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FOREWORD

This document was prepared by Special Committee 172 (SC-172) and approved by the
RTCA Program Management Committee (PMC) on August 3, 2005.

RTCA, Incorporated is a not-for-profit corporation formed to advance the art and science
of aviation and aviation electronic systems for the benefit of the public. The organization
functions as a Federal Advisory Committee and develops consensus-based
recommendations on contemporary aviation issues. RTCA’s objectives include but «re
not limited to:

e Coalescing aviation system user and provider technical require.-en.: i1 a
manner that helps government and industry meet their mutual objectives and
responsibilities;

e Analyzing and recommending solutions to the system i2chi ‘cal issues that
aviation faces as it continues to pursue increased scfeiy, sysiem capacity and
efficiency;

e Developing consensus on the application of p:runent technology to fulfill
user and provider requirements, inclucing: development of minimum
operational performance standards foi electrouic systems and equipment that
support aviation; and

e Assisting in developing the appropriate technical material upon which
positions for the Internaticnale Civil Aviation Organization and the
International Telecommunicauicn Union and other appropriate international
organizations can be buse .

The organization’s recommenc aticns are often used as a basis for government and private
sector decisions as well as he foundation for many Federal Aviation Administration

Technical Standard Orders.

Since RTCA is/ unat an official agency of the United States Government, its
recommendations .may not be regarded as statements of official government policy unless
so enunciatel by the U.S. government organization or agency have statutory jurisdiction
over any mctters to which the recommendations relate.
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Executive Summary

The purpose of this document is to define Minimum Aviation System Performance
Standards (MASPS) for the signal-in-space characteristics for an advanced Very High
Frequency (VHF) digital data communications radio, including compatibility with digital
voice techniques. The MASPS is divided into three sections; an introduction, aviation
user requirements, and technical characteristics.

The introductory section provides VHF communications system characteristics inclucing
aeronautical VHF communications frequencies utilized and spectrum conges‘ion.
Service rules as defined by the Federal Communications Commission (FCi " and. the
Federal Aviation Administration (FAA) are also provided. Principles of operatic of the
current VHF voice and data systems and the proposed future system a‘e presented.
General applications are divided into three categories; they are Air Traii'c Services,
Aeronautical Operational Control, and Aeronautical Administrative C_mriunications.
Current system interconnection, routing, integration considera.'cns ana deficiencies are
highlighted.

The aviation user requirements section identifies the vsers ot the systems and specific
aircraft characteristics. The expected availability acd jategrity of the avionics are
described. System interoperability and compaticility. requirements are emphasized to
assure coexistence with the present analog voice system.

The technical characteristics section describes the new system. Two modes of operation
are defined: VDL Mode 2 and VDL Made 3. /DL Mode 2 refers to the operation of the
Carrier Sense Multiple Access (CSM:%) .cheme, to support data link compatibility. VDL
Mode 3 refers to the functionally ¢1r.altaneous voice and data link capability of the Time
Division Multiple Access (TDMA) a.chitecture.

The signal-in-space ma; “e used for either or both modes of operation provided
implementation is in ecce cd2nce with the VDL Mode 2 and VDL Mode 3 characteristics
described herein ana. with industry standards. The definition, description, and
specification of b ith 110des are expected to continue to evolve as the industry, the service
providers, and the u.ers further develop future system concepts and capabilities.


https://www.stdhive.com/standards/rtca-do-224b-pdf/



https://www.stdhive.com/standards/rtca-do-224b-pdf/

1.0

1.1

111

1.2

1.3

1.4

1.5
1.6

2.0

2.1
2.2

o R

e

2.4

2.5

TABLE OF CONTENTS

INTRODUCTION ...ttt ettt sb e sb e b e ne e 1
VHF Communications System CharacteriStiCS........ccvevvverieerieereeriierreereesreesieeseesnesnessneans 1
INEFOAUCTION ... 1
1.1.2  Definitions Of TEIMS .......ccciiuiiiiiiieieieeieee ettt st eee s 3
1.1.3 Aeronautical VHF Communications Frequencies..........ccccoceeverenienenencencnenne. 16
1.1.4 Spectrum CONGESTION .....c.eeruiiriiriieiieeeriee e steete ettt esteesieesseesnbeebeeseeseeneeess e 1o
1.1.5 SEIVICE RUIES....cotiiiiiiiiiiii e e 7
1.1.5.1  Federal Communications Commission (FCC) ........cceceeverininnininnces feeciinens 17
1.1.5.2  Federal Aviation Administration (FAA) .....c.cooviiiiiiiciieeee e e, 17
VHF Voice and Data System Elements and Principles of Operation ..............ccccceevvennenn. 18
1.2.1 Principles of Operation for VHF Packet Data System Elements ...... ), WIS 18
1.2.2  New VHF Integrated Voice and Data System Elements...............iicoceet veveeiennene 19
1.2.3  Principles of Operation for New VHF Integrated Voice anu D:ta System
EIOMENLS ...ttt eeiies eaeeee st et e e e 19
General APPlICALIONS ........coovivieiieriirieeniieieseetereseee e ettt 20
1.3.1 INErOAUCION ... S ettt e e e e e ve e e tee e aneeevee e 20
1.3.2 Data SeIVICES...ooueeiieiiieiieieeieeieesiee st et ettt st st 20
1.3.2.1  Air Traffic Services........cceccevuerurnene. W . O OSSO 20
1.3.2.2  Aeronautical Operational Control (AOT) .ot iiiiiiiiiiiiee et 21
1.3.2.3  Aeronautical Administrative Com1unicauions (AAC) .....c.ccevveevcieevcreeenveennenn. 22
1.3.3 DiIGItal VOICE .vvevvieiieiiiiciieie ettt ettt et et e st e s e v e b e e s e eseestaesanessseenseenns 22
1.3.4 VDL Mode 3 Configuration DeSCriptions.........ccecverurerrerveecreenreerieesieeseesnesnesnenns 22
System Interconnection and ROULINGT ot coviiiiiiiiiiii et 25
1.4.1 Data ...ccoooveeeeeeieeeee, Y ettt re s e st e s e s e e s e neern e neenes 25
LA.2  VOICE it e ettt sttt ettt s be ettt et nbe s 25
System Integration CONSIIEIaTOMNS ....ccuiieiieriieriienie st eie et ettt et et ebeeeeesbeeseeeseeeeaeeens 25
Present VHE Sy St ettt et ettt e e tte e s be e etbeestbeesssaeesssessnseeens 26
1.6.1 Technical DUaCTIIION L..vieiiciiecieciecte ettt ste e e ve ettt sebesbeesseebaesreesenenes 29
1.6.2  DEIICIEIC. 2 .ttt ettt ettt ettt st ettt sat et eb ettt et 30
AVIATION MSER REQUIREMENTS ...t 33
0 S N 1 L L) PSR 33
ATTCATE ChATACIETISTICS ...evveuviiieietieitete ettt sttt st st beeee e 33
USCT APPIICATIONS. ¢..euveriteniieitetesieete ettt ettt st sttt et s eat e b bt enae b 34
Wailability and INEEEIILY ....ccveeeiiiieiieciie ettt ettt et te e et e e sve e e beeeseseeseneeens 34
2.4.1 AVATLADIIIEY ...ttt et ettt e e ta e taesaaesraenaneens 34
A 111 (<71 4 1 RSP URRURR 35
2.4.3 Continuity Of FUNCLION .......eioiiiiiiiiiiie ettt ettt e e e eaaeeeens 36
System Interoperability and Compatibility Requirements............cccevevererieveeriieneesneenenns 36
2.5.1 Provision of Digital Voice and Data LinkK...........ccccccvevieriiercienciieierieseesee e 37


https://www.stdhive.com/standards/rtca-do-224b-pdf/

TABLE OF CONTENTS

2.5.2 Coexistence With ANalog VOICE.......ccuievvieriieriierieiiecre et et esreeseesresereereereesseenns 37
2.6 | ] RSOOSR PRRRPS 37
2.6.1 VDL MOGE 2 ..ottt ettt e teese b e eseensenseeseenes 37
N VA D ) DY, (4 [ SRR 38
2.0.2.1  DALA .ttt sttt et e enee 38
2.0.2.2  VOICE ettt ettt ettt ettt e e vt e e et e et e e abe e e aba e e tb e e e bae e taeeeabaeereeenabaaan 38
3.0 Technical CharaCteriStiCS .........ccoiviiiiiiiiiiie s 39
3.1 MOAES OF OPEIALION ....eevvieiieiieeiieeiieieereete et esteesteestresaeeseesbeesseesseesssesssesssesssessseessesssili 32
3.2 VDL MOE 2 ...ttt ettt sttt ettt s ae et sbe ettt ened .32
3.2.1 Physical Layer Protocols and ServiCes.........cccovveeviererveeeciirenieenieeeiieesens avees s .39
32,11 FUNCHONS ettt sttt st st eee s b 40
3.2.1.1.1 Transceiver Frequency Control.........c.cccvecvieeierienienienieneseeeeve e 40
32.1.1.2 Data Reception by the Transceiver or Receiver................... . NSO 40
32.1.1.3 Data Transmission by the Transceiver or Transmitter............. coceeueeeneee. 40
3.2.1.14 Notification ServiCes.........ccereriereereeeeenereeneainens D A 40
3.2.1.2  Modulation SChEeME. ......cc.eeiviiiiiiiiiiiccieecee et eeie eereeeree e e aee e 41
32.1.2.1 Data Encoding.........ccceeeviieviieecieeiieeie e e B e e e e e e reres 41
32,122 Transmitted Signal FOM .........ccovvieiiiiieiie i 42
3.2.1.2.3 Modulation Rate .......cooerieiiiiieiiie Dl 42
32.1.24 Emission Desi@nator........ccoecueeeiiiieis el ettt 43
3.2.1.2.5 Pulse Shaping Filters.................o . Creere e e e et e ate e beebeabeabeereereeees 43
3.2.1.3  Training SEQUENCE......eevueerurerreees Serirees erereesreeseesseesseesssessseeseesseessessssesssesses 44
3.2.1.3.1 Transmitter Ramp-up and Pc ver Stabilization............cccceeveeveevienieennnnns 44
3.2.13.2 Transmitter Power Ramp-DowWn ..........ccccveeeviiiiiiiiiiieceecceecee e 45
3.2.1.33 Synchronization and Ambiguity Resolution..........ccccevveecreereecreeneeneenne, 45
32.134 Reserved Symbol.... ..o et 46
32.1.3.5 TranSMiSSION JUUR QUL ouviiiiiieeiieeeiee ettt et e e e ae e e sebe e e reeetaeesareeas 46
3.2.1.3.6 Header FEC ..o et 46
3.2.1.3.7 Bit Transmiscion OTdeT.......c.ooeeieiirieieniieieseeicee et 47
3.2.1.4  Error Correct:an “ncoding TeChNiquUeSs..........cccceevierierirnirrieeieeieeieeiee e 47
32.14.1 Error vorrection Encoding of Data........ccceeevvieiiiiiciiiiiieceecee e 47
32.1.4.2 Frr¢ Detection Encoding of Data ........ccoeevvevievieniiniieiicececeesee s 47
32.14.3 Forward Error COIreCtion .........c.eeecvieeciieeeieeeieeciee e e 47
321,451 FEC Calculation........coceeiieiiiiiiiiieieesieesieee ettt 47
3.2.1.43.0 7 Block Lengths .....c.cccveiiiviiiiiiiiieieeieesee et eraesnee 48
3214320 NO Error COTTECtION ....c.eeviiieniiiiiisienieeieeieeitetetese sttt e 48
3.2.1.43.22  Single-Byte Error COrrection .........cceeeueeeerieneeiieie e eeee e 48
3.2.143.23  Two-Byte Error COrreCtion ...........ccceerueeierieniiesierie et sieesie e eee e 48
32.1.43.2.4  Three-Byte Error COrreCtion..........cccoeuereeerieeniieieeiesieseesie e eee e 49

