELEMENT S .. et rmmr e e e e e e eaans 3-130
3.1 Global Positioning System (GPS) Standard Positioning Service (SPS).(L2)130
3.2 Global navigation satellite system (GLONASS) channel of standard accuracy (CSA)
(L1) 3-157
3.3 Combined use of GPS aBLONASS..........ccccuiiiiiiiiiiier e 3-175
3.4 Aircraft-based augmentation SySt@ABAS)..........ccoovriiiiiiiiiiiiier e 3176
3.5 Satellitebased augmentation SySt€BBAS)............vvvviiiiiiiii s 3176

Pages of 349 Third Edition Rev:01 Date:15" June 2023




AttachmentNo. IS-10-(i)-all -Att

3.6 Groundbasel augmentation system (GBASyand grounebased regional
augmentation SYStEMBRAS).......uu i 3:236
3.7 ReSIStance tMErfEreNCE...........uvueeiieiee e 3-321
3.8 GNSS aircraft satellite receivantenna...........ccceeeeiiieeeeiiiceeicieie e 3:325
3.9 Cyclic redundancy CheCK...........oooiiiiiiiiiiieee e 3-325

Page9 of 349 Third Edition Rev:01 Date:15" June 2023




AttachmentNo. IS-10-(i)-all -Att

1 CHAPTER T DEFINITIONS

Note 10 Allref er ences to ARadi o Regul ationso
by the International Telecommunication Union (ITU). Radio Regulations are amended
from time to time by the decisions embodied in the Final Acts of World Radio
communication Conferencégld normally every two to three years. Further information

a

on the ITU processes as they relate to aeronautical radio system frequency use is

contained in the Handbook on Radio Frequency Spectrum Requirements for Civil
Aviation including statement of appred ICAO policies (Doc 9718).

Note 20 Implementing Standard I 034 includes Standards and Recommended
Practices for certain forms of equipment for air navigation aisil Aviation Authority

of Sri Lanka (CAASLYill determine the necessity fgpeific installations in accordance
with the conditions prescribed in the relevant Standasd Recommended Practge
Review of the need for specific installation and the formulation of ICAO opinion and
recommendations tthe Stateis carried out periodially by Council, ordinarily on the
basis of recommendations of Regional Air Navigation Meetings (Doc @1B#ectives

to Regional Air Navigation Meetings and Rules of Procedure for their Conduct).

Note 30 The terminology used in thisnplementing Stadard refer to instrument
approach operations is based on a previous version diGA® Annex 6 classification of
instrument approach and landing operations. It can be mapped téCA® Annex 6

definitions as follows:

Performance requirements in support of instrument approach operations

Annex 6 method — Approach

Annex 10 system performance .
operation category

Non-precision approach (NPA) 2D-Type A"

Approach with vertical guidance (APV) 3D-Type A?

Category I, DH equal to or greater than | 3D-Type A’
75 m (250 ft)

Category I, DH equal to or greater than | 3D-Type B— CATI"

Precision approach (PA) 60 m (200 ft) and less than 75 m

(250 ft)
Category 1II 3D-Type B— CAT II
Category III 3D-Type B— CATIII

(1) Without vertical guidance.
(2) With barometric or SBAS vertical guidance.
(3) With ILS, MLS, GBAS or SBAS vertical guidance.

When the following terms are usén this volume, they have the following meanings:

Altitude 1T The vertical distance of a level, a point or an object considered as a point,
measured from mean sea level (MSL).
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Area navigation (RNAV) 1 A method of navigation which permits aircraft opamaton any
desired flight path within the coverage of ground spacebased navigation aids or within
the limits of the capability of setfontained aids, or a combination of these.

Note i Area navigation includes performanbased navigation as well asther
operations that do not meet the definition of performaraged navigation.

Effective acceptance bandwidthi The range of frequencies with respect to the assigned
frequency for which reception is assured when all receiver tolerances have beemttaken
account.

Effective adjacent channel rejectioni The rejection that is obtained at the appropriate
adjacent channel frequency when all relevant receiver tolerances have been taken intog
account.

Elevation i The vertical distance of a point or a leveh or affixed to the surface of the
earth, measured from mean sea level.

Essential radio navigation servicei A radio navigation service whose disruption has a
significant impact on operations in the affected airspace or aerodrome.

Fan marker beaconi A type of radio beacon, the emissions of which radiate in a vertical
fan-shaped pattern.

Height i The vertical distance of a level, a point or an object considered as a point, measured
from a specified datum.

Human Factors principles T Principles which aply to design, certification, training,
operations and maintenance and which seek safe interface between the human and othg
system components by proper consideration to human performance.

Mean power (of a radio transmitter)i The average power supplied the antenna
transmission line by a transmitter during an interval of time sufficiently long compared
with the lowest frequency encountered in the modulation taken under normal operating
conditions.

Notei A time of 1/10 second during whithe mean power is greatest will be selected
normally.

Navigation specificationi A set of aircraft and flight crew requirements needed to support
performancebased navigation operations within a defined airspace. There are two kinds of
navigation specif@ations;

Required navigation performance (RNP) specification A navigation specification based

on area navigation that includes the requirement for performance monitoring and alerting,
designated by the prefix RNP, e.g. RNP 4, RNP APCH.
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Area navigation (RNAV) specification: A navigation specification based on area navigation
that does not include the requirement for performance monitoring and alerting, designated
by the prefix RNAV, e.g. RNAV 5, RNAV1

Note 1- Performancebased Navigation (PBN) Maal (Doc 9613), Volume II, contains
detailed guidance on navigation specifications.

Note2i The term RNP, previously defined as 1
necessary for operation within a detfthe ned
concept of RNP has been overtaken by the concept of PBN. The term RNP in this IS is
now solely used in the context of navigation specifications that require performance
monitoring and alerting, e.g. RNP 4 refers to the aircraft and operating reqairesm
including a 4 NM lateral performance with dmard performance monitoring and
alerting that are detailed in Doc 9613.

Performance-based navigation (PBN) T Area navigation based on performance
requirements for aircraft operating along an ATS routegauio instrument approach procedure
or in a designated airspace.

Note i Performance requirements are expressed in navigation specifications (RNAV
specification, RNP specification) in terms of accuracy, integrity, continuity,
availability ard functionality needed for the proposed operation in the context of a
particular airspace concept.

Pressurealtitude 7 An atmospheric pressure expressed in terms of altitude which
corresponds to that pressure in the Standard Atmosphere.

Protected servie volume 1T A part of the facility coverage where the facility
provides a particular service in accordance with relevant SARPs and within which the facility
is afforded frequency protection.

Radio navigation servicel A service providing guidamcinformation or position data for
the efficient and safe operation of aircraft supported by one or more radio navigation aids.

Touchdown’i The point where the nominal glide path intercepts the runway.

NoteiAiTouchdown fAas def i nandis @obnecessarily the actmal y
point at which the aircraft will touch the runway.

Z marker beaconi A type of radio beacon, the emissions of which radiate in a vertical
coneshaped pattern.
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2 CHAPTER - GENERAL PROVISIONS FOR RADIO
NAVIGATION AIDS

2.1 Standard radio navigation aids
2.1.1 Thestardard radio navigation aids shall be:

a) the instrument landing system (ILS) conforming to the Standards contained in
Chapter 3, 3.1;

b)  N/A

C) the global navigation satellite system (GNSS) conforming to the Standarnadsnedn
in Chapter 3, 3.7;

d) the VHF omnidirectional radio range (VOR) conforming to the Standards contained
in Chapter 3, 3.3;

e) the nondirectional radio beacon (NDB) conforming to the Standards contained in
Chapter 3, 3.4;

f) the distance measuring equipnt (DME) conforming to the Standards contained in
Chapter 3, 3.5; and

0) N/A

Note 1 i Sincevisual reference is essential for the CAT | operationsfinal stages of
approach and landing, the installation of a radio navigation aid does not obviate the
need for visual aidsto approach and landing in conditions of low visibility.

Note 20 It is intended that introduction and application of radio navigation aids to
support precision approach and landing operations will be in accordance with the
strategy show in ICAO Annex 10 Volume | AttachmeBt It is intended that
rationalization of conventional radio navigation aids and evolution toward supporting
performancebased navigation will be in accordance with the strategy show&AO
Annex 10 Volume | AttaclemtH.

Note 30 Categories of precision approach and landing operations are classifi¢d in
011

Note 48 Information on operational objectives associated with ILS facility performance
categories is givem ICAO Annex 10 Volume | Attachméht2.1 and2.14.
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2.1.2 Differencesin radio navigationaidsin any respecfrom the Standards of Chaper 3
shdl be publishedin anAeronauical Information Publication (AIP).

2.1.3 Wherever there is installed a radio navigation aid that is not an ILS, which may be
usal in whole or in part with aircraft equipment designed for use with the ILS, full
details of parts that may be so used shdl be published in an Aeronautica
Information Publication (AIP).

Note i This povison is to eshblish a requirement for promulgation of relevant
information rather thanto authorize such instll ations.

2.1.4 GNSSspecific provisions

2.1.4.1lt shall be permissible to terminate a GNS&MHkite service provided by onef its
elements (Chapter 3, 3.7.2) on the basis of at leastyeaixadvance noticey a
service provider.

2.1.4.2I1f GNSSbased operations are carried out, ANSP shall ensure that GNSS data relevant
to those operations are recorded

Note 10 These recorded data can support accident and incident investigations. They may
also support periodicralysis to verify the GNSS performance parameters detailed in the
relevant Standards in this IS.

Note 20 Guidance material on the recording of GNSS parameters and on GNSS
performance assessment is containettGAO Annex 10 Volume | Attachmédnt 11 ard
12.

2.1.4.3Recordings shall be retained for a period of at leasta38. When theecordings are
pertinent to accident and incident investigations, they should be retained for longer
periods until it is evident that they will no longer be required.

2.1.5 N/A
2.1.5.1N/A

2.1.6 When a radio navigation aid is provided to support precison approach and
landing, it should be supplemerted, as necessary, by source or sources of
guidance information which, when used in conjunction with appropriate
procedures, will provide efective guidance to, and efficient coupling (manual or
automatic)with, the desired reference path.

NoteT DME, GNSSNDB, VORand aircraft navigation sygsems havebeen used for such
purposes.
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2.2 Ground and flight testing

2.2.1 Rado navigation aids of the types covered by the specificdions in Chapter 3 and
availade for use by aircraft engaged in national andnternational air navigation shall
be the subjectedo periodicground and fli ght tests.

Noted Guidance on the ground and flight testiofICAO standard facilities, including
the periodicity of the testing, is contained in ICAO Annex 10 Volume | Attachment C and
in the Manual on Testing of Radio Navigation Aids (Doc 8071).

2.2.2 Periodicity of Testing

2.2.2.1All Navigational Aids except NDBs shalklfight calibrated at a regular time intervals
not greater than 365 days.

2.2.2.2With respect to NDBs, time interval shall not be greater than 730 days for flight
testing.

2.2.2.3All Navigational Aids shall be ground tested at a regular time interval not greater tha
30Days.

2.2.2.4Any deviation to the conditions stated in 2.2.2.1 & 2.2.2.2 shall be approved by the
DGCA.

2.3 Provision of information on the operational status of radio
navigation services

2.3.1 Aerodrome control towers and units providing approach control sewice shall be
provided with informaion on the Opeational statusof radio navigation services
essential for approach, landing and take-off at the aerodrome(s) with which they are
concened, on atimely basis consistentwith the use of the service(s) involved.

Noted Guidance material on the application of this Standard in the case ofliRBBd

operations supported by GNSS is contained in the Perforrzased Navigation (PBN)
Manual (Doc 9613).

2.4 Power supply for radio navigation aids and communication systems

2.4.1 Radio navigation aids and groundements of communication systershall be
provided with suitable power supplies and means to ensure continuity of service
consistent with the use of the service(s) involved.

Noted Guidance material on power supply stkover is contained ifCAO Annex 10
Volume | Attachmer@, 8.
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2.5 Human Facta s considerations

2.5.1 Human Factors principles should be observed in the design, maintenance and to
facilitate the certification process of radio navigation aids.

Note i Guidance material on Human Factas principles can be found in the Human

Factors Training Manual (Doc 9683) and Circular 249 (Human Factors Digest No.11
0 HumanFactors in CNS/ATMSystems.
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3 CHAPTER TSPECIFICATIONS FOR RADIO NAVIGA TION
AIDS

Note i Spediications concerning the siting and construction of equipment and
installations on qerational areas aimed at reducing the hazad to aircraft to a
minimum are containedin Implementing Standard 03Qhagpter 8.

3.1 Speification for ILS
3.1.1 Definitions

Angular displacement senstivity 1 The ratio of measured DDM to the
corresponding angular displacement from the appropriate reference line.

Antenna port - A point where the received signal power is specifieat. an active antenna,
the antenna port is a fictitious point between the antenna elements and the antenna pre
amplifier. For a passive antenna, the antenna port is the output of the antenna itself.

Axial ratio - The ratio, expressed in decibels, betwda 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.

Back course sector i The course sector which is situated on the opposite side of the
localizer from the runway.

Courseline T Thelocus of points nearest to the runway centre line in any horizontal plane
atwhich the DDM s zero.

Course sector T A sector in a horizontal plare containing the course line andlimited by
the loci of points nearestto the courseline at which the DDM is 0.155.

DDM o Difference in depth of modulation i The percentage modulaion depth of the
larger signal minus the percentage modulation depth of the smaller signal,divided by
100.

Displacament sensitivity (localizer) i The ratio of measured DDM to the corresponding
lateral displacementfrom the appropriate referernce line.

Facility Performance Category | 0 ILS T An ILS which provides guidance
information from the coverage limit of the ILS to the point at which the localizer
course line intersectsthe ILS glide path at a heght of 30 m (100 ft.) or less above the
horizontal plane containing the threstold.

Noted The lower limit is set to 3th (100 ft) below the minimum Category | decision
height (DH).

Facility Performance Category Il 6 ILS T An ILS which provides guidance
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information from the coverage limit of the ILS to the point at which the localizer
course line interseds the ILS glide path at a height of 15 m (50 ft) or lessalove the
horizontal plane containing the threshold.

Noted The lower limit is set to 15 m (50 ft) below the minimum Category Il decision
height (DH).

Facility Performance Categay Il 6 ILS i An ILS which, with the aid of ancillary
egupment where necessary, provides guidance information from the coverage limit of the
facility to, and along, the surface of the runway.

Front course sector i The course seaor which is situated on the same side of the localizer
astherunway.

Half course sector i The secbor, in a horizontal plane contaning the course line and
limited by the loci of points nearest to the course line at which the DDM is 0.0775.

Half ILS glide path sector i The sectorin the vertical plane contaning the ILS glide
path and limited by the loci of points neaest to the glide path at which the DDM is
0.0875.

ILS continuity of service T That quality which relatesto the rarity of radiated signal
interruptions. Thelevelof continuity of service of thelocalizer or theglide pathis expressed
in termsof the probability of not losingthe radated guidance signals.

ILS glide path T That locus of points in the vertical plane containing the runway
centreline at which the DDM is zero,which, of al suchloci, is the closestto the horizontal
plane.

ILS glide path angle T The ange between a straight line which represents the mean of
the ILS glide pathand the horizontal.

ILS glide path sector i The sectorin the vertical plane containing the ILS glide path
and limited by the loci of points neaest to the glide path at which the DDM is 0.175.

Note T The ILS glide path sector is located in the vertical plane containing the
runway centre line, and is divided by the radiated glide path in two parts called
upper secoor and lower sector, refering respectively to the <ctors above and
bdow the glide path.

ILS integrity i That quality which relatesto the trustwhich canbe placed in the @mrredness
of the information supplied by the facility. The level of integrity of the Iccalizer or the
glide pathis expresed in terms of the probability of not radating false guidance signals.

ILS Point AAO T A point on the ILS glide path measured along the extended runway centre
line in the approach direction a distarce of 7.5km (4 NM) from the threshold.

ILS Point fiBOT A point on the ILS glide path measured along the extended runway centre
line in the approach direcion a distanceof 1 050 m (3 500 ft.) from the theshol.
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ILS Point A C® A point through which the downward extended straight portion of the
nominal ILS glide path pases at a heght of 30 m (100 ft.) above the horizontal plane
contaning the threshold.

ILS Point i D ® A point 4 m (12 ft.) above the runway centreline and 900 m (3 000 ft)
from the threshad in the direction of the localizer.

ILS Point i E © A point 4 m (12 ft.) above the runway centreline and 600 m (2 000 ft)
from the stopend of the runway in the direction of the threstold.

Noted See ICAO Annex 10 VolurhAttachment C, Figure Q.
ILS reference datum (Point fi T 01) A point at a specified heght located above the
intersection of the runway centre line and the hreshdd and through which the
dowrward extended straight portion of the ILS glide path passes.
Two-frequency glide path system 7 An ILS glide path in which coverage is
achieved by the use of two independent radiation field patternsspaced on sepaate carrier
frequencies within the particular glide pathchannel.
Two-frequency localizer system 1 A localizer system in which coverage is achieved
by the use of two independent radiation field patternsspaced on separate carrier frequencies
within the particular localizer VHF channel.

3.1.2 Badc requirements

3.1.2.1The ILS shall comprise the following basic components:

(a) VHF localizer equipment, associated monitor system, remote control and indicator

equipment;

(b) UHF glide path equipment, associated moritor sydsem, remotecontrol andindicator
equipment;

(c) An appropriate means toaple glide path verification checks.

Noted The Procedures for Air Navigation ServiagsAircraft Operations (PAN®PS)
(Doc 8168) provide guidance on the conduct of glide path verification checks.

3.1.2.1.1 Distance to threshold information to enable glide pathfication checks should

be provided by either VHF marker beacons or distance measuring equipment
(DME), together with associated monitor systems and remote control and indicator

equipment.
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3.1.2.1.2 If one or more VHF marker beacons are used to provide distantte@eshold
information, the equipment shall conform to the specifications in 3.1.7. If DME is
used in lieu of marker beacons, the equipment shall conform to the specifications
in 3.1.7.6.5.

Noted Guidance material relative to the use of DME and/or otktandard radio
navigation aids as an alternative to the marker beacon is containddA® Annex 10
Volume | Attachmer@, 2.11.

3.1.2.1.3 Facility Performance Categories |, Il and &l ILS shall provide indications at
designated remote control points ot tbperational status of all ILS ground
system components, as follows:

(&) For dl Facility Performanceéaiegory Il and Category 1l ILS, the air traffic senices
unit involved in the control of aircraft on the final approach shall be me of the
desgnated remote control points and shell receive information on the operational status
of the ILS, with a delay commensirate with the requrements of the opeationa
environment;

(b) For all Facility PerformanceCaegory | ILS, if that ILS provides an essential radio
navigation sewice, the air traffic services unit involved in the control of aircraft on the
final approach shall be one of the designatd remote control points and shall receive
information on the operational status of the ILS, with a delay commensurate with the
requirements of the opaationa environmert.

Note T The indications required by this Standard are intended as a tool to support air
traffic management functions, and the applicable timeliness requirements are sized
accomingly (consistently with 2.3.1).

3.1.2.2The ILS shall be constructed and adjusted so thad, specified distance from the
threshold, similar instrumental indications in the aircraft represent similar
displacements from the course line or ILS glide path asopppte irrespective of
the particular ground installation in use.

3.1.2.3The localizer and glide path components specified in 3.1.3.1 a) and b) which form
part of a Facility Performance Category ! ILS shall comply at least with the
Standards in 3.1.3 and 3Blrespectively, excepting those in which application to
Facility Performance Categorydl ILS is prescribed.

3.1.2.4The localizer and glide path components specified in 3.1.3.1 a) and b) which form
part of a Facility Performance Category dl ILS shdl comply with the
Standards applicable to these components in a Facility Performance Catégory |
ILS, as supplemented or amended by the Standards in 3.1.3 and 3.1.5 in which
application to Facility Performance CategorgIIILS is prescribed.
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3.1.2.5The bcalizer and glide path components and other ancillary equipment specified in
3.1.2.1.1, which form part of a Facility Performance CategondIllILS, shall
otherwise comply with the Standards applicable to these components in
Facility Performane Categories | and 8 ILS, except as supplemented by the
Standards in 3.1.3 and 3.1.5 in which application to Facility Performance Category
Il & ILS is prescribed.

3.1.2.6To ensure an adequate level of safety, the ILS shall be so designed and maintained
that the probability of operation within the performance requirements specified is of
a high value, consistent with the category of operational performance concerned.

3.1.2.6.1 For Facility Performance Category Il and Il localizers and glide paths, the level of
integrity and continuity of service shall be at least Level 3, as defined in 3.1.3.12.4
(localizer) and 3.1.5.8.4 (glide path).

Noted The specifications for Facility Performance Categories Il anddlllILS

are intended to achieve the highest degree of systeegrity, reliability and
stability of operation under the most adverse environmental conditions to be
encountered. Guidance material to achieve this objective given in 218 A®D
Annex 10 Volume | Attachme@t

3.1.2.7At those locations where two separaté&lfacilities serve opposite ends of a single
runway and operationally harmful interference would be present if both facilities
were transmitting, an interlock shall ensure that only the localizer serving the
approach direction in use shall radiate.

Note 1.0 While a low height overflight of a transmitting localizer may generate
interference within airborne ILS receivers, this interference may only be considered as
operationally harmful when it occurs in specific conditions, e.g. without visual cues of the
runway, or when the autopilot is engaged. Additional guidance material is contained in
2.1.8 and 2.13 diCAO Annex 10 Volume | Attachment

Note 20 Interference may also be caused by transmissions from other localizers not
serving the opposite end the same runway (i.e. crossing, parallel or adjacent runways).
In such cases, use of interlock to prevent the interference can also be considered.

Note 30 An interlock can be provided through hardware, software or an equivalent
procedural means

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

Noted Additional guidance material on the operation of localizers on the same
frequency channel is containedl® 044 Chapter 4.

Page21 of 349 Third Edition Rev:00 Date:315March 2021




AttachmentNo. IS-10-(i)-all -Att

3.1.2.8At those locations where an ILS faciliynd a GBAS facility serve opposite approach

directions to the same runway, when the approach direction in use is not the
direction served by the ILS, the localizer shall not radiate when GBAS low visibility
operations that require GAST D are being congdictexcept where it can be
demonstrated that the localizer signal supports compliance with the requirements in
Appendix B, 3.6.8.2.2.5 and 3.6.8.2.2.6 defining the desired to undesired signal

ratios and the maximum adjacent channel power tolerable by BA&RSG/DB
receiver.

Noted If the localizer is radiatingthere is a possibility of interference to the GBAS VDB
signals in the region where the aircraft overflies the localizer. A means to ensure that the

localizer does not radiate can be provided ttgbweither hardware or software interlock
or a procedural mitigation. Additional guidance material is containetCiAO Annex 10
Volume | Attachmer€, 2.1.8.1 andCAO Annex 10 Volume | Attachmént7.2.3.3.

3.1.3 VHF localizer andassocited monitor

Introdu ction 7 The specifications in this section cover ILS locdizers providing
either postive guidance informaion over 360 degrees of azimuth, or
providing such guidance only within a speified portion of the front coverage
(see3.1.3.74) Where ILS localizers providing positive guidarce information
in a lmited sector are installed, information from some suitably located
navigation aid, together with appropriate procedures, will generally be required
to ensure that any misleading guidance information outdde the sedor is not
opeationdly signifi cant.

3.1.3.1Gereral

3.1.3.1.1 The radiationfrom the localizer antennasystemshell produce a compasite field
pattern which is amplitude nmodulated by a 90 Hz and a 150 Hz tone. The
radiation field pattern shall produce a cairse sector with onetone predominating
on one side of the course and with the other tone predominating on the opposite
side.

3.1.3.1.2 When an observer faces the locdizer from the approach end of a runway, the
depth of modulation of the radio frequency carrier due to the 150 Hz tone shdl
predominateon the observerés right hand and that due to the 90 Hz tone shdl
predominate on the observerd $eft hand.

3.1.3.1.3 All horizontal angles enployed in specifying the locdizer field pattens shall
originate from the centre of the localizer antennasystemwhich provides the
signalsusedin the front coursesector.
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3.1.3.2Rado frequercy

3.1.3.2.1 Thelocalizer shall operate in theband 108 MHz to 111975 MHz. Where a single
radio frequency carrier is used, the frequency tolerance shdl not exceed plus or
minus 0005 per cent. Where two radio frequency cariers are used, the
frequency tolerance shell not exceed 0.002 per cent and the nominal band
occupied by the carriers shall be synmetical about the asgined frequency.
With all tolerances appled, the frequency separation between the cariers shall
not be lessthan5 kHz nor more than 14 kHz.

3.1.3.2.2 The amission from te localizer sh be horizontally polarized. The vertically
polarized conmponent of the radiation on the course line shall not exceed that
which corresponds to a DDM error of 0.016 when an aircraft is positioned on
the courselineand is in aroll attitude of 20 degees from the horizontal.

3.1.3.2.2.1For Facility Perbrmance Category Il localizers, the verticaly polarized
component of the radiaton on the course line shall not exceed that which
corresponds to a DDM error of 0.008 when an aircraft is positioned on the
couselineandisin aroll attitude of 20 degreesfrom the horizontal.

3.1.3.2.2.2For Fadlity Performance Categay Ill |ocalizess, the vertically polaized
componentof the radiaton within a sector bourded by 0.02 DDM either side of
the course line shall not exceed that which corresponds to a DDM eror of
0.005whenanaircaftis in aroll atitude of 20 degreesfrom the horizontal.

3.1.3.2.3 For Facility Perbrmance @tegory 1l localizers, signals emanating from the
transmittershall contain no compaents which result in an apparent course line
fluctuation of more than 0.005 DDM peak to peakin the frequency band 0.01
Hz to10 Hz.

3.1.3.3 Coverage

Noted Guidance material on localizer coverage is given@AO Annex 10 Volume
AttachmentC, 2.1.10 and Figures-CA, G7B, G8A and C8B.

3.1.3.3.1 The localizer shall provide signals sufficient to allow satisfactory operation of a
typical aircraft installaion within the localizer and glide path coveragesectors.
Thelocalizer coverage sectorshall extendfrom the centreof the bcdizer antenna
system to distancesof:

46.3 km (25 NM) within plusor minus 10 degees from thefront course line;

315 km (17 NM) between 10 degrees and 35 degees from the front course
line;

18.5 km (10 NM) outdde of plus or minus 35 degees from the front course line
if coverage isprovided;
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except that, where topographical featuresadiecor operational requirements permit, the
limits may be reduced down to 33.3 km (18 NM) within the plus or minudebee
sector and 18.5 km (10 NM) within the remainder of the coverage when alternative
navigational means provide satisfactory covenaghin the intermediate approach area.
The localizer signals shall be receivable at the distances specified at and above a height
of 600 m (2 000 ft) above the elevation of the threshold, or 300 m (1 000 ft) above the
elevation of the highest point withithe intermediate and final approach areas,
whichever is the higher, except that, where needed to protect ILS performance and if
operational requirements permit, the lower limit of coverage at angles beyond 15
degrees from the front course line shall beedilinearly from its height at 15 degrees

to as high as 1 350 m (4 500 ft) above the elevation of the threshold at 35 degrees from
the front course line. Such signals shall be receivable, to the distances specified, up to a
surface extending outward frothe localizer antenna and inclined at 7 degrees above
the horizontal

Noted Where intervening obstacles penetrate the lower surface, it is intended that
guidance need not be provided at less thandiflsight heights .

3.1.3.3.2 In all parts of the coverage wrhe specified in 3.1.3.3.1, other than as specified in
microvolts per metre (minus 114 dBWvZ).

Noted This minimum field strength is required to permit satisfactipgrational usage
of ILS localizer facilities.

3.1.3.3.2.1For Facility Performance Category | localizers, the minimum field strength on the
ILS glide path and within the localizer course sector from a distant8.6fkm
(10 NM) to a height of 30 m QD ft) above tk horizontal plane containing the

threshold shall be not less than 90 microvolts per metre (minus 107 m%)zv/

3.1.3.3.2.2 For Facility Performance Category Il localizers, the minimum field strength on
the ILS glide path and within the localizer course sectdi Beanot less than 100

microvolts per metre (minus 106 dB\AﬂZ) at a distance of 18.5 km (10 NM)

increasing to not less than 200 microvolts per metre (minus 100 m?wat a
height of 15 m (50 ft) above the horizontal plane containing the threshold.
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3.1.3.3.2.3For Facility Performance Category Il localizers, the minimum field strength on
the ILS glide path and within the localizer course sector shall be not less than 100

microvolts per metre (minus 106 dBmﬁ) at a distance of 18.5 km (10 NM),

increasing to naess than 200 microvolts per metre (minus 100 dB\Kﬂat 6 m

(20 ft) above the horizontal plane containing the threshold. From this point to a
further point 4 m (12 ft) above the runway centre line, and 300 m (1 000 ft) from
the threshold in the directiasf the localizer, and thereafter at a height of 4 m (12
ft) along the length of the runway in the direction of the localizer, the field

strength shall be not less than 100 microvolts per metre (minus 106rd%)\N/

Noted The field strengths given in133.3.2.2 and 3.1.3.3.2.3 are necessary to provide
the signalto-noise ratio required for improved integrity.

3.1.3.3.3 Above 7 degees,the signals should be reducedto as low a value aspracticable.

Note 17 The requirements in 3.1.3.3.1,3.1.3.3.2.1, 3.1.3.32.2 and 3.1.3.3.2.3 are
basedon the assumption that the aircraft is heading directly toward the facility.

Note 20 Guidance material on significant airborne receiver parameters is given
in 2.2.2 of CAO Annex 10 Volume | Attachmemt

3.1.3.3.4 When coverage is achieved by a lccalizer using two rado frequency
carriers, one carier providing a radiaton field patten in the front course sedor
and the other providing a radation field patten outsidethatsecbr, theratio of the
two carrier signal strengths in space within the front course sectorto thecoverage
limits specfied at 3.1.3.3.1 shall not be lessthan 10 dB.

Noted Guidance material on localizers achieving coverage with two radio frequency
carriers is given in the Note to 3.1.3.11.2 and2rY of ICAO Annex 10 Volume |
AttachmenC.

3.1.3.3.5 For Facility Performance Category lll localizers, the ratio of the two carrier signal
strengths in space within the front course sector should not be less than 16 dB.

3.1.3.4Course structure

3.1.3.4.1 For Facility PerbrmanceCategory | localizers, bends in the course line shall
not have anplitudes which exceedthe following:

Zone Amplitude (DDM)
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3.1.3.4.2 For Feility Perfomance Categores Il and Il
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(95% probability)
0.031
0.031atILS Pant A
decreasingat alinear rateto

0.015atILS Pointfi B 0

0.015

localizers, berds in the

course line shall not have amplitudeswhich exceed the following:

Zone

Outer limit of coverage to
ILS Point “A™

ILS Point “A™ to
ILS Point “B”

ILS Point “B” to the
ILS reference datum

Amplitude (DDM)
(95% probability)

0.031

0.031 at ILS Point “A”

decreasing at a linear rate to

0.015 at ILS Point “B”

0.005

For Facility Peformance Category Il only,

ILS reference datum to
ILS Point “D”

ILS Point “D” to
ILS Point “E”

0.005

0.005 at ILS Point “D”

increasing at a linear rate to
0.010 at ILS Point “E”

Note 1 7 The amplitudes referred to in 3.1.3.4.1 and 3.1.3.4.2 are the DDMs due to
bendsasrealized on the mean course line,when correctly adjuged.

Note 20 Guidance material relevant to the localizer course structure is given in 2.1.3,
2.1.5,2.1.6 and 2.1.9 6€AO Annex 10 Volume | Attachmént
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3.1.3.5Carrier modulation

3.1.3.5.1 The nominal depth of modulation of the radio frequency carrier due to each of the
90 Hz and 150 Hz tonesshdl be 20 per centalongthe course line.

3.1.3.5.2 The depth of modulation of the rado frequency carier due to each of the 90
Hz and150 Hz tonesshdl be within the limits of 18 and 22 per cent.

3.1.3.5.3 The following tolerarces shall be applied to the frequendes of the
modulating tones:

the modulating tones shall be 90 Hz and 150 Hz within plus or minus 2.5
per cent;

the modulating tones shall be 90 Hz and 150 Hz within plus or minus 1.5
per centfor Facility Performare Caegoryll instdlations;

the modulating tonesshall be 90 Hz and 150 Hz within plusor minus 1 per
cent for Faclity Perbbrmance Categorylll instalations;

the total harmonic content of the 90 Hz tone shall not exceed 10 per cent
additionally, for Facility Performance Category Il |ocalizers, the
secondharmonic of the 90 Hz tone shdl not exceed 5 per cen;

Thetotal harmonic contentof the 150 Hz tone shall not exceed10 per cent.

3.1.3.5.3.1For Facility Perfaomarce Category |  ILS, the modulating tonesshould be 90
Hz and 150 Hz within plus or minus 1.5 per centwhere practicable.

3.1.3.5.3.2For Facility Performance Category Il |ocalizers, the depth of amplitude
modulation of the radio frequency carrier at the power sypply frequencyor its
hamonics, or by other unwanted components, shall not exceed 0.5 per cent
Harmonics of the supply or other unwaned noise components that
may intermodulate with the 90 Hz amd 150 Hz navigation tones or their
harmonics to produce fluctuations in the course line, shall not exceed 0.05
per cent modulation depth of therado frequency carrier.

3.1.3.5.3.3The modulaton tones shall be phaselocked so that within the half course
sector, the demodulated 90 Hz ard 150 Hz wave forms passthrough zero in the
samedirection within:

(a) For Faclity Perbrmance Categories| and Il localizers: 20 degrees; and

(b) For Facility Performace Category Il locdizers: 10 degres,

of phase, relative to the 150 Hz componet, every half cycle of the
combined 90 Hz and 150Hz wave form.
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Note 1.7 The definition of phase relationship in this manner is not intended to imply a
requirement to measu e the phase within the half course secbr.

Note 20 Guidance material relative to such measurement is given at Figlgref@CAO
Annex 10 Volume | Attachmedt

3.1.3.5.3.4With two-frequencylocalizer systems, 3.13.5.3.3shall apply to each carrier. In
addition, the 90 Hz maodulating tone of one carier shall be phase-locked to
the 90 Hz modulating tone of the other carier so that the demodulated wave
forms passthroughzero in the samedirecion within:

(a) For Facility Performance&ategories | andll localizers: 20 degrees; and
(b) for Facility Performance&ategory |11 localizers: 10 degrees,

of phase relative to 90 Hz. Similarly, the 150 Hz tones of thetwo carriers shall be phag-
locked sothatthe demodulatedwaveforms pass through zeroin the same direction within:

for Facility Performanc&ategories | andll localizers: 20 degrees ;and
for Facility PerformanceCategory IIl localizers: 10
degrees,

of phaserelative to 150Hz.

3.1.3.5.3.5Alternative two-frequency locdizer sysems that enploy audio phasing
different from the normal in-phase conditions descibed in 3.13.5.3.4 shdl be
pernitted. In this alternative sysem, the 90 Hz to 90 Hz phasing and the 150
Hz to 150 Hz phasng shell be adjusted to their nominal values to within
limits equivalentto thosestaed in 3.1.35.3.4.

Note T This is to ersure correct airborne receiver operation in the region away from
the courselinewhere thetwo carrier sigral strengthsare approximately equal.

3.1.3.5.3.6 The sum of the modulation depths of the radio frequerncy carrier due to the
90 Hz and 150 Hz tones should not exceed 60 per centor be lessthan 30 per
cent within therequired coveage.

3.1.3.5.3.6.1Sum of the modulson depths of the radio frequency carrier due to the 90 Hz
and 150 Hz tones shall not exceed 60 per cent or be less than 30 per cent within
the required coverage.

Note 1 7 If the sum of the modulation depths is greater than 60 per cent for Facility
Performance Category | localizers, the rominal displacement senstivity may be
adjusted as provided for in 3.1.3.7.1 to achieve the above modulation limit.

Note 2 i For two-frequency sygems, the standad for maximum sum of modulation
dephs doesnot apply at or near azimuths where the course and clearance carrier signal
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leves are equalin amplitude(i.e. at azimuths where both tansmitting sysems havea
significantcontribution to thetotal modulation depth).

Note 30 The standard for minimum sumf modulation depths is based on the
malfunctioning alarm level being set as high as 30 per cent as stated in 2I1€3Of
Annex 10 Volume | Attachmedt Guidance material on measurement of localizer course
alignment is given in 2.1.3 ¢€A0 Annex 10 Mume | Attachment. Guidance material

on protecting localizer course alignment is given in 2.1.9G&O Annex 10 Volume |
AttachmentC.

3.1.3.5.3.7When utilizing a localizer for radotdephone conmunications, the sum of the
modulation depths of the radio frequerncy carrier due to the 90 Hz and 150 Hz
tonesshall not exceed65 per centwithin 10 degreesof the course line and shall
not exceed78 percentat any other point around the locali zer.