AT s B 031155 § (ST 74 1 YU 49
32.1.6  Bit SCTambBIINg.........ccoiivvieriieiiesiectieieeteesteesteeseesressbeebeeteeseaessbessseesseeseesseens 49
3.2.1.7  Channel SENSING ........cccuevieriiieeiieiieiierieesteeteeieesteessaessressressseesseesseesssesssesssesssees 51
3.2.1.7.1 Channel Busy to Idle Detection ............cceecuierierierienieniesie e, 51
32.1.7.2 Channel Idle to Busy Detection ..........cccevcveeriieenieenieeciee e 51
3.2.1.8  Physical Layer System Parameter ...........ccccvvveveerieeriereenieniesiesneereereesseeneeens 52
3.2.1.9  Receiver/Transmitter INteractions ..........c..cecvereviieiiieeeciieeerie e eereeeree e 52
3.2.1.9.1 Receive to Transmit Turnaround Time........cccceeeeieiieiinnienienicieeeeee, 52

il


https://www.stdhive.com/standards/rtca-do-224b-pdf/

TABLE OF CONTENTS

3.2.19.2 Transmit to Receive Turnaround Time..........coeceverieienenieieneeeeeeee 52
3.2.1.10 Transmission CharacCteriStiCS.......cuerrirrruerrrirerierrierieesieereeseesressseeseesseesseesseesseens 53
3.2.1.10.1 Carrier FIeqUENCIES.....ccueevieiieiieriie ettt sttt 53
3.2.1.10.2 SPUIIOUS EMISSIONS ....cvviieiiiiiiieiiieeiieeereeeteeesiteeereeesteeesbeeeseeeseseessreeens 54
3.2.1.10.3  Adjacent Channel EMiSSIONS .........ceccvervievierieerieenieesiesresreeneeseesseesseens 54
3.2.2  Link Layer Protocols and SErVICES..........cceruerrrrirriieeiieerieeseesiesresereereeseensaenseens 55
3.2.2.1  SHUCKTULE -.entieiie ettt ettt ettt ettt e be e bt e sat e st e e bt e bt e bt e sbeesaneeaeean 55
N 1<) o 4 (o7 PSSP 55
3.2.22.1 Connection-Oriented.........coceeoveririeriinieerieetee e 55
32222 CONNECHION-LESS ...ccuveiiieiiieiii ettt e e e e 55
3.2.2.3  MAGQC SUDIAYET....ccuviiiiiieiiieeiee ettt e etee e teesve e eaveesveessaaeesesaesssneesedlies b,
3.2.2.3.1 IMAC SEIVICES ...ttt ettt ettt ettt sttt s be e b et e 56
3.2.2.3. 1.1 MUltPle ACCESS....cieouieiieieieeiieeieeie ettt ettt et see et siee e s e 56
3.2.2.3.1.2  Channel OCCUPANCY .....ccvererurieiiieeiieeerieeieeesreeereeeeveesseesnn veeas . 56
3.2.2.3.1.3  Channel COongestioNn .........c.cccverevierveerieeseesienresereesseesseessessesesssesss baveens 56
32232 MAC Service System Parameters..........ccoeevveveereereeniienrenes eveieenieenieens 56
3.2.23.2.1 Timer TM1 (Inter-access Delay Timer)........cccceeeeeetveeniiit veveneeenneen. 57
3.2.23.2.2  Timer TM2 (Channel Busy Timer)...........c..cc..c...t LN 57
3.2.2.3.2.3  Parameter p (PersiStence)........cccvereeereerieeseiin teiihee st eeee e ene e 57
3.2.23.24  Counter M1 (Maximum Number of Access Ac@mits).....ccceveereernnnnne 57
32233 Description of Procedures..........ccooevveeveeeed ieviieiiis e 57
3.2.2.3.3.1  Channel SenSinNg..........ccuevvervririeireeriesis 55 et ereesteeseeesereseneesseeseens 57
322332 AcCCESS ACIMPL c..eeeiiiiieiiieiiieeiees ettt 57
3.2.2.4  Data Link Service Sublayer....................t...... et 58
32241 TS T (< SRS 58
3.2.2.4.1.1  Frame SeqUENCING.......ccc./ tereereesioreeieeieeieesieeseesreeseeseesseesseessnesseans 58
32.24.1.2  Error DeteCtion.......ccceeeeiiiii et 58
3.2.2.4.1.3  Station [dentification . ........ceveeeeiereeiereeeeeee e 59
3.2.2.4.1.4  Broadcast AddresSing. ..ot e eereneeiereeieeeieee et 59
3.2.24.1.5  Data Transfer.co ..o .o e 59
32242 AVLC Data Link Service Protocol Specification...........ccceeevvevveeeneeennen. 59
322421 Frame FOrmiif. ottt 59
322422 AdAres. SUITCHUIE .o.uieuiiiieiieieei ettt 59
322423  AddicnS TIelAS cueiiieieieiieiee e e 60
3224231 Aar/Ground Status Bit .....c.cocveviiiiiiiiiiieee e 61
32242370  Command/Response Status Bit........ccocveeiieeiiiieiienieniieieceesiceieeve e 61
3.2.2.42 3.5 Data Link Service Addresses .........coceverireriririenieiienienenenenieseeeeeeeene 61
3224250 AdAIesS TYPE .eoueeuiiiiiiiiieteitetet ettt e 61
32242205  Aircraft Specific AdAresses......coovieriirierieniieieeie et 62
22.24255 ICAO-Administered Ground Station Specific Addresses...........cccceeuennene 62
3.2.24.237 ICAO-Delegated Ground Station Specific Addresses.........cccoevveeereennne 62
3.2.2.4.2.4  Broadcast AAAIeSsS.......cceeecuiieiiieiiieeciieeeiee ettt et eeane e 62
3224241 ENCOAING ..ttt e 62
322425  Link Control Field.......cocoooiiiiieiiiieeeeeee e 63
3.2.24.2.6  Information Field ........cccoooiiiiiiiiniiieiieeeee e 63
32243 Data Link Service System Parameters.........ccccevveevieriieniiieiiieieesieeseeiens 64
32.243.1 Timer T1 (Delay Before Retransmission)............cceeevveeeieenreencneeennnen. 64
3.2.2.43.2  Parameter T2 (Delay Before Acknowledgment)...........cccovvevvernennnenns 66
3.2.24.33 Timer T3 (Link Initialization Time)..........ccccceveiiviieiciieeiieecieeeree e, 66
322434 Timer T4 (Maximum Delay Between Transmissions).........c.cccuveeneee.. 67
3.2.2.43.5 Parameter N1 (Maximum Number of Bits of any Frame) ................... 67

il


https://www.stdhive.com/standards/rtca-do-224b-pdf/

TABLE OF CONTENTS

3.2.24.3.6  Counter N2 (Maximum Number of Transmissions) ..........c.cceceeeenee. 68
3.2.2.43.7  Parameter k (Window SiZe) .......ccceevverieerieniieriieiiesieenieeseeesenesneeseens 68
32244 Description of Procedures............cocveveereeneenieiieeieeeeeeeeesee e 68
32245 Modes Of OPETation .......c..cecveeeeiieeiiieiiee e e ereeereeebeesreeeereessreeeaeeesenes 69
3.2.2.45.1  Operational Mode..........coccveririiiriieeiiieniiesiesre e ere e eieeseeeseeesnesneens 69
322452  Non-operational Mode ..........ceooeiriieiiiiiienienieeieeieeie et 69
3224521 DISC FTAME ..coeviiiiieeiiecieeeee ettt sttt e et st eebeeenbeeenaeeenees 69
3224522 DM FTAmME.....oeeeiiiiiieeiieciee ettt ettt e et este e et e st e eaeeenbeesnbeesnseesnseesnnes 69
3224523  Frame ReJECt MOAE......c.coviieiiiiieiieiieieetetete ettt 70
32.2.4.524  Sent Selective Reject MOAE .......ocuvevieiiiiiiiiiieieee et 70
3.2.2.4.6 USE 0f the P/F Bit....ccoiiciiciiciicieeteetee ettt 70
3.2.2.4.6.1  GENCIAL...ccviiiiiiieiiecieeeee et ettt e e e eat L0
32.24.6.2  INFO Frames.......cccccoiieeeriiiiiiieiieesie et esveeeieeesereesvne el s aes s 70
3.2.2.4.6.3  Unnumbered Frames ..........cccceccveiviieiiinienieniesrecieeieeseeesvesnes e 71
32247 Unnumbered Command Frame ColliSions..........c.ccccvevverecesd vvvenveeieennenn 71
32.24.7.1  DLE Procedures .......c.ccccvuieiiieiiiiieiieeeiee e o0 e 71
3.2.2.4.7.2  LME Procedures.........cccuevvervririiiieeieesieeniesresneasseeesveesses vesvesneans 71
32248 XID FTame ......ceeeiieiiiieieeeiee ettt see s aees e eaveennaeesaeeennneas 71
32249 Broadcast .......c.coeoiiiiiiieiieeeeee e e e nbaeeaa e 72
3.2.24.10 Information Transfer.........ccvevviiiiiiiieiiicir e e 72
3.2.2.4.10.1  Transmission Queue Management.... ... .....cceeeveeereerreereereennesinearneans 72
3.2.2.4.10.1.1 Eliminate Redundant Frames ........ ... ooeiiiiinieiieiec e 72
3.2.2.4.10.1.2 Procedures for Transmission........ O 73
32.24.10.2  SREJ Frame......ccccooiiiiiiithceii i 73
32.24.103 FRMR Frame .........ccceeevee e . 2T 74
3224104 UA Frame......coooiiiiiiieeicl ettt 74
3.22.4.10.5 UILFIrame ....oooiiieiiiieieiiie e ittt ettt evre e e evae e s e eaaeesenvaea s 74
32.24.10.6  TEST Frame........lcuvieeeiieiieciie ettt ettt e sve e veeesevaeeveeeeveas 74
3.2.2.5 VDL Management ENtity .. cioociiviiiieiieiiecieeeeseesee e eereereeseeseeeseneseneennees 74
3.2.2.5.1 SIVICES 1.vtteiees ettt etteetteteesttesre st e esbeesbe e saesstessseanseenseensaessaesseesssennsennns 74
322511 LinK ProviS 0% . ueiiiiiciiiecec e 75
32.2.5.1.2 Link Chan@e TOtTICATIONS ..ueeeeeeeeeeeeeeeeeeee e eee e e e e eeeeeeeeee e 75
32252 Exchange 'den:ity (XID) Parameter Formats ..........cccoceevevevcveniencieeieennen. 75
3.2.2.52.1  ERCOGIILL ttieotieetieee ettt ettt sttt sttt 76
3.2.2.52.2 FoblE Parameters.....cueeeciieeiieciieceiieeiie et eeree et sreesveeeeaeesve e e s 76
3.2.2.5.2.2. nDLC Public Parameter Set Identifier..........cooeevevierienienieceiieceeieee 76
3225222 0 TIMET T cutieiiiiieieiieieieteie ettt ettt se s e eaas 77
3.2.2.5.23 | VDL Private Parameters ..........ccccccvereerieeriieerieerieesieseesresreeseeseesseens 77
3.2.2.5.2.4 . General Purpose Information Private Parameters ...........cc.cccoceereurennne 77
3.22.524.1 VDL Private Parameter Set Identifier........c.cccceevvevirieenieiniieie e, 79
2225242 Connection Management Parameter ............ccoccvevvveviieiinieneeneenieesieeneeen 79
3225243 Signal Quality Parameter (SQP) .....c.cccvvvieiieriieiecieciereee e 80
32.2.52.44  XID Sequencing Parameter............ccveevereeriienieerieeiesieseesreeseesseeseesseesseens 81
3.2.2.52.45  AVLC Specific Options Parameter............cccoeveviereieriienienienieieeieeeeienns 81
32.2.52.4.6  Expedited Subnetwork Connection Parameter.............ccccoeevvvveniveniennnnnnnns 83
3225247  LCR Cause Parameter..........ccceevuiieiieeiiiieiiieeiie e ereeereesveesveesveesnee e 83
3.2.2.5.2.5  Aircraft-Initiated Information Private Parameters .............cccocceveenenn. 86
32.2525.1 Modulation Support Parameter ............ccoeveeeeerierreerieeieeeeeeeseesreesve e 86
3.2.2.52.52  Acceptable Alternate Ground Station Parameter .............cccevvevvreveneenenns 87
3.2.2.5.2.53  Destination Airport PArameter ............ccocvevvieeveecieriieriieneenie e seeseeeseeenens 87
3.2.2.52.54  Aircraft Location Parameter............cceeveeeveiieiienieniecie e seesie e seeesieens 87

v


https://www.stdhive.com/standards/rtca-do-224b-pdf/

TABLE OF CONTENTS

3.2.2.5.2.6  Ground-Initiated Modification Private Parameters.............c.c.ccoevveennnne 88
3.2.25.2.6.1 Autotune Frequency Parameter...........cceoveevniiiiiiiiiieniieniieeicenieeeieee, 88
32.2.52.6.2  Replacement Ground Station LiSt.........cccecveeieeiiiniienienienieie e &9
3225263 Timer T4 Parameter .........ccvevveriieniieieeie ettt 90
32.2.52.64  MAC Persistence Parameter ...........ccoeoeevieiieiieiinieiieneee e 90
3225265 Counter M1 Parameter ...........coceeiieierieiieiieie et 90
32.2.52.6.6  Timer TM2 Parameter..........ccceceeruieiiierienieeiieniiesieeie e e st e enee s 91
3.2.2.52.6.7  Timer TGS Parameter ........ccccoveevuieiiirienieiiieieeie ettt 91
3225268 T3mMin Parameter.........cocuevieiiiiiiiiiieecte e 92
3.2.2.52.6.9  Ground Station Address Filter Parameter ............ccccooevevveerienieeiieieneenens 92
3.2.2.52.6.10  Broadcast Connection Parameter ..............ccoeeveveereeriievieseeneeieeeeeeeneens 93

3.2.2.5.2.7  Ground-Initiated Information Private Parameters..............c...cceevvrennenns 94
3225271 Frequency Support LiSt.........ccoeierienieiieieeeeeeeee e 94
3.2.2.52.72  Airport Coverage Indication Parameter .............ccoooeevienieneninninnieneeee 95
3.2.2.52.73  Nearest Airport Parameter...........ccoecveiirieiienieiiiie et 95
32.2.52.74  ATN Router NETS Parameter ..........cccceveeiiieiiieiiiiie e 96
3225275 Station Operator Mask Parameter ...........cccoeevveviienieeiieenie e 96
32.2.52.7.6  Timer TG3 Parameter ........cccceveeiuieiinienieniieieeieeee ettt 97
3.2.2.52.7.7  Timer TG4 Parameter ..........ccovvervievieieeiieniiereesieeeeseeseesseesesssesseesseenseens 97
3.2.2.52.7.8  Ground Station Location Parameter............c.cccceveerrireiinvieneenireieeeeseeeenns 98

32253 VME Service System Parameters ..........cccccvvevveeviierienienreniesreeneenseesieens 98

3.2.253.1  Timer TG1 (Frequency Dwell Time)........cccoevvvevieciveniienienienie e 99

3.2.2.53.2 Timer TG2 (Maximum Idle Activity Time).........ccceeevvvevvrercreenrnenne. 100

3.2.2.5.3.3  Timer TG3 (Maximum Time Between Transmissions)..................... 100

3.2.2.53.4  Timer TG4 (Minimum Time Between GSIFS) .....c.ccocceiiviiienennne. 101

3.2.253.5  Timer TGS (Maximum Link Overlap Time).........cccccceevvevieneennnnnee. 101

32254 Description of LME Procedures ..........ccccocovveviiiiiiieeiiieeieeeie e 101

3.2.2.5.4.1  Frequency Management Procedures .............ccoecvevvervenciiecreecieenieennen, 101
32254.1.1 Frequency S€arch.........occovieiieiiiiiieee e 102
3225412  Frequency RECOVEIY ....ccooiiiiiiiiiiei ettt 102

3.2.2.5.4.2  Link Connectivity Procedures............cccccerverrierierirriieeieeeeeeneenenn 102

3.2.2.5.4.3  Ground Station Identification...........c.cccceevreerieriiesreece e eeeee e 102

3.2.2.544  Link EstabliShment..........c.ccccveviivieniieiiienieeeeneeseese e 108
3225441 AIreraft ITNTHATION «.oveeeieieeieceeeeee e 108
3225442  General Ground RESPONSE. ......c.eevueeirriiriieniieiieiiteie et 108
3225443 EXCEPLIONAl CaASES ...veecvrieiiieciiieiiieiie et esiteeiteeieeetreeaeeeteeeaeesreeeaeeenes 109

3.2.2.54.5 Link Parameter Modification (LPM) ........c.ccccoeieviiiniiiiiiiieiee e 109
3225451 Ground INTtALION . ....cc.eiieiiieieieee e 109
3.2.2.54.52  General Aircraft RESPONSE ......c.eevvveiiiierieriieiieiieieeeeeeee e 109

3.2.25.4.6  Aircraft-Initiated Handoff............c.ccoveviininniine e, 110
32.254.6.1 Aircraft Handoff..........ooooiii e 110
3225462 Site Selection Preference............occoevvveieiienieiieeeeceeeee e 110
3225463 Interaction Of LMES ....c..cocuiiiiiiiiiiiieeeeeeeee e 110
32.2.54.6.4  General Ground RESPONSE.......c.cccvieiieuiiiuieniieiieiieieeeeeeieesieeseesreene e e 111
3.2.2.5.4.6.5  Disconnecting Old Link .......cccoocieiiiiiiiiiniiiceeeeeee e 111
3.2.2.54.6.6  EXCEPLiONal CaASES ....eeevereieriieiieiieieeeieeeesteete vt eeveeseesieesseeseesesaeseneses 111

3.2.2.5.4.7  Aircraft-Requested Ground-Initiated Handoff .................cccoervennnnn. 112
32.254.7.1 ATTCTATt ACHION ...ttt sttt nseens 112
3225472  General Ground RESPONSE.......c.eevueriiriiriieniieriieiiieie et 112
3225473  EXCeptional CaSEs ......cccuevuieruieriieieeieeieeiie sttt ettt 112

3.2.2.5.4.8  Ground-Initiated Handoff..............c.oooviiiiiiiiiiicc e 113
32.2.548.1 GTOUNA ACHION ..euviiiiieiieiieteiet ettt sttt ettt naens 113
3.2.2.54.82  General Aircraft RESPONSE .....cceevvivviiiiriieriieiieiecieceeseeie e 113
32.2.54.83  Disconnecting Old Link .........ccceeeieviiiiiiiienieriieiieieeeeeeeseese e 113



TABLE OF CONTENTS

3.2.2.54.84  EXCEPLIONAl CaASES ...c.vivveriieriieiieiieieeteeieesteesteereeevessvesseesseeseesessneseneneas 114
3.2.2.5.4.9  Ground-Requested Aircraft-Initiated Handoff ..............c.cocvervennnen. 114
3.2.2.5409.1 GIOUNd ACHON ..veeuiieiieeiieeiiesieeie ettt be e sseesseeaeenneees 114
3225492  General Aircraft ReSPONSe ......c.eevuveiiiiiiieiieieteeee e 114
3225493  EXCeptional CaSes ......cccuerueeruieriieieeieeie ettt ettt 115
3.2.2.5.4.10  Ground-Requested Broadcast Handoff ...............ccocveiiniieniencnnnen. 115
3.2.2.5.4.10.1 GTOUNA ACHION. c.. ettt sttt 115
3.2.2.54.10.2  Aircraft RESPONSE.......ceecuiiiiiieriieiieiieieetiesieeste e se e 116
3.2.2.54.10.3  EXCEPHONAl CASES ...vecvvervreiieieeiieieeetereeestiesteeseesvessvesseesseeseessesssessnenens 116
3.2.2.54.11  Ground-Commanded AUtOtUNE........cceeveeieriereeenienienienieeeeee e 117
32254.11.1 Ground ACHION. ......ocuiiiiieiieie ettt ettt 117
3.2.2.54.11.2  General Aircraft RESPONSE ........ceeveiriirieiieiieieece e 117
3.2.2.54.11.3  EXCePtiONAl CASES ...oecvveiveiirieiierieerieeeeeieeeteeteereeereeeeesteesteeaeeseenneseneseas 117
3.2.2.5.4.12  Expedited Subnetwork Connection Management............................ 117
3.2.2.54.12.1  Initiating Station of Subnetwork Connection Management................... 118
3.2.2.54.12.2  General Responder ACHON .........ccccvervieriieciieieriieneeie e eee e sre s 118
3.2.2.54.12.3  EXCEPtiONAl CASES ...eeevvervreiieiieieeieeiesiieseeeteeeeeevessaesseenseeseesesnnesneenes 118

323 Subnetwork Layer Protocols and ServiCes........c.ceevevvrerrierieenienierrenieseeeeeeneenns 119
32301 ATCHITECIUIC ...cuviiiiieciie ettt ettt e et eta e e e teeeeaneeeaaeas 119
3.2.3.1.1 ACCESS POINTS ..t 119
3.2.3.1.2 ACARS OVer AVLC (AOA) ..ottt 119
32.3.1.3 Flight Information Services-Broadcast (FIS-B)........ccccecvviiinieniennnne. 121
3.2.3.2  SEIVICES .eeeutietietieiiieeite et ete et e st e st e st et et e et e e bt e sbeeshteehbesabeeabe e be e bt e bt e naeeeaeas 122
32321 Subnetwork Connection Management .............cceeeeveeeveevreerieervennesneenens 123
32322 Packet Fragmentation and Reassembly............ccccooveeiininiininininenene, 123
32323 ErTOr RECOVETY ..oiiiiiiiiiieeiiie ettt 123
32324 Connection FIow Control...........ccccovieieririenieieeseeee e 123
3.2.3.3  Packet FOIMAL......cooieiiiiiiieieieeecee ettt 124
32331 General Format Identifier .........c.coocviiiiiiiiiieecce e 124
32332 Calling and Called DTE Addresses .........ccovevieeeieeenieeeieeeiieeeieeeineenns 124
3.2.33.2.1  ENCOAING ..oovvieiieiieeiieeieeiteieet ettt st enre e esaennees 124
323322 Address Field ....coooooiiiooiiieeeceeeeeee e 125
3233221 Aircraft DTE Address .....cooviiiiiiiiiiiieieeceeeeseeeee e 125
3.2.3.3.2.22  Ground VDL Specific DTE Addressing (VSDA)......ccooeiininienceieene. 125
32332221 Ground DTE Address ......ccccoeceerieieienieese e 125
3.2.3.3.2.22.2  Ground Network DTE Addresses.........ccccovveeeenereeneenennenne. 126
32333 Call User Data Field..........cooiieeiiiiiiiiiiieceeecee e 126
32334 PaCKEt TYPEOS .evieeetiieiiieetee ettt ettt ettt et sbe e e teeesaeeebeeenes 126
3.2.3.4 Subnetwork Layer Service System Parameters...........ccceeevervreevreevieereereenenenens 126
32.34.1 PaCKEt SIZE€...c.eviiiiiiicieeeeee e e 127
32342 Parameter W (Transmit Window SizZe).........ccccveveiiieviienieeeiie e 127
3.2.3.43 Parameter A (Acknowledgment Window Size)........ccccevvevveevenrenenennn. 128
3.2.3.5  Effects of Layers 1 and 2 on the Subnetwork Layer ...........ccoceeevineencncncen. 128
3.2.3.6  Description 0f ProCedUIES .........cceeiieiierieiieiieeie ettt 128
3.2.3.6.1 Supported FACIItIes .......eeeevviiiiiieiiieiee et 128
3.2.3.6.2 Unsupported FaCilities .........ccvevierienieniinieiie e 129
3.2.3.6.3 Subnetwork Establishment and Connection Management...................... 129
3.2.3.6.3.1  Subnetwork Entity Initialization ............cccceevvieecirinieeniieeee e 131
3.2.3.6.3.2  Subnetwork Connection Establishment ...........ccoccovveeiiiiniinenenne. 131
3.23.63.2.1  Explicit Subnetwork Connection Establishment...........cccccocevincrinenee. 131
3.2.3.63.2.2  Expedited Network Connection Establishment..............ccccccooeerinnnnenne. 131

vi



TABLE OF CONTENTS

3.2.3.6.3.3  Subnetwork Connection Maintenance .............cceeeereeeeneenereeneesneene 132
3.23.6.3.3.1  Explicit Subnetwork Connection Maintenance..........c..cecceceeveveneeveneenne. 132
3.23.6.3.3.2  Expedited Subnetwork Connection Maintenance ............cc.ceceeeeveveneenne. 133
3.2.3.6.3.3.3  Broadcast Subnetwork Connection Maintenance.............cccceceeceeveveneenne. 133

3.2.3.64 Error HAandIng ......oooveeviiiiiiiiiee et 134
3.2.3.6.5 ACKNOWIEAZMENLS .....oeeiiiiiiiieciieeciee ettt e 134
324 VDL MOBILE SNDCF .....oooiiiiieieeeieeee ettt 134
3241 INEOAUCHION ..ottt ettt ettt b et sbe et 134
3242 (T€SCIVEA) cuiiiiiiie ettt et et e et e e et e e b e e s b e e e abae et eeetbeeenbaeetreenares 134
3.2.43  Call User Data ENCOING........c.ccovviviiinieriiiiiiiicieeieereesiee e sve e eve e vee s 134
32431 ISH PDU L.ttt 134
32432 Maintained/Initialized Status Bit .........ccccooeviiiiiiiiiiiiciieceee e 134
32433 CALL REQUEST ...ttt 135
32434 CALL CONFIRMATION ..ottt 135

3.3 VDL IMOGE 3 ..ottt ettt ettt ettt e et eesaesbe s e esaessesseensensenssensensens 135
3.3.1 PRYSICAL LAYCT ..eicueiiieiiiieciieeciee ettt ettt ettt e et e e stb e e ssbaeeaeaeeessaeenenas 135
33101 FUNCHIOMS -ttt ettt sttt ettt et e e e e st et e sseeneesseeneeaesneeneens 135
3.3.1.1.1 Transceiver Frequency Control.........c.ccccveevveviiereenienienienreereeeeeieeeenn 135
33.1.1.2 Data Reception by the Transceiver or Receiver..........ccceecveveeveeneennnnnne. 135
3.3.1.1.3 Data Transmission by the Transceiver or Transmitter...........c.ccccveeeeee. 135
33.1.14 NOtHICAION SEIVICES. ...cvirtieiietieiieieite ettt sttt 136
3.3.1.2  Modulation SChEME.........cccuiieiiiiiiiieiie ettt et e 136
3.3.1.2.1 Data ENCOAING.......cooiiiiiiiieiiieciie ettt eiaeesvee e 136
3.3.1.2.2 Transmitted Signal FOM .........ccoovviviiiieiieciecicceceeeeee e 136
3.3.1.2.3 Modulation Rate .......c.ooeeieiiiiiiieee e 136
33.1.2.4 Emission Designator........cccuuieviieriieeciieiieeeieeeeiee e esreesreeesereessvee e 136
3.3.1.2.5 Pulse Shaping Filters.........ccevierieriiiiieiierieriesee e sere e 136
3.3.1.3 Time Division Multiple Access (TDMA) Time Slot Bursts .........c.cccceeevveennee. 137
3.3.1.3.1 Management (M) Burst and Handoff Check Message (H) Uplink.......... 137

3.3.1.3.1.1  Training SEQUENCE.......cccvveerrieerieerireeereeeteeesereeereeensseessseeaseeesssesssnes 137
33.1.3.1.1.1 Transmitter Ramp-Up and Power Stabilization .............ccoecvevvevervennnne. 137
3.3.1.3.1.1.2  Synchronization and Ambiguity Resolution ............ccccceevrevercvenvenerennnne. 137

3.3.1.3.1.2  System Data and Handoff Check Message ...........cccecvevvverrverneennnennen. 138

3.3.1.3.1.3  Transmitter Ramp-DOowWn .......ccccocoevriiiiiiiiinienieee e, 139

3.3.1.3.2 Management (M) Burst DownlinK..........cccccoccvveiieiiiiiieneeniecieereeneene, 139

3.3.1.3.2.1  Training SEQUENCE.......cveeveerreerererereireereereesieesseessressresssessseesseesseesses 139
33.1.3.2.1.1 Transmitter Ramp-Up and Power Stabilization ...........ccccceecvevvreneenne. 139
3.3.1.3.2.1.2  Synchronization and Ambiguity Resolution ............cccceeeererenvennenennne. 139