3.1.3.5.4 Undesired frequency and phase modulaton on ILS localizer radio frequency
cariers that @n affect the diplayed DDM values in localizer receivers
should be minimized to the extent practical.

Noted Relevant guidance material is given in 2.15I16AO Annex 10 Volume |
AttachmenC.

3.1.3.6Course alignment accuracy

3.1.3.6.1 The mean course line shall be aljusted and maintained within limits equivalent to
the following displacementsfrom the runway cente line at the ILS reference
datum:

(a) for Facility Performance Category | localizers: plus or minus 10.5 m
(35ft), or the linear equivalent of 0.015 DDM, whichever is less;

(b) for Fecility Perfomance Category Il localizers: plus or minus 7.5 m
(25f1);

(c) for Facility PerformanceCategorylll localize's: plusor minus 3m (10ft).

3.1.3.6.2 For Facility Perfamance Category |l localizers, the mean course line should be
adjuged and maintained within limits equivalent to plusor minus 4.5 m (15 ft)
displacement from runway centre line at the ILS refererce datum.

Note 1- It is intended that Facility Performance Categories Il and Il installations be
adusted and maintained so that the limits specified in 3.1.3.61 and 3.1.3.6.2 are
reached on very rare occasions. It is further intended that design and operation of
thetotal ILS ground sysem be of suficient integrity to accomplish this aim.
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Note2 T It is intended that new Facility PerformanceCategory Il installations are
to meet the requirementsof 3.1.36.2.

Note 30 Guidance material on measurement of localizer course alignment is given in
2.1.3 ofICAO Annex 10 Volume | ®&achmentC. Guidance material on protecting
localizer course alignment is given in 2.1.96A0 Annex 10 Volume | Attachméht

3.1.3.7Displacement sensitivity

3.1.3.7.1 The nominal disdacement sersitivity within the half couse sedor shall be the
equvaentof 0.00045 DDM/m (0.00044 DDM/ft) at the ILS reference datum
except that for Facility PerformanceCategory | localizers, where the
specified nominal displacanent sensiivity cannot be met,the displacement
sensitivity shall be aduded as near as posside to that value. For Facility
Perbrmance Caggory | locdizers on runway codes 1 and 2, the nominal
displacement sensiivity shall be achiesed at the ILS Point i B @he maximum
coursesectorang e shall not exceed six degrees.

Note i Runway codes 1 and 2 are defined in IS 030.

3.1.3.7.2 The kteral disgdacement semitivity shall be adjusged andmaintained within the
limits of plus or minus:

(a) 17 per cent of the nominal value for Fadlity Perfomance Catgories | and

(b) 10 per centof the nominal value for Fadlity Performance Category 1I1.

3.1.3.7.3 Facility Performance Caegory Il 6 ILS, displacement senstivity should be
adjuged and maintained within the limits of plus or minus 10 per cent where
pradicable.

Note 18 The figures given in 3.1.3.7.1, 3.1.3.7.2 arid®7.3 are based upon a hominal
sector width of 210 m (700 ft) at the
codes 1 and 2, and the ILS reference datum on other runways.

Note 20 Guidance material on the alignment and displacement sensibivitycalizers
using two radio frequency carriers is given in 2.1@AO Annex 10 Volume | Attachment
C.

Note 30 Guidance material on measurement of localizer displacement sensitivity is
given in 2.9 of CAO Annex 10 Volume | Attachmet
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3.1.3.7.4 The increase of DDM shall be substantially linear with respect to angular
displacement from the front course line (where DDM is zeo) up to an angle
on either side of the front course line where the DDM is 0.180. From that angle
to plus or minus 10 degrees, the DDM shall not be lessthan0.180. From plus or
minus 10 degees to plus or minus 35 degees,the DDM shdl not be less than
0.155. Where coverageis required outsideof the plus or minus 35 degreessector,
the DDM in the area of the coverage, exceptin the back course secor, shall not
belessthan 0.155.

Note 1 T The linearity of change of DDM with respect to angular displacement is
particularly important in the neighbourhood of the course line.

Note 2 T The above DDM in the 10-35 degree sectoris to be considered a minimum
requirement r the use of ILS as a landing aid. Wherever practicable, a higher
DDM, e.g. 0.180, is advanageous to assist high speed aircraft to execte large
ande intercepts at operationally desirable distances provided that limits on
modulation percentage givenin 3.1.3.5.3.6are met.

Note 3 T Wherever practicable, the locdizer capure level of automatic flight control
sydems is to be set at or below 0.175DDM in order to prevent false localizer
captues.

3.1.3.8Voice

3.1.3.8.1 Facility Performance Categories | and Il localizers may provide a grmuaid
radiotelephone communication channel to be operated simultaneously with the
navigation and identification signals, provided that such operation shall not
interfere in any wayvith the basic localizer function.

3.1.3.8.2 Category lll localizers shall not provide such a channel, except where extreme care
has been taken in the design and operation of the facility to ensure that there is no
possibility of interference with the navigationalidance.

3.1.3.8.3 If the channel is provided, it shall conform with the following Standards:

3.1.3.8.3.1The channel shall be on the same radio frequency carrier or carriers as used for
the localizer function, and the radiation shall be horizontally polarized. Where
two carrers are modulated with speech, the relative phases of the modulations on
the two carriers shall be such as to avoid the occurrence of nulls within the
coverage of the localizer.

3.1.3.8.3.2The peak modulation depth of the carrier or carriers due to the radioteéepho
communications shall not exceed 50 per cent but shall be adjusted so that:

the ratio of peak modulation depth due to the radiotelephone communications to that
due to the identification signal is approximately 9:1;

the sum of modulation componentsiedto use of the radiotelephone channel,
navigation signals and identification signals shall not exceed 95 per cent.
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3.1.3.8.3.3The audio frequency characteristics of the radiotelephone channel shall be flat to
within 3 dB relative to the level at 1 000 Hz over targe 300 Hz to 3 000 Hz.

3.1.3.9ldentification

3.1.3.9.1 Thelocalizer shall provide for the simultareous transmission of an identifi cation
signal, specific to the runway and approach direction on the same radio
frequency carrier or carriers as usecdf the locdizer function. The
Transmisgon of the identification signal shall not interfere in anyway with the
basiclocalizer functon.

3.1.3.9.2 The identification signal shall be produced by Class A2A modulation of the radio
frequency carrier or carriers using adulation tone of 1 020 Hz within plus or
minus 50 Hz. The depth of modulation shall be between the limits of 5 and 15 per
cent except that, where a radiotelephone communication channel is provided, the
depth of modulation shall be adjusted so that thie &t peak modulation depth
due to radiotelephone communications to that due to the identification signal
modulation is approximately 9:1 (see 3.1.3.8.3.2). The emissions carrying the
identification signal shall be horizontally polarized. Where two cariare
modulated with identification signals, the relative phase of the modulations shall
be such as to avoid the occurrence of nulls within the coverage of the localizer.

3.1.3.9.3 The identification signal shall employ the International Morse Code and consist of
two or three letters. It may be preceded by the International Morse Code signal of
the |l etter Al 6, followed by a short pau
facility from other navigational facilities in the immediate area.

3.1.3.9.4 The identification signal shall be transmitted by dots and dashes at a speed
corresponding to approximately seven words per minute, and shall be
repeated at approximately equal intervals, not less than six times per minute, at all
times during which the ladizer is available for operational use. When the
transmissions of the localizer are not available for operational use, as, for example,
after removal of navigation components, or during maintenance or test
transmissions, the identification signal shad suppressed. The dots shall have
duration of 0.1 second to 0.160 second. The dash duration shall be typically three
times the duration of a doThe interval between dots andor dashes shall be
equal to that of onedot plus or minus 10 per cent. The interval between letters
shallnot be lessthan the duration of three dots.

3.1.3.10Siting

Noted Guidance material relevant to siting localizer antennas in the runway and
taxiway environment is given in 2.1.916AO Annex 10 Volume | Attachméht
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3.1.3.10.1For Facility Performance Categoies Il and lll, thelocalizer antennasysem shall
be located on the extension on the centre line of the runway at the stop end,
and the equpment shall be adjusted so that the course lines will be in a
vertical plane contaming the centre line of the runwayserved The antenna
height and location shdl be congstent with safe obstuction clearance practices.

3.1.3.10.For Facility Performance Category |, the localizer antenna system shall be
located and adjusted as in 3.1.3.10.1, unless site raamst dictate that the
antenna be offset from the centre line of the runway.

3.1.3.10.2.1 The offset localizer sydgem shall be located and adjusted in accordance with
the offset ILS provisions of the Procedues for Air Nawvigaion Services
0 Aircraft Operations (PANS-OPS) (Doc 8168), Volume I, and the locdizer
standards shall be referenced to the associated fictiti ous threshold point.

3.1.3.11Monitoring

3.1.3.11.1The autonatic monitor systemshall provide a waning to the desgnaed control
points and cause one of the following to occur, within the period specified in
3.1.311.3.1, if any of the conditions statedin 3.1.3.11.2 persist:

(a) radiation to cease;and

(b) removal of the navigation and identification componentsfrom the carier.
3.1.3.11.2The conditi ons requiring initiation of monitor action shall be the following:

for Facility Performance Category | localizers, a shift of the mean course
line from the runway centre line equivalent to mae than 10.5m (35 ft),
or thelinear equivalent to 0.015 DDM, whichever is less, at the
ILS reference datum;

For Facility Performance Catgory Il locdizers, a shift of the mean
course line from the runway centreline equivalent to more than 7.5 m
(25 ft) at thelLS reference datum;

for Fecility Perfomance Caegory Ill localizers a shift of the mean
courseline from the runway centreline equivalent to more than6 m (20
ft) at the ILS reference datum;

in the caseof locdizers in which the basic funcions are provided by the
use of a single-frequencysystem,a rediction of poweroutput to alevel
such that any of the requirements of 3.1.33, 3.1.3.4 or 3.1.3.5 are
no longersatisfied, or to a level that is lessthan 50 per cent of
the normal level (whicheveroccursfirst);
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in the caseof locdizers in which the basic funcions are provided by the
use of a two-frequeicy system,a reduction of power outputfor either
carrier to less than 80 per cent of normal, except that a greaer
reducton to between 80 per cent and 50 per cent of normal may
be pemitted, provided the locdizer continues to meet the
requirements of 3.1.3.3,3.1.3.4and3.13.5;

Note i It is important to recaynize that a frequency change resulting in a loss of the
frequency difference specified in 3.1.3.2.1 may produce a hazardous cndition. This

problem is of greater operational significance for Facility PerformanceCategories Il

and Il instalations. As necessary, this problem can be dealt with through special

monitoring provisiaons or highly reliable circuitry.

charge of displa@ment sensitivity to a value differing by more than17
per cent from the nominal valuefor thelocalizer facility.

Note T In selecting the power reduction figure to be employed in monitoring referred to
in 3.1.311.2 e), particular attenton is direcied to vertical and horizontal lobe
structure (vertical lobing due to different antenna heghts) of the combined radiation
sygems when two carriers are employed. Large changes in the power ratio betwen
carriers may resultin low clearance areasand false courses in the off-course areas to
thelimits of the vertical coveage requirements specified in 3.1.3.31.

3.1.3.11.2.1 In the case of localizers in which the basicfunctions are provided by
the use of a two-frequemy system, the conditions requiring initiation of
manitor action should include the casewhenthe DDM in the required coverage
beyond plus or minus 10 degrees from the front course line,except in the
back coursesedor, decreasesbelow 0.155.

3.1.3.11.3The total period of radation, including period(s) of zero radiaton, outside the
performance limits specified in a), b), c), d), e) and f) of 3.1.3.11.2 shall be as
short as practicable, corsistent with the need for awiding interruptions of
the navigation service provided by the localizer.

3.1.3.11.3.The total period referred to under 3.1.3.113 shall not exceed under any
circumstanes:

10 secondsfor Facility Performance&ategory | localizers;
5 seconds for Facility Performanc&€ategory Il localizers;
2 seconds for Facility PeformanceCatgory 11l localizers.
Note 1 i The total time periods speified are never-to-be-exceeded |mits and are

interded to protect airaaft in the final stages of approach against prolonged or
repeated periods of localizer guidance outside the monitor limits. For this reasm,
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they include not only the initial period of outside tolerance operation but also the
total of any or all periods of outsidetolerance radiation including period(s) of zeo
radiation and time required to removethe navigation and identification components from
the carrier, which might occur during action to restore service, for example, in the
course of consecutive monitor functioningand consequenthangeove(s)to localizer
equipment or elementsthereof.

Note 2i From an operational point of view, the intention is that no guidance outside
the monitor limits be radiated after the time periods given, and that no further
attempts be made to restae savice until a peiiod in the order of 20 seconds has elapsed.

3.1.3.11.3.%Vhere practicable, thetotal period under 3.1.3.13.1 should be reduced
S0 as not to exceed two secondsHacility PerformanceCategory Il localizers
and one second fdracility PerformanceCategory 1l localizers

3.1.3.11.Design and operation of the monitor sygem shall be consistent with the
requirement that navigation guidance and identificaon will be removed and
a waming provided at the desgnated remote control points in the event of
failure of the monitor systemitself.

Noted Guidance material on the design and operation of monitor systems is given in
ICAO Annex 10 Volume | Attachménht2.1.7.

3.1.3.12Integity andcontinuity of servicelevels andrequirements

3.1.3.12.1A localizer shall be assigned a level of integrity and continuity of sergicgvan
in3.1.3.12.2 to0 3.1.3.12.5.

Noted Levels are used to provide the necessary information for the determination of the
category of operation and associated minima, which are a function of the Facility
Performance Category, the (separate) integatyd continuity of service level, and a
number of operational factors (e.g. aircraft and crew qualification, meteorological
conditions, and runway features). If a localizer does not meet its required integrity and
continuity of service level, some operaabmse may still be possible, as stated in the
Manual of AltWeather Operations (Doc 9365), Appendix C on ILS facility classification
and downgrading. Similarly, if a localizer exceeds the minimum integrity and continuity of
service level, more demandingeyations may be possible.

3.1.3.12.ZThe localizer level shall be Level 1 if either:

1) the localizerds integrity of se
are not demonstrated; or

2)t he | ocali zerds integrity ofbotser v
demonstrated, but at least one of them does not meet the requirements of
Level 2.
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3.1.3.12.2.1 The probability of not radiating false guidance signals should not be less

than 1i 1.0 x 107 in any one landing foLevel 1 localizers.

3.1.3.12.2.2 The probability of not losing the radiated guidance signal should exceed 1

i 4 x 100 in any period of 15 secads for level llocalizas (equivalent
to 1 000 hours meantime betwveen ouges).

Noted A localizer that meets both Recommended Practices 3.1.3.12.2.11a8d 32.2
also meets Standard 3.1.3.12.3 (Level 2 performance) and is therefore to be identified as
Level 2.

3.1.3.12.2.31 the event that the integrity value for a Level 1 localizer is not available or
cannot be readily calculated, a detailed analysis should bfopeed to assure
proper monitor fasafe operation

3.1.3.12.3The localizer level shall be Level 2 if:

the probability of not radi a'|'t1i.0rx1]3'7ﬁnainyse g
one landing; and

the probabil it yatedoguidamce is gréatersthan @ x 101 én amya d
period of 15 seconds (equivalent to 1 000 hours mean time between outages).

3.1.3.12.4The localizer level shall be Level 3 if:

the probability of n oisnotl&ssjthaa'rIOiSW@'gﬁnamys e Jg
one landing; and

the probability of nueoistgreatermanrﬂgzxmﬁm amyadi &
period of 15 seconds (equivalent to 2 000 hours mean time between outages).

3.1.3.12.5The localizer level shall be Level 4 if;

t grabability of not radiating false guidance signalsot less than 1L 0.5 x10"9in any
one landing; and
the probability of nneois:greatermanrﬂgzxmﬁm amyadi &

period of 30 seconds (equivalent to 4 000 hours mesnltetween outages).

Noted Guidance material on ways to achieve integrity and continuity of service is given
in ICAO Annex 10 Volume | Attachméht2.8.
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3.1.4 Interference immunity performance for ILS localizer receiving sydems

3.1.4.1The ILS localizer receiving sygem shall provide adequate immunity to interference
from two-signal, third order intermodulaton products caused by VHF FM
broadcast signals having levelsin accordance with the foll owing:

2N+ N, +72=0
for VHF FM sound broadcasting signals in the range 107.7 — 108.0 MHz

and

A
2N, + N, +3(24—20]0g0);) <0

for VHF FM sound broadcasting signals below 107.7 MHz,

where the frequendges of the two VHF FM sound broadcastng signals produce, within
the recewver, a two-signal, third-order intermodulation product on the desred ILS
localizerfrequency.

N1 and N2 arethe levels (dBm) of the two VHF FM sound broadcasting signals atthe

ILS localizer recaver input. Neither level shdl exceed the desnsitization criteria set forth
in3.1.4.2.

of = 108.1 1 f1, where f1 is the frequency of N1, the VHF FM sound
broadtasting signal closer to 108.1 MHz.

3.1.4.2The ILS locali zer receiving sydem shdl not be desensitized in the presence of VHF
FM broadcastsignalshaving levelsin accordance with the following table:

Frequercy Maximum level of unwanted
(MHz) (dBm) signal at receiver input

88-102 +15

104 +10

106 +5

107.9 710

Note 10 The relationship is linear between adjaceniints designated by the above
frequencies.

Note 20 Guidance material on immunity criteria to be used for the performance quoted
in 3.1.4.1 and 3.1.4.2 is containedl®AO Annex 10 Volume | Attachmént2.2.2.

3.1.5 UHF glide path equpment and as®ciated monitor
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Note - d is used in this paragraph to denote the nominal glide path angle.

3.1.5.1Gereral

3.1.5.1.1 Theradiationfrom the UHF glide path antennasystemshall produce a composite
field pattern which is amplitude modulated by a 90Hz and a 150Hz tone. The
pattern shall be arranged to provide a straight line desaent path in the vertical
plane contaning the centre line of te runway, with the 150 Hz tone
predominating bdow the path and the 90 Hz tone predominating ebove the
path to at least an ande equal to 1.75d.

3.1.5.1.2 ThelLS glide path ange shallbe 3 degrees. ILS glide path angles in excess of 3

degrees should not be used exapt where aternative meansof satsfying
obstruction cleararnce requirements are impracticable.

3.1.5.1.2.1Theglide path angle shall be adjustedand mantained within:

0.075 d from d for Faciity Perbbrmarce Categoies | and Il & ILS glide
paths;

0.04 d from d for Facility PerformanceCategorylll & ILS glide paths.

Note 10 Guidance material on adjustment and maintenance of glidegragles is given
in 2.4 ofICAO Annex 10 Volume | Attachménht

Note 20 Guidance material on ILS glide path curvature, alignment and siting, relevant
to the selection of the height of the ILS reference datum is given in IZA©fAnnex 10
Volume | AtichmentC and Figure G5.

Note 30 Guidance material relevant to protecting the ILS glide path course structure is
given in 2.1.9 ofCAO Annex 10 Volume | Attachmé&ht

3.1.5.1.3 The downward extended straight portion of the ILS glide path shall passthrough
the ILS refaence datum at a height ensuring safe guidamser obstructons and
alsosafe and efficient use of the runway sewved.

3.1.5.1.4 The height of the ILS refererce datum for Facility Performance Categories Il
and lll & ILS shall be15 m (50ft.). A tolerance of plus 3 m (10 ft.) is permitted.

3.1.5.1.5 The haght of the ILS reference datumfor Facility Performance Caegory | o
ILS shallbe 15 m (50 ft.). A tolerance of plus 3 m (10 ft.) is permitted.

Note 17 In arriving at the above height values for the ILS reference datum, a
maximum vertical distance of 5.8 m (19 ft.) betweenthe path of the aircraft glide path
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antenna and the path of the lowest part of the wheels at the threshold was
assumed. For aircraft exceding this criterion, appropriate steps may have to be
taken eithe to maintain adequate clearance at threshold or to adjust the pemitted
operaing minima.

Note 20 Appropriate guidance material is given in 2.416fAO Annex 10 Volume |
AttachmentC.

3.1.5.1.6 The height of the ILS referernce datuum for Facility Performance Category | &
ILS used on short precision approach runway codes 1 and2 shouldbe 12 m (40
ft). A tolerance of plus 6 m (20 ft.) is permitted.

3.1.5.2Rado frequercy

3.1.5.2.1 The glide path equipment shall operate in the band 328.6 MHz to 3354 MHz.
Where a single radio frequency carrier is used, the frequency tolerance shdl not
exceed0.005 per cent. Where two carrier glide path systems are used, the
frequency tolerance shell not exceed 0.002 per cent and the nominal band
occupied by the carriers shall be synmetical about the asgined frequency.
With al toleranes appied, the frequency separation between the carriers shall
not be lessthan4 kHz nor more than 32 kHz.

3.1.5.2.2 The emission from the glide path equipment shall be horizontally polarized.

3.1.5.2.3 For Fadlity Performance Cakegory Il 6 ILS glide path equipment, signals
emanating from the tangmitter shall contain no @mponents which result in
appaent glide path fluctuations of more than 0.02 DDM peak to peak in
thefrequencyband 0.01 Hz to 10 Hz.

3.1.5.3Coverage

3.1.5.3.1 The dlide path equpment shall provide sgnals sufficient to allow
satisfacory opeaton of a typical arcraft indallation in sectors of 8
degrees in azimuth on each side of the cente line of the ILS glide path, to a
distanceof at least 18.5 km (10 NM) up to 1.75 d and down to 0.45 d above
the horizontal or to such lower angle, down to 0.30 d as reyuired to safeguard
the promulgated glide path intercept procedure.
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3.1.5.3.2 In order to provide the coverage for glide path performance specfied in
3.15.3.1, the minimum field strength within this coverage sedor shall be

400 microvolts per meter (minus 95 dBW/mZ). For Faciity Perfamance
Categay | glide paths,this field strength shall be provided down to a height of
30 m (100 ft) above the haizontal plane containing the threshold. For Facility
Perbrmance Categories Il and Il glide paths, this field strength shall be
provided down to a height of 15 m (50 ft) above the horizontal plane contaning
the threshad.

Note 1. i The requirements in the foregoing paragraphs are based on the assumption
that the aircraft is heading directly toward the facility.

Note 20 Guidance material on significant airborne receiver parameters is given in 2.2 of
ICAO Annex 10 Volume | Attachmeént

Note 30 Material concerningreduction in coverage outside 8 degrees on each side of
the centre line of the ILS glide path appears in 2.4l@AO Annex 10 Volume |
AttachmenC.

3.1.5.4ILS glide path structure

3.1.5.4.1 For Facility Perfamance Category |1 & ILS glide paths, bendsin the glide path
shall not have anplitudes which exceed the following:

Zone Amplitude (DDM)
(95% praobability)

Outer limit of covelege 0.035
toILS Pointi C 0

3.1.5.4.2 For Facility PerformanceCategoriesll and Ill 8 ILS glide paths, bendsinthe
glide path shall not have amplitudes which exceed the following:

Zone Amplitude (DDM) (95% probability)

Outer limit of coverage

toILS Pointi A 0 0.035
ILS Point i At 0.035atILS Pointii A0
ILS Point A B 0 decreasing atalinear rate

to 0.023atILS Point i B 0

ILS Point ii B td the 0.023
ILS referencedatum
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Note 1 i The amplitudes referred to in 3.1.5.4.1 and 3.1.5.4.2 are the DDMs due to
bendsasrealized on the mean ILS glide path correctly adjusied.

Note 2 7 In regons of the approach where ILS glide path curvature is significant,
bend amplitudes are calculated from the mean curved path, and not the downward
extended straight line.

Note 38 Guidance material relevant to the ILS glide path course structure is given in
2.1.4 oflCAO Annex 10 Volume lttachmentC. Guidance material relevant to protecting
the ILS glide path course structure is given in 2.1.91@A0 Annex 10 Volume |
AttachmentC.

3.1.5.5Carrier modulation

3.1.5.5.1 The nominal depth of modulation of the radio frequency carrier due to each of
the 90 Hz and 150 Hz tonesshall be 40 per centalong the ILS glide path. The
deph of modulation shall not deviate outsde the limits of 37.5 per centto 42.5
per cent.

3.1.5.5.2 The following tolerarces shall be applied to the freqwendes of the
modulating tones

the modulating tones shall be 90 Hz and 150 Hz within 2.5 per cent for
Faclity PerformanceCaegory| 8 ILS;

the modulating tones shall be 90 Hz and 150 Hz within 1.5 per cent for
Faciity PerformanceCaegory Il d ILS;

the modulating tones shall be 90 Hz and 150 Hz within 1 per cent for
Faciity PerformanceCaegory Il § ILS;

the total harmonic content of the 90 Hz tone shall not exceed 10 per cent:
additionally, for Facility Performance Category Il equipment, the
seond harmonic of the 90 Hz tone shdl not exceed 5 per cen;

the total harnonic contentof the 150 Hz tone shall not exceed10 per cent.

3.1.5.5.2.1For Facility Performarce Categoryl 8 ILS, the modulating tones shall be 90
Hz ard 150 Hz within plus or minus 1.5 per centwhere practicable.

3.1.5.5.2.2For Fadlity Performance Catkgory Il glide path equipment, the depth of
amplitude modulation of the radio frequency carier at the power supply
frequency or harmonics, or at other noise frequencies, shall not exceed 1 per
cent.
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3.1.5.5.3 Themodulation shall be phae-locked sothat within the ILS half glide path sector,
the demoduated 90 Hz and 150 Hz wave forms pass through zero in the
same directionwithin:

(@) for Fecility Perfomance Categories | and Il 8 ILS glide paths: 20
degrees;

(b) for Fecility Perfomance Category 1ll 8 ILS glide paths: 10 degees,

of phase relative to the 150 Hz component, every half cycle of the combined 90 Hz ard
150 Hz wave form.

Note 1 7 The definition of phase relationship in this manner is not intended to imply a
requirement for measurement of phase within the ILS half glide path sector.

Note 20 Guidance material relating to such measures is given at Figuéeo€ICAO
Annex 10 Volume | Attachmedt

3.1.5.5.3.1With two-frequercy glide path systems3.1.5.5.3shall apgdy to eah carrier.
In addition, the 90 Hz modulating tone of one carier shall be phase-locked to
the 90 Hz modulating tone of the other carier so that the demodulated wave
forms passthroughzero in the samedirecion within:

for Facility Performanc&ategories | andll & ILS glide paths: 20 degrees;
for Facility Performanc€ategory 11l 8 ILS glide paths:10 degrees,

of phase relative to 90 Hz. Similarly, the 150 Hz tones of the two carriers shall be phag-
locked sothatthe demodulated wave forms passthrough zero in the same direction, within:

for Facility Performance€ategories | andll & ILS glide paths: 20 degrees;

for Facility PerformanceCatecory Il 8 ILS glide paths: 10 degrees,of
phaserelative to 150Hz.

3.1.5.5.3.2Alternative two-frequency glide path sysems that employ audo phasing
different from the norma in-phase condition described in 3.1.5.5.31 shall
be permitted. In these alternative sydems, the 90 Hz to 90 Hz phasing and the
150 Hz to 150 Hz phasing shall be adjusted to their nomina vaues to
within limits equivalent to thosestatedin 3.15.5.3.1.

Note i This is to ensure correct airborne receiver operation within the glide path
sector where the two carrier signal strengths are approximately equal.
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3.1.5.5.4 Undesired frequency and phase modulaion on ILS glide path rado frequency
carriers that can affect the displayed DDM values in glide path receivers should
be minimized to the extent pracical.

Noted Relevant guidance material is given in 2.15I16AO Annex 10 Volume |
AttachmentC.

3.1.5.6Displacement sensitivity

3.1.5.6.1 For Facility Perbrmance Category | & ILS dlide paths, the nomina
angular displacenent sensiivity shall comespand to a DDM of 0.0875 at
angular displacements above and bdow the glide path between 0.07 dand0.14d .

Note i The aboveis not intended to preclude glide path sysems which inherently
haveasymmetrical upper and lower sectors.

3.1.5.6.2 For Facility Performance Category 0 ILS glide paths,the nominal angular
displacement sensitvity should comrespad to a DDM of 0.0875 at an angular
displacement below the glide pah of 0.12 d with a tolerance of plus or minus
0.02 d. The upper and lower sedors shoud be as symmetrical as practicable
within the limits specified in 3.1.56.1.

3.1.5.6.3 For Facility Performace Catgory Il 8 ILS glide pats, the angulardisplacement
sensiivity shell be as symmetrical as practicable. The nominal angular
displacement sensitivity shall correspond to a DDM of 0.0875 at an angular
displacement of:

(a) 0.12 d below path with atolerance of plus or minus0.02d ;
(b) 0.12 d above path with atolerance of plus 0.02d and minus 0.05 d

3.1.5.6.4 For Facility Performance Category 1ll 6 ILS glide paths, the nominal
angllar displacanent sensiivity shall corespand to a DDM of 0.0875 at
angular displacements above andbelow the glide path of 0.12 d  wa tldmance
of plusor minus 0.02 d.

3.1.5.6.5 The DDM bdow the ILS glide path shdl increasesmoothly for decreasng ande
until avalueof 0.22 DDM is reahed. This value shall be achieved at anangle not
less than 0.30 d above the horizontal. However, if it is achieved at an angle
above0.45 d, the DDM value shall not be lessthan0.22 at |east down to 0.45 d
or to such lower argle, down to 0.30 d as rejuired to safeguad the promulgated
glide pathintercept procedure.

Noted The limits of glide path equipment adjustment are pictorially represented in
Figure G11 ofICAO Annex 10 Volume | Attachméht
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3.1.5.6.6 For Facility Performance Catgory | & ILS glide paths,the angular displacement
sensitivity shdl be adusted and maintaired within plus or minus 25 per cent
of thenominal value selected.

3.1.5.6.7 For Facility Performace Catgory Il & ILS glide paths, theangulardisplacement
sensitivity shdl be adusted and maintaired within plus or minus 20 per cent
of thenominal value selected.

3.1.5.6.8 For Faciity Perbrmance Categry Il 6 ILS glide paths, the angular
displacemant sensitivity shdl be adusted and maintaired within plus or minus
15 percent of the nomina value selected.

3.1.5.7Monitoring

3.1.5.7.1 The autonatic monitor sydem shdl provide a waning to the designated control
points and cause radiation to cease within the periods speified inif
any of thefollowing conditons persist:

Shift of the mean ILS glide path angle equivalent to more than minus 0.075
dto plus0.10 d from d;

in the caseof ILS glide paths in which the basic functions are provided by
the use of a singlefrequency sygem, a redwction of power output to
lessthan 50 per cent of normd, provided the glide path contirues to
meetthe requirements of 3.1.5.3,3.1.5.4and3.1.5.5;

in the case of ILS glide pathsin which the basicfunctions are provided by
the use of two-frequency systems,a reduction of power output for
either carier to lessthan 80 per cent of normal, except that a greater
reduction to between 80 per cent and 50 per cent of normal may be
pemitted, provided the glide path continues to meetthe requirements of
3.1.5.3,3.1.5.4and 3.15.5;

Note T It is important to recognize that a frequencychange resulting in a loss of the
frequency difference specifed in 3.1.5.2.1 may produce a hazardous condition. This
problem is of greater operaional significance for Facility PerformanceCategories Il
and Ill installations. As necessary, this problem can be dealt with through special
monitoring provisions or highly reliable circuitry.

for Fecility Performance Catgory | & ILS glide paths, a change of
theande between the glide path and the line below the glide
path (150 Hz predominating) at which a DDM of 0.0875 is redlized
by morethanthe greaterof:

i.  plusorminus0.0375d pr
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ii. an angle equivalent to a change of displacement sersitivity
to a value differing by 25 per cent from the nominal value;

for Facility PerformanceCategoried! andlll 8 ILS glide paths, a change
of displacement sensitivity to a value differing by more than 25
per cent from the nomind value;

lowering of the line beneath the ILS glide path at which a DDM of
0.0875 is realized to |l ess than 0.

a redudbn of DDM to less than 0.175 within the specified coverage below
the glide path sector.

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

Note 2 i Subpaagraphs f) and g) are not interded to establish a requirement for a
sepaate monitor to protect against deviation of the lower limits of the half-sector
bdow 0.7475 d from horizontal.

Note 3 T At glide path facilities where the seleted nomnal angular displacement
sensiivity correspondsto an angle below the ILS glide path which is close to or at the
maximum limits specifed in 31.5.6, it may be necessaryto adjust the monitor operaing
limits to protect against sector deviations below 0.7475 d from hori zontal.

Note 40 Guidance material relating to the condition described in g) appeat€A&0D
Annex 10 Volume | Attachmedt 2.4.11.

3.1.5.7.2 Monitoring of the ILS glide path characteristics to smallertolerances should be
arranged in thosecaseswhere operatonal penalties would otherwise exist.

3.1.5.7.3 The total period of radation, induding period(s) of zero radiation, outsidethe
perfamance limits specified in 3.15.7.1 shall be as short as practicabe,
consigent with the need for avoiding interruptions of the navigation service
provided by the ILS glide path.

3.1.5.7.3.1The total peiod referred to under 3.1.57.3 shdl not exceed under any
circumstanes:

6 secands for Facility Performanc€aegory | 8 ILS glide paths;

2 secols for Facility PerformanceCategoriedl and 11l & ILS glide patts.
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Note 1 i The total time periods speified are never-to-be-exceeded |mits and are
interded to protect airaaft in the final stages of approach against prolonged or
repeated periods of ILS glide path gidance outside the monitor limits. For this
reason, they indude not only the initial period of outsde tolerance operation but also the
total of any or all periods of outsidetolerance radiation, including periods of zeo
radiation, which might occur during action to restore service, for example, in the
course of congecutive monitor functioning and consequent changeovers to glide path
equipmert or elements thereof.

Note 2 i From an operational point of view, the intention is that no guidance outside
the monitor limits be radiated after the time periods given, and that no further
attempts be made to restae savice until a peiiod in the order of 20 seconds has elapsed.

3.1.5.7.3.2Where practicablg the total period specifiedunder 3.1.5.7.3.1 for Facility
PerformanceCategories Il and Ill 6 ILS glide paths should not exceed 1
second.

3.1.5.7.4 Desgn and operation of the monitor sydsem shall be consistent with the
requirement that radation shall cease and a waming shall be provided at the
desgnated remote control points in the event of failure of the monitor sygem
itself.

Noted Guidance material on the design and operation of monitor systems is given in
2.1.7 ofl CAO Annex 10 Volume | Attachmé&ht

3.1.5.8Integrity and contiruity of service levels and requirements

3.1.5.8.1 A glide path shall be assigned a level of integrity and continuity of service as
givenin 3.1.5.8.2to 3.1.5.8.5.

Noted Levels are used to provide the necessary information for the determination of the
category of operation and associdteninima, which are a function of the Facility
Performance Category, the (separate) integrity and continuity of service level, and a
number of operational factors (e.g. aircraft and crew qualification, meteorological
conditions, and runway features). Ifglide path does not meet its required integrity and
continuity of service level, some operational use may still be possible, as stated in the
Manual of AllWeather Operations (Doc 9365), Appendix C on ILS facility classification
and downgrading. Similarlyif a glide path exceeds the minimum integrity and continuity

of service level, more demanding operations may be possible.

3.1.5.8.2 The glide path level shall be Level 1 if either:

1) the glide pathoés integrity ordéth, ser
arenot demonstrated; or

2)the glide pathoés integrity of s e

both demonstrated, but at least one of them does not meet the
requirements of Level 2.
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3.1.5.8.2.1The probability of not radiating false guidance signals shawdtibe lesshan 1
i 1.0 x 10%in any one landing for Level 1 glide paths.

3.1.5.8.2.2The probability of not losing the radiated guidance signal should excéetl 1

10 in any period of 15 seconds for Level 1 glide paths (equivalent to 1 000
hours mean time between outape

Noted A glide path that meets both Recommended Practices 3.1.5.8.2.1 and 3.1.5.8.2.2
also meets Standard 3.1.5.8.3 (Level 2 performance) and is therefore to be identified as
Level 2.

3.1.5.8.2.3In the event that the integrity value for a Level 1 glide patlotsamailable or
cannot be readily calculated, a detailed analysis should be performed to assure
proper monitor falsafe operation.

3.1.5.8.3 The glide path level shall be Level 2 if:
the probability of not radi atii ng
1.0x 07 in any one landing; and

the probability of not | d‘dk]ﬁ)’@int h e
any period of 15 seconds (equivalent to 1 000 hours nmearbetween outages).

3.1.5.8.4 The glide path level shall be Level 3 or 4 if:
the probability of notisnotéskithantil ng
0.5x D7 in any one landing; and

the probability of ncedstgredtethanilnyx t he

10 in any period of 15 seconds (equivalent to 2 000 hours mean time between
outages).

Note 10 The requirements for glide path Level 3 and Level 4 are the same. The
declaration of the glide path integrity and continuity of service lesktuld match the
declaration of the localizer (i.e. the glide path is declared as Level 4 if the localizer is
meeting Level 4).

Note 20 Guidance material on ways to achieve integrity and continuity of service is
given in 2.8 of CAO Annex 10 Volume | t&chmentC.

3.1.6 Locdizer and glide path frequencypairing
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3.1.6.1The paring of the runway localizer and glide path transnitter frequencies of an
instrumentlanding systemshall be taken from the following list in accordance
with the provisions of IS 044 Chaptr 4, 4.2

Localizer Glide path Localizer Glide path
(MHz) (MHz) (MHz) (MHz)
108.1 334.7 110.1 3344
L08.15 334.55 110.15 33425
108.3 334.1 110.3 335.0
108.35 333.95 110.35 334.85
L08.5 3299 110.5 329.6
108.55 329.75 110.55 32945
108.7 330.5 110.7 3302
L08.75 330.35 110.75 330.05
L08.9 329.3 110.9 330.8
L08.95 329.15 110.95 330.65
109.1 3314 111.1 331.7
109.15 331.25 111.15 331.55
109.3 332.0 111.3 3323
109.35 331.85 111.35 332.15
109.5 3326 1115 3329
109.55 332.45 111.55 332.75
109.7 3332 111.7 3335
109.75 333.05 111.75 33335
109.9 333.8 111.9 331.1
109.95 333.65 111.95 33095
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3.1.6.1.1 The requirementsfor runway locdizer and glide pathtransmitterfrequetrties of
an instrumentlanding systemdo not justify more than 20 pairs, they shall be
selected sequentially, asrequired, from the following list.

Sequence Localizer Glide path
number (MH?z) (MHz)
1 110.3 335.0
2 109.9 333.8
3 109.5 332.6
4 110.1 3344
5 109.7 3332
6 109.3 332.0
7 109.1 3314
8 110.9 330.8
9 110.7 330.2
10 110.5 329.6
11 108.1 334.7
12 108.3 334.1
13 108.5 329.9
14 108.7 330.5
15 108.9 329.3
16 111.1 331.7
17 I11.3 3323
18 111.5 3329
19 111.7 3335
20 111.9 331.1

3.1.6.2Where existing ILS localizers meetng nafonal requirements are operating on
frequences ending in even tenths of a megatertz, they shall be reassigned
frequencies, conforming with 3.1.6.1 or 3.1.6.1.1as soonas practicable and may
contirue operating on their present assignmentsonly until this reassgnment can be
effected.

3.1.6.3Existing ILS localizersin the internaional service operating on frequencies endng
in odd tenths of a megahertz shall not be assigned new frequencies ending in
odd tenths plus one twentieth of a megahertz except where, by regional
agreementgeneral use may be made of any of the channels listed in 3.1.6.1 (see
IS 044 Chapter 4, 4.2).

3.1.7 VHF marker beaomons

Noted Requirements relating to marker beacons apply only when one or markesr
beacons are installed.
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3.1.7.1Gereral

a) There shdl be two marker beacons in each instdlation except where,
in the opinion of the Director General of Civil Aviation, a single marker
beacon is considered to be sufficiert. third marker beacon may be
added whenever, in the opinion of the Director General of Civil
Aviation, an additiona beaon is reguired because of operational
proceduresat a particular site.

b) A marker beacan shall conform to therequiremerts prescibed in 3.17.
When the instalation comprises only two maiker beacons, the
requirements applicable to the middle marker and to the outer marker
shdl be complied with. When the installation comprises only one
marker beacon, the requirements applicable to either the middle or the
outer marker sall be complied with. If marker beacons are replaced by

DME, the requirements of 3.1.7.6.5 shall apply.

c) The marker beacons shall produce radiaton pattens to indicate
predetermined distance from the threstold alongthe ILS glide path.

3.1.7.1.1 When a markerbeacon is usedin conjunction with the back courseof alocalizer,
it shall conform with the markerbeaaon chaacteristics specfied in 3.1.7.

3.1.7.1.2 Identification signals of marker beacons usedin conjuncion with the backcourse
of a localizer shdl be clearly distinguishade from the inner, midde and outer
markerbeacon identifications, asprescribedin 3.1.7.5.1.

3.1.7.2Rado frequercy

3.1.7.2.1 The marker beaconsshall operate at 75MHz with a frequency tolerance of plus or
minus 0.005 per centand shall utilize horizontal polarization.

3.1.7.3Coverage

3.1.7.3.1 The maker beaon system shall be adusted to provide coveaage over the
following distarces, measued ontheILS glide path and localizer course line:

inner marker : 150 m plus or minus 50 m (500ft plus or minus160ft);
middle marker: 300 m plus or minus 100 m (1 000 ft plus or minus 325t);

outer marker: 600m plus or minus 200 m (2 000 ft plus or minus 650ft).
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3.1.7.3.2 The field strengh at the limits of coverage specfied in 3.1.7.31 shal be 1.5

millivolts per metre (minus 82 dBW/ m2). In addition, the field strengthwithin
the coverage area shall rise to at least 3.0 millivolts per metre (minus 76 dBW/

m2).
Note 1 T In the design of the ground antenna, it is advisable to ensue that an
adeguate rate of change of field strength is provided at the edges of coverage. It is
also advisable to ensure that aircraft within thelocalizer course sectorwill receive visual
indication.

Note 2 T Satisfactory operation of a typical airborne marker installation will be
obtainedif the sersitivity is so adjuded that visual indication will be obtained when

thefield strength is 1.5 milli volts per metre (minus 82 dBW/ mz).

3.1.7.4Modulaion

3.1.7.4.1 The modulation frequencies shall be asfollows:

a) inner marker 3000Hz;
b) middle marker: 1 300 Hz;
c) outer marker: 400 Hz.

The frequency tolerance of the above frequencies shdl be plus or minus 2.5 per cent,
andthe total hamonic content of each of the frequercies shall not exceed15 per cent.

3.1.7.4.2 The depth of modulation of the markers shall be 95 per cent plus or minus 4 per
cent.

3.1.7.5ldentification

3.1.7.5.1 The arrier energy shdl not beinterrupted. Theauwlio frequency modulation shall
be keyedas follows:

inner marker : 6 dots per secand continuotsly;

middle marker: a continuous series of alternate dots and dashes, the
dashes keyed at the rate of 2 dashes per second, and the dots at the rate
of 6 dots per second;

Outer marker: 2 dashesper second continuously.

These keying ratesshall be mantainedto within plus or minus 15 per cent.
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3.1.7.6Siting

3.1.7.6.1 The inner marker, shall belocatedso as to indicatein low visibility conditions the
imminenceof arrival a the runway threshold.

3.1.7.6.1.11f the radiation pattern is vertical, the inner marker, should be located
between 75 m (250 ft) and 450 m (1 500 ft) from the threshold and at not
more than 30 m (100 ft) from the extended centre line of the runway.

Note 1.7 It is intended that the inner marker pattern should intercept the downward
extended straight portion of the nominal ILS glide path at the lowest decision height
applicable in Category Il operations.

Note 2 - Care must be exercised in siting the inner marker to avoid interference between
the inner and middle markers. Details regarding the siting of inner markers are contained

in ICAO Annex 10 Volume lttachmen(C, 2.10.

3.1.7.6.1.2If the radiation pattern is other than vertical, the equpment should be located
S0 as to produce a field within the course sedor andILS glide path sector
that is substantially smilar to that produced by an antenna radiating a
vertical pattern and located as prescribed in 3.1.7.6.1.1.

3.1.7.6.2 The middle marker shall be located so as to indicate the imminence, in low
visibility conditions, of visualapproach guidance.

3.1.7.6.2.1If the radiation patten is vertical, the middle marker shall belocated 1 050
m (3 500 ft) plus or minus 150 m (500 ft), from the landing threshold at the
approach end of the runway and at not more than 75 m (250 ft) from the
extendedcentre line of the runway.

Noted SeelCAO Annex 10 Volume | Attachmedt 2.10, regardinghe siting of inner
and middle marker beacons.

3.1.7.6.2.2If the radiation pattean is other than vertical, the equpment should be located
so as to produce a field within the course sedor andILS glide path sector
that is substantially smilar to that produced by an antenna radiating a
vertical pattern and located as prescribed in 3.1.7.6.2.1.

3.1.7.6.3 The outermarker shdl be locaed so as to prwide height, distance andequpment
functioning checksto aircraft on intermedate andfinal approach.
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3.1.7.6.3.1The outer marker should be located 7.2 km (3.9 NM) from the threshold
exaept that, where for topographical or operationa reasons this distance is
not practicable, the outer marker may be located between 6.5 and 11.1 km
(3.5 and 6 NM) from thethreshald.

3.1.7.6.4 If the radiation patiern is vertical, the outer marker shodd be not more than 75 m
(250 ft) from the extendedcente line of the runway. If the radation patten is
other than vertical, the equpment should be located so asto produce a field
within the course sector and ILS glide path secotr that is subsantially
similar to that produced by an anennaradiatng a vertical pattern.

3.1.7.6.5 The positions of maker beacons, or where applicable, the equivalent distance(s)
indicated by the DME when used as an alternative to part or al of the marker
beacon component of the ILS, shdl be published in accadance with the
provisionsof IS 028

3.1.7.6.5.1When so used, the DME shall provide distance information operationally
equialent to thatfurnished by marker beacon(s).

3.1.7.6.5.2When used as an alternative for the middle marker, the DME shdl be frequency
paired with the ILS localizer and sited so as to minimize the error in
distance information. (Refer Chapter 3TableA)

3.1.7.6.5.3The DME in 31765 shal confam to the specficaion
in3.5.

3.1.7.7Monitoring

3.1.7.7.1 Suitabe equipment shell provide signals for the operaion of an automatic
monitor. The monitor shall transmita warningto a control pointif eitherof the
following conditions arise:

failure of the modulation or keying;

reduction of power output to lessthan 50 per cent of normd.

3.1.7.7.2 For each marker beacon, suitable monitoring equpment shall be provided
which will indicate at the appropriate location a deaeaseof the modulation
depth below 50 per cent.

Page53 of 349 Third Edition Rev:00 Date:315March 2021




3.2 N/A

Pageb4 of 349

Third Edition

Rev:00

AttachmentNo. IS-10-(i)-all -Att

Date:315tMarch 2021




AttachmentNo. IS-10-(i)-all -Att

3.3 Speification for VHF omnidirectional radio range (VOR)
3.3.1 Gened

3.3.1.1The VOR shall be constructed and adjusted so that similar instrumental
indications in aircraft represent equal clockwise angular deviations (béarings
degree for degree from magnetic North as measured from the location of the VOR.

3.3.1.2The VOR shl radiate a rado frequency carrier with which are associated two
separate 30 Hz modulations. One of these modulations shall be such that its
phase is independent of the azamuth of the point of obsewation (refererce
phase). The other modulation (variable phase shall be such that its phease at the
point of obsewation differs from that of the reference phaseby an angle equal to
the bearing of the point of obsewation with respectto the VOR.

3.3.1.3The reference and variable phase modulations shall be in phase along the referencsq
magnetic meridian through the station.

Note i The refererce and variable phase modulations are in phae when the
maximum value of the sum of the radio frequency carrier and the sideband energy due
to the variable phase modulation occurs at the same time as the highest ingantaneous
frequencyof thereference phasemodulation.

3.3.2 Rado frequency

3.3.2.1The VOR shall operate in the band 111.975 MHz to 117.975 MHz except that
frequencies in the band 108 MHz to 111.975 MHz may be useal when, in
accordance with the provisions of (IS 044) Chapter4, 4.2.1 and 4.2.3.1, the use
of such frequencies is aaeptble. The hghest assignable frequency shall be
117950 MHz. The chanrel sgparaton shall be in increments of 50 kHz referred
to the highestassgnale frequercy. In areas whae 100 kHz or 200 kHz channel
spacng is in general use, the frequencytolerance of the radio frequency carrier
shall be plus or minus 0.005 per cent.

3.3.2.2N/A

3.3.2.3In areaswhere new VOR ingtallations are implemented and are assgned frequencies
spaed at 50 kHz from existing VORSs in the same area, priority shall be given to
ensuring that the frequency tolerance of the rado frequency carrier of the existing
VORsis reduced to plusor minus 0.002 per cent.

3.3.3 Pdarization and patternaccuracy
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3.3.3.1The emision from the VOR shall be horizontally polarized. The vertically
polarized compment of the radation shall be assmall aspossible

Note 7 It is not possble at present to state quantitativdy the maximum permisside
magnitude of the \ertically polarized component of the radiation from the VOR.
(Information is provided in the Manual on Testing of Radio Nawvigation Aids (Doc
8071) as to fliht checksthat can be carried out to detemine the effectsof vertical
poarization on the bearing accuracy.)

3.3.3.2The ground station contribution to the eror in the beaing information
conveyed by the horizontally polarized radiation from the VOR for all
elevation andes between 0 and 40 degrees, measured from the centre of the VOR
anennasydem, shal be within plus or minus 2 degees.

3.3.4 Coverage

3.3.4.1The VOR shall provide signals such as to permit satisfatory operaton of a typical
aircraft installation at the levels and distarces required for operational
reasons,and up to anelevation angle of 40 degrees.

3.3.4.2The field strength or power densty in space of VOR signals required to permit
satigactory operation of a typical aircraft installation at the minimum service
level at the maximum specifed service radius should be 90 microvolts per

metre or minus 107 dBW/ m2

Noted Typical equivalent isotropically radiated powers (EIRPs) to achieveifspe
ranges are contained in 3.1 B£A0O Annex 10 Volume | Attachment The definition of
EIRP is contained in 3.5.1.

3.3.5 Modulations of navigation signals

3.3.5.1The radio frequencycarrier as obsered at any point in space shall be amplitude
modulated by two signalsasfoll ows:

a subcarier of 9 960 Hz of consant amplitude, frequency modulated at
30Hz:

1) For the conventional VOR, the 30 Hz comporent of this FM subcarrier is
fixed without regpect to azmuth andis termed the fireference phased and
shall have adeviation ratio of 16 plusor minus1 (i.e. 15 to 17);

2) for the Doppler VOR, the phase of the 30 Hz component varies with
azimuth and is termed the fivariable phase @nd shall have a deviation ratio of 16
plus or minus 1 (i.e. 15 to 17) when observed at any ange of elevationup to 5
degees, with a minimum deviation ratio of 11 when observed at any angle of
elevation above 5 degreesandup to 40 degrees;
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a 30 Hz amplitude modulation component:

for the @nventional VOR, this component results from a rotating field
pattem, the phase of which varieswith azimuth, and is termed the fivariable phase 0 ;

for the Doppler VOR, this component, of constant phase with relaton to
azimuth and constant amplitude, is radated omnidirectionally and is termed the
fireference phaseo.

3.3.5.2The nominal depth of modulation of the radio frequency carrier due to the 30Hz
signal or the subcarrier of 9 960 Hz shall be within the limits of 28 per cent and
32 per cent.

Note 1 This requirement applies to the tranamitted signal observed in the absence of
multi path.

3.3.5.3The depth of modulation of the radio frequencycarrier due to the 30 Hz signal,
as observed at any angle of elevation up to 5 degees,shdl be within the limits
of 25 to 35 per cent. The depth of modulation of the radio frequency carrier
due to the 9 960 Hz signal, as observed at any angle of elevation up to 5
degees,shall be within the limits of 20 to 55 per centon facilities without voice
modulation, and within the limits of 20 to 35 per cent on facilities with voice
modulation.

Note 7 When modulation is measured during flight tesing under strong dynamic
multipath conditions, variations in the received modulation percentages are to be
expected. Shot-term vaiations beyand these vluesmay be aceptable. The Manual on
Testing of Radio Navigation Aids (Doc 8071) contains additional information onthe
application of airborne modulation tolerances.

3.3.5.4The variadde and reference phase modulation frequencies shdl be 30 Hz within
plusor minus 1 per cent.

3.3.5.5The subcarier modulation mid-frequency shdl be 9 960 Hz within plus or minus 1
per cent.
3.3.5.6

For the conventional VOR, the percentage of anplitude modulation of the
9 960 Hz subcarier shall not exceed5 per cent.

For the Doppler VOR, the perentage of amplitude modulation of the 9

960Hz subcarrier shall not exceed 40 per cent when measured at a point
atleast 300n (1 000ft) from the VOR.
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3.3.5.7Where 50 kHz VOR channel spacing is implementd, the sideband level of the
hamonics of the 9 960 Hz component in the radiaed signa shdl not exceed the
following levelsreferred to the level of the9 960Hz sideband:

Subcarrier Level
9960Hz 0dB reference
2nd harmonic 1 30dB
3rd harmonic -50dB
4th harmonic and above 160dB

3.3.6 Voice andidentificaton

3.3.6.1If the VOR provides a simultaneous comnunication channel ground-to-air, it shall
be on the same radio frequency carrier asused for the navigational function. The
radiation on this channel shdl behorizontally polarized.

3.3.6.2The peak modulation depth of the carrier on the conmunication channelshall
not be greater than 30 per cent.

3.3.6.3The audio frequency characeristics of the speech channel shdl be within 3 dB
relative to the level at 1 000 Hz over the range 300 Hz to 3 000 Hz.

3.3.6.4The VOR dall provide for the simultaneoustransmissionof a signal of
identifi cation on the same radio frequency carier as thatused for the navigational
function. The identification signal radiation shell be horizontally polarized.

3.3.6.5The identification signal shallemploythe InternationalMorse Codeand consistof
two or three lettes. It shell be sent at a speed corresponding to approimately 7
words per minute. The signal shall be repeated at leastonce every 30 seconds and
the modulation toneshall be 1 020 Hz within plus or minus 50 Hz.

3.3.6.5.1 The identificaion signal should be transmitted at least three times each 30
seconds, spaced equally within that time period. One of these identification
sigrnals maytakethe form of a voice identification.

Note 7 Where a VOR and DME are associated in accordance with 3.5.2.5, the
identifi cation provisions of 3.5.3.6.4influence the VORidentificaion.

Page58 of 349 Third Edition Rev:00 Date:315March 2021




AttachmentNo. IS-10-(i)-all -Att

3.3.6.6The depth to which the radio frequency carner is madulated by the code
identifi cation signal shall be close to, but not in excess of 10 per cent except that,
where a communication chamel is not provided, it shall be permissible to
increaee the modulation by the code identification signal to a value not
exceedng 20 per cent.

3.3.6.6.1 If the VOR provides a simultaneous communication chamel ground-to-air, the
modulation depth of the code identification signal should be 5 plus or minus 1
percentin orderto provide a satisactory voice qudity.

3.3.6.7The transnission of speech shall not intefere in any way with the basic
navigational function. When speech is being radiated, the code identification
shall not be suppressed.

3.3.6.8The VOR receiving function shall permit positive identificaion of the wanted signal
under the signal conditions encauntered within the specified coverage limits, and
with the modulation parameters specified at 3.3.6.5,3.3.6.6 and 3.3.6.7.

3.3.7 Monitoring

3.3.7.1Suitable equipment located in the radation field shall provide signals for the
operdion of an automatic monitor. The monitor shall transnit a waning to a
contol paint, and eiher remove the identification and navigation components
from the carrier or cause radiation to ceae if any oneor a combination of the
following deviations from estblished conditions arises

a) change in excess of 1 degree at the monitor site of the bearing information
transmitted by the VOR;

b) a reduction of 15 per cent in the modulation components of the rado frequency

signals voltage level a the monitor of either the subcarier, or 30 Hz anplitude
modulation signals, or both.

3.3.7.2Failure of the monitor itself shall transmit a warning to a control point and
either:
remove the identification and navigation components from the carier; or

cause radiation to cease

Noted Guidance material on VOR appearsi®AO Annex 10 Volume | AttaetentC, 3,
andICAO Annex 10 Volume | Attachmént
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3.3.8 Interference immunity performance for VOR receving sygems

3.3.8.1The VOR receiving sydem shall provide adequate immunity to interfererce from
two signal, third-order intermodulation products caused by VHF FM broadcast
signalshaving levelsin accadance with the following:

IN;+ N, + 7250
for VHF FM sound broadcasting signals in the range 107.7 — 108.0 MHz

and

2N; + N, + 3 (24— 20]0gs};) <0
for VHF FM sound broadcasting signalsbelow 107.7MHz,

where the frequendes of the two VHF FM sound broadcasting signals
produce, within the recever, a two-signal, third-order intermodulation product on
the desred VOR frequency.

N1 and N2 are the levels (dBm) of the two VHF FM sound broadcasting

signals at the VOR recelver input. Neither level shall exceed the
desensitization criteria setforth in 3.3.82.

of = 108.1 i f1, where f1 is the frequency of N1, the VHF FM sound
broadtasting signal closer to 108.1 MHz.

3.3.8.2The VOR receiing systemshall not be desersitized in the presence of VHF FM
broadcast signals having levelsin accordance with the foll owing table:

Frequency at (MHg Maximum level of unwanted signal
receiver input (dBm)
88-102 +15
N 104 +10
0 106 +5
t 107.9 -10

Note 10 The relationship is linear between adjacent points designated by the above
frequencies.

Note 20 Guidance material @ immunity criteria to be used for the performance quoted
in 3.3.8.1 and 3.3.8.2 is containedl®AO Annex 10 Volume | Attachméht3.6.5.
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3.4 Speification for non-dir ectional radio beacon(NDB)

3.4.1 Definitions

Noted In ICAO Annex 10 Volume | Attachméhtguidance is given on the meaning and
application of rated coverage and effective coverage and on coverage of NDBs.

Average radius of rated coverage 1 The radius of a circle having the same area as the
rated coverage.

Effective coverage i The area surrounding an NDB within which bearings can be
obtaned with an aacuracy sufficient for the natue of the opaaton concerned.

Locator i An LF/MF NDB usel as an aid to final appgoach.

Notei A locator uswally hasan average radius of rated coveage of between 185 and
46.3 km (10 and 25 NM).

Rated coverage i The area surrounding an NDB within which the strength of the vertical
field of the ground wave exceedsthe minimum value specified for the geogaphical areain
which the radio beacon is situated.

Note T The above deinition is intended to estdlish a method of rating radio
beaconson the normal coverageto beexpectedn the absenceof skywave transmission
and/or anomalous popagaton from the radio beacon corcerned or interfererce
from other LF/MF facilities, but taking into accountthe atmospheric noisein the
geographical area concened.

3.4.2 Coverage

3.4.2.1The minimum value of field strengh in the rated coverage of an NDB shoud be
70 microvolts per metre.

Note 18 Guidance on thdield strengths required particularly in the latitudes between
30°N and 30°S is given in 6.116FAO Annex 10 Volume | Attachmétand the relevant
ITU provisions are given in Chapter VIII, Article 35, Section IV, Part B of the Radio
Regulations.

Note 20 The selection of locations and times at which the field strength is measured is
important in order to avoid abnormal results for the locality concerned; locations on air
routes in the area around the beacon are operationally most significant.

3.4.2.2All notificaions or promulgations of NDBs shall be based uponthe average radius of
the rated coverage.

Note 1 7 In classifying radio beacons in areas where substantal variations in rated
coverage may ocaur diurnally and seasonally, such variations shoud be #&ken into
account.
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Note 2 1 Beacons having an average radius of rated covaage of betwen 46.3 and 278
km (25 and 150 NM) may be designaed by the nearest multiple of 46.3 km (25NM) to
the average radius of rated coverage, and beacons of rated coveage over 278 km
(150 NM) to the nearestmultiple of 92.7 km (50NM).

3.4.2.3Where the rated coverage of an NDB is materially different in various
operationally significant sectors, its classification should be expressed in termsof
the aveage radius of rated coverage and the angular limits of each sector as
follows:

Radus of coverageof sectofangular limits of sector expressed as magnetc bearing
clockwise from the beacon.

Where it is desirable to classify an NDBin such a manner, the number of sectorsshould
be kept to a minimum and preferably shauld not exceedtwo.

Note T The aveaage radius of a given sector of the rated coverage is equal to the
radius of the corregponding circle-sedor of the same area. Example:

150/210° i1 30°
100/30° T 210°.
3.4.3 Limitations in radiatd power

The power radated from an NDB shall not exceed by more than 2 dB that
neessay to adieve its agreed uted coverage, exapt that this power may be
increased if coordnated regiondly or if no harmful interference to other facilities will
resut.

3.4.4 Rado frequercies

3.4.4.1The radio frequencies assgned to NDBs shdl be seleced from those available
in thatportion of the spectrumbetwesn 190 kHz and 1 750 kHz.

3.4.4.2The frequercy tolerance applicable to NDBs shall be 0.01 per cent except that,
for NDBs of antenna power above 200 W using frequencies of 1 606.5 kHz and
above,the tolerance shall be 0.005 per cent.

3.4.4.3Where two locators are used as supplements to an ILS, the frequency separation
betwen the carriers of the two shaild be not lessthan 15 kHz to ensure
correct operation of the radio compass, and preferably not more than 25 kHz in
order to permit a quick tuning shift in caseswhere an aircraft hasonly oneradio
conpass.
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3.4.4.4Where locatorsassociatedvith ILS facilities servingoppositeendsof a single
runway are assgned a common frequency, provision shall be made to ensure that
thefacility not in operational use cannot radiate.

Note T Additional guidance on the operation of locator beacons on common
frequency channelsis contanedin (IS 044) ,Chapter 3, 3.2.2.

3.4.5 I|dentificaion

3.4.5.1Each NDB shall be individually identified by a twor threeletter International
Morse Code group transmitted at a rate corresponding to approximately 7 words per
minute.

3.4.5.2The complete identificaion shall be trarsmitted at least once every 30 seconds,
except where the beacon identification is effected by on/off keying of the carrier.
In this latter case, the identification shdl be at approximately 1-minute
intervals, except that a shorter interval may be used at particular NDB
stations wherethis is found to be operationally desible.

3.4.5.2.1 Except for those cases where the beacon identifi cation is effeced by on/off
keying of the cariier, the identficaion signa shoud be trangnitted at least
three times each 30 seconds, spaced equally within that time periad.

3.4.5.3For NDBs with an average radius of rated coverage of 92.7 km (50 NM) or less that
are primarily approach and holding aids in theinity of an aerodrome, the
identification shall be transmitted at least three times each 30 seconds, spaced
equally within that time period.

3.4.5.4The frequency of the modulating tone used for identificaton shdl be 1 020 Hz
plus or minus50 Hz or 400 Hz plus or minus 25 Hz.

Noted Determination of the figure to be used would be made regionally, in the light of
the considerations contained IBAO Annex 10 Volume | Attachméht6.5.

3.4.6 Chaactristics of emissions

Note 1The following specifications are not intended to preclude employmentof
modulations or types of modulations that may be utilized in NDBs in addition to
those specified for identificaton, including simultaneous identification and voce
modulation, provided that these additional modulations do not materially affect the
operdional performance of the NDBs in conjunction with currently used airborne
direction finders, and provided their use does not cause harmful interference to
other NDB sewices.
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3.4.6.1Except as provided in 3.46.11, all NDBs shall iediate an uninterrupted carrier
and be identified by on/off keying of an amplitude malulating tone
(NON/A2A).

3.4.6.1.1 NDBs other thanthosewhdly or partly serving asholding, approach and landing
aids, or those having an average radus of rated coverage of lessthan 92.7 km
(50 NM), may be identified by onoff keying of the unmodulated carrier
(NON/A1A) if they are in areas of high beacon density andbr where the
required rated coverageis not practicable of achievementbecause of:

radio interference from radio statons;
high atmospheric noise;
local condtions.

Note T In selecting the types of emission, the possibility of confusion, arisng froman
aircraft tuning from a NON/A2A facility to a NON/A1A facility without changing the
radio compassfrom AMC Wdao AC Wdoperaton, will needto be kept in mind.

3.4.6.2For each NDB identified by on/off keying of an audio modulating tone, the degh
of moduation shdl be mantained asnear to 95 percentas practicable.

3.4.6.3For each NDB identified by on/off keying of an audio modulating tone, the
chaacteristics of emisson during identification shall be such as to ensure
satisfactoryidentification at the limit of its ratedcoverace.

Note 1 1 The foregoing requrement necessitatesas high a percentage modulation as
practicable, bgether with mainterance of an adequate radiated carrier power during
idertification.

Note 2 7 With a direction-finder passband of plus or minus 3 kHz about the carrier, a
signal to noise ratio of 6 dBat thelimit of rated coverage will, in general, meet the
foregoing requirement.

Note 30 Some considerations with respect to modulation depth are contain€ihD
Annex 10 Volume | Attachmebdt 6.4.

3.4.6.4The carrier power of an NDB with NONAZ2A emissions should not fall when
the identity signal is being radiated except that, in the case of an NDB having
an average radius of rated covaage exceedng 92.7 km (50 NM), a fall of not
more than 1.5 dB maybe accepted.

3.4.6.5Unwanted audio frequerncy modulations shdl total less than 5 per cent of the
amplitude of the carier.

Note i Reiable peformance of arborne automatic direction-finding equipment
(ADF) may be seriously prejudiced if the beacon emission cortains modulation by an

Page64 of 349 Third Edition Rev:00 Date:315March 2021




AttachmentNo. IS-10-(i)-all -Att

audio frequency equal or close to the loop switching frequency or its second
harmonic. The loop switching frequencies in currently used equipment lie betwveen 30
Hz and 120 Hz.

3.4.6.6The bardwidth of emissions and the level of spurious emissions shdl be kept at

the lowest value that the state of technique and the nature of the sewice
pemit.

Note 1 Article S3 of theTU Radio Regulations contains the general provisions with
respect to techncal characteiistics of equpment and emissons. The Radio Regulations
contain specific provisions relating to necessary bandwidth, frequency tolerance;
spuious emissionsand classificationof emissions(see Appendices APS1, APS2 and
APS3).

3.4.7 Siting of locators

3.4.7.1Where locators are used as a supplement to the ILS, they should bedl@tahe

sites of the outer and middle marker beacons. Where only one locator is used as a
supplement to the ILS, preference should be given to location at the site of the outer
marker beacon. Where locators are employed as an aid to final approacke in th

absence of an ILS, equivalent locations to those applyi@mvan ILS is instaled
should be selected, taking into account the relevant obstacle clearance
provisions of the PANSOPS (Doc 8168).

3.4.7.2Where locators are installed at both the middle and outer marker positions, they

should be located, where practicable, on the same side of the extended centre line
of the runway in order to provide a track between the locators which will be more
nearly parallel to the centre line of the runway.

3.4.8 Monitoring

3.4.8.1For eachNDB, suitable means shall be provided to erable detection of any of the

following corditions at an appropriate location:

deagease in radiated carrier power of more than 50 per cent below
that required for therated coveaage;

failure to transmit theidentification signal,

malfuncioning or failure of the meansof monitoring itself.

3.4.8.2When an NDB is operated from a power source having a frequency which is

close to airborne ADF equipment switching frequendes, and where the desgn of
the NDB is such that the power sumply frequency is likely to appear as a
modulation product on the emission, the means of monitoring shauld be capable of
detecting such power supply modulation onthe carrier in excessof 5 per cent.
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3.4.8.3During the hours of service of a locator, the means of monitoring shdl

provide for a coninuous deck on the functioning of the locator as prescrbed
in3.4.8.1a),b) and c).

3.4.8.4During the hours of service of an NDB other than a locator, the means of

monitoring shall provide for a continuous check on the functioning of the
NDB aspresaibedin 3.4.8.1a),b) and c).

Noted Guidance material on the testing of NDBs is contained in 6186 A0 Annex 10
Volume | Attachmer(.
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3.5 Speification for UHF distance measuring equipment (DME)

3.5.1 Definitions

Control motion noise (CMN) 1 That porton of the guidance signal emor which
cau®s control surface, wheel and column motion and caild affect aircraft atitude ande
during coupled flight, but does not cawe aircraft displacement from the desied
course and/or glide path.(See3.11.)

DME dead time i A period immediately following the decoding of a valid interrogation
during which a received interrogation will not cause a repbetgenerated.

Note i Dead time is intended to prewent the transponder from replying to echoes
resuting from multipath effects.

DME/N 1 Distance measuring equipment, primarily sewving operatonal needs of en- route
or TMA navigation, wherethe i N siands for narow spectrum chaackristics.

Equivalent isotropically radiated power (EIRP) i The product of the power
suppled to the antema and the antenna gain in a given direction relatve to an
isotropic artenna (absolute or isotropic gain).

Key down time T The time during which a dotor dash of a Morse chaader is beng
transmitted.

Mode W, X, Y, Z i A method of codng the DME transmissions bytime spacing
pulsesof apulse par, sothat each frequency canbe used more than once.

Partial risetimei Thetime asmeasured between the 5 and 30 per cent amplitude points
on the leading edge of the pulse envelope, i.e. between points h and i on Figures 3-1
and 3-2.

Path following error (PFE) i That portion of the guidance signal eror which could
causeaircraft displacenent from the desied course andor glide path. (See3.11.)

Pulse amplitude i The maximum voltageof the pulse envelope, i.e. A in Figure 3-1.
Pulse decay time i The time as measued between the 90 and 10 per cent
amplitude paints on the trailing edge of the pulse envelope, i.e. between points e and

g on Figure 3-1.

Pulse code. i The metod of differentiaing betweenW, X, Y and Z modes and
between FA and IA modes.

Pulse duration i The time intewval between the 50 per cent amplitude point on
leading and trailing edges of the pulse envelope, i.e. between points b and f on
Figure 3-1.

Pulserisetime i Thetime asmeasued between the 10 and 90 per cent amplitude points
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on the leading edge of the pulse ervelope, i.e. between points a and ¢ on Figure 3-1.

Reply efficiency 1 The rato of replies transmittedby the transponder to the total of
receved valid interrogations.

Search. TThe condition which exists when the DME interrogator is attemping to
acquire and lock onto the responseto its own interrogationsfrom the seleced transponder.

System efficiency i The ratio of valid replies processal by the interrogator to thetotal
of its own interrogations.

Track T The condition which exists when the DME interogator has locked onto
replies in response to its own interogations, and is continuously providing a
distance measurement.

Transmission rate T The average number of pulse pars transmitted from the transponder
persecond.

Virtual origin i The point at which the straight line through the 30 per cent and 5 per
cent amplitude points on the pulse leadng edge intersects the O per centamplitude
axis (seeFigure 3 -2).

3.5.2 Gened

3.5.2.1The DME systemshall provide for continuaus and accurateindication in the cockpit
of the dlant range distance of an equipped aircraft from an equipped ground
reference point.

3.5.2.2The systemshall comprise two basic components, one fitted in the aircraft, the
otherinstaled on the ground. The aircraft component shall be refered to as the
interrogator and the ground component asthe transponder.

3.5.2.3In operation, interrogators shall interogate tramsporders which shall, in turn,

transmit to the interrogator replies synchronized with the interrogatiors,
thusproviding means for accurate measuement of distance.
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3.5.2.4N/A
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3.5.2.5When a DME is aswciated with an ILSor VOR for the purpose of
constitutinga single fadlity, they shall:

be operated on a standard frequency pairing in accordance with

3.5.3.34;
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be collocaed within the limits presaibed for associated facilities in
3.5.2.6;and

comply with the identifi cation provisions of 3.5.3.6.4.

3.5.2.6Collocation limits for a DME faality associted with anILS, or VOR facili ty

3.5.2.6.1 Associaed VOR and DME facilities shall be collocated in accordance with the
following:

a) for those facilities usedin terminal areasfor approach purposes or other
procedures where the highest position fixing accuracy of system
capahlity is required, the sepaation of the VOR and DME antemas
doesnot exceed 80 m (260 ft);

b) for purposes other than those indicated in a), the separation of the
VOR and DME anennasdoesnot exceed 600 m (2 000ft).

3.5.2.6.2 Association of DME with ILS
Noted ICAO Annex 10 Volume | Attachme@t 2.11 gives guidance orhd
association of DME with ILS.

3.5.2.6.3 N/A

3.5.2.6.3.1N/A

3.5.2.7N/A

3.5.3 Systemchaacteristics

3.5.3.1Peformance

3.5.3.1.1 Range. The systemshdl provide a meanf measurement of slantrangedistance
from an arcraft to a seleted transponder to the limit of coverage
prescgibed by the operatona requirementsfor the seleded transponder.

3.5.3.1.2 Coverage

3.5.3.1.2.1When associated with a VOR, DME/N coverage shall be at leastthat of the
VOR to the extent practicable.
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3.5.3.1.2.2When asscciated with eitheran ILS, DME/N coverage shall be at least that of
therespective ILS.

3.5.3.1.2.3N/A

3.5.3.1.3 Accuracy

3.5.3.1.3.1System accuracy. The accuracy standards specified in 3.5.4.5 and 3.5.5.4 shall be
met on a 95 per cent probability basis.