3.3.1.3.2.2  SyStem Data ....ccccviieiiiiiieeieecee et 140

3.3.1.3.2.3  Transmitter Ramp-DOWn .........ccceecviericiiiiiiieiie e 140

3.3.1.33 Voice or Data (V/D) BUISt.......ccceiiiiiiiiiiiciieeceee e 140

3.3.1.3.3.1  Training SEQUENCE.......ceerutertiertiertieeieete et esieesteesieesneeeseenreeseenseenseas 140
3.3.1.3.3.1.1 Transmitter Ramp-Up and Power Stabilization ..............ccceceeevieeenneennennn. 140
3.3.1.3.3.1.2  Synchronization and Ambiguity Resolution ............cccceeevvrerervvereenieennnnne. 141

3.3.1.3.3.2  HEAAET ..ttt et 141

3.3.1.3.3.3  User Information ..........cceecererieiiniieeeeeee e 141

3.3.1.3.3.4  Transmitter Ramp-DOWn .........cccceciiiiiiiiiiieiie e 142

3.3.1.4  INEETIAVING...ccuviiiiieieeieeeiie ettt ettt re b e b e b e e teestaesebeesbeenbeesreestaeens 142
3.3.1.5  Bit SCrambIing........cccccvveiiieriiiiierieeieeie et see sttt steesraeseaesnre e ense e seenens 142
3.3.1.6  Transmit/Receive Turnaround Times..........ccceeeevireiiieiieeeciiecreeciee e 142

3.3.1.6.1 Receive to Transmit Turnaround Time........ccccceveeriiniiiiiiiiiinienceeee 142

Vil



TABLE OF CONTENTS

3.3.1.6.2 Transmit to Receive Turnaround Time..........ccocceveeeieninieninceeeeee, 143
3.3.1.7  Transmission CharaCteriStiCs.......coouririeriruienierieniieie ettt ettt 143
3.3.1.7.1 Carrier FIEQUENCIES ... .ocueeriieieiieiieie ettt ettt et 143
33.1.7.2 SPULIOUS EMISSIONS ...ccuvviieiiiiiiieiieeeiie et e eree e e sreeeteeesereeeereeeeveesaseas 143
3.3.1.7.3 Adjacent Channel EMiSSions .........cccocuvveveeriienieneeneenie e e eieesieeseeeens 143
3.3.1.8  FTiNGE COVEIAZE ...eveeeureeuiieiieiieetieeieeete ettt et et e stteseteseteenbeeteesbeesseesneesneeennes 143
3.3.1.8.1 Recommendation ............coceeiieiieiiiiiieeeeeeeee e 144
3.3.2  Data LINK LAYET ..oocviiiieiieiiecie ettt staestae e ssveesneessaessnenens 144
3.3.2.1  MAC Sublayer (VDL Mode 3) ...coecvieeiieiieiieiereecee et ere e eie et 144
3.3.2.1.1 IMAIC SEIVICES ....eeutieutietieitie et ettt et et e st et e satesatesate st e e be e bee bt e saeesaeas 144
332111 MUItPIE ACCESS...uviiiieiieiierirerireereereesreesreesreestaestressressseesseesseesssessnas 144
33.2.1.1.1.1 Recommendation ...........coeeiiieieniniininisececee s 145
3.3.2.1.1.2  Channel OCCUPANCY .......ccverreerererirerrerieeieesieesieessressnesseeseesseesseesses 145
33.2.1.2 MAC Protocol Framework ...........cccoueeeiiiiiieeiiieciee e 145
3.3.2.1.2.1  Timing STIUCTUIE ...ccuveeeveieriereeieesieeseeesreereeseesseesseesenesssessseessesssessses 145
3.3.2.1.2.1.1 TDMA FIame......coeooiiiiiiiiiiiniieiecieeeete ettt 145
33.2.1.2.1.2 TIME SIOt.. ittt 146
3.3.2.1.2.1.2.1 Timing Accuracy (Timing State 1).......ccccccerviieriirniirniieniieieeeeieenee 146
3.3.2.1.2.1.2.2 Timing Accuracy (Timing State 2 0r 3) .....cccceccvrevrierviieeiieesiee e, 146
332.1.2.13 BUISES .ttt 146
3321214 EPOCH it bt 149
3.3.2.1.2.1.5  External Time Reference Interface .........c.ccoceveveeeeiiinincncnncncneeeenee 149
3.3.2.1.2.2  System Data and Header Field Formats............cccccceecvvevierveneennnnnnen. 151
3.3.2.1.2.3  USEE GIOUPS .nveeniieiiieiiieiteieeteesiee sttt ettt et et e 151
3.3.2.1.2.4  System Configurations ..........cccceeeeuererieeeiieeniieeieeesieesreeesereesveeenens 151
3.3.2.1.2.5  Media Access Control Cycle........ccovvvrviiirieeriienienienieeieeieeieeeeeeees 153
3.3.2.1.2.5.1 Logical Burst Access Channels (LBACS) ......ccccovoeiieieenieieiiecceeeee 153
33.2.1.252  Burst ACCESS TIMINg ....c.coouiiuieieieiieiieie ettt 155
3321253 Access Rules for M Downlink ...........ccccoeiiriiiniinienieeee e 156
3.3.2.1.3 Aircraft MAC Service System Parameters ...........ccceeeveerieeecieenieenneenns 156
3.3.2.1.3.1  Parameter t (Truncation) ..........ccceerveeecieeerieerieeeieeeeeesree e esvee e 160
33.2.13.1.1 Validity WINAOW ......coouieiiiiieieiieiieie ettt 165
3.3.2.1.3.1.2  Receipt of Beacon Information .............eceecverierienieceniienienieseee e 166
3.3.2.1.3.2  Parameter f (Free RUNNing)........cccoeeeveviieieenienieniecieeeeeeeeeeenn 166
3.3.2.1.3.3  Parameter NM1 (Maximum Retry)......ccccccveveiriniiieniiieeiie e 166
3.3.2.1.3.4 Parameter RR (Reservation Request Randomizer).............ccccuveenneee. 166
3.3.2.1.3.,5  Parameter RE (Net Entry Request Randomizer)............cccccvevvvenennnen. 166
3.3.2.1.3.6  Parameter RL (Leaving Net Randomizer) ..........ccceecveeeiieereveenneenne. 167
3.3.2.1.3.7  Parameter WR (Reservation Request Retransmission Delay) ........... 167
33214 Description of Procedures...........cocvevvereiieciienienienie e 167
3.3.2.1.4.1  Timing Acquisition and Maintenance............cceceeevervueesreenreeneeneenen. 167
332.14.1.1 Primary Timing Reference..........occovvevieiiiiiniiniiececccececee 167
33.2.1.4.1.2  Alternate Timing Reference..........cocvevvieierienieniieiieiesieceeseese e 168
33.2.1.4.1.3  Coast Timing COUNLETS ........ccerverrierrierieieeienieesreesseesensessnesssesseesseesensns 169
33.2.1.4.1.4 TIMING STALES ..ecvveivreiieiieieeie e steesteeteeeeeeteesteesteesbeessessaesseesseessesnsesseenens 169
3.3.2.1.4.1.4.1  Recommendation ..........cccceeeerienerienienienieneeeeseeeeee e 171
332.1.4.1.5  Timing State Transitions ..........cceeeeerieriierieeieeiesieeee et 171
3.3.2.1.4.1.5.1  Tuning to Invalid Channel — TS1 .......ccccceeiiiniininniriireee 172
3.3.2.1.4.1.5.2 Tuning to Invalid Channel — TS2/TS3.......cccccvvviviiieriiirrnns 172
332.1.4.1.6  Dummy Poll RESPONSES .....ccceervieiieiieiieiecieiieiteie et 172
3.3.2.1.4.2  Voice Operation SUPPOTIt.......ccceerrereerirerrreerieeseessresnesseesseesseesseessnes 173

viii



TABLE OF CONTENTS

3.3.2.1.42.1 Voice Access Channel CONteNtion...........coevereeeeienienieneneneneeeeieneenees 175
3.3.2.1.4.2.3 Free Running Voice Operation ...........cccveveerverveeieesieerseesseesseesnesenenenes 176
3.3.2.1.4.3  Link Management SUPPOTT.........cccveveerieerrreerieereerresreereereesseesseenenes 176
33.2.1.43.1 POLING .ottt 176
3.3.2.1.43.2  Net Entry Request MESSage ......cooveveirienienieiieiieieneienieenicee e 177
33211433 NeXt Nt MESSAZE ..ccuveeuveriiiiiieniieniieniieie ettt ettt ettt sb et seee e 178
332.1.43.4  Leaving Net MESSAZE . ....cooueriiiieniieiieie ettt 178
3.3.2.1.43.4.1  Tuning to NeXt Net....cccoovvevieriierierieeiecreereereeseeseeseve v 179
3.3.2.1.43.42 Maximum Leaving Net Delay ........cccoevevieviencieniienieeieeiens 179
3.3.2.1.4.3.5 Terminate Net MESSAZE ......cccveevierrieriieniienieeieeieesieesieesieesareeseeseesseennes 179
3.3.2.1.4.3.6  Supported Options MESSAZE ......c.eeevvererurrerrieeirieenieeereeeraeesreeeeeeesereens 179
3.3.2.1.4.3.77 RESERVED ...ttt 180
3.3.2.1.44  Data Operation SUPPOTt.......ccceveerierieriieeiieerieeneesie e eseeieesseeseeenaeas 180
332.1.44.1 Segmentation FUNCHION .........ccoeeiiiiiiiiiiiiiieeeeeeeeeee e 180
3.3.2.1.442  Uplink Data Transfer ..........ccccovvevrieviiiiiiieceeieereeeeee et 180
3.3.2.1.44.2.1 Acknowledgement Protocol...........cccceevveiriieciiiniieeciieeieens 181
3.3.2.1.443  Downlink Data Transfer.........cccccvererireninieieniineneneeeneeeececeeee 182
3.3.2.1.4.4.3.1  Data Transfer .......cccceeveerieriienieeie e sveeneens 182
3.3.2.1.44.3.2 Assemble Message for MAC Data Transfer............cccecuene.e 182
3.3.2.1.4.4.3.3 Request a Reservation.........cccceecveeeieienieenieeeiie e e 182
3.3.2.1.44.3.4 Reservation Request Retransmission...........c.ccccveevvrcrverieennnne 185
3.3.2.1.44.3.5 Reservation Confirmation Indication..............cc.ceeeevrrrenunnnnns 185
3.3.2.1.44.3.6 Acknowledgment Protocol ..........cceeeeiiieniieniiiiiieciieeieens 185
3.3.2.1.4.,5 MAC Data Frame Transmission/Retransmission.............c.ccecvererennen. 185
3.3.2.1.4.6  Automated Handoff for 3T Configuration ............cceecverevercrercveenneennen. 187
3.3.2.2 Data Link Services (DLS) (VDL Mode€ 3)......cccouviiiiieiieciieeieeeee e 188
33221 SETVICES ..vtvtentiettenterieeite e et e et et et et e e see e e tesaee e e s st et e nteeneeneeseeeneenens 188
3.3.2.2. 1.1  EITOr DEteCtiON......ecveeiieiieiieieeciieeieeie et seeseee e sneebe e seesnnesnees 188
3.3.2.2.1.2  Address Identification .............cocueeviiieciiiecieecieecee e 188
3.3.2.2.1.2.1 Address UnNIQUENESS......c.ueeueeeueerreeiiereeeeesreesreeseeaeseeesseesseesessesseesseessenns 189
3.3.2.2.1.2.2  Broadcast AAAreSSing .........ccceoeeruierviecieriesienieereeeeeseesieesseeseeseseneseeennes 189
3.3.2.2.1.3  Data Transfer.....cccoeieieiieereeee et 189
33222 VDL Mode 3 Data Link Service Protocol Specification ........................ 189
3.3.2.2.2.1 Frame Format........cccooovoiiiiiiiiic et 189
3.3.22.2.2  FCS/Aircraft Address Field.........ccooiiiiiiiiniiniini e, 190
3322221 FCS/Aircraft Station Address ........coccoveverereeieienienenisenceeeeeeeeeeeen 190
3322222 AdAIESS TYPE weecveeiieiieieeie ettt ettt ettt ettt ae e s e ne e eneens 190
3.3.2.2.2.3  Link Control Field..........ccceeiieriiiiiiiiiieeeeseesee e 191
3322231 FTame TYPe ..coveeieeieiie ettt s 192
3322232 PLIOTIEY toueeeiieeiieteet ettt sttt et 192
3322233 MOTE FIAME.... .ottt 193
3.3.22.2.4  Data Control Field.........cccceviiviiiiiiiiiiieiereesee e 194
3322241 Ground Subnetwork Address Subfield..........c.cccecenininininininineienns 194
3.3.2.22.42  Data Length Subfield ...........ccoooiirierieiieeeeeeeee e 195
3.3.22.2.5  Information Field ........cccocoveriiniiniiiiiiiieeeeeseeee e 195
33223 Data Link Service System Parameters..........ccccveeeveeerveeeieeeiieesieeeveeenns 195
3.3.2.23.1  Timer T3 (Link Initialization Time)........cccceevververreecreereerreereeseeenns 195
3.3.22.3.2  Parameter N1 (Maximum Frame Group Size).........ccoevvverververnennen. 195
33224 Description of Procedures...........cccceeiiriieiiiinienienieeieeie e 196
3.3.2.2.4.1  Modes 0f OPEration........c.ceccveeevuieerieeeiiieeniieesreeeieeesneesreeesereeseveeenns 196
332.24.1.1 Operational MOdE ........ccoevvieiiieiieieieeiee e e 196
3.3.2.2.4.2  BroadCast.....cceeoueiuieieieiieee et 196