3.5.3.1.4 N/A

3.5.3.1.4.1N/A
3.5.3.1.4.2N/A
3.5.3.1.4.3N/A

3.5.3.2Radio frequencies and polarization

The system shall operate witlertical polarization in the frequency band 960 MHz to 1 215
MHz. The interrogation and reply frequencies shall be assigned with 1MHz spacing between
channels.

3.5.3.3Channelling

3.5.3.3.1 DME operating channels shall be formed by pairing interrogation and reply
frequerties and by pulse coding on the paired frequencies.

3.5.3.3.2 N/A

3.5.3.3.3 DME operating channels shall be chosen from Table A (located at the end of this
chapter), of 352 channels in which the channel numbers, frequencies, and pulse
codes are assigned.

3.5.3.3.4 Channel paing. When a DME transponder is intended to operate in association
with a single VHF navigation facility in the 108 MHz to 117.95 MHz frequency
band, the DME operating channel shall be paired with the VHF channel as given in
Table A.

Noted There may be istances when a DME channel will be paired with the ILS
frequency (se€hapter 4, 4.30fS 044).
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3.5.3.4Interrogation pulse repetition frequency

Noted If the interrogator operates on more than one channel in one second, the
following specifications apply tihe sum of interrogations on all channels.

3.5.3.4.1 DME/N. The interrogator average pulse repetition frequency (PRF) shall not
exceed 30 pairs of pulses per second, based on the assumption that at least 95 psg
cent of the time is occupied for tracking.

3.5.3.4.2 DME/N. If it is desired to decrease the time of search, the PRF may be increased
during search but shall not exceed 150 pairs of pulses per second.

3.5.3.4.3 DME/N. - After 15 000 pairs of pulses have been transmitted without acquiring
indication of distance, the PR¥hould not exceed 60 pairs of pulses per second
thereafter, until a change in operating channel is made or successful search is
completed.

3.5.3.4.4 DME/N. When, after a time period of 30 seconds, tracking has not been
established, the pulse pair repetition frexgey shall not exceed 30 pulse pairs per
second thereafter.

3.5.3.4.5 N/A

3.5.3.5Aircraft handling capacity of the system

3.5.3.5.1 The aircraft handling capacity of transponders in an area shall be adequate for the
peak traffic of the area or 100 aircraft, whichever is tssér.

3.5.3.5.2 Where the peak traffic in an area exceeds 100 aircraft, the transponder should be
capable of handling that peak traffic.

Noted Guidance material on aircraft handling capacity will be found@AO Annex 10
Volume | Attachmer@, 7.1.5.

3.5.3.6Trangonder identification

3.5.3.6.1 All transponders shall transmit an identification signal in one of the following
forms as required by 3.5.3.6.5:

an Ai ndependent o identification consi s
identity pulses which can be usedwall transponders;
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an fAfassociatedod signal whi ch can be wusse
a VHF navigation facility which itself transmits an identification signal.

3.5.3.6.2 Both systems of identification shall use signals, which shall comdisthe
transmission for an appropriate period of a series of paired pulses transmitted at a
repetition rate of 1 350 pulse pairs per second, and shall temporarily replace all
reply pulses that would normally occur at that time except as in 3.5.3.6.22 Th
pulses shall have similar characteristics to the other pulses of the reply signals.

3.5.3.6.2.1DME/N. Reply pulses shall be transmitted between key down times.

3.5.3.6.2.2DME/N. If it is desired to preserve a constant duty cycle, an equalizing pair of
pulses, havinghe same characteristics as the identification pulse pairs, should
be transmitted 100 microseconds plus or minus 10 microseconds after each
identity pair.

3.5.3.6.2.3N/A
3.5.3.6.2.4N/A

3.5.3.6.2.5N/A

35363The characteristics of the #Aintespender

the identity signal shall consist of the transmission of the beacon code in the form of
dots and dashes (International Morse Code) of identity pulses at least once every 40 secondg
at a rate of at least 6 words per minute; and

the identificatim code characteristic and letter rate for the DME transponder shall
conform to the following to ensure that the maximum total key down time does not exceed 5
seconds per identification code group. The dots shall be a time duration of 0.1 second to
0.160 seond. The dashes shall be typically 3 times the duration of the dots. The duration
between dots and/or dashes shall be equal to that of one dot plus or minus 10 per cent. Th
time duration between letters or numerals shall not be less than three dotstal lperiod
for transmission of an identification code group shall not exceed 10 seconds.

Noted The tone identification signal is transmitted at a repetition rate of 1 350
pps. This frequency may be used directly in the airborne equipment as an aural
output for the pilot, or other frequencies may be generated at the option of the
interrogator designer (see 3.5.3.6.2).

U

35364The characteristics of the Nassociat edqoa
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(a) when associated with a VHF, the identification shall be trattetin the form of dots
and dashes (International Morse Code) as in 3.5.3.6.3 and shall be synchronized with
the VHF facility identification code;

(b) each 46second interval shall be divided into four or more equal periods, with the
transponder identificain transmitted during one period only and the associated VHF
facility identification, where these are provided, transmitted during the remaining
periods;

(c) N/A
3.5.3.6.5 Identification implementation

353651The fAindependent o ident i f ievwratransponder o d ¢
is not specifically associated with a VHF navigational facility

3.5.3.6.5.2 Wherever a transponder is specifically associated with a VHF navigational
facility, i1identification shall be pro

3.5.3.6.5.3 When voice communicains are being radiated on an associated VHF

navigational facility, an fassociate
suppressed.

3.5.3.7N/A

3.5.3.7.1 N/A

3.5.3.7.2 N/A

3.5.3.8N/A

3.5.4 Detailed technical characteristics of transponder and associated monitor

3.5.4.1Transmitter

3.5.4.1.1 Frequency of operation. The transponder shall transmit on the reply frequency
appropriate to the assigned DME channel (see 3.5.3.3.3).

3.5.4.1.2 Frequency stability. The radio frequency of operation shall not vary more than plus
or minus 0.002 per cent from thssigned frequency.
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3.5.4.1.3 Pulse shape and spectrum. The following shall apply to all radiated pulses:

a) Pulse rise time.
DME/N. Pulse rise time shall not exceed 3 microseconds.

b) Pulse duration shall be 3.5 microseconds plus or minus 0.5 microsecond.

c) Pulse decay time shall nominally be 2.5 microseconds but shall not exceed 3.5
microseconds.

d) The instantaneous amplitude of the pulse shall not, at any instant between the
point of the leading edge which is 95 per cent of maximum amplitude and the
point of he trailing edge which is 95 per cent of the maximum amplitude, fall
below a value which is 95 per cent of the maximum voltage amplitude of the
pulse.

e) For DME/N: the spectrum of the pulse modulated signal shall be such that during
the pulse the EIRP caaihed in a 0.5 MHz band centred on frequencies 0.8 MHz
above and 0.8 MHz below the nominal channel frequency in each case shall not
exceed 200 mW, and the EIRP contained in a 0.5 MHz band centred on
frequencies 2 MHz above and 2 MHz below the nominal aklaftaquency in
each case shall not exceed 2 mW. The EIRP contained within any 0.5 MHz band
shall decrease monotonically as the band centre frequency moves away from the
nominal channel frequency.

Noted Guidance material relating to the pulse spectrur@asurement is provided in
Document EUROCAE EB7 (including Amendment No. 1).

f) To ensure proper operation of the thresholding techniques, the instantaneous
magnitude of any pulse twan transients which occur in time prior to the virtual
origin shall beess than one per cent of the pulse peak amplitude. Initiation of the
turrnron process shall not commence sooner than 1 microsecond prior to the virtual
origin.

Noteld The time Aduring the pulsed0 encompas
of pulke transmission to its end. For practical reasons, this interval may be measured
between the 5 per cent points on the leading and trailing edges of the pulse envelope.

Note 20 The power contained in the frequency bands specified in 3.5.4.1.3 e) is the

average power during the pulse. Average power in a given frequency band is the energy
contained in this frequency band divided by the time of pulse transmission according to
Note 1.

3.5.4.1.4 Pulse spacing

3.5.4.1.4.1 The spacing of the constituent pulses of transmjitdde pairs shall be as given

in the table in 3.5.4.4.1.

Page75 of 349 Third Edition Rev:00 Date:315March 2021

S



AttachmentNo. IS-10-(i)-all -Att

3.5.4.1.4.2 DME/N. The tolerance on the pulse spacing shall be plus or minus 0.25
microsecond.

3.5.4.1.4.3 DME/N. The tolerance on the DME/N pulse spacing should be plus or minus
0.10 microsecond.

3.5.4.1.4.4 N/A

3.5.4.1.4.5The pule spacings shall be measured between the half voltage points on the
leading edges of the pulses.

3.5.4.1.5 Peak power output

3.5.4.1.5.1 DME/N. The peak EIRP should not be less than that required to ensure a peak

pulse power density of approximately minus 83 dBiAt the maximum
specified service range and level.

3.5.4.1.5.2DME/N. The peak equivalent isotropically radiated power shall not be less than

that required to ensure a peak pulse power density of minus 89 aB\Wihder
all operational weather conditions at any point witkioverage specified in
3.5.3.1.2.

Noted Although the Standard in 3.5.4.1.5.2 implies an improved interrogator receiver
sensitivity, it is intended that the power density specified in 3.5.4.1.5.1 be available at the
maximum specified service range aaddl.

3.5.4.1.5.3N/A

3.5.4.1.5.4The peak power of the constituent pulses of any pair of pulses shall not differ by
more than 1 dB.

3.5.4.1.5.5The reply capability of the transmitter should be such that the transponder
should be capable of continuous operation at a transmissi@nafa2 700 plus or
minus 90 pulse pairs per second (if 100 aircraft are to be served).

Noted Guidance on the relationship between number of aircraft and transmission rate is
given inlICAO Annex 10 Volume | Attachme&nt7.1.5.

3.5.4.1.5.6The transmitter shalloperate at a transmission rate, including randomly
distributed pulse pairs and distance reply pulse pairs, of not less than 700 pulse
pairs per second except during identity. The minimum transmission rate shall be
as close as practicable to 700 pulse gaerssecond.
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Noted Operating DME transponders with quiescent transmission rates close to 700
pulse pairs per second will minimitee effects of pulse interference, particularly to other
aviation services such adNSS.

3.5.4.1.6 Spurious radiation. During inteals between transmission of individual pulses, the
spurious power received and measured in a receiver having the same
characteristics as a transponder receiver, but tuned to any DME interrogation or
reply frequency, shall be more than 50 dB below the& medse power received
and measured in the same receiver tuned to the reply frequency in use during the
transmission of the required pulses. This provision refers to all spurious
transmissions, including modulator and electrical interference.

3.5.4.1.6.1DME/N. Thespurious power level specified in 3.5.4.1.6 shall be more than 80 dB
below the peak pulse power level.

3.5.4.1.6.2N/A

3.5.4.1.6.30ut-of-band spurious radiation. At all frequencies from 10 to 1 800 MHz, but
excluding the band of frequencies from 960 to 1 215 MHz, the sguoigiput of
the DME transponder transmitter shall not exceed minus 40 dBm in any one kHz
of receiver bandwidth.

3.5.4.1.6.4The equivalent isotropically radiated power of any CW harmonic of the carrier
frequency on any DME operating channel shall not exceed mthdBrh.

3.5.4.2Receiver

3.5.4.2.1 Frequency of operation. The receiver centre frequency shall be the interrogation
frequency appropriate to the assigned DME operating channel (see 3.5.3.3.3).

3.5.4.2.2 Frequency stability. The centre frequency of the receiver shall nonvamy than
plus or minus 0.002 per cent from the assigned frequency.

3.5.4.2.3 Transponder sensitivity

3.5.4.2.3.1In the absence of all interrogation pulse pairs, with the exception of those
necessary to perform the sensitivity measurement, interrogation pulse pairs with
the correct spacing and nominal frequency shall trigger the transponder if the
peak power density at the transponder antenna is at least:

a) minus 103 dBWi? for DME/N with coverage range greater than 56 km
(30 NM);
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b) minus 93 dBW/m? for DME/N with coveragaange not greater than 56
km (30 NM);

c) N/A

d) N/A

3.5.4.2.3.2 The minimum power densities specified in 3.5.4.2.3.1 shall cause the
transponder to reply with an efficiency of at least:

(a) 70 per cent for DME/N;
(b) N/A
(c) N/A

3.5.4.2.3.3DME/N dynamic range. The performance of thensponder shall be maintained
when the power density of the interrogation signal at the transponder antenna has
any value between the minimum specified in 3.5.4.2.3.1 up to a maximum of

minus 22 dBW/m2 when installed with ILS and minus 35 dBVIm(2 when
installed for other applications.

3.5.4.2.3.4N/A

3.5.4.2.3.5The transponder sensitivity level shall not vary by more than 1 dB for
transponder loadings between 0 and 90 per cent of its maximum transmission
rate.

3.5.4.2.3.6 DME/N. When the spacing of an interrogator pulse pair var@s the nominal
value by up to plus or minus 1 microsecond, the receiver sensitivity shall not be
reduced by more than 1 dB.

3.5.4.2.3.7N/A

3.5.4.2.4 Load limiting

3.5.4.2.4.1DME/N. When transponder loading exceeds 90 per cent of the maximum
transmission rate, the receiver sdnsty should be automatically reduced in
order to limit the transponder replies, so as to ensure that the maximum
permissible transmission rate is not exceeded. (The available range of sensitivity
reduction should be at least 50 dB.)

3.5.4.2.4.2 N/A
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3.5.4.2.5 Noise. Whenthe receiver is interrogated at the power densities specified in
3.5.4.2.3.1 to produce a transmission rate equal to 90 per cent of the maximum, the
noise generated pulse pairs shall not exceed 5 per cent of the maximum
transmission rate.

3.5.4.2.6 Bandwidth

3.5.4.2.6.1The minimum permissible bandwidth of the receiver shall be such that the
transponder sensitivity level shall not deteriorate by more than 3 dB when the
total receiver drift is added to an incoming interrogation frequency drift of plus or
minus 100 kHz.

3.5.4.2.6.2DME/N. The receiver bandwidth shall be sufficient to allow compliance with
3.5.3.1.3 when the input signals are those specified in 3.5.5.1.3.

3.5.4.2.6.3N/A
3.5.4.2.6.4N/A

3.5.4.2.6.5Signals greater than 900 kHz removed from the desired channel nominal
frequency and having powdensities up to the values specified in 3.5.4.2.3.3 for
DME/N shall not trigger the transponder. Signals arriving at the intermediate
frequency shall be suppressed at least 80 dB. All other spurious response or
signals within the 960 MHz to 1 215 MHz baadd image frequencies shall be
suppressed at least 75 dB.

3.5.4.2.7 Recovery time. Within 8 microseconds of the reception of a signal between 0 dB
and 60 dB above minimum sensitivity level, the minimum sensitivity level of the
transponder to a desired signal Isle within 3 dB of the value obtained in the
absence of signals. This requirement shall be met with echo suppression circuits, if
any, rendered inoperative. The 8 microseconds are to be measured between the hal
voltage points on the leading edges of tlve signals, both of which conform in
shape, with the specifications in 3.5.5.1.3.

3.5.4.2.8 Spurious radiations. Radiation from any part of the receiver or allied circuits shall
meet the requirements stated in 3.5.4.1.6.

3.5.4.2.9 CW and echo suppression

CW and echo sypession should be adequate for the sites at which the
transponders will be used.
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Noted In this connection, echoes mean undesired signals caused by multipath
transmission (reflections, etc.).

3.5.4.2.1(Protection against interference

Protection against imdrference outside the DME frequency band should be
adequate for the sites at which the transponders will be used.

3.5.4.3Decoding

3.5.4.3.1 The transponder shall include a decoding circuit such that the transponder can be
triggered only by pairs of received pulsewihg pulse duration and pulse spacing
appropriateo interrogator signals as described in 3.5.5.1.3 and 3.5.5.1.4.

3.5.4.3.2 The decoding circuit performance shall not be affected by signals arriving before,
between, or after, the constituent pulses of a pahetorrect spacing.

3.5.4.3.3 DME/N 8 Decoder rejection. An interrogation pulse pair with a spacing of plus or
minus 2 microseconds, or more, from the nominal value and with any signal level
up to the value specified in 3.5.4.2.3.3 shall be rejected such thaanisenission
rate does not exceed the value obtained when interrogations are absent.

3.5.4.3.4 N/A

3.5.4.4Time delay

3.5.4.4.1 When a DME is associated only with a VHF facility, the time delay shall be the
interval from the half voltage point on the leading edge of the secmmstituent
pulse of the interrogation pair and the half voltage point on the leading edge of the
second constituent pulse of the reply transmission. This delay shall be consistent
with the following table, when it is desired that aircraft interrogaterdaindicate
distance from the transponder site.

Pulse Pair Time Delay (1s)
Channel Operating Interrogation | Reply 15t Pulse 2" Pulse
Suffix Mode Timing Timing
X DME/N 12 12 50 50
Y DME/N 36 30 56 50
w DME/N - - - -
Z DME/N - - - -

Note 10 W and X are multiplexed on the same frequency.
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Note 20 Z and Y are mtiplexed on the same frequency.

3.5.4.4.2 N/A

3.5.4.4.2.1N/A

3.5.4.4.3 For the DME/N the transponder time delay should be capable of being set to an
appropriate value between the nominal value of the time delays 15
microseconds and the nominal value of the time delay, to permit aircraft
interrogators to indicate zero distance at a specific point remote from the
transponder site.

Noted Modes not allowing for the full 15 microseconds range of adjustment in
transponder time delay may only be adjustable to the limits given by the transponder
circuit delay and recovery time.

3.5.4.4.3.1DME/N. The time delay shall be the interval from the half voltage point on the
leading edge of the first constituent pulse of therintgation pair and the half
voltage point on the leading edge of the first constituent pulse of the reply
transmission.

3.5.4.4.3.2N/A

3.5.4.4.3.3N/A

3.5.4.4.4 DME/N. Transponders should be sited as near to the point at which zero indication
is required as is practicable.

Note 1.0 It is desirable that the radius of the sphere at the surface of which zero
indication is given be kept as small as possible in order to keep the zone of ambiguity to a
minimum.

Note 20 N/A

3.5.4.5Accuracy

3.5.4.5.1 DME/N. The transponder shall not contribute rencthan plus or minus 1
microsecond (150 m (500 ft)) to the overall system error.
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3.5.4.5.1.1 DME/N. The contribution to the total system error due to the combination of the
transponder errors, transponder location coordinate errors, propagation effects
and randompulse interference effects should be not greater than plus or minus
340 m (0.183 NM) plus 1.25 per cent of distance measure.

Noted This error contribution limit includes errors from all causes except the airborne
equipment, and assumes that the airt®equipment measures time delay based on the
first constituent pulse of a pulse pair.

3.5.4.5.1.2DME/N. The combination of the transponder errors, transponder location
coordinate errors, propagation effects and random pulse interference effects shall
not contribte more than plus or minus 185 m (0.1 NM) to the overall system
error.

Noted This error contribution limit includes errors from all causes except the airborne
equipment, and assumes that the airborne equipment measures time delay based on th
first corstituent pulse of a pulse pair.

3.5.4.5.2 DME/N. A transponder associated with a landing aid shall not contribute more
than plus or minus 0.5 microsecond (75 m (250 ft)) to the overall system error.
DME/N. A transponder associated with a landing aid shall notribote more
than plus or minus 0.5 microsecond (75 m (250 ft)) to the overall system error.

3.5.4.5.3 N/A

3.5.4.5.3.1N/A

3.5.4.5.3.2N/A

3.5.4.5.4 N/A

3.5.4.5.5 N/A

3.5.4.6Efficiency

3.5.4.6.1 The transponder reply efficiency shall be at least 70 per cent for DME/N at all
values of transponder loading upthe loading corresponding to 3.5.3.5 and at the
minimum sensitivity level specified in 3.5.4.2.3.1 and 3.5.4.2.3.5.

Noted When considering the transponder reply efficiency value, account is to be taken of
the DME dead time and of the loading introdubgdhe monitoring function.
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3.5.4.6.2 Transponder dead time. The transponder shall be rendered inoperative for a period
normally not to exceed 60 microseconds after a valid interrogation decode has
occurred. In extreme cases when the geographical site of tisparader is such as
to produce undesirable reflection problems, the dead time may be increased but
only by the minimum amount necessary to allow the suppression of echoes for
DME/N.

3.5.4.6.2.1N/A

3.5.4.7Monitoring and control

3.5.4.7.1 Means shall be provided at each trangfgrsite for the automatic monitoring and
control of the transponder in use.

3.5.4.7.2 DME/N monitoring action

3.5.4.7.2.11In the event that any of the conditions specified in 3.5.4.7.2.2 occur, the monitor
shall cause the following action to take place:

a) a suitable ingtation shall be given at a control point;
b) the operating transponder shall be automatically switched off; and

c) the standby transponder, if provided, shall be automatically placed in operation.
3.5.4.7.2.2The monitor shall cause the actions specified in 3.24.T:

a) the transponder delay differs from the assigned value by 1 microsecond (150 m (500
ft)) or more;

b) in the case of a DME/N associated with a landing aid, the transponder delay differs
from the assigned value by 0.5 microsecond (75 m (250 ftjjooe.

3.5.4.7.2.3The monitor should cause the actions specified in 3.5.4.7.2.1 if the spacing
between the first and second pulse of the transponder pulse pair differs from the
nominal value specified in the table following 3.5.4.4.1 by 1 microsecond or
more.

3.5.4.7.2.4The monitor should also cause a suitable indication to be given at a control point
if any of the following conditions arise:

a fall of 3 dB or more in transponder transmitted power output;

a fall of 6 dB or more in the minimum transponder receivesisgity (provided that
this is not due to the action of the receiver automatic gain reduction circuits);
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the spacing between the first and second pulse of the transponder reply pulse pair
differs from the normal value specified in 3.5.4.1.4 by 1 micarsgor more;

variation of the transponder receiver and transmitter frequencies beyond the control

range of the reference circuits (if the operating frequencies are not directly crystal
controlled).

3.5.4.7.2.5Means shall be provided so that any of the conditiamd malfunctioning
enumerated in 3.5.4.7.2.2, 3.5.4.7.2.3 and 3.5.4.7.2.4 which are monitored can
persist for a certain period before the monitor takes action. This period shall be as
low as practicable, but shall not exceed 10 seconds, consistenhevitieeéd for
avoiding interruption, due to transient effects, of the service provided by the
transponder.

3.5.4.7.2.6 The transponder shall not be triggered more than 120 times per second for either
monitoring or automatic frequency control purposes, or both.

3.5.4.7.3 N/A

3.5.4.7.3.1N/A
3.5.4.7.3.2N/A
3.5.4.7.3.3N/A
3.5.4.7.3.4N/A

3.5.4.7.3.5N/A

3.5.5 Technical characteristics of interrogator

Noted The following subparagraphs specify only those interrogator parameters which
must be defined to ensure that the interrogator:

a) does not jeopardize the effective openatmf the DME system, e.g. by increasing
transponder loading abnormally; and

b) is capable of giving accurate distance readings.

3.5.5.1Transmitter
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3.5.5.1.1 Frequency of operation. The interrogator shall transmit on the interrogation
frequency appropriate to thesiggned DME channel (see 3.5.3.3.3).

Noted This specification does not preclude the use of airborne interrogators having less
than the total number of operating channels.

3.5.5.1.2 Frequency stability. The radio frequency of operation shall not vary more tman pl
or minus 100 kHz from the assigned value.

3.5.5.1.3 Pulse shape and spectrum. The following shall apply to all radiated pulses:

a) Pulse rise time.
1) DME/N. Pulse rise time shall not exceed 3 microseconds.
2)N/A
3)N/A
b) Pulse duration shall be 3.5 micea®nds plus or minus 0.5 microsecond.

c) Pulse decay time shall nominally be 2.5 microseconds, but shall not exceed 3.5
microseconds.

d) The instantaneous amplitude of the pulse shall not, at any instant between the point
of the leading edge which 85 per cent of maximum amplitude and the point of the trailing
edge which is 95 per cent of the maximum amplitude, fall below a value which is 95 per cent
of the maximum voltage amplitude of the pulse.

e) The spectrum of the pulse modulated signalldieakuch that at least 90 per cent of
the energy in each pulse shall be within 0.5 MHz in a band centred on the nominal channel
frequency.

f) To ensure proper operation of the thresholding techniques, the instantaneous
magnitude of any pulse twan transients which occur in time prior to the virtual origin shall
be less than one per cent of the pulse peak amplitude. Initiation of thentymocess shall
not commence sooner than 1 microsecond prior to the virtual origin.

Note 180 The lower limit ofpulse rise time (see 3.5.5.1.3 a)) and decay time (see 3.5.5.1.3
c)) are governed by the spectrum requirements in 3.5.5.1.3 e).

Note 20 While 3.5.5.1.3 e) calls for a practically attainable spectrum, it is desirable to
strive for the following spectrunsontrol characteristics: the spectrum of the pulse
modulated signal is such that the power contained in a 0.5 MHz band centred on
frequencies 0.8 MHz above and 0.8 MHz below the nominal channel frequency is, in each
case, at least 23 dB below the powentamned in a 0.5 MHz band centred on the nominal
channel frequency. The power contained in a 0.5 MHz band centred on frequencies 2
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MHz above and 2 MHz below the nominal channel frequency is, in each case, at least 38
dB below the power contained in a 0.59H¥ band centred on the nominal channel
frequency. Any additional lobe of the spectrum is of less amplitude than the adjacent lobe
nearer the nominal channel frequency.

3.5.5.1.4 Pulse spacing

3.5.5.1.4.1The spacing of the constituent pulses of transmitted pulse paiishe as given
in the table in 3.5.4.4.1.

3.5.5.1.4.2DME/N. The tolerance on the pulse spacing shall be plus or minus 0.5
microsecond.

3.5.5.1.4.3DME/N. The tolerance on the pulse spacing should be plus or minus 0.25 micro
second.

3.5.5.1.4.4N/A

3.5.5.1.45 The pulse spagishall be measured between the half voltage points on the
leading edges of the pulses.

3.5.5.1.5 Pulse repetition frequency

3.5.5.1.5.1 The pulse repetition frequency shall be as specified in 3.5.3.4.

3.5.5.1.5.2 The variation in time between successive pairs of interrogatidses shall be
sufficient to prevent false loefin.

3.5.5.1.5.3N/A

3.5.5.1.6 Spurious radiation. During intervals between transmission of individual pulses, the
spurious pulse power received and measured in a receiver having the same
characteristics of a DME transpondeceiver, but tuned to any DME interrogation
or reply frequency, shall be more than 50 dB below the peak pulse power received
and measured in the same receiver tuned to the interrogation frequency in use
during the transmission of the required pulses. Pnevision shall apply to all
spurious pulse transmissions. The spurious CW power radiated from the
interrogator on any DME interrogation or reply frequency shall not exceed 20
microwatts (minus 47 dBW).

Noted Although spurious CW radiation between g®8 is limited to levels not
exceeding minus 47 dBW, where DME interrogators and secondary surveillance
radar transponders are employed in the same aircraft, it may be necessary to
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provide protection to airborne SSR in the band 1 015 MHz to 1 045 MHz. This

protection may be provided by limiting conducted and radiated CW to a level of the

order of minus 77 dBW. Where this level cannot be achieved, the required degree
of protection may be provided in planning the relative location of the SSR and

DME aircraft antennas. It is to be noted that only a few of these frequencies are

utilized in the VHF/DME pairing plan.

3.5.5.1.7 The spurious pulse power received and measured under the conditions stated in
3.5.5.1.6 should be 80 dB below the required peak pulse poweraéceiv

Noted Reference 3.5.5.1.6 and 3.5.5.17 although limitation of spurious CW
radiation between pulses to levels not exceeding 80 dB below the peak pulse power
received is recommended, where users employ airborne secondary surveillance
radar transpanders in the same aircraft, it may be necessary to limit direct and
radiated CW to not more than 0.02 microwatt in the frequency band 1 015 MHz to
1 045 MHz. It is to be noted that only a few of these frequencies are utilized in the
VHF/DME pairing plan.

3.5.5.1.8 N/A
3.5.5.2Time delay

3.5.5.2.1 The time delay shall be consistent with the table in 3.5.4.4.1.

3.5.5.2.2 DME/N. The time delay shall be the interval between the time of the half voltage
point on the leading edge of the second constituent interrogation pulse and the time
at which the distance circuits reach the condition corresponding to zero distance
indication.

3.5.5.2.3 N/A

3.5.5.2.4 N/A

3.5.5.2.5 N/A
3.5.5.3Receiver

3.5.5.3.1 Frequency of operation. The receiver centre frequency shall be the transponder
frequency appropriate to the assigned DME operatingnehidsee 3.5.3.3.3).

3.5.5.3.2 Receiver sensitivity
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3.5.5.3.2.1DME/N. The airborne equipment sensitivity shall be sufficient to acquire and
provide distance information to the accuracy specified in 3.5.5.4 for the signal
power density specified in 3.5.4.1.5.2.

Noted Although the Standard in 3.5.5.3.2.1 is for DME/N interrogators, the receiver
sensitivity is better than that necessary in order to operate with the power density of
DME/N transponders given in 3.5.4.1.5.1 in order to assure interoperability with the 1A
modeof DME/P transponders.

3.5.5.3.2.2N/A

3.5.5.3.2.3DME/N. The performance of the interrogator shall be maintained when the power
density of the transponder signal at the interrogator antenna is between the

minimum values given in 3.5.4.1.5 and a maximum of minus 18 dBRV/

3.5.5.3.2.4N/A
3.5.5.3.3 Bandwidth

3.5.5.3.3.1DME/N. The receiver bandwidth shall be sufficient to allow compliance with
3.5.3.1.3, when the input signals are those specified in 3.5.4.1.3.

3.5.5.3.3.2N/A

3.5.5.3.3.3N/A
3.5.5.3.4 Interference rejection

3.5.5.3.4.1When there is a ratio of desired to undesiredtannel DME signals of at least 8
dB at the input terminals of the airborne receiver, the interrogator shall display
distance information and provide unambiguous identification from the stronger
signal.

Noted Co-channel refers to those reply signals tthdilize the same frequency and the
same pulse pair spacing.

3.5.5.3.4.2DME/N. DME signals greater than 900 kHz removed from the desired channel
nominal frequency and having amplitudes up to 42 dB above the threshold
sensitivity shall be rejected.

3.5.5.3.4.3N/A
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3.5.5.3.5 Decoding

3.5.5.3.5.1The interrogator shall include a decoding circuit such that the receiver can be
triggered only by pairs of received pulses having pulse duration and pulse
spacings appropriate to transponder signals as described in 3.5.4.1.4.
3.5.5.3.5.2DME/N 6 Decoder rejeion. A reply pulse pair with a spacing of plus or minus
2 microseconds, or more, from the nominal value and with any signal level up to
42 dB above the receiver sensitivity shall be rejected.

3.5.5.3.5.3N/A

3.5.5.4Accuracy

3.5.5.4.1 DME/N. The interrogator shall not contrifeumore than plus or minus 315 m (plus
or minus 0.17 NM) or 0.25 per cent of indicated range, whichever is greater, to the
overall system error.

3.5.5.4.2 N/A

3.5.5.4.3 N/A

3.5.5.4.3.1N/A

3.5.5.4.3.2N/A

3.5.5.4.4 N/A
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3.7 Requirements br the Global Navigation Satellite System (GNSS)

3.7.1 Definitions

Aircraft - based augmentation system (ABAS) An augmentation system that augments
and/orintegrateshe information obtained from the other GNSS elements with information
available on boarde aircraft.

Alert - An indication provided to other aircraft systems or annunciation to the pilot to
identify that an operating parameter of a navigation system is out of tolerance.

Alert limit- For a given parameter measurement, the error tolerancéo ¢ exceeded
without issuing an alert.

Alert limit - For a given parameter measurement, the error tolerance not to be exceeded
without issuing an alert.

Antenna port - A point where the received signal power is specified. For an active antenna,
the antenna port is a fictitious point between the antenna elements and the antenna pre
amplifier. For a passive antenna, the antenna port is the output of the antenna itself.

Axial ratio - The ratio, expressed in decibels, between the maximum output pod/dne
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 navigain system operated by the
Peopl edbs Republic of China.

BDS Open Service (BDS OS) 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 GRZ.ONASS
Galileo and BDS

Galileo - Thesatellite navigation system operated by the European Union.

Galileo Open Service (Galileo OS) The specified level of positioning, velocity and timingd
accuracy that is available to any Galileo user on a continuous, worldwide basis.

Global navigation satellite system (GNSS} A worldwide position and time determination
system that includes one or more satellite constellations, aircraft receivers and system
integrity monitoring, augmented as necessary to support the required navigation performance
for the intended operation.

Global navigation satellite system (GLONASS} The satellite navigation system operated
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by the Russian Federation.

Global positioning system (GPS) The satellite navigation system operated by the United
States.

GNSS position error- The difference between the true position and the position determined
by the GNSS receiver.

Ground-based augmentation system (GBAS)An augmentation system in which the user
receives augmentation information directly from a grebaded transmitter.

Ground-based regional augmentation system (GRAS) An augmentation system in
which the user receives augmentation information directly from one of a group of ground
based transmitters covering a region.

Integrity - A measure of the trust that can be plasedhe 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).

lonospherefree pseuderange - A pseuderange in which the first order ionospheréeet

on signal propagation has been removed by a linear combination of pseggo
measurements from signals on two distinct frequencies from the same satellite.
Pseuderange- 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 artelste time reference

Satellite-based augmentation system (SBAS)A wide coverage augmentation system
in which the user receives augmentation information from a satbbised transmitter.

Standard positioning service (SPS) The specified level of positioning, velocity and
timing accuracy that is available to any global positioning system (GPS) user on a
continuous, worldwide basis.

Time-to-alert - The maximum allowable time elapsed from the onset of the navigation
system being out of tolerance until the equipment enunciates the alert.

3.7.2 General

3.7.2.1Functions

3.7.2.1.1 The GNSS shall provide position and time data tatheraft.

Note - These data are derived from pseudnge measurements between an aircraft
equipped with a GNSS receiver and various signal sources on satellites or on the ground.
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3.7.2.2GNSS elements

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

Global Positioning System (GPS) that provides the Standard Positioning Sefvice
(SPS) as defined in33.11;

Global Navigation Satkte System (GLONASS) that provides the Channel of
Standard Accuracy (CSA) as defined3.7.31.2;

Galileo that provides a singlend duaifrequency Open Service (OS) as defined |n
3.7.3.1.3;

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

aircraftbased augmentation system (ABAS) as defined in 3.7.3.3;
satellitebased augmentation system (SBAS) as defined in 3.7.3.4;
groundbased augmentation system (GBAS) as defined in 3.7.3.5;
grourd-based regional augmentation system (GRAS) as defined in 3.7.3.5; and
aircraft GNSS receiver as defined in 3.7.3.6.

Noted In order to provide system integrity monitoring, the use of an augmentatior| as

specified in 3.7.2.2.1 e), ), g) or h) is requir® meet the performance requirements of
3.7.2.4.

3.7.2.3Space 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 Systet©084 (WGS84) geodetic
reference datum.

Note 10 SARPs for WG84 are contained in IS 03@hapter 2, Chapter 2 IS 026, IS 030
Volumes | and Il Chapter 2 and IS 028, Chapter 3.

Note @ If GNSS elements using other than \A3Scoordinates are employed,

appropriate conversion parameters are to belag. If the difference between a GNS
geodetic reference and W8 is negligible for aviation (e.g. of the order of a fe
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centimetres) and a bounding of the maximum difference is specified, then no conversion
parameters need to be applied.

3.7.2.3.2 Time refer@ace. The time data provided by the GNSS to the user shall be expressed
in a time scale that takes t@®ordinated Universal Tim@JTC) as reference.

3.7.2.4Signatin-space performance

3.7.2.4.1 The combination of GNSS elements and a f&rek GNSS user receiver shall @e
the signalin-space requirements defined in Table 3.7 {docated at the end of
section 3.7 of 1S 034)

Note 10 The concept of a fauftee user receiver is applied only as a means of defining
the performance of combinations of different GNSS exigsn The faulfree receiver is
assumed to be a receiver with nominal accuracy and-totradert performance. Such a
receiver is assumed to have no failures that affect the integrity, availability and continuity
performance.

Note 20 For GBAS approachservice (as defined inCAO Annex 10 Volume |
AttachmentD, 7.1.2.1) intended to support approach and landing operations using
Category Ill minima, performance requirements are defined that apply in addition to the
signatin-space requirements defined iable 3.7.2.41.