X



TABLE OF CONTENTS

3.3.22.4.3  Information Transfer.........cccccevvveviiiiiiiieenieeseesee e 196
3322431 Transmission Queue Management...............ceecveeeerieerieeseeneeseeneeeseesneens 196
3.3.2.2.4.3.1.1  Priority PrOCESSING.....cecvvvereerierieeieeieesieeniesneeresseeseenseens 196
3.3.2.2.43.1.2 Recommendation for Frame Grouping............cccceceeeevveernnrnns 197
3.3.2.2.43.2  Reception Acknowledgement ............cccoecureierienieniiecieniecieseee e 197
3.3.22.4.3.2.1  Acknowledged Frames .........ccccocvevieeiieiieniineecee e 198
3.3.2.2.43.22 Unacknowledged Frames............ccecvveviienienieneenienie e 198
3.3.2.2.43.3 Transmission Acknowledgement/Retransmission ............cccceceeeeeeeeeense. 198
332244  Control FTame .......cccooiiiiiiiiiiiiiieie e 198
3322441 Control Command Frame...........ccccocevivininiinieieieneeesesesceeeceens 199
3322442 Control Response Frame..........ccoccveveereeniieiieieneeiecieeee e 199
3.3.2.2.5 MAC-DLS Processing Delays ..........cccovevrreieecieerieenienieeneeseesnesresneennes 199
3.3.2.2.5.1  Aircraft DLS-MAC Processing Delay ..........ccocevvieiienienienenieen, 199
3.3.2.2.5.2  Downlink ACK Transmission Delay ...........cccceeevvieiiienciiencieenneenne, 199
3.3.2.2.5.3  Uplink ACK Transmission Delay ..........cccceevvvercienirieiienieneeeesieenen. 199
3.3.2.2.54  Downlink Data Transmission Delay ...........c.ccecvererercienieneeneennennn. 201
3.3.2.3 Link Management Entity (LME) Sublayer (VDL Mode 3) ........cccvevverenrenee. 201
3.3.2.3.1 SETVICES ..vtvtentiettenterieeite e et e et et et et e e see e e tesaee e e s st et e nteeneeneeseeeneenens 201
3.3.23.2 Operation ProCedUIES........ccevvevieeieeiieiieieeeesee et ere et ee e s 201
3.3.2.3.2.1  Link Establishment............ccccccooviieiiiiiiiiiiiieeecee e 201
33.23.2.1.1 Net INitialiZatIoN ...o.eeoveiiiiiie e 202
3.3.2.3.2.1.2  NEt ENY ettt sttt 203
3.3.2.3.2.1.2.1  Supported OPLONS ....ceeeveerreeriieiierieeieeieeieesieeseeesenesnesseens 206
3.3.2.3.2.1.3  Initial Link Negotiation..........ccceereriiiiieiierieeeeeeee e 206
3.3.2.3.2.1.3.1  Air INTHAtION .eeeviiiiiiieeieeie ettt 207
3.3.2.3.2.1.3.2  General Ground ReSpOnSe ..........cceevvvevreerierrerrenrenieeieenneens 207
3.3.2.3.2.1.3.3  Air RESPONSE...covuiiriiiiiieiieieesieerieeiie e ere et ereeseeesenesenesnneens 207
3.3.2.3.2.1.3.4  Exceptional Cases .......cccceevueeriierienieeieeieeieenieesieesiee e 207
3.3.2.3.2.1.3.5 Parameter LONgevVity......cccceevreriieriieeieeereeeiieesvee e eeveenns 208
3.3.2.3.2.2  Slot Selection (Configurations 3S and 2S1X).......c.ccccvevrvevverreenneennen. 208
3.3.2.3.23  Link ModifiCation .........cccooeeviiiiiiieiiieeiee et 212
3.3.23.23.1 Description of LME Procedures...........cccoecveiiieniiieniienieeieerieeiee e 212
3.3.2.3.23.2  Link Maintenance Procedures.............cccoeoeririeiinienienienese e 212
3.3.23.2.3.2.1 Addressed Link Parameter Modification...........c.ccceceeveenncee 212
3.3.2.3.2.3.2.2 Broadcast Link Parameter Modification..............cccecvervvennene 213
3.3.2.3.2.3.23  Parameter LONgevity.......cccccvevierierireiieeeieeiee e 214
3.3.23.2.4  Link MaintenancCe. .........cccueeueerieenieenienie ettt 214
3.3.2.3.2.5  RECOVEIY uvviieiieeiiieciee ettt stteeee et e st e eeaeesteesntaeessseesnseessnseesnseeennes 214
3.3.2.3.2.5.1 Polling System Configurations .............cceeeereerercierieseeneeee e seeseeeeens 217
3.3.23.252  Data-Capable System Configurations ............ccceceerueeruereeneeneeneeneeeeeee 218
3323253 MISSEA POLL.....eieiieieee e 219
3.3.2.3.2.54  RetranSmiSSION ......cevueeruierireieeieetienttenteeteeeeettestee e eneeeieesseesneesseeeeeneeenes 219
3323255 VITHICALION ...ttt ettt s 219
3.323.2.6  Link Release......cccoeouieiiiiiiiieiee et 219
3.3.2.3.2.6.1 Explicit Link Rel€ase .......cccccveriieiiiierierieciceieeeeeee e e 220
3.3.2.3.2.6.2  Implicit Link ReICASE .......ceecveriireieiieiieie et 220
3.3.2.3.2.7  Handoff .....ccieeeieececeeee s 221
33.23.2.7.1 Air-initiated Link Handoff .............cooooiiiiiii e 221
3.3.23.2.7.2  Ground-initiated Link Handoff .............ccoooiniiiiiiiieee, 221
3323273 SAME Gttt 221
3323274  Different GNL......ocooiiiiiiiiiieee e e e 221



TABLE OF CONTENTS

3.3.2.3.2.8  AUthentiCation .........ccoceeuieierieieie et 221
3.3.2.3.2.8.1 Signature VerifiCation ..........ceeeerieriieieeieeiesieeee et 221
3.3.2.3.2.8.2  Unknown Authentication TYPe .......cceevverirrcirrienieniieieeie e 222
3.3.2.3.2.8.3  Authentication Type MiSmatch..........cccoecuerierieriieiiiniesiesiee e 222
3323284  Invalid SINATUIE .....cceiiiieiiieiieieeiee ettt 222

33233 Link Management FTames ...........cccocovevierieiieesieeseeeeseesee e 222

3.3.23.3.1 M Burst Message FOrmat.........ccooccuveerriiieeeniiieeeiiieeeeieee e e 222

3.3.2.3.3.2 LME Service System Parameters.........c.ccccvevvereervenciencreeieeieenieeenn 223
3.3.233.2.1 RESERVED ..ottt ettt et stee et ve e et e e 224
3323322 Counter NL2 (Polling Reply Counter) .........ccecceeeereereerienienieseee e 224
3323323 Timer TL3 (Disconnect Delay Timer) ........cccccceeeereereeienieneeneee e 224
3.3.23.3.24  Timer TL4 (Polling Interval) ........ccccoiiriiinieieieee e 224
3.3.2.3.3.2.5  Parameter WE (Net Entry Retransmission Delay) .......c..ccoceveeneincnnnne. 225
3.3.2.3.3.2.6  Parameter NL5 (Multiple Radio Local Identifier Buffer)........................ 225
3.3.2.3.3.2.7  Parameter NL6 (Free Address RECOVErY) ......cccovievvieiiecienienienieeie e 225

3.3.2.3.3.3  Exchange Identity (XID) Parameter Format............ccccocvevvervennnennen. 225
3.3.2333.1 PUbBIIC Parameters........cccceveieniinieniniinienceiieeeteeetee et 226

3.3.2.3.3.3.1.1  General Public Parameters.............cccccevereeiieiiieecieecieeenea, 226
3.3.23.3.3.1.2 VDL Mode 3 Public Parameters............ccccceveereeneensienneeieene 226
3.3.2.3.3.3.2  Private Parameters.......coccoeeirieieieieiesesie et 228
3.3.2.3.3.3.3  General Private Parameters .........c.ccoeverereneeieienieneneseseeececeeeeee 228
3.3.2.3.3.3.3.1  General Purpose Information Private Parameters.................. 228
3.3.2.3.3.3.3.2  Aircraft-Initiated Information Private Parameters................. 228
3.3.23.3.3.4 VDL Mode 3 Private Parameters ...........cceceeeeeeiienieneniesese e 228
3.3.2.3.3.3.4.1 General Purpose Information Private Parameters.................. 229
3.3.23.3.3.4.1.8 Assigned Altitude Parameter...........ccceecvveveereeneeneenieere e 234
3.3.2.3.3.3.42  Air-initiated Information Private Parameters........................ 234
3.3.23.3.3.43  Ground-initiated Modification Private Parameters................ 236
3.3.2.3.3.3.43.11 Operative  GNIp Parameter ............ccccevvevvercrenieareenens 239
3.3.2.3.3.3.43.12 Aircraft TMDbB Parameter..........ccccccvevverienvenienienieeiens 239
3.3.2.3.3.3.43.13 MDB_Operations Permitted...........cccceeeveeevieeniiencrireneens 239
3.3.23.3.3.44  Ground-initiated Information Private Parameters .........c..cccceceevveueenne. 240
3.3.23.3.3.44.1 Counter NL2 (Polling Reply) Parameter ..........c...c.ccvvenee. 240
3.3.23.3.3.4.42 NL5 (Multiple Radio Local Identifier Buffer) Parameter... 240
3.3.23.3.3.443 NL6 (Free Address Recovery) Parameter.............cccccuene.. 240

333 Subnetwork Layer Protocols and Services (VDL Mode 3).....ccccevveviinvicneannennn. 241
3.3.3.1  Payload IdentifiCation..........ccoecuveruierierierienieeie e 241
3.3.3.2  Compression SigNaliN@.........cccveruieriienieniienieeie e eie et esieeseeseeeeeeseebeeeeees 241
33321 ISO 8208 COMPIESSION ....ccuvreererieerieeerieeiireeereeesieeesreeessreesseessseeessseennes 242
3.3.3.2.2 CLINP COMPIESSION ...uvvieerierrieriesriesiresresreeseaseesseesseesseesssesssesssesssesssens 242
33323 Raw Payload TYPe ....c.cecuieiieiieiieciieceee ettt 242
33324 ATN Frame Mode Payload Type......ccccceeeiierciieniieeieeciie e 242
3.3.3.3 Make-before-Break (MbB) Operation............cccceeevvevieerieeneesvesnesneereeneeseennes 242
3.3.3.3.1 General REQUITEMENLS..........ccveriierieiieeie e eie ettt sre e sereeseeneeas 243
3.3.33.1.1  GNIp-Group AddreSsing.......cccceereereeriieerieerieeneesieeieeieeieeseeeneeenaeas 243
3.3.3.3.1.2  GNIp-Group Parameter Set..........cccceeeeriiiviieiiieeiieeieecree e 243
3.3.33.2 MDbB Avionics REqUIrEMENtS..........cccvvevverieeiieerieerieeniesie e e eeeenens 243

3.3.3.3.2.1  INItIAlIZATION ...veeevieeiiieciieeceeeeee et et e 244

3.3.3.3.2.2  Determining MbB Applicability in the Aircraft............cceevveernnnnne. 244

3.3.3.3.2.3  Aircraft MbB-Operation...........cccccvveveevieerieeseesie e e ereeveeveesseesenes 245

3.3.3.3.3 GNIP REQUITEMENLS .....veevveeiieeiieeiieieesiteste e ere e esreesseesseesseesenesnneenseas 246

3.3.3.3.3.1  Determining MbB Applicability on the Ground ............c..cccveeunnnnee. 246

X1



TABLE OF CONTENTS

3.3.3.3.3.2  Compatibility with Aircraft not Requesting MbB Capability ............ 247
3.3.3.3.3.3  Operative GNIp Requir€ments...........cccevvververeerveniveecreeneeseeeneeenenns 247
3.3.33.34  Former GNIp Requir€ments.........ccccevvurrueeiieesieeniienieeieeieeeeesieeneens 249
33334 Recommended MbB Parameter Values ...........cocceeveeniiniinieniinicneee, 250
3334 Router Interface Recommendation...........ccccoeeevevenieniineneennne 251
3.3.3.5 Subnetwork Interface SUPPOTt........cceevuieiiiiiieiierieree e 251
3.3.3.5.1 Aircraft Subnetwork Interface SUpport.........cccvveeeiiverciieiciieeie e 251
3.3.3.5.2 Ground Station Subnetwork Interface Support.........cccoeevevevercrercienvieennn, 251
3.3.3.6 Raw Subnetwork Interface Operation ...........cccecevevreerieriiereereenieeneeseesresnenenes 251
3.3.3.6.1 Protocol Identifier ...........oouieiiiiieiiiee e 251
3.3.3.6.2 Supported ProtoColS.......eeevieeeiieriieeiie e 252
3.33.6.2.1  ACARS 0Ver VDL3 ..ottt 252
3.3.3.6.2.2  Flight Information Service - Broadcast............cccceverrirriirniieenieeeeenee, 252
3.3.3.6.2.3  Reserved for TeStNG . .....ccciiiiiieiriieeiie ettt e v 252
334 VDL Mode 3 SNDCF INtroduction.........cccueeeereereerienieeierieeieeeesie e eeeie e 252
3.34.1  The ISO 8208 SNDCF INterface .......cceeeverierieieriieeieienieeieieseeeee et 253
3.3.42  The Frame-Based SNDCF Interface ........cccccoeoueiiiiiiniiiiieieeneeseeneeeeee, 253
3.3.4.2.1 Frame-Based SNDCF Support for Broadcast & Unicast Network Packets253
33422 ATN ROULET SUPPOIL...ciiiiiiiiiiiiiiieiie ettt ettt 253
3.3.42.2.1  Join/Leave EVENLS .......cccviiiiiiiiiieiieeciee e 253
3.3.42.2.2  Payload Identification ..........c.cceeevieiiinienienie et 254
3.3.42.2.3  Disposition of CLNP and ISH Packets ...........cccceeevvrciieciecienienieennen. 254
334224  ISH PACKELS ....eeiiiieeieieceieeieetee ettt 254
3.3.4.2.2.5  CLNP COMPIESSION ...eeevvieierieeiieeriieeereeenireesveeesreessseesseeesssessssessnnes 254
3.343 The ATN Frame Mode SNDCF .......coccoooiiiiiiiiceeeee 254
3.3.5 VO0ICE UL ..eiiiiiiiiiiiiiic ettt ettt e s vt e etb e e st e e esteeeeveeenvaeenaneas 254
33051 SEIVICES .uteeutietietieeiie ettt ettt ettt sttt ettt et e sbe e s ht e sat e st et e be e be e bt e naeesaeas 254
3.3.5.1.1 PIiOTIEY ACCESS .uiiiuriiiiiieiiieeieeette ettt e sttt e e tte e e sbeeeeaeessseessseeessseesnreeans 255
3.3.5.1.2 Message Source [dentification...........ccoecveveveeeieerieereeneeseeseesee e 255
33513 Coded SQUEICH ......oiiiiiiiee s 255
33514 Urgent Downlink Request (UDR) Signaling .........cccccceeeeveeeiieenieencneenns 255
3.3.52  Speech ENCOAING ......cccvveviieriiieiieciieieeeeeeee ettt nes 255
3.3.5.2.1 Speech Encoding AIZorithmi..........cccoevieriiiiiiieiiieieeeeee e 255
33522 Voice Burst Framing.........cccccveeeiieioiiiiiiiiciie et 256
33523 Vocoder Frame Bit Ordering .........cccccvevvevveeciieiieenieenieeneeseeseesereseneeenas 256
3.3.5.3  Par@melersS c..eeueeeuieiiieieeeete ettt et 257
3.3.53.1 GIOUP ID ettt sttt s re s 257
3.3.53.2 SQUEICH WINAOW ....c.vviieiieiiiiiieiieceece ettt s 257
3.3.533 Algorithm Version NUMDET ..........ccvevierierierieiie e 257
3.3.5.4  Description of Procedures ...........ccoecierieiiiniiiieiiieie et 258
3.3.5.4.1 Link Establishment ..........cccooiiiiiiiiiiiiie e 258
3.3.54.1.1  Link Initialization........cccceeiiiirieieeieeceeeee e 258
335412 NEEENIIY oottt 258
3.3.54.2 110133 SRS 258
3.3.542.1  Transmit Delay......ccccoeciiiciieiiiiiiiiie e 258
3.3.542.2 ReECEIVE DEIAY ...ccuvieiiieiieiieiieeee ettt 259
33.5453 Voice Transmit FUNCLION ........cocvviiiiiiiiiiiiiie e 259
3.3.543.1 Demand-Assigned CirCUILS ........cccververvreerreerieeseesiesreereereeseesseesses 259
3.3.543.2  VOCOdEr ProCESSING.......eevvieriieriieeiieieeieerieesieesieeseresnesseeseeseessaensnes 260
3354321 Truncated Mode Encoding...........cooeevieiiiiinienieieeeeeeee e 260

Xil



TABLE OF CONTENTS

3.3.54.3.22  Truncated Mode Decoding..........cceecuivierienieniieniieieeieseeieeie e see e 260

3.3.54.3.23  Truncated Mode FOrmatting ...........ccecvevueeieniesienieeiesiesieseesie e 261

3.3.543.3  AcCESS Pre-emption.......ccoveeviiiviiiiieiie e 261

3.3.543.4  Urgent Downlink Request (UDR) .......cccovvivriiiciiniiiiicieeseeeieeeeee e 261
3.3.5.4.3.4.1 Urgent Downlink Request Not Supported ..........ccceveeireniienciieenieennnn, 262
3.3.543.5  ANU-DIOCKING ...occviiiiieiiciiciieeeecte e eanes 262

33544 Voice Receive FUNCHON...........coovviiiiiiriiiceieee e 262
3.3.5.4.4.1  Pre-ProCESSINEZ ...ccuuieiieiieitiesiieeitesiteeiteeieete e st esieesttesaaeenbeebeeseenaeenaeas 262
33544.1.1 SOUCE FIIETING ... .evieiieiieieieie ettt 263

3.3.54.4.1.2  VOCOder ProCESSING......c.cocviiiiriieriieiieieeteetiesieeste e eeveseresteesreesseesseesaeses 264

33544123 Source IdentifiCation ..........cc.ceeuiiieiieeiiieiieeeee et e 264

3.3.5.4.4.2  VOICE SYNTHESIS...ccvieiieiieiieiieiteriesre e ere e este et seresressveesseeseeneas 264

3.3.545 Handoff Recommendation ..............eeeviiiiiiiiieeeiiieieieeeeeeeeeeeiieeeeee e 265

3.4 Ground TTanSIITEET ........cooviieiieeieeeeeeeeitieeee e e eeeeee e e e e e e ee et e e e eeeesssssaaereeeseesesnraereeeeesenans 265
3.4.1 Ground TranSmItter POWET...........ccoiveiiuieiiiieieeeecieeeeee e eeeeenaraneeeas 265
342  Transmitter DUty CYCLe....ccciveriiriiiiiiiiieiteierterte ettt 265

3.5 UPIINK 1ttt ettt ettt ettt et e beeaeesseeseesbenseeseensesseensensesseensensens 265
3.5.1 Uplink Channel CharacteriStiCS.......c.uuvvierrierierierrerriereesreesseeseesresnesseessesssessens 265
3.5.1.1  Doppler CharacteriSTICS . ...evvieieerrieriierierrerreereereesseesseesseessaesssesssessseesseesseessns 266
3.5.1.1.1 Doppler Shift......ccouieieieeee e 266
35.1.1.2 DOPPLEr RALE ....cceiiieiiieiieeeeee ettt et et 266

3.5.1.1.3 Delay and Doppler Spread.........ccoccvevieiiieieeniieniecieciecee e 267

3.5.1.2  SigNal FAQING....cciiiiiiiiiiieieeeeceee ettt st sttt nnnas 267
3.5.1.2.1 Fast Fading with Rotary Wing Aircraft..........cccoeceveviiiiciieiie e 268

3.5.1.3  Aircraft Noise ENVIIONMENT .......ccvviviiiiiiiiiiiiiiiieieiee e 268
3.5.1.4  Cochannel INterferenCe........ccuvvveeueiiiieieeie e 268
3.5.14.1 VDL MOAE 2.ttt 268
3.5.14.2 VDL MOAE 3.ttt 268

3.5.2 Typical Uplink POWer BUdget..........ceevvvrriieriieiierierieriecic e 268

3.6 ATTCTATE RECEIVET ....vviiiiiiieeeeeee ettt e e e e e e et e e e e e s s s e aaraaeeeeeeas 272
3.6.1 Minimum Detectable Signal (Uplink).......c.cccccuieviiieoiiiiiiiciieeieecee e 272

3.7 Combined Aircraft Receive/Transmit CharacteriStiCs .......ccvvvvvvvuveeeeiiveeeeiieeeeeeieeeeeennen 274
3.7.1 Frequency Stability .......ccoccveciecieiesiecie ettt snre e ennees 274
3.7.2  TUNING TIME ...tietietieiiieeie ettt ettt ettt ettt e st st e eateeteesbeesstesnbesaseenbeeseennes 274
3.7.3 Aircraft Antenna CharaCteriSTICS .......ovuvviiiiruriieeiirieeeiirieeeereeeeeeeeeeeenreeeeeenreeeeenes 274
3.7.4  Link AVAIlability ..ccccciiiiieiieiiiesierieeie et es 275

3.8 ATTCIaft TTANSIMITET ...eeiiiiiiiiiieiiiee ettt ettt e e e e e e e e e e e e e s eaaaaereeeeesesnaaraeeeeeeeas 276
3.8.1 TranSIITEET POWET ..ot e e e e enaaaanee s 276

3.9 DOWIINK . ....vviieiciiiie e et eetae e e et e e et e e s eeatr e e s eeaareeeeesnreesssstaeesssnreeessnnnes 277
3.9.1 Downlink Channel CharacteriStICS ........iiiiiiirurririeeeeiieiiieeiee e e e ee e e e earaeeeeeas 277
3.9.1.1 Ground NoiS€ ENVIFONIMENt.........ccouuviiiiiiiiiiiiiieeeie et eeeeeere e e e e eeenans 277

3.9.2 Typical Downlink Power Budget.........c.cocveviieiiiiiiiiiciicieeeeeesee e 277

3,10 Ground RECEIVET .......eeiiiiuieieieieeie et eeee e et et e e tee e e e eaeeeeeeaeeeeeereeeeenns 280
3.10.1 Minimum Detectable Signal (DOWnlink) ..........ccccoeviriieniiniieniieniieieeie e 280

3.11 Combined Ground Receive/Transmit CharacteriStiCs.......ccouuvrverieiiieiureeeeeeeeeiiiieeeeeeeeenns 281
3111 Frequency Stability .......cccccveriieriierieeieeiiesieesiee e snesreesreeseesseessaesssesnsesnseesseensns 282
3.11.2  Ground Antenna CharaCterISTICS ........uiiiiiiiviieeieeeeeieieieeeeeeeeeeeeeneeeeeeeeeessnnareeeeeas 282

xiii



TABLE OF CONTENTS

APPENDICES

Appendix A Membership

Appendix B Tutorial on Aspects of VHF Communications System Design

Appendix C  Acronyms

Appendix D System Link Margin Comparison of D8PSK and DSB-AM

Appendix E VDL Mode 2 Generator Polynomial G(X)

Appendix F  Sample VDL Packet and Circuit Mode Transmission Examples

Appendix G Format and Usage of the System Data and Header Segments for VDL
Mode 3 Operation

Appendix H Random Number Generation Algorithm

Appendix I  Random Access Downlink M Burst Selection Algorithms for Aircraft
Radios

Appendix J  ISO 8208 Compression Definition

Appendix K CLNP Compression Definition

Appendix L Preparation of Link Budgets for VHF Data Link

Appendix M VHF Channel Labels

Appendix N MASPs to SARPs Matrix

X1V



TABLE OF CONTENTS

TABLE OF FIGURES

Figure 1-1: End-to-End ATN Compatible Data System Structure............cceeceeveereeneeneeneeneenes 27
Figure 1-2: VDL Mode 3 End-to-End Voice Services System Structure..........c.cceeveeeevveenveennnnn. 28
Figure 1-3: Establishing Reuse Distance in the ATC Environment............ccccceveereeneneenieneenenne 31
Figure 3-1: Transmitter Power StabiliZation ...........cccecveiiiiiiieiieniereseee e 45
Figure 3-2: PN Generator for BIT Scrambling SEqUENCe ..........cccveevveeeciieerieeeiieeie e 50
Figure 3-3: Turnaround TIiME........cceeveiieiiieiiere et eieesitesee e seresreesbeesbeesbeesbeeseaesssesssesssessseenens 53
Figure 3-4: Link Layer Frame FOrmat..........c.cccoovveriiriiiniiniieieeieeieeeesee e 60
Figure 3-5a: Management (M) and V/D Bursts and Slot Components ............c.cceceevereeneenennnen 147

Figure 3-5b: Four Management (M) Bursts and Slot Components (Downlink Slot A of 3T) ... 148
Figure 3-5c¢: Bursts and Slot Components for Management (M) and Handoff Check Message (H)