3.7.3 GNSS elements specifications

3.7.3.1Core constellations

3.7.3.1.1 GPS Standard Positioning Service (SRS) (5)

Noted Unless otherwise specified, the performance standards in 3.7.3.1.1.1t0 3.7.3.0.1.7
below apply to singkrequency ranging, usinghe L1 coarse acquisition (C/A) code
signal or the L5 signal (15 code or Q5 code), and to dteduency ranging using the
combination of L1 and L5 signals. In addition, they only apply to current and consistent
ephemeris and clock data within the respeetiurve fit intervals.

3.7.3.1.1.1Space and control segment accuracy

Noted The following accuracy standardspply only for healthy GPS SPS sigiral

space (SIS), during normal operations as described in Attachment D, 4.1.1. &0 aod
include atmospheric or retver errors as described iMCAO Annex 10 Volume |
AttachmenD, 41.1.2. GPS SPS SIS health conditions can be found in the United States
Department of Defense, Global Positioning Sysier8tandard Positioning Service
Performance Standard, 5th EditioAp r i | 2020 (hereinaftejr
PS0), Section 2.3. 2.
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3.7.3.1.1.1.1Positioning accuracyThe singlefrequency L1 C/A codgosition errors shall
not exceed the following limits:

Global average of 95% of th  Worst site 95%o0f the time
time
Horizontd position error 8 m 15 m
Vertical position error 13 m 33m

3.7.3.1.1.1.2Time transfer accuracy: The GPS SPS time transfer errors shall not &ceq
nanoseconds 95 per cent of the time.

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

range error of any satellite 30 mwith reliability specified in 3.7.3.1.3;

95th percentile range rate error of any sateliite 0.006 m per second (global
average);

95th percentile rangacceleration error of any satellit® 0.002 mper second
squared (global average);

95th percentile range error for any satellit® m(26 ft) (global average)and

95th percentile range error across all satellites occupying defined slots in
constellationd 2.0 m (global average).

3.7.3.1.1.2 Availability. The availabilityfor singlefrequency L1 C/A code useshall be as
follows:

099 per cent horizontal s18m 95iper eentthreshold) a b|i

099 per cent vaiabilityt dvaragd locatiedB m 95 per ceat threshold)

090 per cent hor i zoniasdlocatiedsm D5oper cemtthaeshbld) bl i

090 per cent verti c-adselxaioddin 85qper aentahreshald) i |

3.7.3.1.1.3Reliability. The GPS SPS reliabilitselative to the 30 m user range error (URH

2d

W

the

ty

statistic in 3.7.3.1.1.1.3 gjall be within the following limits:

reliability 0 at least 99.94 per cent (global average); and

reliability 8 at least 99.79 per cent (wbssngle point average).
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3.7.3.1.1.4Probability of major service failure.

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

3.7.3.1.1.4.1Satellite major service failure onset ratesfR The probability that the
instantaneousser rang error (URE) of any satellite will exceed 4.42 times th
relevant integrity assured user range accuracy (IAURA) vadaadcast by that

e

satellite without an alert received at the user receiver antenna within 10 seconds

shall not exceed 10 per hour.

3.7.3.1.1.4.2Probability of a satellite major service failure conditiogs{PThe 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 a
received athte user receiver antenna within 10 seconds shall not exceed.1x1

3.7.3.1.1.4.3Probability of a commowause major service failure conditionc{R). The
probability at any given instant that the instantaneous URE of two or m
satellites will exceed 4.42 timesetielevant IAURA broadcast by each satellit
due to a common fault without an alert received at the user receiver anty
within 10 seconds shall not exceed 1%10

3.7.3.1.1.5Continuity. The probability of losingg1 C/A SIS availability from a slot of the

24-slot constellation due to unscheduled interruption shall not exce]a(ﬁf42per
hour.

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

Noted Guidance material on GPS accuracy, availability, reliabilitymajor service
failure, continuity anctoverage is given ilCAO Annex 10 Volume | Attachmdént4.1.1.

ert
0

ore

a)
-

enna

e of 3

Additional information is given in the GPS SPS PS.
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3.7.3.1.1.7Constellation availability. The probability that 21 or more of the 24 slots will

occupied by eithea 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, sha
at least 0.98. The probaity that 20 or more of the 24 slots will be occupied b
either a satellite broadcasting a trackable and healthy L1 C/A signal in

| be

the

baseline slot configuration or by a pair of satellites each broadcasting a trackable

and healthy L1 C/A signal in the exmied slot configurations, shall be at least

0.99999.

Noted There is currently no corresponding standard for the L5 signal or for t
combined L1 C/A and L5 signals since older satellites in the constellation do not hav
capability to broadcast an L&ignal.

3.7.3.1.1.8Radio frequency (RF) characteristics

Noted Detailed RF characteristics are specifieth NAVSTAR GPS Space
Segment/Navigation User Segment Interfaces, IS NGPIS200, Rev K (hereinafter

referr edGPS2D0 KO )AIfSor L1 a nade Shhmeh8Usex RegrGeh
L5 Interfaces, IS No. {&6PS7 0 5, Rev F (herein@SiesFao
selected characteristics are specifiedAppendix B, 3.1.1.1 for L1 and Appendix B,

3.1.1.1.4 for L5.

3.7.3.1.1.8.1L.1 carrierfrequency. Each GPS sattdlshall broadcast an SP&ngingsignal
at the carrier frequency of 1 575.42 MHz (GPS L1) using code division multi
access (CDMA).

3.7.3.1.1.8.2L5 carrier frequency. Some GPS satellites shall, in addition, broadcast an
ranging signbat the carrier frequenaf 1176.45 MHz (GPS L5) using CDMA.

3.7.3.1.1.8.3Signal spectrum. Theél and L5signal power shall be contained witht12
MHz band centered on the respective carrier frequencies: 156314687.42
MHz for L1 and 1164.45 1188.45 for L5.

3.7.3.1.1.8.4Polarization. Thetransnitted L1 and L5 RF signas shall be righthand
circularly polarized.

3.7.3.1.1.8.5Signal structure. The L1 C/A signal shall consist of one carrier component.
L5 signal shall consist of two carrier components: aphiase component (I5)
and a quadrature compondafging the iaphase component by 90 degree

(Q5).
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3.7.3.1.1.8.6Signal power level. Each GPS satellite shall broadcast SPS navigation sﬁ;nals
und

from which the satellite is observed at #evation angle of 5 degrees or higher,

with sufficient power such that, at all unobstructed locations near the gr

the level of the received RF signal at the antenna port of a 3 dBi linedrly

polarized antenna is within thellowing ranges for all antenna orientations
orthogonal to the direction of propagationi.158.5 dBW toi 153 dBW for L1
C/A andi 157.9 dBW ta 150 dBW for each of the 15 and Q5 channels on L5.

3.7.3.1.1.8.Modulation. Each SPS Lland L5 signal shall be bipolar phase shift key
(BPSK) modulated with a pseudo random noise (PRN) code. The C/Aoood

11%

L1 shall have a rate of @23 megachips per second. The codes on I5 and |Q5

shall have a rate of 10.23 megachips per second.

3.7.3.1.1.8.7.The C/A, I5, and Q5 code sequences shall be repeated each millisecond.

3.7.3.1.1.8.7.2he transmitted code sequence on L1 shall be the Md&alidition of a 50
bit-persecond legacy navigation (LNAV) message and the C/A code.

3.7.3.1.1.8.7.3 he transmitted code sequence on I5 shall be the Md&alddition of a 50
bit-persecond civil navigation (CNAV) message (rate 1/2 convolutig
encoded into a 100 symbol per second stream),-bit1INeumarHofman
overlay code clocked at 1 kbps, and the I5 code. The transmitted ¢
sequence on Q5 shall be the Modgladdition of a 2dit NeumarHofman
overlay code clocked at 1 kbps and the Q5 code.

Noted The Q5 signal is not modulated with naatign data.

3.7.3.1.1.8.7.&ignal coherence. All transmitted signals for any satellite shall be cohere
derived from the same dwoard frequency standard. On the L5 channel, t
chip transitions of the two modulating signals, 15 and Q5, shall be such
the averag time difference between them does not exceed 10 nanosecond

3.7.3.1.1.9GPS time. GPS time shall be referenced to UTC (as maintained by the U.S. N
Observatory).

3.7.3.1.1.1Coordinate system. The GPS coordinate system shall be 84GS

n

ode

ntly

hat

T

JJ

laval

3.7.3.1.1.1Navigation information. The w&ation data transmitted by the satelli@s L1
and L5shall include the necessary information to determine:

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

C) satellite health;
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d) satellite clock correction;
e) propagation delay effects;
f) time transfeto UTC; and
0) constellation status.

Noted Structure and contents of data are specified in Appendix B1.B4.and
3.1.11.3,for L1, and 3.1.1.1.5 and 3.1.1.1.6 for L5.

3.7.3.2GLONASS Channel of Standard Accuracy (CSA) (L1)

Noted In this section, e term GLONASS refers to all satellites in the constellation.
Standards relating only to GLONA3SS&satellites are qualified accordingly.

3.7.3.2.1 Space and control segment accuracy

Noted The following accuracy Standards do not include atmospheric or exceivors
as described ifCAO Annex 10 Volume | Attachmént4.2.2.

3.7.3.2.1.1Positioning accuracy. The GLONASS CSA position errors shall not exceed the
following limits:

Global average Worst site

95% of the time 95% of the time
Horizontal position error Sm(17 ft) 12 m (40 ft)
Vertical position error 9 m (29 ft) 25 m (97 ft)

3.7.3.2.1.2Time transfer accuracy. The GLONASS CSA time transfer errors shall not
exceed 700 mseconds 95 per cent of the time.

3.7.3.2.1.3Range domain accuracy. The range domain error shall not exceed the following
limits:

(a) range error of any satellite 18 m (59.7 ft);
(b) range rate error of any satelltde 0.02 m (0.07 ft) per second;

(c) range accelation error of any satellitd 0.007 m (0.023 ft)
per second squared;

(d) rootmeansquare range error over all satelliiesé m (19.9 ft).
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3.7.3.2.2 Availability. The GLONASS CSA availability shall be as follows:

099 per cent horizont al service avail gbi
threshold);

099 per cent vertical service avail abl I
threshold);

090 per cent hori z on tcade lozat#nl2 mc9 peaceati | albi
threshold);

090 per cent vert i c adase doeation i(26 en, 98 peax icenta b i| | i
threshold).

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

frequency of a major service failur@ not more than three per year for the
constellation (global average); and

reliability 0 at least 99.7 per cent (global average).

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

Noted Guidance material 0lGLONASS accuracy, availability, reliability and coverage
is given inlICAO Annex 10 Volume | Attachmdént4.2.

3.7.3.2.5 RF characteristics

Noted Detailed RF characteristics are specified in Appendix B, 3.2.1.1.

3.7.3.2.5.1Carrier frequency. Each GLONASS satellgball broadcast CSA navigation
signal at its own carrier frequency in the L1 (1.6 GHz) frequency band using
frequency division multiple access (FDMA).

Note 10 GLONASS satellites may have the same carrier frequency but in this case they
are located imntipodal slots of the same orbital plane.

Note 20 GLONASSM satellites will broadcast an additional ranging code at carrier
frequencies in the L2 (1.2 GHz) frequency band using FDMA.

3.7.3.2.5.2 Signal spectrum. GLONASS CSA signal power shall be containeadinwa
+5.75 MHz band centred on each GLONASS carrier frequency.
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3.7.3.2.5.3Polarization. The transmitted RF signal shall be rlgdmid circularly polarized.

3.7.3.2.5.4Signal power level. Each GLONASS satellite shall broadcast CSA navigation
signals with sufficient powesuch 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 idf61 dBW to1155.2 dBW for all
antenna orientations orthogonal to the direction of propagation.

Note 18 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 anaarmpsition of a
satellite that does not exceed one degree (in the direction causing the signal level to
increase).

Note 20 GLONASSM satellites will also broadcast a ranging code on L2 with sufficient
power such that, at all unobstructed locations nimr 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 not lessi t@hdBW for all
antenna orientations orthogonal tbhe direction of propagation.

3.7.3.2.5.5Modulation

3.7.3.2.5.5.1IEach GLONASS satellite shall transmit at its carrier frequency the navigation
RF spgnal using a BPSKmodulated binary train. The phase shift keying of the
carrier shal lradiars with éhe rhazimumesdor #0.2 radian. The
pseuderandom code sequence shall be repeated each millisecond.

3.7.3.2.5.5.2The modulating navigation signal $hiae generated by the Modulb addition
of the following three binary signals:

a) ranging code transmitted at 511 kbits/s;
b) navigation message transmitted at 50 bits/s; and

c) 100 Hz auxiliary meander sequence.

3.7.3.2.6 GLONASS time. GLONASS time shall be redaced to UTQSU) (as maintained
by the National Time Service of Russia).

3.7.3.2.7 Coordinate system. The GLONASS coordinate system shall {89PZ

Noted Conversion from the RZ0 coordinate system used by GLONASS to the-84GS
coordinates is defined in Appdix B, 3.2.5.2.
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3.7.3.2.8 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.

Noted Structure and contents of data are specified in Appendix B, 3.2.1.2 and 3.2.1.3,
respectively.

3.7.3.3Aircraft-based augmentation system (ABAS)

3.7.3.3.1 Performance. The ABAS function combined withe or more of the other GNSS
elements and both a faultfree GNSS receiver and-fisdtaircraft system used for
the ABAS function shall meet the requirements for accuracy, integrity, continuity
and availability as stated in 3.7.2.4.

3.7.3.4Satellitebased augentation system (SBAS)

3.7.3.4.1 Performance. SBAS combined with one or more of the other GNSS elements and a
fault-free receiver shall meet the requirements for system accuracy, integrity,
continuity and availability for the intended operation as stated in .3,7.2
throughout the corresponding service area (see 3.7.3.4.3).

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

3.7.3.4.1.1SBAS combined with one or more of the other GNSS elements and -dréault
receiver shall meet the requirements for signadpace integrity as stated in
3.7.2.4, throughout the SBAS coverage area.

Noted Message Types 27 or 28rcbe used to comply with the integrity requirements in
the coverage area. Additional guidance on the rationale and interpretation of this
requirement is provided ilCAO Annex 10 Volume | Attachmd&nt3.3.

3.7.3.4.2 Functions. SBAS shall perform one or mordha following functions:
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a) ranging: provide an additional pseudmge signal with an
accuracy indicator from an SBAS satellite (3.7.3.4.2.1 and Appendix
B, 3.5.7.2);

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

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

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

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

3.7.3.4.2.1Ranging

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

3.7.3.4.2.1.2The probability that the range error exceeds 150 m (490 ft) in any hour shall

not exceed0'5.

3.7.3.4.2.1.3The probability of unscheduled outages of the ranging function fro®BAS
satellite in any hour shall not exceed 20

3.7.3.4.2.1.4The range rate error shall not exceed 2 m (6.6 ft) per second.

3.7.3.4.2.1.5The range acceleration error shall not exceed 0.019 m (0.06 ft) per second
squared.

3.7.3.4.3 Service area. An SBAS service area for anyraygd 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 10 An SBAS system can have different service areas corresponding to different
types of operation (e.g. AFly Category |, etc.).

Note 20 The coverage area is that area within which the SBAS broadcast can be
received (i.e. the geostationary satellite footprints).
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Note 30 SBAS coverage and service areas are discuss&dA® Annex 10 Volume |
AttachmenD, 6.2.

3.7.3.4.4 RF characteristics

Noted Detailed RF characteristics are specified in Appendix B, 3.5.2.

3.7.3.4.4.1 Carrier frequency. The carrier frequency shall be 1 575.42 MHz.

3.7.3.4.4.2Signal spectrum. At least 95 per cent of the broadcast power shall be contained
within a 12 MHz band centred on the L1 frequency. The bandwidth of the signal
transmitted by an SBAS satellite shall be at least 2.2 MHz.

3.7.3.4.4.3 SBAS satellite signal power level

3.7.3.4.4.3.1Each SBAS satellite placed in orbit before 1 January 2014 shall broadcast
navigation signals with sufficient power such that, at all unobstructed locations
near the ground from which the satellite is observed at an elevation angle of 5
degrees or higher, the level of the received RF signal at the antenna port of a 3
dBi linearly polarized antenna is within the rangeid61 dBW toi 153 dBW
for all antenna orientations orthogonal to the direction of propagation.

3.7.3.4.4.3.2Each SBAS satellite shall comply with the following requirements:

The satellite shall broadcast navigation sigmwéts sufficient power such that, at all
unobstructed locations near the ground from which the satellite is observed at or above the
minimum elevation angle for which a trackable GEO signal needs to be provided, the level of
the received RF signal at thatanna port of the antenna specified in Appendix B, Table B
88, is at least164.0 dBW.

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

The level of a received SBAS RF signal ke tantenna port of a 0 dBic antenna
located near the ground shall not excegd2.5 dBW.

The ellipticity of the broadcast signal shall be no worse than 2 dB for the angular
range of £9.1° from boresight.

3.7.3.4.4.4Polarization. The broadcast signal shall bétrigand circularly polarized.
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3.7.3.4.4.5Modulation. The transmitted sequence shall be the MeZualdition 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 BP®Kdulated onto the carriat a rate of
1.023 megachips per second.

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

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

SBAS satellite time of transmission;
SBAS satellite position;

corrected satellite time for all satellites;
corrected satellite position for all satellites;
ionospheric propagation delay effects;
user position integrity;

time transfer to UTC; and

service level status.

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

3.7.3.5Groundbased augmentation system (GBAS) and grehasbd regional augmentation
system (GRAS)

Noted Except where specifically annotated, GBAS Standards and Recommended
Practices apply to GBAS and GRAS.

3.7.3.5.1 Performance. GBAS combined with one or more of the other GNSS elements and
a faultfree GNSS receiver shall meet the requirements for system accuracy,
continuity, availability and integrity for the intended operation as stated in 3.7.2.4
within the service volume for the service used to support the operation as defined
in 3.7.3.5.3.

Noted GBAS is intended to support all types of approach, landing,edutdkeoff,
departure and surface operations and may supporftoete and terminal operations.
GRAS is intended to support-ssute, terminal, nofprecision approach, departure, and
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approach with vertical guidance. The following SARPs are developed tmrsugl
categories of precision approach, approach with vertical guidance, and a GBAS
positioning service.

3.7.3.5.2 Functions. GBAS shall perform the following functions:

provide locally relevant pseudange corrections;

provide GBASrelated data;

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

provide integrity monitoring for GNSS ranging sources.

3.7.3.5.3 Service volume

3.7.3.5.3.1General requirement for approach services. The mum GBAS approach
service volume shall be as follows, except where topographical features dictate
and operational requirements permit:

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

vertically, within the lateral region, up to the greater of 7 degrees or 1.75 promulgated
glide path angle (GPA) above the horizontal with an origin at the glide path interception point
(GPIP) to an upper bound of 3 000 m (10 000 ft) height above threshold (HAT) and 0.45
GPA above the horizontal or to such lower angle, down to 0.30 GPA, asedqtor
safeguard the promulgated glide path intercept procedure. The lower bound is half the lowest
decision height supported or 3.7 m (12 ft), whichevéarger.

Note 18 LTP/FTP and GPIP are defined in Appendix B, 3.6.4.5.1.

Note.2d Guidance material concerning the approach service volume is provided in
ICAO Annex 10 Volume | Attachmént7.3.

3.7.3.5.3.2Approach services supporting autoland and guided-daflkeThe minimum
additional GBAS service volume to support approach operations that include
aubmatic landing and rcibut, including during guided takaff, shall be as
follows, except where operational requirements permit:
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Horizontally, within a sector spanning the width of the runway beginning at the stop
end of the runway and extending paghivith the runway centre line towards the LTP to join
the minimum service volume as described in 3.7.3.5.3.1.

Vertically, between two horizontal surfaces one at 3.7 m (12 ft) and the other at 30 m
(100 ft) above the runway centre line to join the mimmservice volume as described in
3.7.3.5.3.1.

Noted Guidance material concerning the approach service volume is provid€Ai@
Annex 10 Volume | Attachmdbt 7.3.

3.7.3.5.3.3GBAS positioning service. The service volume for the GBAS positioning service
shal be where the data broadcast can be received and the positioning service
meets the requirements of 3.7.2.4 and supports the corresponding approved
operations.

Noted Guidance material concerning the positioning service volume is provided in
ICAO Annexl0 Volume | Attachmeit, 7.3.

3.7.3.5.4 Data broadcast characteristics

Noted RF characteristics are specified in Appendix B, 3.6.2.

3.7.3.5.4.1Carrier frequency. The data broadcast radio frequencies used shall be selected
from the radio frequencies in the band 18 117.975 MHz. The lowest
assignable frequency shall be 108.025 MHz and the highest assignable frequency
shall be 117.950 MHz. The separation between assignable frequencies (channel
spacing) shall be 25 kHz.

Note 18 Guidance material on VOR/GBAS fremey assignments and geographical
separation criteria is given ilCAO Annex 10 Volume | Attachmdént7.2.1.

Note 20 ILS/GBAS geographical separation criteria and geographical separation
criteria for GBAS and VHF communication services operatingenitt8i 137 MHz band

are under development. Until these criteria are defined and included in SARPs, it is
intended that frequencies in the band 112.0907.900 MHz will be used.

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

Noted Two slots is the nominal assignment. Some GBAS facilities that use multiple VHF
data broadcast (VDB) transmit antennas to improve VDB coverage mayrerequ
assignment of more than two time slots. Guidance on the use of multiple antennas is given
in ICAO Annex 10 Volume | Attachmdnt 7.12.4; some GBAS broadcast stations in a
GRAS may use one time slot.
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3.7.3.5.4.3Modulation. GBAS data shall be transmitted abit3symbols, modulating the
data broadcast carrier by D8PSK, at a rate of 10 500 symbols per second.

3.7.3.5.4.4Data broadcast RF field strength and polarization

Note 10 GBAS can provide a VHF data broadcast with either horizontal (GBAS/H) or
elliptical (GBAS/E)polarization that employs both horizontal polarization (HPOL) and
vertical polarization (VPOL) components. Aircraft using a VPOL component will not be
able to conduct operations with GBAS/H equipment. Relevant guidance material is
provided inICAO Annex @ Volume | Attachmem, 7.1.

Note 20 The minimum and maximum field strengths are consistent with a minimum
distance of 80 m (263 ft) from the transmitter antenna for a range of 43 km (23 NM).

Note 30 When supporting approach services at airportghwchallenging VDB
transmitter siting constraints, it is acceptable to adjust the service volume when
operational requirements permit (as stated in the service volume definition sections
3.7.3.5.3.1 and 3.7.3.5.3.2). Such adjustments of the service volayniee operationally
acceptable when they have no impact on the GBAS service outside a radius of 80 m (263
ft) from the VDB antenna, assuming a nominal effective isotropically radiated power of
47dBm [CAO Annex 10 Volume | AttachméntTable B3).

3.7.3.5.4.4.1GBAS/H
3.7.3.5.4.4.1.A horizontally polarized signal shall be broadcast.

3.7.3.5.4.4.1.2The effective isotropically radiated power (EIRP) shall provide for a
horizontally polarized signal with a minimum field strength of 215 microvolts

per metre i(99 dBW/ m2) and a maximum fid strength of 0.879 volts per

metre (27 dBW/mz) within the GBAS service volume as specified in
3.7.3.5.3.1. The field strength shall be measured as an average over the period
of the synchronization and ambiguity resolution field of the burst. Within the
additional GBAS service volume, as specified in 3.7.3.5.3.2, the effective
isotropically radiated power (EIRP) shall provide for a horizontally polarized
signal with a minimum field strength of 215 microvolts per met89 (dBW/

m2) below 36 ft and down td2 ft above the runway surface and 650

microvolts per metrei 9.5 dBW/ m2) at 36 ft or more above the runway
surface.

Noted Guidance material concerning the approach service volume is provid€AD
Annex 10 Volume | Attachmdbt 7.3.
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3.7.3.5.4.4.2GBAS/E
3.7.3.5.4.4.2.An elliptically polarized signal should be broadcast whenever practical.

3.7.3.5.4.4.2.2Vhen an elliptically polarized signal is broadcast, the horizontally polarized
component shall meet the requirements in 3.7.3.5.4.4.1.2, and the effective
isotropically radiatd power (EIRP) shall provide for a vertically polarized
signal with a minimum field strength of 136 microvolts per meir£08
dBW/m2) and a maximum field strength of 0.555 volts per mé&tgd @BW/

m2) within the GBAS service volume. The field strengtlalshe measured as
an average over the period of the synchronization and ambiguity resolution
field of the burst.

3.7.3.5.4.5Power transmitted in adjacent channels. The amount of power during
transmission under all operating conditions when measured over a 25 kHz
bandwidth centred on the ith adjacent channel shall not exceed the values shown
in Table 3.7.3.51 (located at the end of section 3.7).

3.7.3.5.4.6Unwanted emissions. Unwanted emissions, including spurious araf-bahd
emissions, shall be compliant with thedéssshown in Table 3.7.325 (located at
the end of section 3.7). The total power in any VDB harmonic or discrete signal
shall not be greater thas3 dBm.

3.7.3.5.5 Navigation information. The navigation data transmitted by GBAS shall include
the following informaion:

a) pseuderange corrections, reference time and integrity data;

b) GBAS-related data;

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

Noted Structure and contents of data aressfied in Appendix B, 3.6.3.

3.7.3.6Aircraft 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 (for GPS), Appendix B, 3.2 (for
GLONASS), Appendix B, 3.3 (forambined GPS and GLONASS), 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

3.7.4.1GNSSreceiversshall comply with performance requirements defined in 3.7.2.4 and
Appendix B, 3.7 in the presence of the intezfere environment defined in

Appendix B, 3.7.

Noted GPS and GLONASS operating in the frequency band 1i 56%10 MHz are
classified by the ITU as providing a radio navigation satellite service (RNSS) and
aeronautical radio navigation service (ARNS) aade afforded special spectrum
protection status for RNSS. In order to achieve the performance objectives for precision
approach guidance to be supported by the GNSS and its augmentations, RNSS/ARNS i
intended to remain the only global allocation in the539 71 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.

3.7.5 Database

Noted SARPs applicable to aeronautical data are providet5i®31 1S 025 1S 030and
1S028

3.7.5.1.1 Aircraft GNSS equipment that uses a database shall provide a means to:

update the electronic navigation database; and

determine the Aeronautical Information Regulation and Control (AIRAC) effective
dates of the aeronautiadatabase.

Noted Guidance material on the need for a current navigation database in aircraft
GNSS equipment is providedl®AO Annex 10 Volume | Attachméht11.
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Table 3.7.2.4-1 Signal-in-space performance requirements

Accuracy Accuracy
horizontal vertical
95% 95% Integrity Time-to-alert Continuity Availability

Typical operation (Notes 1 and 3) (Notes 1 and 3) (Note 2) (Note 3) (Note 4) (Note 5)
En-route 3.7km N/A 1-1x107h 5 min 1- 110" 0.99 to

(2.0NM) tol—1x10%h 0.99999
En-route, 0.74 km N/A 1-1x%107/h 155 1-1x10%h 0.99 to
Terminal (0.4 NM) tol—1x10%h 0.99999
Initial approach, 220 m N/A 1—-1x107/h 10s 1-1x107%h 0.99 to
Intermediate approach, (720 ft) tol—1x10"%nh 0.99999
Non-precision approach (NPA),
Departure
Approach operations with 16.0 m 20 m 1-2x107 10s 1-8x107° 0.99 to
vertical guidance (APV-I) (52 ft) (66 ft) in any per 15s 0.99999
(Note 8) approach
Approach operations with 16.0 m 8.0m 1-2x107 6s 1-8x10° 0.99 to
vertical guidance (APV-II) (52 ft) (26 ft) in any per 15s 0.99999
(Note 8) approach
Category I precision approach 16.0 m 60mtod0m 1-2x107 6s 1-8x107° 0.99 to
(Note 7) (52 ft) (20 ft to 13 ft) in any per15s 0.99999

(Note 6) approach
NOTESO

1. The 9% percentile values for GNSS position errors are those redudwethe intended
operation at the lowest height above threshold (HAT), if applicable. Detailed
requirements are specified in Appendix B and guidance material is giv@AD Annex

10 Volume | Attachmem, 3.2.

2. The definition of the integrity reqement includes an alert limit against which the
requirement can be assessed. For Category | precision approach, a vertical alert limit
(VAL) greater than 10 m for a specific system design may only be used if agystdin
safety analysis has been cdetpd. Further guidance on the alert limits is provided in
ICAO Annex 10 Volume | Attachmdént3.3.6 to 3.3.10. These alert limits are:

Pagelllof 349 Third Edition Rev:00 Date 315*March 2021




AttachmentNo. IS-10-(i)-all -Att

Typical operation Horizontal alert limit Vertical alert limit
En-route (oceanic/continental 7.4 km N/A
low density) (4 NM)
En-route (continental) 3. 7km N/A
(2 NM)
En-route, 1.85km N/A
Terminal (1 NM)
NPA 556 m N/A
(0.3 NM)
APV-I 40 m 50m
(130 ft) (164 ft)
APV-1I 40 m 20.0 m
(130 ft) (66 ft)
Category I precision approach 40 m 35.0mto 10.0 m
(130 ft) (115 ft to 33 fi)

3. The accuracy and tirrte-alert requirements include the nominal performance of a
fault-free receiver.

4. Range of values are given for the continuity requirement fercere, terminal, initial
approach, NPA and departure operations, as this requirement is dependent upon several
factors including the intended operation, traffic density, complexity of airspace and
availability of alternative navigation aids. The lower value given is the minimum
requirement for areas with low traffic density and airspace complexity. The higher value
given is appropriate for areas with high traffic density and airspace complex@yqs®

Annex 10 Volume | Attachmdnf 3.4.2). Continuity requirements for APV and Category

| operations apply to the average risk (over time) of loss of service, normalized to a 15
second exposure time (d€A0 Annex 10 Volume | Attachmdént3.4.3).

5. A range of values is given for the availability requirements as these requirements are
dependent upon the operational need which is based upon several factors including the
frequency of operations, weather environments, the size and duration of thesputage
availability of alternate navigation aids, radar coverage, traffic density and reversionary
operational procedures. The lower values given are the minimum availabilities for which
a system is considered to be practical but are not adequate to replac&NBS
navigation aids. For emoute navigation, the higher values given are adequate for GNSS
to be the only navigation aid provided in an area. For approach and departure, the higher
values given are based upon the availability requirements at airpatisaiarge amount

of traffic assuming that operations to or from multiple runways are affected but
reversionary operational procedures ensure the safety of the operatiofC&E8eAnnex

10 Volume | Attachmem, 3.5).

6. A range of values is specifieat fCategory | precision approach. The 4.0 m (13 feet)
requirement is based upon ILS specifications and represents a conservative derivation
from these specifications (sE2AO Annex 10 Volume | Attachmént3.2.7).

7. GNSS performance requirements idih to support Category Il and Il precision
approach operations necessitate lower level requirements in the technical appendix
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(Appendix B, section 3.6) to be applied in addition to these sigrsgdace requirements
(seelCAO Annex 10 Volume | Attachmént7.5.1).

8. The terms APY and APVII refer to two levels of GNSS approach and landing

operations with vertical guidance (APV) and these terms are not necessarily intended to
be used operationally.

Table 3.7.3.5-1. GBAS broadcast power transmitted in adjacent channels

Channel Relative power Maximum power

1st adjacent 40 dBc 12 dBm

2nd adjacent —65 dBc —13 dBm

4th adjacent 74 dBc 22 dBm

8th adjacent —88.5 dBc -36.5 dBm

16th adjacent 101.5 dBc 49.5 dBm

32nd adjacent —-105 dBc -53 dBm

64th adjacent 113 dBc 61 dBm

76th adjacent and beyond -115dBc —63 dBm
NOTESS

1. The maximum power applies if thetzorized transmitter power exceeds 150 W.

2. The relationship is linear between single adjacent points designated by the adjacent
channels identified above.
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Table 3.7.3.5-2. GBAS broadcast unwanted emissions

Relative unwanted Maximum unwanted
emission level emission level
Frequency (Note 2) (Note 1)
9 kHz to 150 kHz -93 dBc -55 dBm/1 kHz
(Note 3) (Note 3)
150 kHz to 30 MHz —-103 dBc —55 dBnv/10 kHz
(Note 3) (Note 3)

30 MHz to 106.125 MHz ~115dBc ~57 dBm/100 kHz
106.425 MHz -113 dBc ~55 dBm/100 kHz
107.225 MHz —-105 dBc —47 dBn/100 kHz
107.625 MHz ~101.5 dBc ~53.5dBm/10 kHz
107.825 MHz —88.5 dBc¢ -40.5 dBm/10 kHz
107.925 MHz —74 dBc —-36 dBnv/1 kHz
107.9625 MHz -71 dBc —-33 dBmv/1 kHz
107.975 MHz -65 dBc ~27 dBm/1 kHz
118.000 MHz —65 dBc -27 dBnv/1 kHz
118.0125 MHz 71 dBc —33 dBnv/1 kHz
118.050 MHz ~74 dBc -36 dBm/1 kHz
118.150 MHz -88.5 dBc -40.5 dBm/10 kHz
118.350 MHz —-101.5 dBc ~53.5dBm/10 kHz
118.750 MHz -105 dBc 47 dBm/100 kHz
119.550 MHz ~113 dBc ~55 dBn/100 kHz

119.850 MHz to | GHz —115dBc —57 dBn/100 kHz
1 GHz to 1.7 GHz -115dBc 47 dBm/1 MHz

NOTESS

1. The maximum unwanted emission level (absolute power) applies if the authorized
transmitter power exceeds 150 W.

2. The relative unwanted emission level is to be computed using the same bandwidth for
desired and unwanted signals. This may require conversion of the measurement for
unwanted signals done using the bandwidth indicatele maximum unwanted emission
level column of this table.

3. This value is driven by measurement limitations. Actual performance is expected to be
better.

4. The relationship is linear between single adjacent points designated by the adjacent
channds identified above.
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3.9 System characteristics of airborne ADF receiving systems
3.9.1 Accuracy of bearing indication

3.9.1.1The bearing given by the ADF system shall not be in error by more thaarphusus
5 degrees with a radio signal from any direction having a field strength of 70
microvolts per metre or more radiated from an LF/MF NDB or locator operating
within the tolerances permitted by sHmplementing Standard and the presence
also of @ unwanted signal from a direction 90 degrees from the wanted signal and:

a) on the same frequency and 15 dB weaker; or
b) plus or minus 2 kHz away and 4 dB weaker; or
c) plus or minus 6 kHz or more away and 55 dB stronger.

Noted The above bearing erras exclusive of aircraft magnetic compass error.
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Table A. DME/MLS angle, DME/VOR and DME/ILS/MLS channelling and pairing

DME parameters

Interrogation Reply
Pulse codes
Channel pairing DME/P mode
MLS

DME VHF angle MLS Initial Final Pulse

channel frequency frequency channel Frequency DME/N approach  approach | Frequency codes
number MHz MHz number MHz s us s MHz us
*13 - - - 1025 12 - - 962 12
1Y - - - 1025 36 - - 1088 30
*2X - - - 1026 12 - - 963 12
Y - - - 1026 36 - - 1089 30
*3X - - - 1027 12 - - 964 12
Y - - - 1027 3 - - 1090 30
*43 - - - 1028 12 - - 965 12
LY - - - 1028 36 - - 1091 30
5X - - - 1029 12 - - 966 12
Y - - - 1029 36 - - 1092 30
*6X - - - 1030 12 - - 967 12
HEY - - - 1030 3 - - 1093 30
73 - - - 1031 12 - - 968 12
HTY - - - 1031 36 - - 1094 30
*83{ - - - 1032 12 - - 969 12
Y - - - 1032 36 - - 1095 30
*9X - - - 1033 12 - - 970 12
QY - - - 1033 3 - - 1096 30
*103X - - - 1034 12 - - 971 12
10Y - - - 1034 36 - - 1097 30
*11X - - - 1035 12 - - 972 12
1Y - - - 1035 36 - - 1098 30
*123 - - - 1036 12 - - 973 12
*12Y - - - 1036 3 - - 1099 30
*13X - - - 1037 12 - - 974 12
*13Y - - - 1037 3 - - 1100 30
*143% - - - 1038 12 - - 975 12
*H14Y - - - 1038 36 - - 1101 30
*15X - - - 1039 12 - - 976 12
*15Y - - - 1039 3 - - 1102 30
*16X - - - 1 040 12 - - 977 12
1Y - - - 1 040 3 - - 1103 30
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DME parameters
Interrogation Reply
Pulse codes
Channel pairing DME/P mode
MLS

DME VHF angle MLS Initial Final Pulse

channel frequency frequency channel Frequency | DME/N approach  approach | Frequency codes
number MHz MHz number MHz us us us MHz us
V17X 108.00 - - 1041 12 - - 978 12
177 108.05 5043.0 540 1041 36 36 42 1104 30
17Z - 50433 541 1041 - 21 27 1104 15
18X 108.10 5031.0 500 1042 12 12 18 979 12
18W - 50313 501 1042 - 24 30 979 24
18Y 108.15 5043.6 542 1042 36 36 42 1105 30
18Z - 50439 543 1042 - 21 27 1105 15
19X 108.20 - - 1043 12 - - 980 12
19Y 108.25 50442 544 1043 36 36 42 1106 30
19Z - 50445 545 1043 - 21 27 1106 15
20X 108.30 5031.6 502 1044 12 12 18 981 12
20W - 5031.9 503 1044 - 24 30 981 24
207 108.35 50448 546 1044 36 36 42 1107 30
20Z - 50451 547 1044 - 21 27 1107 15
21X 108.40 - - 1045 12 - - 982 12
21Y 108.45 50454 548 1045 36 36 42 1108 30
21Z - 50457 549 1045 - 21 27 1108 15
22X 108.50 50322 504 1046 12 12 18 983 12
22W - 5032.5 505 1046 - 24 30 983 24
22Y 108.55 5 046.0 550 1046 36 36 42 1109 30
ziL - 50463 551 1046 - 21 27 1109 15
23X 108.60 - - 1047 12 - - 984 12
23Y 108.65 5 046.6 552 1047 36 36 42 1110 30
23Z - 5046.9 553 1047 - 21 27 1110 15
24X 108.70 5032.8 506 1048 12 12 18 985 12
24W - 50331 507 1048 - 24 30 985 24
24Y 108.75 50472 554 1048 36 36 42 1111 30
24Z - 50475 555 1048 - 21 27 1111 15
25X 108.80 - - 1049 12 - - 986 12
25Y 108.85 50478 556 1049 36 36 42 1112 30
25Z - 5048.1 557 1049 - 21 27 1112 15
26X 108.90 5033.4 508 1050 12 12 18 987 12
26W - 5033.7 509 1050 - 24 30 987 24
26Y 108.95 5048.4 558 1050 36 36 42 1113 30
26Z - 5048.7 559 1050 - 21 27 1113 15
27X 109.00 - - 1051 12 - - 988 12
27Y 109.05 5049.0 560 1051 36 36 42 1114 30
27Z - 50493 561 1051 - 21 27 1114 15
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DME parameters
Interrogation Reply
Pulse codes
Channel pairing DME/P mode
MLS

DME VHF angle MLS Initial Final Pulse

channel frequency frequency channel Frequency DME/N approach  approach Frequency codes
number MHz MHz number MHz Ls s us MHz us
28X 109.10 5034.0 510 1052 12 12 18 989 12
28W - 50343 511 1052 - 24 30 989 24
28Y 109.15 50496 562 1052 36 36 42 1115 30
287 — 50499 563 1052 — 21 27 1115 15
29% 109.20 — — 1053 12 - - 990 12
29Y 10925 50502 564 1053 36 36 42 1116 30
297 — 50505 565 1053 — 21 27 1116 15
30X 10930 50346 512 1054 12 12 18 991 12
30W — 50349 513 1054 — 24 30 991 24
30Y 109.35 5050.8 566 1054 36 36 42 1117 30
30Z — 50511 567 1054 — 21 27 1117 15
31X 109.40 - - 1055 12 - - 992 12
31Y 109.45 50514 568 1055 36 36 42 1118 30
31Z — 50517 569 1055 — 21 27 1118 15
32X 109.50 50352 514 1056 12 12 18 993 12
32W — 50355 515 1056 — 24 30 993 24
32Y 109.55 5052.0 570 1056 36 36 42 1119 30
327 — 50523 571 1056 — 21 27 1119 15
33X 109.60 — — 1057 12 - - 994 12
33Y 109.65 5052.6 572 1057 36 36 42 1120 30
33Z - 50529 573 1057 - 21 27 1120 15
34X 109.70 50358 516 1058 12 12 18 995 12
34w — 5036.1 517 1058 — 24 30 995 24
34Y 109.75 50532 574 1058 36 36 42 1121 30
347 - 50535 575 1058 - 21 27 1121 15
35X 109.80 — — 1059 12 - - 996 12
35Y 109.85 50538 576 1059 36 36 42 1122 30
35Z — 50541 577 1059 — 21 27 1122 15
36X 109.90 50364 518 1060 12 12 18 997 12
36W — 5036.7 519 1060 — 24 30 997 24
36Y 109.95 50544 578 1 060 36 36 42 1123 30
36Z — 50547 579 1060 — 21 27 1123 15
37X 110.00 - - 1061 12 - - 998 12
37Y 110.05 5055.0 580 1061 36 36 42 1124 30
37Z — 50553 581 1061 — 21 27 1124 15
38X 110.10 5037.0 520 1062 12 12 18 999 12
38W - 50373 521 1062 - 24 30 999 24
38Y 110.15 50556 582 1062 36 36 42 1125 30
38Z — 50559 583 1062 — 21 27 1125 15
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DME parameters
Interrogation Reply
Pulse codes
Channel pairing DME/P mode
MLS

DME WVHF angle MLS Initial Final Pulse

channel frequency frequency channel Frequency DME/N approach  approach Frequency codes
number MHz MHz number MHz s us us MHz us
39X 110.20 - - 1063 12 - - 1 000 12
39Y 110.25 5056.2 584 1063 36 36 42 1126 30
397 — 5056.5 585 1063 — 21 27 1126 15
40X 110.30 50376 522 1064 12 12 18 1001 12
40W — 50379 523 1064 — 24 30 1001 24
407 11035 50568 586 1064 36 36 42 1127 30
40Z — 50571 587 1064 — 21 27 1127 15
41X 110.40 — — 1065 12 - - 1002 12
41Y 110.45 50574 588 1065 36 36 42 1128 30
417 - 5057.7 589 1065 — 21 27 1128 15
42X 110.50 50382 524 1 066 12 12 18 1003 12
42W — 50385 525 1 066 — 24 30 1003 24
42Y 110.55 5058.0 590 1066 36 36 42 1129 30
427 - 50583 591 1066 — 21 27 1129 15
43X 110.60 — — 1067 12 - - 1004 12
43Y 110.65 50586 592 1067 36 36 42 1130 30
437 — 50589 593 1067 — 21 27 1130 15
44X 110.70 50388 526 1068 12 12 18 1 005 12
44W — 50391 527 1068 — 24 30 1 005 24
4Y 110.75 50592 594 1068 36 36 42 1131 30
447 — 50595 595 1068 — 21 27 1131 15
45X 110.80 - - 1069 12 - - 1 006 12
45Y 110.85 50598 596 1069 36 36 12 1132 30
45Z — 5060.1 597 1069 — 21 27 1132 15
46X 110.90 50394 528 1070 12 12 18 1 007 12
46W — 50397 529 1070 — 24 30 1 007 24
46Y 110.95 50604 598 1070 36 36 42 1133 30
467 — 5060.7 599 1070 — 21 27 1133 15
47X 111.00 — — 1071 12 - - 1 008 12
47Y 111.05 5061.0 600 1071 36 36 42 1134 30
47Z - 50613 601 1071 — 21 27 1134 15
48X 111.10 50400 530 1072 12 12 18 1 009 12
48W — 50403 531 1072 — 24 30 1 009 24
48Y 111.15 5061.6 602 1072 36 36 42 1135 30
487 - 50619 603 1072 — 21 27 1135 15
49X 111.20 — — 1073 12 - - 1010 12
49Y 111.25 50622 604 1073 36 36 42 1136 30
497 — 50625 605 1073 — 21 27 1136 15
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DME parameters
Interrogation Reply
Pulse codes
Channel pairing DME/P mode
MLS

DME VHF angle MLS Initial Final Pulse

channel frequency frequency channel Frequency DME/N approach  approach Frequency codes
number MHz MHz number MHz s s us MHz us
50X 111.30 5040.6 532 1074 12 12 18 1011 12
S0W — 50409 533 1074 — 24 30 1011 24
50Y 11135 50628 606 1074 36 36 42 1137 30
50Z — 5063.1 607 1074 — 21 27 1137 15
51X 111.40 — — 1075 12 - - 1012 12
51Y 111.45 50634 608 1075 36 36 42 1138 30
517 - 50637 609 1075 - 21 27 1138 15
52X 111.50 50412 534 1076 12 12 18 1013 12
52W — 50415 535 1076 — 24 30 1013 24
52Y 111.55 5064.0 610 1076 36 36 42 1139 30
527 - 50643 611 1076 - 21 27 1139 15
53X 111.60 — — 1077 12 - - 1014 12
33Y 111.65 50646 612 1077 36 36 42 1140 30
53Z — 50649 613 1077 — 21 27 1140 15
543 111.70 50418 536 1078 12 12 18 1015 12
S54W — 50421 537 1078 — 24 30 1015 24
34Y 111.75 50652 614 1078 36 36 42 1141 30
547 — 50655 615 1078 — 21 27 1141 15
55X 111.80 - — 1079 12 - - 1016 12
55Y 111.85 50658 616 1079 36 36 42 1142 30
55Z — 5066.1 617 1079 — 21 27 1142 15
56X 111.90 50424 538 1080 12 12 18 1017 12
56W - 50427 539 1 080 — 24 30 1017 24
56Y 111.95 5066.4 618 1nS5 36 36 42 1143 30
56Z — 5066.7 619 1 080 — 21 27 1143 15
57X 112.00 — - 1081 12 - - 1018 12
57Y 112.05 — — 1081 36 - - 1144 30
58X 112.10 — — 1082 12 - - 1019 12
58Y 11215 — — 1082 36 - 1145 30
59X 112.20 — — 1083 12 - - 1020 12
59Y 11225 — — 1083 36 - - 1146 30
FRE0X - - — 1084 12 - - 1021 12
#HE0Y — — — 1084 36 - - 1147 30
HE1X - - — 1085 12 - - 1022 12
wHE1Y — — — 1085 36 — — 1148 30
RGN — — — 1086 12 - - 1023 12
HE2Y — — — 1086 36 - - 1149 30
I — — — 1087 12 - - 1024 12
*HEIY — — — 1087 36 - - 1150 30
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DME parameters
Interrogation Reply
Pulse codes
Channel pairing DME/P mode
MLS

DME VHF angle MLS Initial Final Pulse

channel frequency frequency channel Frequency | DME/N approach  approach | Frequency codes
number MHz MHz number MHz s us s MHz us
HGAX - - - 1088 12 - - 1151 12
*E4Y - - - 1088 36 - - 1025 30
*HG5X - - - 1089 12 - - 1152 12
*E5Y - - - 1089 36 - - 1026 30
*HGEX - - - 1090 12 - - 1153 12
H66Y - - - 1090 36 - - 1027 30
HGTX - - - 1091 12 - - 1154 12
HETY - - - 1091 36 - - 1028 30
**68X - - - 1092 12 - - 1155 12
*HGRY - - - 1092 36 - - 1029 30
**69X - - - 1093 12 - - 1156 12
*HGOY - - - 1093 36 - - 1030 30
70X 112.30 - - 1094 12 - - 1157 12
T0Y 112.35 - - 1094 36 - - 1031 30
71X 112.40 - - 1095 12 - - 1158 12
1Y 112.45 - - 1095 36 - - 1032 30
72X 112.50 - - 1096 12 - - 1159 12
*HT2Y 112.55 - - 1096 36 - - 1033 30
73X 112.60 - - 1097 12 - - 1160 12
*HT3Y 112.65 - - 1097 36 - - 1034 30
74X 112.70 - - 1098 12 - - 1161 12
*HT4Y 112.75 - - 1098 36 - - 1035 30
75X 112.80 - - 1099 12 - - 1162 12
HTSY 112.85 - - 1099 36 - - 1036 30
76X 112.90 - - 1100 12 - - 1163 12
HT6Y 112.95 - - 1100 36 - - 1037 30
77X 113.00 - - 1101 12 - - 1164 12
HITY 113.05 - - 1101 36 - - 1038 30
78X 113.10 - - 1102 12 - - 1165 12
#*TRY 113.15 - - 1102 36 - - 1039 30
79X 113.20 - - 1103 12 - - 1166 12
T0Y 113.25 - - 1103 36 - - 1040 30
80X 11330 - - 1104 12 - - 1167 12
80Y 113.35 5067.0 620 1104 36 36 42 1041 30
80z - 50673 621 1104 - 21 27 1041 15
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DME parameters
Interrogation Reply
Pulse codes
Channel pairing DME/P mode
MLS

DME VHF angle MLS Initial Final Pulse

channel frequency frequency channel Frequency DME/N approach  approach Frequency codes
number MHz MHz number MHz s us s MHz us
81X 113.40 — — 1105 12 - - 1168 12
81Y 113.45 5067.6 622 1105 36 36 42 1042 30
81Z — 50679 623 1105 — 21 27 1042 15
82X 113.50 - - 1106 12 - - 1169 12
82Y 113.55 5068.2 624 1106 36 36 12 1043 30
827 - 5 068.5 625 1106 — 21 27 1043 15
83X 113.60 — — 1107 12 - - 1170 12
83Y 113.65 5068.8 626 1107 36 36 42 1044 30
83Z - 5069.1 627 1107 - 21 27 1044 15
84X 113.70 — — 1108 12 - - 1171 12
84Y 113.75 50694 628 1108 36 36 42 1045 30
847 - 50697 629 1108 — 21 27 1045 15
85X 113.80 — — 1109 12 - - 1172 12
85Y 113.85 5070.0 630 1109 36 36 42 1046 30
852 - 50703 631 1109 — 21 27 1046 15
86X 113.90 - - 1110 12 - - 1173 12
86Y 113.95 50706 632 1110 36 36 42 1047 30
86Z - 50709 633 1110 — 21 27 1047 15
87X 114.00 — — 1111 12 - - 1174 12
87Y 114.05 5071.2 634 1111 36 36 42 1048 30
87Z - 50715 635 1111 — 21 27 1048 15
88X 114.10 — — 1112 12 - - 1175 12
88Y 114.15 5071.8 636 1112 36 36 42 1049 30
88Z - 50721 637 1112 - 21 27 1049 15
89X 114.20 — — 1113 12 - - 1176 12
89Y 11425 50724 638 1113 36 36 42 1050 30
807 - 50727 639 1113 — 21 27 1050 15
90X 11430 - - 1114 12 - - 1177 12
a0y 11435 5073.0 640 1114 36 36 42 1051 30
Q0Z - 50733 641 1114 — 21 27 1051 15
91X 11440 — — 1115 12 - - 1178 12
91Y 114.45 5073.6 642 1115 36 36 42 1052 30
91z - 50739 643 1115 — 21 27 1052 15
92X 114.50 — — 1116 12 — — 1179 12
Y 114.55 50742 644 1116 36 36 42 1053 30
927 - 50745 645 1116 - 21 27 1053 15
93X 114.60 — — 1117 12 - - 1180 12
93Y 114.65 50748 646 1117 36 36 42 1054 30
93Z - 50751 647 1117 — 21 27 1054 15
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DME parameters
Interrogation Reply
Pulse codes
Channel pairing DME/P mode
MLS

DME VHF angle MLS Initial Final Pulse

channel frequency frequency channel Frequency DME/N approach  approach Frequency codes
number MHz MHz number MHz us us us MHz us
94X 114.70 - - 1118 12 - - 1181 12
o4y 114.75 50754 648 1118 36 36 12 1055 30
94z - 50757 649 1118 — 21 27 1055 15
95X 114.80 — — 1119 12 - - 1182 12
95y 114.85 5076.0 650 1119 36 36 42 1056 30
95Z - 50763 651 1119 - 21 27 1056 15
26X 114.90 — — 1120 12 - - 1183 12
96Y 11495 5076.6 652 1120 36 36 42 1057 30
967 - 50769 653 1120 — 21 27 1057 15
97X 115.00 — — 1121 12 - - 1184 12
97Y 115.05 50772 654 1121 36 36 42 1058 30
97z — 50775 655 1121 — 21 27 1058 15
98X 115.10 - - 1122 12 - - 1185 12
98Y 115.15 50778 656 1122 36 36 42 1059 30
98Z - 50781 657 1122 — 21 27 1059 15
99x 115.20 — — 1123 12 - - 1186 12
Q9Y 115.25 5078.4 658 1123 36 36 42 1060 30
997 - 5078.7 659 1123 - 21 27 1060 15
100X 115.30 — — 1124 12 - - 1187 12
100Y 115.35 5079.0 660 1124 36 36 42 1061 30
100Z - 50793 661 1124 - 21 27 1061 15
101X 115.40 — — 1125 12 - - 1188 12
101Y 115.45 5079.6 662 1125 36 36 42 1062 30
101Z - 50799 663 1125 — 21 27 1062 15
102X 115.50 - - 1126 12 - - 1189 12
102Y 115.55 50802 664 1126 36 36 42 1063 30
1022 - 5080.5 665 1126 — 21 27 1063 15
103X 115.60 — — 1127 12 - - 1190 12
103Y 115.65 5080.8 666 1127 36 36 42 1064 30
103Z - 5081.1 667 1127 — 21 27 1064 15
104X 115.70 — — 1128 12 — — 1191 12
104Y 115.75 50814 668 1128 36 36 42 1065 30
104Z - 5081.7 669 1128 - 21 27 1065 15
105X 115.80 — — 1129 12 - - 1192 12
105Y 115.85 5082.0 670 1129 36 36 42 1066 30
105Z - 50823 671 1129 — 21 27 1066 15
106X 115.90 - - 1130 12 - - 1193 12
106Y 11595 50826 672 1130 36 36 42 1067 30
106Z - 50829 673 1130 — 21 27 1067 15
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DME parameters
Interrogation Reply
Pulse codes
Channel pairing DME/P mode
MLS

DME VHF angle MLS Initial Final Pulse

channel frequency frequency channel Frequency DME/N approach  approach | Frequency codes
number MHz MHz number MHz s us us MHz us
107X 116.00 — — 1131 12 - - 1194 12
107Y 116.05 50832 674 1131 36 36 42 1 068 30
107Z - 50835 675 1131 — 21 27 1 068 15
108X 116.10 — — 1132 12 - - 1195 12
108Y 116.15 50838 676 1132 36 36 42 1 069 30
1082 — 50841 677 1132 — 21 27 1 069 15
109X 116.20 — — 1133 12 - - 1196 12
109Y 11625 50844 678 1133 36 36 42 1070 30
1092 - 50847 679 1133 — 21 27 1070 15
110X 116.30 — — 1134 12 - - 1197 12
110Y 116.35 50850 680 1134 36 36 42 1071 30
1102 - 50853 681 1134 - 21 27 1071 15
111X 116.40 - - 1135 12 - - 1198 12
111Y 116.45 50856 682 1135 36 36 42 1072 30
111Z - 50859 683 1135 — 21 27 1072 15
112X 116.50 — — 1136 12 - - 1199 12
112Y 116.55 5086.2 684 1136 36 36 42 1073 30
1122 — 5086.5 685 1136 — 21 27 1073 15
113X 116.60 — — 1137 12 - - 1200 12
113Y 116 .65 50868 686 1137 36 36 42 1074 30
1132 - 50871 687 1137 — 21 27 1074 15
114X 116.70 — — 1138 12 - - 1201 12
114Y 116.75 50874 688 1138 36 36 42 1075 30
11427 - 50877 689 1138 — 21 27 1075 15
115X 116.80 - - 1139 12 - - 1202 12
115Y 116.85 5088.0 690 1139 36 36 42 1076 30
115Z - 50883 691 1139 — 21 27 1076 15
116X 116.90 — — 1140 12 - - 1203 12
116Y 116.95 50886 692 1140 36 36 42 1077 30
116Z — 50889 693 1140 — 21 27 1077 15
117X 117.00 — — 1141 12 - - 1204 12
117Y 117.05 50892 694 1141 36 36 42 1078 30
1172 - 50895 695 1141 — 21 27 1078 15
118X 117.10 — — 1142 12 - - 1205 12
118Y 117.15 50898 696 1142 36 36 42 1079 30
1182 - 5090.1 697 1142 — 21 27 1079 15
119X 117.20 - - 1143 12 - - 1206 12
119Y 117.25 50904 698 1143 36 36 42 1080 30
1197 - 5090.7 699 1143 — 21 27 1080 15
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DME parameters
Interrogation Reply
Pulse codes
Channel pairing DME/P mode
MLS
DME VHF angle MLS Initial Final Pulse
channel frequency frequency channel Frequency | DME/N approach  approach | Frequency codes
number MHz MHz number MHz us s us MHz us
120X 117.30 - - 1144 12 - - 1207 12
1207 117.35 - - 1144 36 - - 1081 30
121X 117.40 - - 1145 12 - - 1208 12
1217 117.45 - - 1145 36 - - 1082 30
122X 117.50 - - 1146 12 - - 1209 12
1227 117.55 - - 1146 36 - - 1083 30
123X 117.60 - - 1147 12 - - 1210 12
123Y 117.65 - - 1147 36 - - 1084 30
124X 117.70 - - 1148 12 - - 1211 12
1247 117.75 - - 1148 36 - - 1085 30
125X 117.80 - - 1149 12 - - 1212 12
125 117.85 - - 1149 36 - - 1086 30
126X 117.90 - - 1150 12 - - 1213 12
**H126Y 117.95 - - 1150 36 - - 1087 30

*  These channels are reserved exclusively for national allotments.
**  These channels may be used for national allotment on a secondary basis.
The primary reason for reserving these channels is to provide protection for the secondary surveillance radar (SSR) system.
V  108.0 MHz is not scheduled for assignment to ILS service. The associated DME operating channel No. 17X may be assigned for
emergency use. The reply frequency of channel No. 17X (1.e. 978 MHz) 1s also utilized for the operation of the universal access
transceiver (UAT). Standards and Recommended Practices for UAT are found in Annex 10, Volume IIT, Part I, Chapter 12.
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APPENDIX A. 1T MICROWAVE LANDING SYSTEM (MLYS)
CHARACTERISTICS - N/A
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APPENDIX B. TECHNICAL SPECIFICATIONS FOR
THE GLOBAL NAVIGATION SATELLITE SYSTEM
(GNSS)

1 DEFINITIONS

GBAS/E. A groundbased augmeation system transmitting an ellipticalbolarized VHF
data broadcast.

GBAS/H. A groundbased augmentation system transmitting a horizorpallgrized VHF
data broadcast.

Receiver.A subsystem that receives GNSS signals and includes one or more.sensors

Reserved (bits/words/fields)Bits/words/fields that are not allocated, but which are reserved
for a particular GNS&pplication.

Smax. Maximum desired VHF data broadcast signal power at the VHF data broadcast
receiver input. This power at the receiweput is computed from the maximum RF field
strength defined in Chapter 3, 3.7.3.5.4.4 for the desired VHF data broadcast signal as
received by an ideal isotropic antenna minus the minimum aircraft implementation loss. It is
used to determine the VHF ddiepadcast interference immunity to adjacent channel signals
(3.6.8.2.2.6) and to signals from sources outside the 108.00Q7.975 MHz band
(3.6.8.2.2.8).

Spare (bits/words/fields).Bits/words/fields that are not allocated or reserved, and which are
avdlable for future allocation.

Noted All spare bits are set to zero

2 GENERAL

Noted The following technical specifications supplement the provisions of Chapter 3,
3.7.

3 GNSS ELEMENTS

3.1 Core constellations

3.1.1 Global Positioning System (GPS) Standard Parsiig Service (SPS)LL and L5
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3.1.1.INON-AIRCRAFT ELEMENTS

3.1.1.1.1 L1 COARSE ACQUISITION (C/A) SIGNAL RADIO FREQUENCY (RF)
CHARACTERISTICS

3.1.1.1.1.1Carrier phase noiseThe carrier phase noise spectral density of the unmodulg
L1 carrier shall be such that a phase locedp of 10 Hz onesided noise
bandwidth is able to track the carrier to an accuracy of 0.1 radian (1 sigma).

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

3.1.1.1.1.3Correlation loss.The loss in the recovered signal power due to imperfectiong
the L1 C/A signal modulation and waveform distortion shall not exd@édiB
for all GPSIl satellite generations and 0.3 dB for all GRS satellite
generations.

Noted The bss in signal power is the difference between the broadcast poveer in
allocatedbandwidth and the signal power recovered by a nbrise, lossfree receiver
with 1-chip correlatorspacingandthe saméandwidth.

3.1.1.1.1.4L1 C/A code generation and timingach CA code pattern &) shall be formed
by the Module2 sum of two 1 02dit linear patterns, G1 and GZThe G2
sequence shall be formed by effectively delaying the G2 sequence by an inf
number of chips The G1 and G2 sequences shall be generate@-stafje shift
registers having the following polynomials as referred to in the shift regig
input:

a)G1: X1+ X3+ 1; and

B)G2: X0+ X%+ X8+ X6+ X3+ X2+ 1.

The initialization vector for the G1 an
registers shall be clocked at a 1.023 MHz rate. Timing relationships related to the C/A
shall be as shown in Figure B

Note.d Additional information on code phase assignments is givenr@RAS200K.

ted

the

in

eger

ter

code
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3.1.1.1.2 L1 Data structure.The legacynavigation(LNAV) message shall be formatted a
shown in Figure B. Each page, as shown in Figure6Bshall utilize a basic
format of a 1 50@it-long frame with up to 5 subframes, each of 300 bits in leng
All words shall be transmitted most significant bit (MSigst.

Noted The bit allocations depicted for subframes 4 and 5 in Figu dpply only to
satellites broadcasting PRN codes 132. See 1$5PS200K for the bit allocations of
subframes 4 and 5 for satellites broadcasting PRN cod@&s33

3.1.1.1.2.1 Subframe sticture. Each subframe and/or page of a subframe shall start wit

telemetry (TLM) word followed by a handover word (HOW). The HOW shall be
followed by 8 data words. Each word in each frame shall contain 6 parity [

The TLM word and HOW formats shdbe as shown in Figures-8 and B4,
respectively.

3.1.1.1.2.2End/start of weekiAt the end/start of week:

a)the cyclic paging of subframes 1 through 5 shall restart with subframe 1 regardle
which subframe was last transmitted prior to the end/start of week; and

U7

h.

N a

ts.

5s of

b)the cycling of 25 pages of subframes 4 and 5 shall restart with page 1 of each of the

subframes, regardless of which page was transmitted prior to the end/start of wee

k. All

upload and page cutovers shall occur on frame boundaries (i.e. Modulo 30 se¢onds

relative to the end/start of week).

Note:- New data inrsubframeg! and 5 may start to be transmitted with any of the 25 pades

of these subframes.

3.1.1.1.2.3Data parity. Words 1 through 10 of subframes 1 through 5 shall each contai
parity bits as theileast sigificant bits (LSBs) In addition, two noAnformation

h 6

bearing bits shall be provided as bits 23 and 24 of words 2 and 10 for parity

computation purposes.

3.1.1.1.2.4Telemetry (TLM) wordEach TLM word shall be 30 bits long, occur every

seconds in the data framedabe the first word in each subframe. The TLM

format shall be as shown in Figure3B Each TLM word shall begin with a
preamble, followed by 16 reserved bits and 6 parity bits.

Pagel32of 349 Third Edition Rev:01 Date:15" June 2023

)




AttachmentNo. IS-10-(i)-all -Att

3.1.1.1.2.5Handover word (HOW)The HOW shall be 30 bits long and shall be the secopd
word in each subframe/page, immediately following the TLM word. A HOW
shall occur every 6 seconds in the data frame. The HOW format and content [shall
be as shown in Figure-B. The full timeof-week (TOW) count shall consist of
the 19 LSBs of the 2Bit Z-count (3.1.1.2.6). The HOW shall begin with the 1]
MSBs of the TOW count. These 17 bits shall correspond to the TOW count at the
1.5second epoch that occurs at the start (leading edge) of the next folloying
subframe.

~

3.1.1.1.2.5.1Bit 18 On satellites designed by capiration code 001, bit 18 shall be arn
Afal erto flag. When this flag is rdgis
that the satellite user range accuracy (URA) may be worse than indicated in
subframe 1 and that use of the satellite isatthedse r i s k .

All figures are locted at the end of the appendix.

3.1.1.1.2.5.2Bit 19.Bit 19 shall be reserved.

3.1.1.1.2.5.38Bits 20, 21 and 22Bits 20, 21 and 22 of the HOW shall provide th
identification (ID) of the subframe in which that particular HOW is the secopd
word. ThelD code shall be as defined below:

11%

ID Code
1 001
2 010
3 011
4 100
5 101

3.1.1.1.2.6Satellite Zcount. Each satellite shall internally derive a -k&cond epoch that
shall contain a convenient unit for precisely counting and communicating time.
Time stated in this mannehall be referred to as acount. The Zcount shall be
provided to the user as a-Bl binary number consisting of two parts as follows.
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3.1.1.1.2.6.1Timeof-week (TOW) couniThe binary number represented by the 19 LSBs
the Zcount shall be referred to as th®W count and is defined as being equs
to the number of 1:8econd epochs that have occurred since the transition fr
the previous week. The count shall be shoytled such that the range of the
TOW count is from 0 to 403 199 ldecond epochs (equall one week) and
shall be reset to zero at the end
be the 1.5second epoch that is coincident with the start of the present weel
truncated version of the TOW count, consisting of its 17 MSBs, shall
conained in the HOW of the L1 downlink data stream. The relationsh
between the actual TOW count and its truncated HOW version shall be
indicated in Figure B5.

Noted The abovementioned epoch occurs at (approximately) midnight Saturd
night/Sunday maing, where midnight is defined as 0000 hours on the UTC scale wh
is nominally referenced to the Greenwich Meridian.

3.1.1.1.2.6.2Week countThe 10 MSBs of the-£ount shall be a binary representation of th
sequential number assigned to the present GPS week (db@24). The range

ay
ich

of this count shall be from 0 to 1 023. Its zero state shall be that week which

starts with the 1.5second epoch occurring at (approximately) the UTC zg
time point (3.1.4). At the expiration of GPS week number 1 023, the GPS W
number shall roll over to zero. The previous 1 024 weeks in conversions fi
GPS time to a calendar date shall be accounted for by the user.

3.1.1.1.3 L1 DATA CONTENT

3.1.1.1.3.1Subframe B satellite clock and health datd@he content of words 3 through 10

eek
om

of subframe 1 shaltontain the clock parameters and other data as indicated in

Table B2. The parameters in a data set shall be valid during the interval of t
in which they are transmitted and shall remain valid for an additional period
time after transmission of threext data set has started.

3.1.1.1.3.1.2Week numbeiThe 10 MSBs of word 3 shall contain the 10 MSBs of th&iP9

me
of

Z-count and shall represent the number of the current GPS week at the start of

the data set transmission inteThea
GPS week number shall increment at each end/start of week epoch.

3.1.1.1.3.1.2User range accuracy (URARits 13 through 16 of word 3 shaltovide a URA
index, which prescribes the predicted satellite URA as shown in TaBlelBe
integrity assured URA (IAURA) lall be the upper bound URA value
corresponding to the URA index, as shown in the last column of TaBle B
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Note 18 The URA does not include error estimates due to inaccuracidsedingle
frequency ionospherdelay model.

Note 20 The URA is a stadtical indicator of the contribution of the apparent clock an

d

ephemeris prediction accuracies to the ranging accuracies obtainable with a spgcific
satellite based on historical data.

Note 30 The nominal URA value for each URA index is also shown ineT&Bl The
nominal URA is suitable for use as a prediction of the RMS sigrsace pseudange

errors for accuracyrelated purposes.

Table B-2. Subframe 1 parameters

Number Scale factor Effective

Parameter of bits" (LSB) range’ Units
Week number 10 1 weeks
Satellite accuracy 4
Satellite health 6 1 discretes
Tep 8" 273! seconds
10DC 10
toc 16 2 604 784 seconds
ap 8" 275 seconds/second’
ag 16 24 seconds/second
agp 22" 273! seconds

*  Parameters so indicated are two’s complement, with the sign bit (+ or —) occupying the MSB.
**  See Figure B-6 for complete bit allocation.
*#% - Unless otherwise indicated in this column, effective range is the maximum range.
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Table B-3. User range accuracy

URA Corresponding

index URA (meters) Nominal URA Aeeursey IAURA
0 0.00 < URA <2.40 2m 240 m
1 240 <URA <3.40 2.8m 340 m
2 3.40 < URA <4.85 4 m 4.85m
3 4.85 <URA < 6.85 57m 6.85 m
4 6.85 <URA <9.65 8 m 9.65 m
5 9.65<URA < 13.65 I11.3m 13.65m
6 13.65 < URA <24.00 16 m 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 1 536.00 m
13 1 536.00 < URA < 3 072.00 2048 m 3072.00 m
14 3072.00<URA <6 144.00 4 096 m 6 144.00 m
15 6 144.00 < URA PenetuseNo 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.Health. The transmitting satellite-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.

The 5 LSBs shall indicate the health of gignal components in accordance with Tabi¥.B
The health indication shall be provided relative to the capabilities of each satellite
designated by the configuration code provided in page 25 of subframe 4. Any satellite
does not have a certain c ap aélackofthig cagabilayl
is inherent in its design or it has been configured into a mwddeh is normal from a
receiver standpoint and does not require that capability. Additional health data shall be

in subframes 4 and 5.

Noted The data given isubframe 1 may differ from that shown in subframes 4 and/o
of other satellites since the latter may be updated at a different time.

2 as
that

fanwd

jiven
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Table B-X. Codes for health of satellite signal components

MSB LSB Indication
0 0 0 0 0 ALL SIGNALS OK
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 1s acquired.

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

3.1.1.1.3.1.4Issue of data, clock (IODCHRits 23 and 24 of word 3 in subframe 1 shall be th
2 MSBs of the 1éit IODC term.Bits 1 through 8 of word 8 in subframe 1
shall contain the 8 LSBs of the IODC. The I0ODC shall indicate the iss
number of data set. The transmitted IODC shall be different from any v3
transmitted by the satellite during the preceding 7 days.

Noted The relationship between the IODC and the Issue of Data, Ephemeris (IOl
terms is defined in 3.1.1.3.2.2.

3.1.1.1.3.1.5Estimated group delay differentidbits 17 through 24 of word 7 shall contain
the correction term, dp, to account for the effect of satellite gpwlelay
differential.

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

3.1.1.1.3.1.6Satellite clock correction parameterBits 9 through 24 of word 8, bits 1
through 24 of word 9, and bits 1 through 22 of word 10 shall contain
parametrs needed by the users for apparent satellite clock correcticem (b1
and a).

3.1.1.1.3.1.7/Reserved data fieldReserved data fields shall be as indicated in Takle/Al
reserved data fields shall support valid parity within their respective words.

3.1.1.1.3.2Sulframes 2 and & satellite ephemeris dat&ubframes 2 and 3 shall contair]
the ephemeris representation of the transmitting satellite.

e

ue
lue

DE)

the
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3.1.1.1.3.2.1Ephemeris parameter$he ephemeris parameters shall be as indicated in T3

3.1.1.1.3.2.2ssueof data, ephemeris (IODEJhe IODE shall be an-Bit number equal to
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B-5. For each parameter in subframe 2 &ndhe number of bits, the scale
factor of the LSB, the range, and the units shall be as specified in T&ble B

the 8 LSBs of the 10bit IODC of the same data set. The I0ODE Ikl
provided in both subframes 2 and 3 for the purpose of comparison with tf
LSBs of the IODC term in subframe 1. Whenever these three terms do
match, as a result of a data set cutover, new data shall be collected.
transmitted IODE shall be ffierent from any value transmitted by the satellit
during the preceding six hourbld@te ). Any change in the subframe 2 and !
data shall be accomplished in concert with a change in both IODE wo
Change to new data sets shall occur only on hour boesdaxcept for the first
data set of a new upload. Additionally, taevialue, for at least the first data se
transmitted by a satellite after an upload, shall be different from that transm
prior to the change\pte 3.

Table B-4. Subframe 1 reseved data fields

ble

e 8
not
The

1D

rds.

|
tted

Word Bit
3 117 12
4 17 24
5 17 24
6 171 24
7 17 16
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Table B-5. Ephemeris data

OMEGADOT Rate of right ascension

M, Mean anomaly at reference time
An  Mean motion difference from computed value
e Eccentricity
Ja  Square root of the semi-major axis
OMEGA, Longitude of ascending node of orbit plane at weekly epoch
Io Inclination angle at reference time
® Argument of perigee

iDOT Rate of inclination angle
C,e  Amplitude of the cosine harmonic correction term to the argument of latitude
C,. Amplitude of the sine harmonic correction term to the argument of latitude
C.. Amplitude of the cosine harmonic correction term to the orbit radius
C. Amplitude of the sine harmonic correction term to the orbit radius
C;.  Amplitude of the cosine harmonic correction term to the angle of inclination
C,, Amplitude of the sine harmonic correction term to the angle of inclination
t. Reference time, ephemeris

IODE Issue of data, ephemeris

Table B-6. Ephemeris parameters

Number Scale factor Effective
Parameter of bits™ (LSB) ran gcm Units
IODE 8
Crs 16° 27 metres
An 16° 274 semi-circles/second
Mg 32° 231 semi-circles
Cue 16° 27 radians
e 32 2733 0.03 dimensionless
Cus 16 229 radians
VA 32 219 2530t0 8192 metres'?
toe 16 24 604 784 seconds
Cic 16° 27 radians
OMEGA, 32" 2731 semi-circles
(o 16 22 radians
i 32° 2731 semi-circles
Cre 16° 23 metres
® 32" 2731 semi-circles
OMEGADOT 24" 24 -6.33 x 107 to 0 semi-circles/second
1iDOT 14° 24 semi-circles/second

ok

L L]

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.
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Note 10 The IODE/IODC terms provide the receiver with a means for detecting :
changes in the ephemeris/clock representation parameters.