Bursts (Uplink SIot A 0f 3T)..couieiieiieeieet ettt 148
Figure 3-6a: Frame Structure for Normal Range Non-3T Configurations (Section 3.3.2.1.2.3) 149
Figure 3-6b: Frame structure for Normal Range 3T Configurations (Section 3.3.2.1.2.3)........ 150
Figure 3-6¢: Frame Structure for Long Range Configurations (Section 3.3.2.1.2.3)................. 150
Figure 3-7: M Burst ACK TImING........ccceeeeueeeiiieeriieeiieerieesreeesireesreeeseeessseesseeessseesssesessseessnes 181
Figure 3-8: DLS Sublayer Frame FOrmat...........ccoooieieiiiiiiie e 190
Figure 3-9: VDL Mode 3 Link Control Field..........ccccooiniiiininiiiiiieeeeeeeee, 192
Figure 3-10.  Payload OCteL..........cooiiiiiieiieiieeiieee ettt ettt ettt e eneeas 241
Figure F-1: FEC COmMPULAtION.......ccciiiiiiieiiieeiiieeieeeeteesteeeteeeseveesveeeseaeessseeesseesssessssesesssesssseeanes 7
Figure F-2: Absolute Phase Encoding (Gray COde).........ccieevieriierieeneenienneniesieereeieeveeseesseeens 10
Figure F.2-1. Power Stabilization SEQUENCE ...........cceevuieiiiiiiieriieiierieseeee e 14
Figure F.2-2. Synchronization SEQUENCE..........c.ceciiiiiieiiieeiieecreeeireesreeereeeseveeereeeeaeesveeessees 14
Figure F.2-3. Golay Coded Header SEqUENCE ..........ccevuirieiiriieiecceieeeieee e 15
Figure F.2-4. Reed-Solomon Coded Data SEeqUenCe...........ccoverierereeiienieienienceiesieeeeeie e 20
Figure F.2-5. Bit Scrambler SEqQUENCE ..........cccuieiiieiiiiiieriecieee ettt 21
Figure F.2-6. Payload SeqUENCE........cceoiiiiiiiieeieee et 22
Figure F.2-7. Scrambled Payload ............ccooiiiiiiiiiiieeceeete e 22
Figure F.2-8. Phase Change SEqUENCE .........ccceevieriiiiieiieieeie ettt sttt et et sbe s s 25
Figure F.2-9. Final Phase SEqUENCE ..........cccuiiiiiiiiiiecieeciie ettt et sree e s 26
Figure G-1. Non-3T Configuration Generic M Uplink System Data Segment.............c.c.ceevennen. 2
Figure G-2. M Uplink (NOrmal MeESSAZE) ......ceevureriieiiiiieiieniieriie et eee ettt esteesieesee e eeeeeeeneeas 7
Figure G-3. M Uplink (Net Entry ReSponse MeESSAZE) .......ccccvvieriieiiieeniieeniieeireenieeeveeeseveesveeens 9
Figure G-4. M Uplink (Next Net Command MeSSage) .......cccevereerueruirrieriirierienieeeenieeieeeesee s 11
Figure G-5. M Uplink (RECOVETY MESSAZE) ......ccuiruiiriiriirieniiriieiesieetesee ettt 11
Figure G-6. M Uplink (Handoff Check MeSSage)........cccoveeruieriiririiieiieieeieestesee st 12
Figure G-7. 3T Configuration Generic M Uplink System Data Segment............cccccvevveereennnnne. 15
Figure G-8. M Downlink (Net Entry Request MESSage)......c.cocvieevieriienienienieiieeieeieesieesaesenens 16
Figure G-9. Poll Response and M Downlink (Reservation Request Message).........cccocvevuveneee. 17
Figure G-10. M Downlink (Acknowledgement MesSage) .........ccveervveerreenreeeniieesreeereeesvee v 18
Figure G-11. M Downlink (Leaving Net MESSAZE) ....c.ecvvereerierierreirinriereesreesseesseesseessnessnenens 19
Figure G-12. M Downlink (Next Net ACK MeSSage) ......ceceruirieniniieieniiniieienieeieie et 19
Figure G-12a: M Uplink (Terminate Net MESSAZE) .....cccvvveerrieririreiiieenieeereeenireesreeereeeseveesneens 20
Figure G-12b: M Uplink (Supported Options MESSAZE) ........eerverrervervierenreesieesieesseesseessnessnenens 21
Figure G-13. V/D (Voice) Burst Header Segment ............ccccooeeeierinienininienienceeseeceieeeeeene 22
Figure G-14. V/D (Data) Burst Header Segment ............ccoeceerierierienieeieeieeie et 23
Figure J.1-1: ISO 8208 Compressor ATChItECUIE .........eeevieeriieeiieeiieecteesieeeieeeeveeereeeeveesereeenes 2
Figure K-1: ATN CLNP PaCKEL .....cooiiiiiiiiiiitieiee et s 2

XV



Figure K-2: Compressed CLNP Header FOrmat ..........cocoooiiirieiiiineeeeeeeee e 3
Figure K-3: Compression Field (Type-Specific Information Field) Definition for ISO8473

(Payload Field Value of 0001 BINAIy) .......cccceerierieniienieiie et eie et ettt ettt st eee e ens 4
Figure K-4: Bit Field DefiNitions .........cccuevierieiieriiiiiiiiieiceieesteeseesvesreesveesbeeseesseesseesenessnesnnens 5
Figure K-5: CLNP Compression System Parameters..........ccoecverververiercieerieenieenieeneeseesvesenennns 11

TABLE OF TABLES
Table 3-1: Data ENCOMING.......c.cccviiiiiiiiiieiecieesee sttt ereere e sreesraestaestbessaeesseesseesseesssesseenens 41
Table 3-2: Scrambler FUNCHONS ......cocoiviiiiiiiiiiiieee et 50
Table 3-3: MAC Service System Parameters ..........cccecueeriieriierienienierieeie e eie e 56
Table 3-4: Address Type Field ENCOAING........cccccvevviiiiiiiiiiieieieeeceecee et 61
Table 3-5: Broadcast Address ENCOAING .......cccvevveviiiiiiiiiiieieeeereeree et 62
Table 3-6: AVLC Commands and RESPONSES.........c.eevueeriieriierienieiieeieeieeie et 63
Table 3-7: Data Link Service System Parameters ..........cccccvveeevieieiierieesiie e eee e svee e 65
Table 3-8: HDLC Public Parameter Set Identifier ..........cccoccvevieeiieciieieeeieeesee e 77
Table 3-9: Timer T1 Parameter........ooovueeieriiieiiieeee ettt st 78
Table 3-10: VDL Private Parameter Identification ............ccceoeeiieniiniiniiiiececeeeeeeeee 78
Table 3-11: Private Parameter Set Identification .............cceevvievierieriiencieciecreceereesee e 79
Table 3-12: Connection Management Parameter............ccoecvvecieeriieneenienienie e eie e 79
Table 3-13: Connection Management Parameter Values..........cccoeveeveeriinienieeiieieececeeee 79
Table 3-14: Abbreviated XID NAMES.......coreerierieiieeie ettt e st esbeesbeesaeesaee e 80
Table 3-15: Signal Quality Parameter...........cccvevierierieiiieiieieeeeie e e ees 80
Table 3-16: XID Sequence Parameter..........ccccuevieriieieeiieieeceeieesiee sttt et 81
Table 3-17: AVLC Specific Options Parameter Format ............ccoeeviieiiiiccieeiiieciiecee e 82
Table 3-18: AVLC Specific Options Parameter Values..........c.eoeevverierienienieere e 82
Table 3-19: Expedited Subnetwork CONNECHION. .........c.eeevieciieriieiieiieniienee e eee e ere e es 83
Table 3-20: LCR Cause Parameter...........cccceeviiiiiiiiiiieieeieeeeiteie et 84
Table 3-21: Cause Code TabIe ......c.ceciiiiiiieieieeee ettt ettt et eae s 84
Table 3-22: Modulation SUPPOTT .......cceeveieriiieiiieriierierie e ere e et esseeseesteesresseeseeseesseesseesssennns 86
Table 3-23: Modulation Scheme and Bit Rate ...........c.ccocviiiiiiiiiiiiiiece e 86
Table 3-24: Acceptable Alternative Ground Station Parameter.............cccoeeeveeiciienieeccieeeeeeenen. 87
Table 3-25: DeStiNAation AIIPOIT ...cc.vecveeereerreerreesreesteestesresreereaseesseesseesseesseesseesssesssesssessseessesssns 87
Table 3-26: AIrcraft LOCAtION. ........ccviiiiiiieciiieciie ettt ettt e sev e et e e sere e e veeeaeeeseveeearee s 88
Table 3-27: Aircraft Location Subfield DeSCription..........ccccccveeieiiirieeriieeeiieeciee e eeee e vee e 88
Table 3-28: Autotune Frequency Parameter............ccocvvieviiiviieniienieniinieeieereeeesiee e 89
Table 3-29: Replacement Ground Station LiSt........c.ccccveviierieriieniienienieeieeieeieesee e 89
Table 3-30: Timer T4 Parameter .........ccocuviioiieiiieeiie ettt e ereeesareeeveeeveeeseveeenaeeas 90
Table 3-31: MAC Persistence Parameter ...........ccooeeiereiieiiiieieeeeeee e 90
Table 3-32: Counter M1 Parameter..........cccvevierieiieeieeieeieeieeseeseesneseaesseeseeseesseesseessnesssennns 91
Table 3-33: Timer TM2 Parameter...........cccviiiiiieciiieeiiieciee ettt et e evee e e evee e eaeeeavee s 91
Table 3-34: Timer TGS Parameter .........ccceouiiiiiiiieiieiieee ettt 91
Table 3-35: T3MIN Parameter........c.cooiiiiiieiieeeeeee ettt e 92
Table 3-36: Ground Station Address Filter Parameter...........ccccovcvevveviinienienieeneeneeseesee e 92
Table 3-37: Broadcast Connection (Link Only) Parameter..........c.cccocveeeiierciieniiieenie e 93
Table 3-38: Broadcast Connection (Link and Subnetwork) Parameter............c.ccoceevverveerennnnnn. 94
Table 3-39: Frequency SUPPOTt LiSt.......ccveeierierierienienieeieeieeieesieesieeseeesenesnesnreese e eseesseesens 95
Table 3-40: Airport Coverage Indication Parameter .............coceeveenieniiniinieeieeieeeeeeeee e 95

XVi



TABLE OF CONTENTS

Table 3-41: Nearest AIrport Parameter .........ccceeveiiieiiiiiiieieeeeeesre et sreesaeeseneseve e 96
Table 3-42: ATN Router NETS Parameter..........cccccecveriiieiininieiieeieiceeeseee e 96
Table 3-43: Station Operator Mask Parameter...........cccoecuieiveiieriienieenieee e 97
Table 3-44: Timer TG3 Parameter .......cccueeieiieiieiee ettt 97
Table 3-45: Timer TG4 Parameter .........coeeiiriirieiieiceiesieeee ettt st 98
Table 3-46: Ground Station Location Parameter..............cceecviiiciiiiiieiiie e 98
Table 3-47: VDL Management Entity System Parameters ..........ccccoecveevieieeiiencieeerie e, 99
Table 3-48a: XID Parameters . ........cceoirierieeieierieeiee sttt st esee b et eeesneeneeneas 103
Table 3-48b: XID Parameters.......cc.ceceririeririeieieeierte ettt ettt sttt be et see e 104
Table 3-48c: XID ParameEters .......cccueerueeriieiieiieeiie et ettt ettt st sttt et sbe e b e sbeesaeesaeeeneeas 106
Table 3-49a: AOA Message Format within the AVLC frame ........c.ccccoeeveeeiveveenienienienieninns 120
Table 3-49b:  FIS-B Message FOrmMat ........cccccueveiiieiieriieieriesie e ste et eie et sene e enee e s 122
Table 3-49: Subnetwork Layer Service System Parameter...........cccocceeveevirnieniiienieeseeneeeeen, 127
Table 3-50: Facilities Supported By VDL MoOde2 .........cccveeiiiieiiieeiieeie e 129
Table 3-51: Facilities NOt SUPPOTLE ......ceveveriieiieiierierierre ettt eseeneees 130
Table 3-52: System Configurations and Addressing Schemes...........ccccevveevienienienienieeieeen. 152
Table 3-53: Logical Burst Access Channel (LBAC) Descriptions for Configurations 4V, 2V2D,
3V, 3VID and 2VID ...ttt ettt 154
Table 3-54: LBAC Timing Offset Values for Configurations ............ccccecevereeneninieeneneeneene. 155
2V2D, 3V, 3VID and 2VID ...eiiieiieeee ettt 155
Table 3-55: LBAC Description and Timing for 3T Configuration ...........ccccceeveveecreecreenreerneennen. 157
Table 3-56a: LBAC Description and Timing for 3S Configuration...........cc.cceeeverevercveecreerneennen. 158
Table 3-56b: LBAC Description and Timing for 2S1X Portion of Configuration..................... 158
Table 3-56¢: LBAC Description and Timing for 1V3D Configuration ...........cccceeeveeeeeveenneennne. 159
Table 3-56d: LBAC Description and Timing for 1V2D Configuration.............ccceeeeeveerrverneennen. 159
Table 3-56e: Relative Timing Relationship for TRPs of Different User Groups for All System
CONTIGUIATIONS. ... .eeutveeeiieeeieeetee ettt eeteeeteeestbeeebeeestbeessseesssseessseesssesassseesssesessseessseesssseassseanes 160
Table 3-57: Access Rules for M DOWNINK ........cooieiiiiiiiiiieee e 161
Table 3-58a: Aircraft MAC Service System Parameters..........ccoecvvevveerieereeneenieneieeieeseeeseeenenes 164
Table 3-58b: Aircraft MAC Service System Parameters ...........cccceeeveveenienienienieeieeieeieeenn 165
Table 3-59: Rules for CTCS' MaiNtENaNCE .......cc.ceruieueeieriieiieierieeeiesieeieeee e eseeeeseeeee e seeeeesnens 169
Table 3-60: Timing States for Non-3T Configurations...........ccceccvereereerieercveesieesreesieeseesseenenens 170
Table 3-60a: Timing States for 3T Configuration............ccocceereeeriiieneenienie e 170
Table 3-61: Conditions for Voice Media Access (AircraftRadio).........ccceeveveviviiiniiecciirciieeee, 175
Table 3-62: MAC Data Frame Transmission System Parameters...........cccceeeveeeveevreeveenvennennn. 186
Table 3-63: VDL Mode 3/ATN Priority Mapping ..........ccceecververcerrireerieenieesieeseesresnessesseenses 193
Table 3-64: DLS System Parameters ........cccueeecueierieeiiieeiieerieeeieeeieeesveeeseeeseveessseessesessseessnes 195
Table 3-65a: XID Parameters . ......ccvecireeieriieiieieeieeieie ettt ettt ettt steeste s eneeneesse s 210
Table 3-65b: XID Parameters. .......co.eerieriirieriieiieierieeteste ettt ettt sttt st et be et e e e 215
Table 3-66a: LME System Parameters..........ccccoevierierieniiiieeie ettt 223
Table 3-66b: WE and TL4 Parameter Default Values ..........coccooiiiiiiniininniniiieeceeeeeee, 223
Table 3-67: VDL Mode 3 Public Parameter Set Identifier...........c.ccocevirieiinenneninienineene, 227
Table 3-68: Timer T1 Parameter..........ccceeciiiiiieiiiiieeiec ettt ettt e e et e ar e v e 227
Table 3-69: Timer T _ack Parameter..........ccccuieieiiiiiiiiiiieciie ettt sve e e 228
Table 3-70: Parameter Set [dentification...........cocieieriiierieiieee e 229
Table 3-71a: Algorithm Version Number Parameter ............cocevevieiiininieieneienceceeceee 229
Table 3-71b: Vocoder Algorithm Version Encoding ............cccceeviiviiiiiiiiiniienieenie e 230
Table 3-72a: Network InitialiZzation ...........ccccereiieiienii e 230
Table 3-72b NetWork TYPE VAIUES .....c.ccccvviiiiiieiieieecitetereese ettt et ste e enseeneees 231
Table 3-73a: Connection Check Parameter...........ccoevviieiiiiiiiiiiiiecie e 232
Table 3-73b: Version Parameter..........ccoiiiiiiiiiiiieiieiiestee ettt 232