Note 20 The first data set may chamg3.1.1.2.2) at any time during the hour an(
therefore may be transmitted by the satellite for less than 1 hour.

3.1.11323Curve fit intervals. Bit 17 in wor
which indicates the curvi interval used in determing 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 norn
operations. A fit interval flag of one (1) shall indicate the satellite
undergoing shar or longterm extended operations.

3.1.1.1.3.3Subframes 4 and % support data.Both subframes 4 and 5 shall be
subcommutated 25 times weach. Wi t h
and explicit repeats, each page shall contain different data in wordsughhLO.
Subframes 4 and 5 shall contain the data listed in TatYe B

Noted Subframes 4 and 5 from satellites broadcasting PRN codés32 contain
almanac and health data for 32 satellites. Subframes 4 and 5 from satellites broadcg
PRN codes 38 63 contain almanac and health data for only 31 satellites. S€&PIS

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.

ANy

al
S

sting

**Page not intended for aviation use.
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3.1.1.1.4 L5 SIGNAL RADIO FREQUENCY (RF) CHARACTERISTICS

d

3.1.1.1.4.1Carrier phase noise. The carrier phasese spectral density of the unmodulate
L5 carrier shall be such that a phase locked loop of 10 Hzsided noise

bandwidth can track the carrier to an accuracy of 0.1 radians RMS.

3.1.1.1.4.2 Spurious emissions. dband spurious emissions shall be at least 40&Bw the

unmodulated L5 carrier over the allocated channel bandwidth.
1S in

3.1.1.1.4.3Correlation loss. The loss in the recovered signal power due to imperfectiot

the L5 signal modulation and waveform distortion shall not exceed 0.6 dB.
an

Noted The loss in signapower is the difference between the broadcast power in
allocated bandwidth and the signal power recovered by a +imse lossfree receiver

with 1-chip correlator spacing and the same bandwidth.

3.1.1.1.4.4L5 carrier components. L5 shall have two carrier congmbs modulated by

separate bit trains: the-tthde and the Qbode (see Table-B5-1).
NS)

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

Composite LS transmitted signal phase **

Table B-L5-1.
Nominal composite L5 signal phase* s Code state o3
0° 0 0
_900 1 O
+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.

3.1.1.1.4.5Code generation. e 15 and Q5 code patterns(tp and QXt) shall each be
formed by the Modulk® sum of two extended bit patterns clocked at a 10.23

MHz rate, XA(t) and XBi(nl;, t) or XA(t) and XBQ(nQ, t), where nland nQ

are the initial states of XBand XBQ for satellite i.

a code

3.1.1.1451The XA code shall be
that is shorcycled 1 chip before its natural ending and restarted to run ovg

period of 1 millisecond (synchronized with the L1 frequency C/A code) fo

total of 10 230 chips.
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3.1.1.1.4.5.2The XBli and XBQ codes shall be codes of length 8 191 with initial conditions

that are specified in I ®SPS705F, Tables 3a and Ib. The XBland XBQ
codes shall not be sheasycled and shall be restarted to run over a period of
millisecond for a total of 10 230 chips.

3.1.1.1.4.5.3The generating polynomials for the XA and XBhd XBQ codes shall be:
a) XA X+ X2+ X0+ X%+ 1; and
b)  XBliand XBQ: X3+ X2 +X8+ X"+ X6+ X4+ X3+ X + 1.

Note.d Additional details on code phasesignments are specified in the GPS Interfag
Specification, ISSPS705F.

3.1.1.1.4.6Navigation data modulation. The L5 navigation data (CNAV) bit train shall

e

be

encoded at a rate of 2 symbols per bit using a convolution code with a constraint

length of 7 to yieldLOO symbols per second (sps). The 100 sps symbols shall {
be modulated (Modul@ addition) with the 1{bit NeumarHofman code
A00001101010 <clocked at 1 kHz. TH
Modulo-2 added with the I5 PRN code and used to moduletel5 inphase
carrier.

3.1.1.1.4.7Signal timing. The XA code shall be synchronized with the L1 frequency C
code. The XBland XBQ codes shall be synchronized with the XA code.

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

Noted Inter-signal corrections (ISCs) are providedtime navigation data, to correct for
the bias component of the differential delay.

3.1.1.1.5 L5 DATA STRUCTURE

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

hen

e

lay
The
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3.1.1.1.5.2Navigation data structure. The L5 CNAV data shall be provided in a set-of six

second 30Mit long messages.

3.1.1.1.5.2.1Each message shall contain a cyclic redundancy check (CRC) parity block of 24

bits protecting the entire 3diit message.

3.1.1.1.5.2.2Each message shdbe composed of the following ordered fields: afbit8
preambl e ( Al cbdPRNOUNDbear Of the ttatsmittirg) satellite,-a §
bit message type ID (range 0 to 63), thebif7message timef-week (TOW)
count, a 1bit alert flag (bit 38), the datadid (238 bits), and the 24it CRC
parity block.

3.1.1.1.5.2.3The TOW count multiplied by 6 shall provide the satellite time in seconds at
start of the next-8econd message.

3.1.115248it 38 shall be an fAalert flago wher
compnents may be worse than indicated in the associated message typgs and
that use of the signal is at the yse

3.1.1.1.6 L5 (CNAV) DATA CONTENT

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

Noted See ISGPS705F for details on the content and application of the data contairn
in each message type.

Table B-LL5-2. CNAYV 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

the

the

ed
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3.1.1.1.6.2Message Type 10 shall contain the elevatiependent (ED) component of the
user range accuracy (UR#A) index corresponding to the maximum eléwat
dependent error expected for the current ephemeris curve fit for thecaeest

location within the satellite footprint.

Noted At the best location within the satellite footprint (i.e. nominally directly below t
satellite along its nadir vectorthe corresponding UR#A is zero (see Table-B5-3).
3.1.1.1.6.3 Message Types 30 to 37 shall contain theelemationdependent (NED)
URA component indices: UR#&vo index, URAep: index, and URAep2 index,

respectively, for the transmitting satellite.

The URA\epo value shall be related to the UR#bo index according to Table-B5-4.

The URA\ep: value shall be related to the UR#: index as:

1

URAnep1 = N

where
N = 14 + URAeDp1 index
The URAwep2 value shall be related to the UR#? index as:

1
oN

URA =
NED2 =

where

N =28 + URA\eDp2 index

Noted URAep, URAwepo, URAED:1 and URAgep2 are used to compute the integrity

assured URA (IAURA).
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Elevation-dependent user range accuracy URAgp

Pagel45of 349

URAgp index URAEgp (m)
15 6 144.00 < URAgp (accuracy
prediction not available)

14 307200 < URAg <6 144.00
13 1 536.00 < URAgp <3 072.00
12 768.00 < URAmp =1 536.00
11 384.00 < URAgp < 768.00
10 192.00 < URAEp < 384.00
9 96.00 < URAgp < 192.00

8 48.00 < URAgp < 96.00

7 24.00 < URAgp <48.00

6 13.65 < URAgp < 24.00

5 9.65 <URAgp < 13.65

4 0.85 < URAgp = 9.65

3 4.85 < URAgp = 6.85

2 3.40 < URAgp = 4.85
1 2.40 < URAgp < 3.40

0 1.70 < URAgp = 2.40

-1 1.20 < URAgp < 1.70

-2 0.85<URAp =120

-3 0.60 < URAgp = 0.85

-4 0.43 < URAep = 0.60

-5 0.30 <= URAep < 0.43

-6 021 <= URApp=0.30

-7 0.15<URAp =0.21

-8 0.11 <URApp<0.15

-9 0.08 < URAgp =0.11

-10 0.06 < URAgp < 0.08

-12 0.03 <URApp=0.04

-13 0.02 < URAgp =0.03

-14 0.01 < URAEgp <0.02

-15 URAEgp =0.01

-16 Accuracy prediction not

available
Third Edition Rev:01 Date:15" June 2023
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UR Angpg index UR Angpo (m)
15 6 144.00 < URA~eDo (accuracy
prediction not available)
14 3072.00 < URAxgpo < 6 144.00
13 1 536.00 < URAxNgpo < 3 072.00
12 T68.00 < URANepp = 1 536.00
10 192.00 < URAxeno < 384.00
9 96.00 < URANEpo < 192.00
6 13.65< URANgDo = 24.00
5 9.65 < URANEDo = 13.65
4 6.85 < URAxEDo < 9.65
3 4.85 < URAnemo < 6.85
2 3.40 <URAngm = 4.85
1 2.40 < URAwgpo = 3.40
0 1.70 < URAygpo = 2.40
-1 1.20 < URAxEpo < 1.70
-2 0.85 < URAxNeDo < 1.20
-3 0.60 < URAxgno = 0.85
-4 043 < URANgDo = 0.60
-5 0.30< URANgDo = 0.43
-6 021 < URANEm = 0.30
-7 0.15 < URAxepo = 0.21
-8 0.11 < URAxepo = 0.15
-9 0.08 < URAwxgpo=0.11
-10 0.06 < URAxgno = 0.08
-12 0.03 < URAxEeno < 0.04
-13 0.02 < URAxEeno < 0.03
-14 0.01 < URANgDo = 0.02
-15 URANERy < 0.01
-16 Accuracy prediction not
available

3.1.1.2DEFINITIONS OF PROTOCOLS FOR DATA APPLICATION

Noted This section defines the integlationships of the data broadcast messag
parameters. It provides definitions of parameters that are not transmitted, but are usq
either or both noraircraft and aircraft elements, and that define terms applied

determine the navigation solution and its integrity.
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Table B-13. Reserved bits in subframes 4 and 5

Subframe Pages Words Reserved bit position in word
4 17 10 17 -22
4 18 10 9-22
4 25 8 17—-18
4 25 10 19 -22
5 25 10 4-22

Table B-14. Parity encoding algorithms

D, = d@ D*so

D, = 4,®D'y

D; = d;&D

D, = du@® D’ao

Dss = D%w®d®dDd; DdsDd @ d)p®dy, Ddp Ddy; Dy Ddyy D dyg @ dog D dos

Dy = D3W®dh0dod,®d®d,®d, ®dp®@d; Dd, Dd;sDd;g @ dyo® dyy @ doy

Dy = Dy®d®d®d,0ds®d, Bd@Ddp@d; Ddy D dys DdigDdio ® dag @ das

Dy = D%W®dh@d®dsDd;sDds D dy D d; Dy @dys Dy @ dys D dop @ doy @ s

Dy = Dy®d@d®dPd®Dd; Dde@d;p@dyuPdsPdsDd;DdisDdy D dr D sy

D3 = D%®d@®dsDdsDds D dy @ dyp®dy, ®dys Ddys Ddio D doy D doy D oy

where:

Dy, D», D, ... Dsg, Dy are the bits transmitted by the satellite;

Dss, ... Djp are the computed parity bits;

d; d,, ... dy, are the source data bits;

@ is the Modulo-2 or “Exclusive-Or” operation; and

* is used to identify the last two bits of the previous word of the subframe.

3.1.1.2.1 GPS PROTOCOLS FOBINGLE-FREQUENCY L1 USERS

3.1.1.2.1.1Parity algorithm. GPS parity algorithms are defined as indicated in Table B

3.1.1.2.1.2 Satellite clock correction parameters. GPS system time t is defined as:
t= tsv - (Atsv)Ll

where

t =
Ly =
(Atsv)Ll =
( Atsv)Ll =
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GPS system time (corrected for beginning and end-of-week crossovers);

satellite time at transmission of the message;

the satellite PRN code phase offset;

ag + ag(t — toe) + ap(t — toe)” + At,— Tap
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where
agp, an and ap and t,., are contained in subframe 1; and
At, =  the relativistic correction term (seconds)
At. = Fe VA sin B,

where

e and A are contained in subframes 2 and 3;
Ej 1s defined in Table B-15; and

_2 ( E 14
= 7”) =-4.442807633(10) " s/m”
2
where
w = WGS-84 universal gravitational parameter (3.986005 x 10" m?/s%)
¢ = the speed of light in a vacuum (2.99792458 x 10° m/s)

Noted The value of t is intended to account for the beginning drofveek crossovers.
That is, if the quantity-toc is greater than 302 400 seconds, subtract 604 800 seconds
from t. If the quantity-toc is less thar 302 400 seconds, add 604 800 seconds to

3.1.1.2.1.3Satellite positionThe current satellite position (XY, Z) is defined as shown
in TableB-15.

3.1.1.2.1.4lonospheric correctionThe ionospheric correctioibno, L1) is definedas:

Fx [5.0><10—"’ + AMP (1—"2—2+§)] x| <1.57

(seconds)
Fx(5.0x107) x| >1.57

Tiono,Ll:
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where

> andl AMP >0
if AMP < 0, AMP = 0

AMP=

] (seconds)

2m(t-50 400
. = 2150 400)

ER (radians)

>} Bk PER=72000

PER={
if PER < 72 000, PER =72 000

} (seconds)

F=1.0+16.0[0.53 —EJ

o, and B, are the satellite transmitted data words withn=20, 1, 2 and 3

On = 0;+ 0.064 cos (A;— 1.617) (semi-circles)

Psin A

hi =kt

(semi-circles)

d; = 0,+ y cos A (semi-circles)

$i=; if | P;|<0.416
$i= { ;= + 0.416 if §; > 0.416, ¢ (semi-circles)
¢;=-0.416 if p; < -0.416

0.0137 .

P = SRT -0.022 (semi-circles)

t = 432x10° A + GPS time (seconds) where 0 <t < 86 400,
therefore: if t > 86 400 seconds, subtract 86 400 seconds; and
if t <0 seconds, add 86 400 seconds

E = satellite elevation angle

3.1.1.2.1.4.1The terms used in computation of ionospheric delay aidlaws:

a) Satellite transmitted terms

U = the coefficientsof a cubic equationrepresentinghe amplitudeof the
vertical delay (4 coefficients = 8 bits eachgbtained from page 18 of
subframe 4

bn = the coefficients of a cubic equation representing the period of model (4

coefficients = &its eachpbtained from page 18 of subframe 4
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b) Receiver generatddrms

E = elevation angle between the user and satéflémicircles)

A = azimuth angle between the user and satellite, measured clockwise
positive from the true North (sernircles)

Pu = user geodetic latitude (sefmircles)WGS-84

o = user geodetic longitude (semi circles) W&4&6

GPStime = receiver computed systetime

c) Computederms

X = phasgradians)

F = obliquity factor(dimensionless)

t = local time(seconds)

Pm = geomagnetic latitude of the earth projection of the ionasphe

intersection point (mean ionospheric height assumed 350 km)
(semicircles)

o = geomagnetic longitude of the earth projection of the ionospherig
intersection poinfsemicircles)

¥i = geomagnetic latitude of the earth projection of the ionospheric
intersection poin{semicircles)

Y = earthdés central angle between us§g

ionospheric intersection point (sewircles)
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Table B-15. Elements of coordinate systems

A= (\-’E)Z Semi-major axis
U Computed mean motion
g = -3
A
te =t =t Time from ephemeris reference epoch’
n=ng+An Corrected mean motion
M, = M; + nty, Mean anomaly
M,=E,-esmnE, Kepler’s equation for eccentric anomaly (may be solved by iteration)
_ _q (I Vy _y (V1 —e?sin E, /(1 — e cos Ey)
v = tan = tan True anomaly
€08 Vi (cos E, —e)/(1—ecos Ey)
_1 [ etcosvy .
E.=cos™ j—— Eccentric anomaly
1 +ecos v
h=vto Argument of latitude
Second Harmonic Perturbations
Suy. = C,, sin 2¢y + C,, cos 20, Argument of latitude correction
&1y = C,, sin 24y + C,, sin 2¢y Radius correction
Si = Cyo cos 2¢ + C, sin 20y Inclination correction
Uy = ¢y + Oy, Corrected argument of latitude
1. = A(l — e cos Ey) + ry Corrected radius
i, =i + 81y + (IDOT)Ht, Corrected inclination

X'= 1.c08 uk}

Vo o Positions in orbital plane
Y= nesin vy

Q. =9+ (Q'Qe)tk —Quto. Corrected longitude of ascending node
X=Xy cos £ —y', cos i sin £

¥,.= Xk sin £ — ¥, cos igcos Earth-centred, earth-fixed coordinates
=y, sini,

*  tis GPS system time at time of transmission, 1.e. GPS time corrected for transit time (range/speed of light). Furthermore, t; 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 15, if t; is greater than
302 400 seconds, subtract 604 800 seconds from te. If tx is less than —302 400 seconds, add 604 800 seconds to .

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

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

24
gx) = ZgiX :
i=0

Il be
the
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where g= 1for0,1, 3,4,5,6,7,10, 11, 14, 17, 18, 23, 24, and
0 otherwise.

Noted See ISGPS705F 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.

Noted Additional terms apply to the satellite clocki@ztion for singlefrequency L5 and
dualfrequency L1 and L5 users as shown in 3.1.1.2.2.5.

3.1.1.2.2.3Satellite position. The current satellite position,(Xx, Z«) shall be calculated as
shown in Table B.5-5.

Noted The ephemeris parameters: ta@ , Lo, B, Mon, &, Wh, Wen, 2 3ion, ion , 5
Cisn, Cicny Gisny Gien, Cusn, @and Gien, are provided in CNAV message Types 10 and 11.

3.1.1.2.2.4Integrity assured user range accuracy (IAURA)
3.1.1.2.2.4.1Composite IAURA. The composite IAURA value shall be the RSSmof a

elevationdependent (ED) component and a +sdevationdependent (NED)
component.

TAURA = \/(adjusted IAURAgp)? + IAURA%

3.1.1.2.2.4.2Elevationrdependent (ED) accuracy estimate. An adjusted ED IAURA value ((in
metres) shall be computed from the upper bound value of the URAED obtajned
from message TypEO, Table BL5- 3, and the equation:

adjusted IAURAgp = URAep (sin(E+90))

where

E is the satellite elevation angle il
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3.1.1.2.2.4.Non-elevationdependent (NED) accuracy estimate. The -al@vation
dependent IAURA value (in metres) shall be computed using the upper b
value of URAepo and the equation:

TAURANED = URANED) + URANED] X(t —Top + 604,800X(WN — WNOP)
when t — top + 604,800%x(WN — WN,,) < 93,600 seconds
and

TAURAnep = URANEDo + URANED1*(t — top + 604,800x(WN — WN,,)
+ URAxp2X(t — top + 604,800+ WN — WN,y) — 93,600)?

when t —to, + 604,800x(WN — WN,,) > 93,600 seconds
where
t = GPS system time

WN, WN,p, top, URAnepo, URANeED 1, URANED; are obtained from message Types 10, 30 to 37,
and Table B-L5-4.

3.1.1.2.2.5Estimated L5 groupealay differential for singldrequency users.

Noted Inter-signal biases for L1/L5 dudiequency users are corrected via th
ionospherdree pseudaange described in 3.1.1.2.2.7.

3.1.1.2.2.5.1For the singldrequency L5 I5 user, the satellite clock time, correédt the
L1/L5 intersignal bias, shall be as follows:
(Atsy)psis = Atsy — Tgp + I1SCpsys

3.1.1.2.2.5.2For the singldrequency L5 Q5 user, the satellite clock time, corrected for
L1/L5 inter-signal bias, shall be as follows:

(Atsy)1sgs = Atsy — Tgp + 1SCp50s

Noted TGD, ISCL5I5 and ISCL5Q5 are provided in CNAV message T/pe 3

3.1.1.2.2.6lonospheric correction. For L5, the singtequency ionospheric correctior

defined in 3.1. 1. 2 .151(Tiokbi5= xTodoh) , b ew lgBU
(fLaffis) 2= (1 575.42/1 176.48) (154/1155.

ound

the

let i

3.1.1.2.2.7L1/L5 ionospheric correction for adiffrequency users.
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3.1.1.2.2.7.1The ionospherfree pseudaange for the dudkrequency (L1 C/A and L5 15)
user shall be as follows:

_ (PRLSIS - }’15PRL1C/A) + C(ISCLSIS - ylEISCLlc/A) _

PR 1= 7. cTep
where
PR = pseuderange corrected for ionospheric effects,
PR = pseuderange measured on the channel indicated by thecsipt,
ISCG = inter-signal correction for the channel indicated by the subscript, provided
CNAV message Type 30,
Tep = L1 P(Y) and L2 P(Y) intesignal correction, provided in CNAV message
Type 30,
Cc = speed of light, and
Y5 = (fLa/fis)? = (1 575.42/1 176.45)F (154/115§

3.1.1.2.2.7.2The ionospheréree pseudaange for the dudrequency (L1 C/A and L5 Q5)
user shall be as follows:

_ (PRLSQS - VlSPRLlc‘/A) + C(ISCLSQS - ylSISCLlc/A) _
B 1—v1s

PR Clgp

where PR, PRISG, TGD, c andYs are as defined above.
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Table B-L5-5. Elements of coordinate systems for L5 CNAV data

e =T~ tge
A=A +0A
1'-1](=1‘5I.0+1&I.tk
= |

0 A%

.ﬂnA = ﬂnﬂ + %ﬂ.rllotk
Ny =Ny + ﬂ.ﬂ_ﬁ_
Mk = Mo + n‘qltk

Mk = Ek - EnSinEk

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)

vi = tan™! [
COS V),
e+ cos v
E, =cos™! {—}
| +ecosv,
hk=w+w

Suy = Cusn 5in 2k + Cucn cOS 20
81 = Cre-n SiN 2k + Cren Sin 20k
By = Ciop 5in 20y + Ciey COS 2y
Ui = i + Sy

re = Ax(1 - e, cos E) + 8

iy = ig + ig_nty + Biy

X' = r,cos uk}
V' = Tsinuy

ﬂzﬂ}lgp‘}‘ﬂ.‘ﬂ.

U = 0y + (0- nu)tk_ Oty Corrected longitude of ascending node

Xy = X' cos {ly, - y',.cos iy sin 0,
X' sinfly, - vy cos iycos fy, ¢ Earth-Centred, Earth-Fixed coordinates

Y
7, = YV sini,

*  tis GPS system time at time of transmission, L.e. GPS time corrected for transit time (range/speed of light). Furthermore, t, 15 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 t, 15 greater than
302 400 seconds, subtract 604 800 seconds from t,. If t, is less than -102 400 seconds, add 604 800 seconds to t,.

** Ager = 26 539 710 metres
3% (g = —26x 1077 semi-circles/second

sin vk} a1 {ﬂ —e?sin E./(1 —ecos Ey)
= tan

(cos E, —e)/(1 —ecosEy)

} 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™"
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3.1.1.3AIRCRAFT ELEMENTS
3.1.1.3.1 GPSRECENER

3.1.1.3.1.1Reserved.

3.1.1.3.1.2 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.

3.1.1.3.1.3Doppler shift The receiver shall be able to compensate faadyc Doppler shift
effects on nominal SPS signal carrier phase and C/A code measurements,. The
receiver shall compensate for the Doppler shift that is unique to the anticippted
application.

3.1.1.3.1.4Resistance to interferencéhe receiver shall meet the requirertsefor resistance
to interference as specified in Chapter 3, 3.7.

3.1.1.3.1.5Application of clock and ephemeris dafde receiver shall ensure that it is using
the correct ephemeris and clock data before providing any position solution.|The
receiver shall monitothe IODC and IODE values, and to update ephemeris gnd
clock databased upon a detected change in one or both of these values. The SP$
receiver shall use clock and ephemeris data with corresponding I0DC and IODE
values for a given satellite.

3.1.1.4TIME

GPS timeshall be referenced to a UTC (as maintained by the U.S. Naval Observatory)|zero
time-point defined as midnight on the night of 5 January 1980/morning of 6 January 1980.
The largest unit used in stating GPS time shall be 1 week, defined as 604 800 SEw®nds.
GPS time scale shall be maintained to be within 1 microsecond of UTC (Modulo 1 segond)
after correction for the integer number of leap seconds difference. The navigation data shall
contain the requisite data for relating GPS time to UTC.
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3.2 Global navigation satellite system (GLONASS)hannel of standard
accuracy (CSA) (L1)

Noted In this section, the term GLONASS refers to all satellites in the constellation.
Standards relating only to GLONAS&satellites are qualified accordingly.

3.2.1 NON-AIRCRAFT ELEMENTS

3.2.1.1RF CHARACTERISTICS

3.2.1.1.1 Carrier frequencies.The nominal values of L1 carrier frequencies shall be as
defined by the following expressions:

fku=for+ K, pf

where
k = 17, é , 0, 1, é , 6 ar e carrier number
transmitted by GLONASS satellites in the &bband;
for = 1602 MHz;and
opf = 0.5625 MHz.

Carrier frequencies shall be coherently derived from a commdard time/frequency
standard. The nominal value of frequency, as observed on the ground, shall be equal to
5.0 MHz. The carrier frequency of a GLONASS satellite shall be within +2 %! 10
relative to its nominal value.f

Note 18 The nominal values ofacrier frequencies for carrier numbers k are given in
Table B16.

Note 20 For GLONASSM satellites, the L2 channel of standard accuracy (CSA)
navigation signals will occupy the 1242.9373 251.6875 MHz +0.511 MHz bandwidth
as defined by the followirexpressions:
fio="foo+  k, pf
foo= 1 2 4 62=NHIZ5 MHpf

For any given value of k the ratio of carrier frequencies of L1 and Lzbanbls will be
equal to:

ohsh
=M
Noll BEN|
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Table B-16. L1 carrier frequencies

Nominal value of

HY, frequency in L1 sub-band
Carrier number (see 3.2.1.3.4) (MHz)

06 6 1 605.3750
05 5 1 604.8125
4 4 1 604.2500
3 3 1 603.6875
2 2 1 603.1250
1 1 1 602.5625
0 0 1 602.0000

1 31 1 601.4375
-2 30 1 600.8750
-3 29 1 600.3125
—4 28 1 599.7500
-5 27 1 599.1875
-6 26 1 598.6250
7 25 1 598.0625

3.2.1.1.2 Carrier phase noiseThe phase noise spectral density of the unmodulated carrier
shall be such that a phase locked loop of 10 Hzsimed noise bandwidth
provides the accuracy of carrier phase tracking not worse than 0.1 radian (1 sigma).

3.2.1.1.3 GLONASS pseudaandom code generatioriThe pseudosandom ranging code
shall be a 51-bit sequene that is sampled at the output of the seventh stage-of a 9
stage shift register. The initialisation vector to generate this sequence shall be
A1111111110. The generati ng pstadeyshmfo mi a
register shall be:

G(X)=1+x+x°

3.2.1.1.4 Spurious emissionsThe power of the transmitted RF signal beyond the
GLONASS allocated bandwidth shall not be more thd0 dB relative to the
power of the unmodulated carrier.
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Note 10 GLONASS satellites launched during 1998 to 2005 and beyondiligse
limiting outof-band emissions to the harmful interference Ilimit contained in
Recommendation ITHR RA.769 for the 1 6601 670 MHz band.

Note 20 GLONASS satellites launched beyond 2005 use filters limitingofdagnd
emissions to the harmfutterference limit contained in Recommendation-RURA.769
for the 1 610.6 1 613.8 MHz and 1 6601 670 MHz bands.

3.2.1.1.5 Correlation loss The loss in the recovered signal power due to imperfections in
the signal modulation and waveform distortion shallexateed 0.8 dB.

Noted The loss in signal power is the difference between the broadcast power in a 1.022
MHz bandwidth and the signal power recovered by a Aoese lossfree receiver with 4
chip correlator spacing and a 1.022 MHz bandwidth.

3.2.1.2DATA STRUCTURE

3.2.1.2.1 General The navigation message shall be transmitted as a pattern of digital data
which are coded by Hamming code and transformed into relative code.
Structurally, the data pattern shall be generated as continuously repeating
superframes. The supaime shall consist of the frames and the frames shall
consist of the strings. The boundaries of strings, frames and superframes of
navigation messages from different GLONASS satellites shall be synchronized
within 2 milliseconds.

3.2.1.2.2 Superframe structureThe superframe shall have a 21inute duration and shall
consist of 5 frames. Within each superframe a total content cinmmediate
information (almanac for 24 GLONASS satellites) shall be transmitted.

Noted Superframe structure with indication of framammbers in the superframe and
string numbers in the frames is shown in Figusé.B

3.2.1.2.3 Frame structureEach frame shall have a-3@cond duration and shall consist of
15 strings. Within each frame the total content of immediate information
(ephemeris and timparameters) for given satellite and a part of-momediate
information (almanac) shall be transmitted. The frames 1 through 4 shall contain
the part of almanac for 20 satellites (5 satellites per frame) and frame 5 shall
contain the remainder of almanémr 4 satellites. The almanac for one satellite
shall occupy two strings.

Noted Frame structures are shown in FiguresS8Eand B9.
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3.2.1.2.4 String structure Each string shall have as2cond duration and shall contain
binary chips of data and time mark. Durithg last 0.3 second within thissecond
interval (at the end of each string) the time mark shall be transmitted. The time
mark (shortened pseugandom sequence) shall consist of 30 chips with a time
duration for each chip of 10 milliseconds and havirgftllowing sequence:

111110001101110101000010010110.

During the first 1.7 seconds within thissecond interval (in the beginning of each string) 85
bits of data (each data bit of a 20 milliseconds duration) shall be ttéedrm btbinary

format. The numbers of bits in the string shall be increased from right to left. Along with
information bits (bit positions 9 through 84) the check bits of Hamming code (KX) (bit
positions 1 through 8) shall be transmitted. The Hammidg ahall have a code length of 4.

The data of one string shall be separated from the data of adjacent strings by time mark (MB).
The words of the data shall be registered by MSB ahead. In each string bit position, 85 shall
be an idl e chsnted(fift0 0) and be tran

3.2.1.2.4.1Strings 1 through 4The information contained in strings 1 through 4 of each
frame shall correspond to the satellite from which it is transmitted. This
information shall not be changed within the superframe.

3.2.1.2.4.2Strings 5 through 15 Strings 5 through 15 of each frame shall contain
GLONASS almanac for 4 or 5 satellites. The information contained in the fifth
string shall be repeated in each frame of the superframe.

Noted String structure is given in Figure-BO.

3.2.1.3DATA CONTENT

3.2.1.3.1 Ephemeris andime parametersThe ephemeris and time parameters shall be as
follows:

M the string number within thiegame;

tk the time referenced to the beginning of the frame within
current day. It is calculated according to the satellite time s
The integer number of hours elapsed since the beginning g
current day is registered in the 5 MSBs. The integer numb
minutes elapsed since the beginning of the current hol
registered in the next 6 bits. The number ofs@@ond intervals
elapsed sincéhe beginning of the current minute is registere
the one LSB. The beginning of the day according to the sat
time scale coincides with the beginning of the recur
superframe
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to the time interval within the current day according to UTC(SU
03 hours 00 min. The immediate data transmitted within the f1
are referred to the middle of. Duration of the time interval an
therefore the maximum value of depends on the value of t
flag P1
In(th) the relative deviation of predicted carrier frequency value-g
satellite from the nominal value at the instgritd.
l?n(tb)_an
Yalty)="—p—=
Hn
Where;
fr(to) the forecast frequency ofgatellite clocks at an instamt t
fHN the nominal value of fragency of rsatellite clocks
Gi(tv) the correction to the-gatellite time tn relative to GLONASS tin|

tc at an instantyf

i . t) = i) T ta(to);

Xn(to), Yn(tb), Zn(tb)

the coordinates of -eatellite in PZ90 coordinate system at i
instant i

kn(tp), ¥ulty), Zn(tp)

the velocity vector components ofsatellite in PZ90 coordinate
system at an instarnj t

% (ty), ¥, (tp), 25 (1)

the acceleration components ofsatellite in PZ90 coordinate
system at an instang, twhich are caused by effect of sun g
moon

En

an indicat i mhtheanimediate enformatigneic.
time interval elapsed since the instant of its calcula
(uploading) until the instang for n-satellite

Bn

the health flag. Values greater than 3 indicate the fac
malfunction of given satellite

P1

a flag indcating the time interval between the current
previous value of the parameters in minutes as shown

P1 Time interval between adjacent values of t, in minutes

0 0
1 30
10 45
11 60

P2

a flag indicating whether the value gfis odd or even. A value ¢
Nn10 i ndi-ntinute mtervaleof s8r@ice information transn
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t=1,3, 5 ¢é), a Vv al ueminuteintdrvalof
service information transmits(6¢ 2, 6, 10 é) ;
P3 a flag indicating the number of satellites for which an almang

transmitted within a given
and A Osponds o 4 satellites; and

Pk the time difference between the navigation RF signal transm
in L2 subband and navigation RF signal transmitted in L1-s
band by given satellite:

Ph=to ity

where t, t> are the equipment delays in L1 anddittybands respectively, expressed i
units of time.

3.2.1.3.2 Ephemeris and time parametefBhe ephemeris and time parameters shall be as
indicated in Table BL7. For the words for which numeric values may be positive
or negative, the MSB shall be the signithe chi p A00 shall ¢
sign and the chip #didsign.shal |l correspong

3.2.1.3.3 Arrangement of the ephemeris and time parameté&msangements of the
ephemeris and time parameters within a frame shall be as indicated iBTEhle

3.2.1.3.4 Almarac parametersThe almanac parameters shall béoldsws:

A an index showing relation of this parameter with the almanac;

M4, an index of the modification of ‘s at el | i t e:
GLONASS satellite, an-Msdelitd 0 i

Tc the GLONASS time scale correction to UTC(SU) time. T
C or r ecdstgiven at th&instant of day*N

NA the calendar day number within theydar period beginning sincg
t he | eap ye arcand dtheralmanaa data @lmanac

orbits and almanac ghases) relate to this day number;

n the slot number occupied bysatellite

HA, the channel number of a carrier frequency d&atellite (Table B
16);

A the longitude of the first (within the’Nday) ascending node of'n

satellite orbit in P20 coordnate system
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62 the time of the first ascending node passage”edatellite within
NA-day

Table B-17. Ephemeris and time parameters

Number Scale factor Effective

Parameter of bits (LSB) range Units
m 4 1 dimensionless

5 1 0to23 hours
fi 6 1 0to 59 minutes

1 30 0 or 30 seconds
T 7 15 15...1 425 minutes
Ya(ty) 11 20 +27%0 dimensionless
Ta(ty) 22 2730 127 seconds
Xa(te). Valte). Za(to) 27 21 42.7 = 10* km
% (). ¥ (). Zo (1) 24 27 +4.3 km/second
£, (). ¥ (F). 2 (1) 5 2730 +6.2 = 107 kmy/second”
E. 5 1 0to 31 days
B, 3 1 0to7 dimensionless
Pl 2 as detailed in 3.2.1.3.1 —————
P2 1 1 0:1 dimensionless
P3 1 1 0:1 dimensionless
AT, 5 2730 +13.97 < 107° seconds

Table B-18. Arrangements of the ephemeris and time parameters within the firame

Number String number Bit number
Parameter of bits within the frame within the frame
m 4 1...15 81 -84
te 12 1 65-76
ty 7 2 70-76
Vally) 11 3 - 69—-79
T,(to) 22 4 59-80
x,(t,) 27 1 935
Valty) 27 2 9-35
Za(ty) 27 3 9-35
%,(t) 24 1 41— 64
¥, (te) 24 2 41— 64
Zy(ty) 24 3 41 - 64
,(t) 5 1 3640
$a(ty) 5 2 3640
Zy(ty) 5 3 36—40
E, 5 4 49 -53
B, 3 2 78 — 80
Pl 2 | 77—178
2 1 2 77
P3 1 3 80
Aty 5 4 54 -58
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Ai*y the correction to the mean value of inclination dfsatellite at instant o
t'n (mean value of inclination is equal to 63 degrees)

ATA, the correction to the mean value of Draconian period of theatellite
at the instant ofs, (mean value of Draconian period T is equal to
200 seconds);

ATA the rate of changef ®raconian period ofhsatellite;

By the eccentricity of fsatellite at instant ofn;

A the argument of perigee ofsatellite at the instant of,

B the coarse value offrsatellite time correction to GLONASS time
instant of $An

Chn a generalized i fsateliedt tinstant of &lnaag:

upload almanac of orbits and phases. Wher G, this indicates that-r
satellite is noroperational. When = 1, this indicates that-satellite is
operational.

3.2.1.3.5 Partition and codingf almanac parameter§he GLONASS almanac, transmitted

within the superframe, shall be partitioned over the superframe, as indicated in
Table B19. The numeric values of almanac parameters shall be positive or
negative. The MSB shall be the sign bit, thévi p A 00 shall corr
sign, and the chip Adosishml | Ther akmpo
shall be coded as indicated in Tabl2®&

3.2.1.3.6 Arrangement of the almanac parameteArrangement of the almanac words

within the frame shalbe as indicated in Table-RL.

3.2.1.4CONTENT AND STRUCTURE OF ADDITIONAL DATA TRANSMITTED BY

GLONASSM SATELLITES

3.2.1.4.1 Letter designation of additional datan addition to the GLONASS data,

GLONASSM satellites shall transmit the following additional data asciaweid in
Table B17A:

n an index of the satellite transmitting the given navigation sign
corresponds to a slot number within GLONASS constellation;

In health flag for At h s at el | i t e: -thidatélliteiis
heal t hy, i 1 olfunctiordof theanth satellite; h e n

Bl coefficient to determine P\
between UT1 and UTC at the beginning of the daf)(Expresse
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in seconds;
B2 coefficient to determine @U
the difference @UT1 mheaxspmrdays.s

These coefficients shall be used to transform between UTC(SU) and UT1:
UT 1= UTOTISU)

where

uT1 Universal Time referenced to the Mean Greenwich
Meridian (taking account of Pole motion),

UTC(SU) UTC(SU)d Coordinated Universal Timef the Russian
Federation State Standard,

@UT1= B1 # NB2 T (N
KP 8 natification of a forthcoming leap second correction of UTC (1 s) as shown:

KP UTC second correction data

00 No UTC correction at the end of the current quarter
01  UTC correction by plus | s at the end of the current quarter
11 UTC correction by minus 1 s at the end of the current quarter

Noted GLONASS system timescale correction is usually performed once a year at
midnight 00 hour®0 minutes 0@econdsn accordancewith the early notification of the
InternationalTimeBureau(BIH/BIPM) at theendof a quarter:

from 31 December to 1 Januady first quarter,
from 31 March to 1 Apri® second quarter,
from 30 June to 1 July third quarter,

from 30 September to 1 Octol@rfourth quarter.

NT current date, calendar number of the day within the-year
interval starting from 1 January in a leap year;

Noted An example of Ntransformation into the common form
current data infomation (dd/mm/yy) is presentedl@®AO Annex 1(
Volume | Attachmerd, 4.2.7.1.

N4 four-year interval number starting from 1996

Fr a parameter that provides the predicted satellite user
accuracy at timept Coding is as indicated ihable B17B

M type of satellite transmitting the navigation signal. 00 refers
GLONASS satellite; 01 refers to a GLONAS&satellite

P4 flag to show that updated e
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indicates that an updated ephemeris or freguiéme parameter
have been uploaded by the control segment;

Noted Updated ephemeris or frequency/time information
transmitted in the next interval after the end of the current inte
to.
P technological parameter of control segment indicatingstitellite
operation mode in respect of time parameters

008 Uparameter rel ayed foks
parameter relayed from control segment;

018 U parameter rel ayed fdpg
parameter calculated dyoard the GLONASS/ satellite;

100 ( parameter calculated doard the GLONASS/
s at e bpkparaneeter relhyed from control segment;

118 ( parameter calculated doard the GLONASS/
s at e kpkparaneeter célculated droard the GLONASS/
satellite;

(Bpsd correction to GPS time relative to GLONASS time:
Tepsl TeL = DT + Wsps

Where;
DT i s t he i nepsis theefractigna patt of the diffdrent
between the system timescales expressed in seconds.

Noted The integer part oT is de
message by the user receiver.

MA, type of satdite n*: coding AO00O0 indicaé
coding AO010 i ndMsatalltees a GLON

3.2.1.4.2 Additional data parameters. Additional data parameters are defined in Tables B
17A to B-18A.

3.2.1.4.3 Location of additional data words within GLONASS navigation message. The
required location of additional data words within the GLONA@Savigation
message is defined in TablelBA.
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Table B-17A. Additional data parameters

Parameter No. of bits Scale factor (LSB) Effective range Units
n 5 1 0to31 Dimensionless
la 1 1 0:1 Dimensionless
Bl 11 2710 +0.9 seconds
B2 10 27t (4.5103.5) > 107 s/mean sun day
KP 2 1 0to3 Dimensionless
Nt 11 1 0tol 461 days
N, 5 1 l1to31 four-year interval
Fr 4 See table B-17B
M 2 1 0to3 Dimensionless
P4 1 1 0:1 Dimensionless
P 2 1 00,01.10.11 Dimensionless
Tors 22 230 +1.9 %107 seconds
M*, 2 1 0to3 Dimensionless

Table B-17B. F1 word coding

Fr value Pseudorange aceuracy. 1 sigma (m)
0 1
1
2 2.5
3 4
1 5
5 7
6 10
7 12
8 14
9 16
10 32
11 64
12 128
3 256
14 512
15 Not used
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Table B-18A. Location of additional data words within the GLONASS-M navigation message

String number within the

Word Number of bits superframe Bit number within the string
n 5 4.19. 34.49. 64 11-15
L, 1 5.7.9.11.13.15.20. 9
22. 24, 26. 28. 30. 35.
37.39.41. 43. 45. 50.
52. 54. 56. 58. 60.
65.67.69.71.73.75
3.18.33.48.63 65
BI 1 74 (within the superframe) 70— 80
2 10 74 (within the superframe) 60— 69
KP 2 74 (within the superframe) 58 -39
Nr 11 4,19, 34, 49. 64 16 -26
Ny 5 5.20. 35.50. 65 32-306
Fr 4 4,19, 34, 49. 64 30-33
M 2 4,19, 34, 49. 64 9-10
P4 1 4,19, 34, 49, 64 34
P 2 3,18, 33,48, 63 66 — 67
1GPs 22 5.20.35.50.65 10 -31
M, 2 6.8.10.12. 14 78 —79
Table B-19. Almanac partition within the superframe
Frame number Satellite numbers, for which almanac is
within the superframe transmitted within given frame
1 1to5
2 610 10
3 11to 15
4 1610 20
5 21to24
Table B-20. Almanac parameters coding
Number Scale factor
Parameter of bits (LSB) Effective range Units
M2, 2 1 0to3 dimensionless
T, 28 27 +1 seconds
N 11 1 1t01461 days
n® 5 1 1t024 dimensionless
H" 5 1 0to 31 dimensionless
Mo 21 2720 +1 semi-circles
A, 21 27 0 to 44 100 seconds
Ai*a 18 2720 +0.067 semi-circles
AT*a 22 2 +3.6 = 10° seconds/revolution
ATA, 7 274 4278 seconds/revolution®
et 15 270 010 0.03 dimensionless
o™ 16 271 +1 semi-circles
A, 10 218 £19 %107 seconds
(o 1 1 Ot 1 dimensionless
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Table B-21. Arrangement of almanac parameters within the frame

Number String number Bit number
Parameter of bits within the frame within the string
M 2 6.8.10.12. 14 78 — 79
T, 28 5 42 — 69
NA 11 5 70 — 80
n® 5 6.8.10.12. 14 7377
H* 5 7.9.11. 13,15 10— 14
1 21 6.8.10.12. 14 42 - 62
DA, 21 7.9,11. 13,15 44— 64
Ain 18 6.8.10.12. 14 2441
AT 22 7.9.11.13. 15 2243
A 7 7.9.11,13.15 15-21
et 15 6.8.10,12. 14 9_23
o™ 16 7.9.11.13. 15 65— 80
tA, 10 6.8,10.12. 14 63— 72
cta 1 6.8.10,12. 14 0

Note.— String numbers of the first four frames within superframe are given. There are no
almanac parameters in 14th and 15th strings of 5th frame.

3.2.2 DEFINITIONS OF PROTOCOLS FOR DATA APPLICATION

Noted This section defines the integlationships of thedata broadcast message
parameters. It provides definitions of parameters that are not transmitted, but are used by
either or both noraircraft and aircraft elements, and that define terms applied to
determine the navigation solution and its integrity.
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Parity checking algorithm

€3=P3 @ [Ty by Jmod2

€1, €2, ..., €7, ¢y are the checksums generated using the following:

€1 =P @ [I; bilmea2
i = 9.10,12.13.15.17.19, 20, 22, 24, 26. 28. 30,
55.57.59.61,63.65.66.68.70,72,74. 76. 78.
€ =02 D [ZiDjlmoa2
i = 9.11.12.14.15 18,19, 21, 22, 25, 26. 29, 30
56.57.60. 61, 64, 65.67.68.71. 72, 75. 76. 79,

k = 10.11.12,16.17.18.19, 23,24, 25, 26. 31. 32
56, 57.62. 63,064, 65.69,70.71.72.77. 78. 79.
€4= P4 D [Z1 i]moa2
| = 13.14,15,16.17.18.19, 27, 28. 29, 30. 31. 32,
60, 61. 62. 63.64. 65,73, 74, 75.76, 77. 78. 79,
Cs= |35 @ [Embm]modl
m = 20,21, 22.23.24.25, 26,27, 28, 29, 30, 31. 32.
60, 61. 62. 63, 64. 65, 81, 82, 83. 84, 85.
Cs= B‘ﬁ @ [En bu]mod?
n = 35 36,37.38,39,40, 41. 42. 43, 44, 45, 46. 47.
60, 61. 62, 63, 64, 65.
c7=P7® [T, bylmoa?
p = 66.67.68.69. 70.71.72,73.74.75.76.77. 78.
Cr = [Z B gl moa2 @ [Z DyJmod
q = 1.2.3.456.7.8
r = 9,10,11,12, 13,14, 15. 16, 17. 18, 19, 20, 21.
34, 35, 36, 37, 38, 39,40, 41. 42, 43, 44, 45, 406,

59. 60, 61. 62, 63. 64. 65, 66. 67. 68. 69. 70, 71, 72, 73,
34. 85.

b85, b84, ..., b10, b9 are the data bits (position 9 to 85 in the string);

Bl.p2..... B8 are the check bits of the Hamming code (positions 1 to § in the string);

. 34, 35. 37. 39.
.82, 84.

41.

40, 41.

33. 34. 38. 39. 40.
80. 85.

41.

33.34.42. 43,44,
30.

33. 34, 50, 51, 52, 53,

48. 49, 50, 51. 52,

53,

79. 80. 81. 82. 83. 84. 85.

22.23

47, 48,

24, 25,
49, 50.

74, 75.

26. 27,
51, 52,

76.77. 7
! P

44,

46.

5. 46.

54,

28,
53,

47,

55,

20,
54,
.79,

5.47.

5. 48,

7, 48, ¢

48, -

56.

30,
55,
80.

49, 51,

49, 52,

56. 5
81.

. 33,
. 58,
2. 83,

3.2.2.1Parity checking algorithm for data verificatioithe algorithm shown in Table-B2
and as detailed below is useddetectandcorrectan errorof 1 bit within thestring
andto detectan errorof 2 or morebits within astring.

3.2.2.1.1 Each string include the 85 data bits where the 77 MSBs are data chipshis,
€ , 10liw), and the 8 LSBs attbe checkbits of Hamming coddengthof 4

é ,bo,
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3.2.2.1.2 To correct 1bit errors within the string the following checksums are generatgd: (c
C2, &7), and to detect -Bit errors (or moreverrnumberof-bits errors) a
checksum g is generated, as shown in Table2B. The following is used for
correcting single errors and detecting multipteors:

a) A string is considered correct if all checksums (¢, z,andg) ar e equal {
if only one of the checksumsi(c..,¢) i s e g u adisequaltdiillcdc. and g

b) If two or more of the checksumsy(c.., @) ar e equeli st @eqfihd &
then <chadaadtserc offlr e cdite character intthe dollowing hib
position:

Acbi® FCsceCsCaCaCi+8i K, proviegded t8bagt i
whers@citaocsc,ci0 s a binary number ge.nerwih e d
c1 being the LSB and+cbeing the MSB. K is th ordinal number of the most significant
checksum not equal to AO0O.

If icor> 85, then there is an odd number of multiple errors, and the data shall be rejected.

c) If at least one of the checksumsg,(c.,¢) i s equadi st ce gfulad & mod
all checksums (¢ ..., @) are equagi st oeqfiubad btuot fcl o,
multiple errors and the data shallrbgected.

3.2.2.2SATELLITE CLOCK CORRECTIONPARAMETERS
3.2.2.2.1 GLONASS system time is determinas

toLonass = tk + n(te) T On(tb) (t i tb)

where t, n(td)) n(to) @re parameters described in 3.2.1.3.1.

3.2.2.2.2 GLONASS time is related to National Time Service of Russia (UTC(SU)) time as
indicatedbelow:

tutcsu) = toLonass+ ¢ TUD3 hours 00 minutes
where
W is a parameter described in 3.2.1.804
03 hours 00 minutes is continuous time shift caused by difference between Moscow time and

Greenwich time.
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3.2.2.3SATELLITE POSITION

3.2.2.3.1 The current satellite position is defined using ephemeris parameters from
GLONASS navigation, as indicated and in TaBié7.

3.2.2.3.2 Recalculation of ephemeris from instagtd instantitwi t hi n t hjjes|ti nt e 1
th| O 15 minutes) i S perfor med using
differential equations describing the motion of the satellites. In themyind parts
of these equations the accelerations are determined thgirggavitational constant
¢ and the second zonal 2hwhictmadefinescpolas f t
flattening of the earth, and accelerations due to-dokar perturbation are taken
into account. The equations are integrated in th®®Z3.2.5) coorthate system
by applying the Rung&utta technique of fourth order, as indicated below:

52 o
I-— |+ o’x + 20V, + &
L y

dv, 3, pal ( 572
- = — —‘.’ —_ — ]

yl1-= ) + oy + 20V, +§
2 .

dv 3 ual 572
2 = _%—z—;Jﬁlr:z(l— 2 )-1—2

dt 3
where
1= Jxi4yi4zi
i = earth’s universal gravitational constant (398 600.44 = 10° m*/s%):
a. = major semi-axis (6 378 136 m):
Py = second zonal harmonic of the geopotential (1 082 625.7 < 107); and

earth’s rotation rate (7.292115 * 107 radians/s).

Coordinates X(tp). ¥alts). Zs(ts), and velocity vector components X, (t,) = V. ¥a (t,) = Vi Z, () =V, are initial conditions for
the integration. Accelerations due to luni-solar perturbation X, (t,). ¥, (t), Z, (t,) are constant on the integration interval
+15 minutes.

3.2.3 AIRCRAFT ELEMENTS

3.2.3.1GNSS (GLONASSIRECEIVER
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3.2.3.1.1 Satellite exclusionThe receiver shall exclude any satellite designatdgbalthy in
the GLONASS navigation message.

3.2.3.1.2 Satellite trackingThe receiver shall provide the capability to continuously track a
minimum of four satellites and generate a position solution based upon those
measurements.

3.2.3.1.3 Doppler shift.The receiver shall be able to compensate for dynamic Dogpfer s
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.

3.2.3.1.4 Resistance to interferencéhe receiver shall meet the requirementsrésistance
to interference as specified in 3.7.

3.2.3.1.4.1Intrasystem interference/Vhen receiving a 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 bemore thani 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
i n useroznevisibility

Noted The intrasystem interference is thdentorrelation properties of the ranging
pseuderandom signal with regard to frequency division multiple access.

3.2.3.1.5 Application of clock and ephemeris daide receiver shall ensure that it is using
the correct ephemeris and clock data before providingpasiyionsolution.

3.2.3.1.6 Leap second correctionUpon GLONASS time leap second correction (see
3.2.1.3.1,4) the GLONASS receiver shall be capable of:

a)generating a smooth and valid series of pseadge measurements; and

b) resynchronizing the data string timmeark without loss of signal tracking.

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

3.2.4 TIME

3.2.4.1For the GLONASSM satellites, the navigation message shall contain the data
necessary to relate UTS() time to UT1. GLONASS time shall be maintained to
be within 1 millisecond of UTC(SU) time after correction for the integer number of
hours due to GLONASS control segment specific features:

| toLonassi (UTC + 03 hours 00 minutes) | < 1 ms

The navigathn data shall contain the requisite data to relate GLONASS time to UTC time (as
maintained by the National Time Service of Russia, UTC (SU)) within 1 microsecond.

Note 18 The timescales of GLONASS satellites are periodically compared with central
synchraizer time. Corrections to the timescales of GLONASS satellites relative to
GLONASS time and UTC(SU) time are computed at the GLONASS gpased control
complex and uploaded to the satellites twice per day.

Note 20 There is no integesecond differencbetween GLONASS time and UTC time.

The GLONASS timescale is periodically corrected to integer number of seconds

simultaneously with UTC corrections which are performed according to the Bureau

I nternational de | 6 Heur e n d'hesef corceetions area (|
performed at 00 hours 00 minutes 00 seconds UTC time at midnight at the end of a

quarter of the year. Upon the GLONASS leap second correction the time mark within
navigation message changes its position (in a continuous timescald)edome
synchronized with -Becond epochs of corrected UTC timescale. GLONASS users are
notified in advance on these planned corrections. For the GLOMASAtellites,
notification of these corrections is provided to users via the navigation message
parameer KP.

3.2.4.2Accuracy of mutual satellite timescales synchronization shall be 20 nanoseconds (1

sigma) for GLONASS satellites and 8 nanoseconds (1 sigma) for GLOWNASS
satellites.

3.2.4.3The correction to GPS time relative to GLONASS time (or difference betwees thes
timescales) broadcast by the GLONABS s at edpd $hallenst,excddd 30
nanoseconds (1 sigma).

Noted T he ac c wms(@0cny) is ddtermihed with reference to the GPS SPS coarse
acquisition signal and may be refined upon completion of triath@iGLONASS system
using GLONASS/ satellites.
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3.2.5 COORDINATE SYSTEM

3.2.5.1PZ-90 (Parameters of common terrestrial ellipsoid and gravitational field of the earth
1990).The GLONASS broadcast ephemeris shall describe a position of transmitting
antenna phase centd a given satellite in the P90 earthcentred eartfixed
reference frame.

3.2.5.2CONVERSION BETWEEN PA0 AND WGS84

3.2.5.2.1 The following conversion parameters should be used to obtain position coordinates
in WGS84 (version G1674) from position coordinates in-3®¥ (Version PZ

90.11):
X 1 0.0097 x 107 0.2036 x 10~° X 0.003
Y =[-0.0097 x 107° 1 0.0921 x 107°| X |Y +10.001
Zlwis—ga —0.2036 X 107? 0.0921 x 107° 1 Zlpz-90 0

Note 18 X, Y and Z are expressed in metres. The difference between versiof34AWGS
(G1674) and PA0 (P£90.11) is not significant with respect to operational
requirements.

Note 20 Guidance material on conversion between®Zand WG4 is provided in
ICAO Annex 10 Volume | Attachméhtsection 4.2.9.3.

3.3 Combined use of GPS an@GLONASS
3.3.1 AIRCRAFT ELEMENTS
3.3.1.1Combined GNSS receivefhe combined GNSS receiver shall process signals from

GPS and GLONASS in accordance with theuregments specified in 3.1.3.1, GPS
(GNSS) receiver, and 3.2.3.1, GLONASS (GN&Sgiver.

3.3.1.1.1 Resistance to interferencEéhe combined GNSS receiver shall meet the individual
requirements for GPS and GLONASS as specifi€?l in

3.3.1.2Antenna(e) GPS and GLONASSignals shall be received through one or more
antennae.

Noted Performance characteristics of GNSS receiver antennae are defined in 3.8.
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3.3.1.3Conversion between coordinate systeniosition information provided by a
combined GPS and GLONASS receiver shall égressed in WG84 earth
coordinates.

3.3.1.3.1 The GLONASS satellite position, obtained in-B& coordinate frame, should be
converted to account for the differences between V8&8nd P20, as defined in
3.2.5.2.

3.3.1.4GPS/GLONASS tim&Vhen combining measurementsrh GLONASS and GPS, the
difference between GLONASS time and GPS time shall be takeadntunt.

3.3.1.4.1 GPS/GLONASS receivers shall solve for the time offset between the core
constellations as an additional unknown parameter in the navigation solution and
notonly rely on the time offset broadcast in the navigatiessages.

3.4 Aircraft -based augmentation systerfABAS)

Noted Guidance on ABAS is givenl@AO Annex 10 Volume | Attachméhtsection 5.

3.5 Satellite-based augmentation syster{SBAS)
3.5.1 GENERAL
Noted Parameters in this section are defined in W&IS

3.5.2 RFCHARACTERISTICS

3.5.2.1Carrier frequency stabilityThe shorterm stability of the carrier frequency (square
root of the Allan Variance) at the output of the satellite transmit antenna shall be
better thars x 101! over 1 to 1Geconds.

3.5.2.2Carrier phase noiseThe phase noise spectral density of the unmodulated carrier shall
be such that a phase locked loop of 10 Hzgided noise bandwidth is able to track

the carrier to an accuracy of 0.1 radiasi¢fina)

3.5.2.3Spurious emissionsSpurious emissions shall be at least 40 dB below the
unmodulated carrier power over aikquencies.
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3.5.2.4Code/carrier frequency coherencéhe shorterm (less than 10 seconds) fractional
frequency difference between the code phasearadethe carrier frequency shall be
less than 5 x 1& (standard deviation). Over the long term (less than 100 seconds),
the difference between the change in the broadcast code phase, converted to carrie
cycles by multiplying the number of code chips by40, and the change in the
broadcast carrier phase, in cycles, shall be within one carrier cycle (standard
deviation).

Noted This applies to the output of the satellite transmit antenna and does not include
code/carrier divergence due to ionospheritraetion in the downlink propagation path.

3.5.2.5Correlation loss The loss in the recovered signal power due to imperfections in the
signal modulation and waveform distortion shall not excea#.1

Noted The loss in signal power is the difference betweemtbadcast power in a 2.046
MHz bandwidth and the signal power recovered by a Aoese lossfree receiver with 4
chip correlator spacing and a 2.046 MHz bandwidth.

3.5.2.6Maximum code phase deviatiomhe maximum uncorrected code phase of the
broadcast signahall not deviate from the equivalent SBAS network time (SNT) by
more than +2°seconds.

3.5.2.7Code/data coherencdeach 2millisecond symbol shall be synchronous with every
other codepoch.

3.5.2.8Message synchronizatiofhe leading edge of the first symbol tltpends on the
first bit of the current message shall be broadcast from the SBAS satellite
synchronous with a-&econd epoch @&NT.

3.5.2.9Convolutional encodingA 250-bit-persecond data stream shall be encoded at a rate
of 2 symbols per bit using a convahutal code with a constraint length of 7 to yield
500 symbols per second. The convolutional encoder logic arrangement shall be as
illustrated in Figure BL1 with the G3 output selected for the first half of each 4
millisecond data bit period.

3.5.2.10Pseudearandam noise(PRN)codes EachPRN codeshallbe a 1 023-bit Gold code
which is itself the Modulo-2 addition of two 1 02dit linear patterns, G1 and G2
The G2 sequence shall be formed by delaying the G2 sequence by the associated
integer number of chips as illustrated in Table B-23. Each of the G1 and G2
sequenceshall be defined as the output of stage 10 of a i€lage shift register,
where the input to the shift register is the ModRladdition of the following stages
of the shiftregister:

G1: stages and 10;and
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G2: stages 2, 3, 6, 8, 9 and 10.

The initial state
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Table B-23. SBAS PREN codes

First 10 SBAS chips

PEN G2 delay (Leftmost bit represents first
code number (chips) transmitted chip, binary)
120 145 0110111001
121 175 0101011110
122 52 1101001000
123 21 1101100101
124 237 0001110000
125 235 0111000001
126 886 0000001011
127 657 1000110000
128 634 0010100101
129 762 0101010111
130 355 1100011110
131 1012 1010010110
132 176 1010101111
133 603 0000100110
134 130 1000111001
135 359 0101110001
136 595 1000011111
137 68 0111111000
138 386 1011010111
139 797 1100111010
140 456 0001010100
141 499 0011110110
142 883 0001011011
143 307 0100110101
144 127 0111001111
145 211 0010001111
146 121 1111100010
147 118 1100010010
148 163 1100100010
149 628 0101010011
150 853 0111011110
151 484 1110011101
152 289 0001011110
153 811 0010111011
154 202 1000010110
155 1021 0000000011
156 463 1110111000
157 568 0110010100
158 904 0010011101
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3.5.3 DATA STRUCTURE

3.5.3.1Format summaryAll messages shall consist of a message type identifier, a preamble,
a data field and a cyclic raddancy check as illustrated in FigurelB.

3.5.3.2PreambleThe preambl e shall consist of the
110001100, di stributed over threebitsucc
preamble shall be synchronous with-ae&ondGPS subframe epoch.

3.5.3.3Message type identifielhe message type identifier shall be-hitvalue identifying
the message type (Typ€sto 63) as defined in Table-B}. The message type
identifier shall be transmitted MSB first.

3.5.3.4Data field The data fieldshall be 212 bits as defined in 3.5.6. Each data field
parameter shall be transmitted MSB first.

3.5.3.5Cyclic redundancy check (CROhe SBAS message CRC code shall be calculated in
accordance with 3.9.

3.5.3.5.1 The length of the CRC code shall be k = 24 bits.

3.5.3.5.2 The RC generator polynomial shall be:

Table B-24. Broadcast message types

Message type  Contents

0 ADo Not Useo (SBAS
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
13to 16 Spare

17 GEO satellite almanacs

18 lonospherigrid point masks

19to 23 Spare
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24 Mixed fast/longterm satellite error correctiol
25 Long-term satellite error corrections

26 lonospheric delay corrections

27 SBAS service message

28 Clock-ephemeris covariance matrix

2910 61 Spare

62 Reserved

63 Null message

3.5.3.5.3 The CRC information field, M(x), shdltie:

226
M(x)= Z m;x2257 = mx%2° + myx?2* 4 - 4+ myex°
=1

3.5.3.5.4 M(x) shall be formed from the-Bit SBAS message preamblept message type
identifier, and 21zbit data field. Bits shall be arranged in the order transmitted
from the SBAS atellite, such that incorresponds to the first transmitted bit of the
preamble, and pas corresponds to bit 212 of the détld.

3.5.3.5.5 The CRC coder-hits shall be orderedsuchthatr; is thefirst bit transmittedandros
is thelastbit transmitted.

3.5.4 DATA CONTENT
3.5.4.1PRN mask parameterBRN mask parameters shall béa®ws:

PRN code numbera number that uniquely identifies the satellite PRN code and related
assignments as shown in TableB.

PRN mask210 PRN mask values that correspond to satellite Bétl¢ numbers. The mask
shall set up to 51 of the 210 PRN maskues.

Noted The first transmitted bit of the PRN mask corresponds to PRN code number 1.

Table B-25. PRN code number assignments

PEN code number Assignment
1-37 GPS
38 -6l GLONASS slot number plus 37
62-119 Spare
120158 SBAS
159-210 Spare
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PRN mask valuea bit in the PRN mask indicating whether data are provided for the
associated sallite PRN codenumber { t0210).

Coding: 0
1

data not provided
data provided

PRN mask numbethe sequence number (1 to 51) of the mask values set in the PRN mask.

Noted The PRN mask number i s f1lo for htthee |
PRN mask value is Al1lo0.

Issue of datad PRN (IODP): an indicator that associates the correction data with a PRN
mask.

Noted Parameters are broadcast in the following messages:
PRN mask (consisting of 210 PRN mask values) in Typesdage;
PRN mak number in Type 24, 25 and @®ssages;
PRN code number in Type 17 messaget

IODP in Type 1to 5, 7, 24, 25 and 2f#&ssages.

3.5.4.2Geostationaryorbit (GEO) ranging function parameters.GEO ranging function
parametershallbeasfollows:

toces the refeence time for the GEO ranging function data, expressed as the time after
midnight of the current day.

[XcYcZg]: the position of the GEO at time ¢eo

&G Y& Zg): the \elocity of the GEO at time to, ceo

[XGYGZG]: the acceleratia of the GEO at time to, eo.

acfo. the time offset of the GEO clock with respect to SNT, defineg aid

acr: the drift rate of the GEO clock with respect to SNT.

User range accuracy (URARnN indicator of the rootmeansquareranging error, excluding
atmospherieffects,asdescribed inTableB-26.

Noted All parameters are broadcast in Type 9 message.
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Table B-26. User range accuracy

URA Accuracy (rms)
0 2m
1 28m
2 4m
3 57m
4 3m
5 11.3m
6 16 m
7 32m
8 64 m
9 128 m
10 256 m
11 512m
2 1024 m
13 2048 m
14 4 096 m
15 “Do Not Use”

Note.— URA values 0 to 14 are not used in the protocols for
data application (3.5.5). Airborne receivers will not use the GEQ
ranging function if URA indicates “Do Not Use(3.5.8.3).

3.5.4.3GEO almanac parameter&EQO almanac parameters shalldstollows:

PRN code numbesee 3.5.4.1.

Health andstatus:an indication of the functions provided by the SBAS. The service movid
identifiers are shown imableB-27.

Coding: Bit 0 (LSB) Ranging On(0) Off(1)
Bit1 Precision corrections On(0) Off (1)
Bit 2 Satellite status and basic corrections On (0) Off (1)
Bits 3 Spare
Bits 4 to 7 Service provider identifier

Note.— A service provider ID of 14 is used for GBAS and is not applicable to SBAS.
[X6,4Y5,4Z 4] the position of the GEO at time tymapac-
[X6.4Y5.4Z¢.4] the velocity of the GEO at tilme Ty
tamanae: the reference time for the GEO almanac data, expressed as the time after midnight of the current day.

Noted All parameters are broadcast in Type 17 message.

3.5.44SATELLITE CORRECTIONBROADCASTPARAMETERS
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3.5.4.4.1 Longterm correction parameters shall bédaows:

Issue of data (IO[): an indicator that associates the ldagm corrections for thé"isatellite
with the ephemeris data broadcast by that satellite.

Note 10 For GPS, the I0Pmatches the IODE and 8 LSBs of the IODC (3.1.1.3.1.4 and
3.1.1.3.2.2).

Note 20 For GLONASS, the I0ODndicates a period of time that GLONASS data are to
be used with SBAS data. It consists of two fields as shown in T-2Ble B

ux: for satellite i, the ephemeris correction for the x axis.

uyi: for satellite i, the ephemeris correction for the y axis.

Uz: for satellite i, the ephemeris correction for the z axis.

Uaifo: for satellite i, the ephemeris time correction.

Uk for satellie i, ephemeris velocity correcton for x axis.

U for satellie i, epghemeris velocity correcton for y axis.

U Z for satellite i, ephemeris velocity correction faads

Uais1: for satellite i, rate of change of the ephemeris timeection.

tiLt: the time of applicability of the marameters Uxi, yi,Uz,Ua Wg, 0F, U ad a,
expressd in seconds after midnight of the current day.

Velocity codean indicator of the message format broadcast (Tal#18 8nd Table B19).

Coding: 0 = g, U, UF andla 1 are not broadcas
1 =0, Uy, UF andla 1 are broadcast.

Noted All parameters are broadst in Type 24 and 25 messages.

Table B-27. SBAS service provider identifiers

Identifier Service provider
EGNOS
MSAS
GAGAN
SDCM
BDSBAS
KAAS
A-SBAS
SPAN
9to 13 Spare
14,15 Reserved

O~NOOT A WN P
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Table B-28. 10D for GLONASS satellites

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

3.5.4.4.2 Fast correction parameters shall béodlsws:

Fast correction (FQ: for satellitei, the pseud@ange correction for rapidly varying errors,
other than tropospheric or ionospheric errors, to be added to the psegeo after
application of the longerm correction.

Noted The user receiver appl separate tropospheric corrections (3.5.8.4.2 and
3.5.8.4.3).

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

Issue of datdast correction (IODER): an indicator that associates UDREMwith fast
corrections. The indekshall denote the message type (j = 2 to 5) to which |CGipplies
(the fast correction type idefier +2).

Noted The fast correction type identifier is broadcast in Type 24 messages. TheeFC

broadcast in Type 2 to 5, and Type 24 messages. The E®D®Broadcast in Type 2 to 6,
and Type 24 messages.

3.5.4.5Fast and longterm correction integrity panmaeters Fast and longerm correction
integrity parameters shall be faflows:

UDREk:an i ndi cat or ?ubrbfarsatelitel sideseribed in Mable-5D.

Model variance of residual clock and ephemeris erréfsubre): the variance of a normal
distribution associated with theser differential range errors for satellitafter application of

fast and longerm corrections, excluding atmospheric

effects and used in horizontal protection level/vertical protection level computations
(3.5.5.6).

Noted All parameters are broadcast in Type 2 to 6, and Type 24 messages.

3.5.4.6lonosphe&c correction parameterslonospheric correction parameters shall be as
follows:

IGP mask:a set of 11 ionospheric grid point (IGP) band masks defined in TaBe B
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IGP band maska set of IGP mask values which correspond to all IGP locations in dhe of
11 IGP bands defined ifable B-30.

Table B-29. Evaluation of UDREI,

UDRE], o’ unre

0 0.0520 m’

1 0.0924 m’

2 0.1444 m*

3 0.2830 m*

4 0.4678 m*

5 0.8315 m’

6 1.2992 m’

7 1.8709 m’

8 2.5465 m*

9 3.3260 m*
10 5.1968 m’
11 20.7870 m’
12 230.9661 m*
13 2 078.695 m*
14 “Not Monitored”
15 “Do Not Use”

IGP mask valuea bit indicating whether data are provided within that IGP band for the
associated IGP.

Coding: 0
1

Data are not provided
data are provided

Number of IGP bandghe number of IGP bandasks being broadcast.
IGP band identifierthe number identifying the ionospheric band as defined in Tal3¢. B

IGP block identifierithe identifier of the IGP block. The IGP blocks are defined by dividing
into groups of 15 IGPs the sequence of IGP&iwian IGP band mask which have IGP mask
values of Alo. The | GP blocks are numbere
starting with AO0O.

Validity interval (V): the time interval for which the GLONASS ephemeris data are
applicable (coded with amffset of 30 s) as described in Table3B.

Latency time (L)the time interval between the time the last GLONASS ephemeris has been
received by the ground segmemid the time of transmission of the first bit of the kbegn
correction message at the Gffic) as described in Table-82.

|IODI: an indication of when thé'GP band mask changes.

IGP vertical delay estimaten estimate of the delay induced for a signal at 1 575.42 MHz if
it traversed the ionosphevertically at the IGP.
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Coding: Thebt pattern fA11111111106 indicates
GIVEI: an indicator that defines thig; cive as described in Table-83.

Model variance of residual ionospheric errof€iGive): the variance of a normal distribution
associated with the residuahospheric vertical error at the IGP for an L1 signal.

Noted All parameters are broadcast Type 18 and Type 26 messages.

Table B-30. IGP locations and band numbers

Transmission order in
IGP location IGP band mask

Band 0

180 W 758, 658, 558, 508, 455, ..., 45N, 50N, 55N, 65N, 75N, 85N 1-28
175 W 558, 508, 458, ..., 45N, 50N, 55N 20-51
170 W 758, 658, 558, 508, 455, ..., 45N, 50N, 55N, 65N, 75N 52-78
165 W 558, 508, 458, ..., 45N, 50N, 55N 79— 101
160 W 758, 658, 558, 508, 455, ..., 45N, 50N, 55N, 65N, 75N 102 - 128
155W 558, 508, 458, ..., 45N, 50N, 55N 129 — 151
150 W 758, 658, 558, 508, 455, ..., 45N, 50N, 55N, 65N, 75N 152 -178
145w 558, 508, 458, ..., 45N, 50N, 55N 179 —-201
Band 1

1ow 858, 758, 658, 558, 508, 458, ..., 45N, 50N, 55N, 65N, 75N 1-28
135 W 558, 508, 458, ..., 45N, 50N, 55N 29-51
130w 758, 658, 558, 508, 458, ..., 45N, 50N, 55N, 65N, 75N 52-78
125 W 558, 508, 458, ..., 45N, 50N, 55N 79-101
120 W 758, 658, 558, 508, 458, ..., 45N, 50N, 55N, 65N, 75N 102128
115W 558, 508, 458, ..., 45N, 50N, 55N 120 - 151
1H0W 758, 658, 558, 508, 458, ..., 45N, 50N, 55N, 65N, 75N 152178
105'W 558, 508, 4585, ..., 45N, 50N, 55N 179 -201
Band 2

100 W 758, 658, 558, 508, 455, ..., 45N, 50N, 55N, 65N, 75N 1-27
95 W 558, 508, 458, ..., 45N, 50N, 55N 28 -50
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