Table 3-73C: VEISION VALUES ....oooeiiieeeeeeee ettt e et e e e e e e e e raareeeeesesesaaeaeeas 232

Table 3-73d: Authentication Parameter...........c.occveriierieriiiiieiieieeeesieesee e ere e se e 233
Table 3-73e: AuthentiCation TYPE.......cceovieriiriiiiieie ettt ettt et 233
Table 3-73f: Subnetwork User Data Parameter.............ccooeeoiiririeninieeneeee e 234
Table 3-73g: Assigned Altitude Parameter .............ecvevieriiriieiieiieeecee st 234
Table 3-74: Expedited Recovery Parameter..........ccoceeviieiieiieiieiieiesiesee e 235
Table 3-75: £ PATQMELET ....c..eoiuiiiiiiiiiie ettt ettt st ettt et e sb e b e e e eneeas 235
Table 3-76a: £ PATAMELET .. .cc.eeieiiieieie ettt ettt ettt et se et es et esae e e e ne e enees 235
Table 3-76b: Former GNI, Parameter ............ccccooeiiiiiiiiiiiiiiiiiccce 236
Table 3-77: NM1 Parameter.........cocuiiiiiiieiieiie ettt ettt ettt et e be et eeaees 236
Table 3-78: RR Parameter.........coeiuieiiiiiieieie ettt ettt et e e e 236
Table 3-79: WR ParameEter ... ..cccueiuieiiiriiriieieeieeiete ettt sttt st be et et s 237
Table 3-80: RE ParameEter ........cccueiiiiiiiiiieiiiieciee ettt ettt et e e e eaveesaveeeveeesnveeeenas 237
Table 3-81: RL Parameter ........ccc.eeiuiiiieiieiieeie ettt ettt ettt et et neeas 237
Table 3-82: Timer T3 Parameter........cccccveeciieeiieiiieriieriesiesie et et eseeseesaeereesseeseesseessnesssesnsens 237
Table 3-84: Timer TL3 Parameter.........cccccoiieiiiiiiiiieiiieciee ettt et 238
Table 3-85: Timer TL4A Parameter........cccceeiieiiiiieiieeieeieeicest ettt ettt st 238
Table 3-86: WE Parameter ........ccoiuieiieeiieeeiie ettt sttt 238
Table 3-88: Operative GNIP Parameter .........c.cocvveviierienierieiiesieeieeieesee e sae e eseee e 239
Table 3-89: Aircraft TMDbB Parameter..........cccvveiiiiiiiiiiiieciie ettt sevee e 239
Table 3-90a: MbB Operations Permitted Parameter ............ccccoeevvevrievienieniesiecrecreee e, 239
Table 3-90b: Counter NL2 Parameter .........c.cccvevierieriieniieiieieeieeseeseeseesevesveeieesseessnessnesnnes 240
Table 3-90C: NLS Parameter ........ccccuiiieiiiiiiieciieeciie ettt et ere e et esveeeaeeesaaeeeareeenreeeanas 240
Table 3-91a: NLO Parameter .........ccoeviiiiiiieiieiie ettt ettt ettt st eaees 240
Table 3-91b: Recommended MbB Parameter Values ..........c.ecvvevvievienieniesienieeie e 250
Table 3-91c: IPI and EIPI Protocol Identifiers..........cccviieiiieciiiiiieeiie et 252
Table 3-92: Source Filtering Squelch Window Matrix for 4-Slot Configurations..................... 263
Table 3-93: Source Filtering Squelch Window Matrix for 3-Slot Configurations..................... 263
Table 3-94: Uplink Power Budget for VHF Digital Radio .........ccccoeeieviniiiinineiiiieceee, 270
Table 3-95: Excess Path Loss 95% Prob 1 Hr. Avg 137 MHz(dB) ......cccocevviiviiiieieeeee, 272
Table 3-96: Link Margin (Uplink) in DeCIDEIS ........cccceiirriiriiriiiiiiieeieesee e ere e 272
Table 3-97: Minimum Detectable (Uplink) Signal Calculations............ccceceeveveeerrereereeneenenennen. 273
Table 3-98: Downlink Power Budget for VHF Digital Radio.........ccccceeceevirniiniiiniieieeeeeee, 279
Table 3-99: Link Margin (Downlink) (dB) .......c.ccoeiiiiiiiiiii et 280
Table 3-100: Minimum Detectable (Downlink) Signal Calculations.............ccccevevrvereerrererennnn. 281
Table B-1: Signal Fading On VHF Air/Ground Path.............cccovoiriiiniiiniiieieceeeeeeee e 2
Table B-2: Terminal Domain Application Message Traffic Model ...........cccceeevveeiiienieenciinnnnn. 11
Table B-3: VDL Mode 3 Data Link Message Delay Performance for Frame-based SNDCF .... 12
Table D-1: Margin Comparison for D8PSK (Voice) and DSB-AM (V0ICe) ....c.eccvvevvverrvereveerennen. 2
Table F.2-1. Data ENCOING.......cctiiiiiiiiiieiieitesteesit ettt ettt ettt e st ebe e e b e nneennes 24
Table G-1: M BUISt MESSAZES ....uuvieiuiieetiieiiieeiiieeieeerreeereeesteeesbeesteeessseessseeessseessseessseeesssesssseeanes 3
Table G-2: System Configuration COAES ........c.eecvveruierierierierieeieeieeseesieeseesaesaesreeseeseesseessees 4
Table G-3. V0ice SigNal COUES ......c.eeriiiriiiriiiiiieie ettt ettt ettt e st e st eebe et esseesaeeneeas 5
Table G-4: AIrcraft ID Codes. .. ...eeruiiiuiiiiiiii ettt ettt ettt e eeeas 5
Table G-5. Beacon ID CodeS.....cc.oouiiiiiiiieiesieeieie ettt sttt sttt eae e eneens 5
Table G-6: Reserved Slot Subfield ENcoding...........cceovveviiriirciieiiieiiinieecie e 8
Table G-7. Next Net Subfield Encoding when Net Type field set to 0 (AM)....coocevvevrieeirennnne 10
Table G-8. Voice Request Field ........ccovoviiiiiiiiiiiciicie ettt 18
Table G-9: OPtONS fIBLA.......ceiiiiiiiiieiiet ettt e e beebeessaessaesseeseennns 21
Table G-10: Radio Identifier Field.........cccooouiiioiiiiiiiiciicce e e 21
Table J.4-1: DCE Substate Hierarchy .........ccccccvieiiiiiiiieiiieciie ettt eee e veeeaae e 4



TABLE OF CONTENTS

Table J.5-1: VDL Mode 3 Call Request Packet ..........cccocveviiiiiiiieiieicceeciece e 8
Table J.5-2: VDL Mode 3 Call REQUEST Packet .........ccceoevuiiiiiiiiiiecieceee e 11
Table J.5-3: VDL Mode 3 Call ACCEPT Packet........cccccocviieeiiiiiiiecieeeeeeee e 13
Table J.5-4: VDL Mode 3 CALL ACCEPT Packet........cccccvvevuieviiiiiiiieieereeeeeesee e 15
Table J.5-5: VDL Mode 3 CLEAR REQUEST Packet..........cccoovviiiiiiiiiiieeieeceecee e 17
Table J.5-6: VDL Mode 3 CLEAR REQUEST Packet.........cceeeeirieniinieienieeieieeieeeie e 19
Table J.5-7: VDL Mode 3 DATA Packet......ccccooiiiiiiiiiieieeeeeetee e 20
Table J.5-10: VDL Mode 3 RESET REQUEST Packet........ccccooviiiiiieiieeieeeeeeeeeee e 22
Table J.5-11: VDL Mode 3 RECEIVE READY Packet ........ccccoovveviiviiniinieeeeieeeeeeeee 24
Table J.5-12: VDL Mode 3 RECEIVE NOT READY Packet........ccccooveirieninieiceeeeeee 25
Table J.5-13: VDL Mode 3 CLEAR CONFIRMATION Packet .........cccccvevvievrienienienieeieeerenn 26
Table J.5-14: VDL Mode 3 RESET CONFIRMATION Packet .........cccoeevveveeniienieneenienrennenen 27
Table J.5-15: VDL Mode 3 REJECT Packet.........cccoooouiiiiiiiiiieiieeeceecee et 28
Table J.6-1: DCE Actions at State TransSition ..........ccccceerierienienienie et 30
Table J.7-1: Multiplexing Header Packet StruCture ............ccevvevierienienienieeeeeee e 41
Table J.9-1: VDL Mode 3 Subnetwork TimerS.........cccveviiieiiiieiiieeiie et 43
Table J.10-1a: 8208 Compression System Parameters...........cceevvierieeeeiieeniiieiie e 43
Table J.10-1b: ADSA Parameter.......cc.ecvvierrierierierieeieereereereeseesseesseessaesssesssesssesssesssessseesseessns 44
Table J.10-2: GDTE Parameter ........ccccvevierierieiiesieeieereeieesieeteesseesseesenesenesssesnsesssessseessessseensns 44
Table J.10-3: VER Parameter...........cociiiuiiiiiiieiieiie ettt 45
Table J.10-4: M-BIT Parameter .........c.ccccvevrierierieiieeieereeieereereesseesseessaesenessnesssessseesseessessseesns 45
Table J.11-1: DCE SPECIal CaSES......cccvevierierierierieeieeieeieeseesseesseesssesssessseesseesseesseesssesssesssennns 47
Table J.11-2: DTE Effect on DCE Restart States..........ccccvieiiiiiiiiiiieeciee e 48
Table J.11-3: DTE Effect on DCE Call Setup and Clearing States...........ccccceevveerieeecreeerreennen. 50
Table J.11-4: DTE Effect on DCE ReESEt StateS .....ccvvevvieriierieeiieiierieieeieereeieeseeesenesveesneesve e 53
Table J.11-5: RESERVED ....ocoiiiiiiiieiecieee ettt sttt s e steensanne s 55
Table J.11-6: DTE Effect on DCE Flow Control Transfer States..........cccccoooeneenieniinnienieniene 55
Table J.11-7: XDCE Effect on DCE ReStart States..........cccccverevieriecrieciieiieeeseesee e sveeneesne e 56
Table J.11-8: XDCE Effect on DCE Call Setup and Clearing States............ccoecvevevererercrenrreenenn. 57
Table J.11-9: XDCE Effect on DCE Reset States.......c.covvieieiiiiciiiiiieecieeeeeeceeeree e 58
Table J.11-10: RESERVED .....ooiiiiiiee ettt 58
Table J.11-11: GNI (ANI) Effect on ADCE (GDCE) Packet Layer Ready States ...................... 58
Table J.11-12: GNI (ANI) Effect on ADCE (GDCE) Call Setup and Clearing States ................ 59
Table J.11-13: GNI (ANI) Effect on ADCE (GDCE) Reset States..........cccccvevevieecieenieesreeenenn 62
Table J.11-14: RESERVED .....cccoiioiiiiiiiieiece ettt ettt e e aeta et aaessnessne e 63
Table J.11-15: GNI (ANI) Effect on ADCE (GDCE) Flow Control Transfer States................... 63
Table J.11-16: DCE Effect on ADCE (GDCE) Call Setup and Clearing States...............ccveen..... 65
Table J.11-17: DCE Effect on ADCE (GDCE) Reset States .......cccccveevierrievieeriereeneesveerenenenens 67
Table J.11-18: RESERVED .....cccoiiiiiiieiieiieee ettt sttt e ssaesnnesnns 68
Table K-6: CT1 Parameter ........cc.ccecuiiiiiiiiiieeiie ettt etee et eveeesteeeseveeeveeeseveesaveseneneesaveean 12
Table K-7: CT2 TIMET . .eiiiieiieitteit ettt ettt ettt ettt ettt et esbeesatesatesatesabeebeenbeenbeenaee 12
Table K-8: CT3 TiMET.....iecieriieieieriieiieeie et eieesteestteseaesssessseesseesseeseessaessaesssesssesssesssesssessseenseesnns 12
Table L-1: Free Space and Ground Reflection Loss vs. Range, Aircraft Flight Level and Ground
Antenna Height, (Median refractive conditions or effective Earth radius factor x=4/3)....... 5

Table L-2: Free Space and Ground Reflection Loss vs. Range, Aircraft Flight Level and Ground
Antenna Height (Worst case sub-refractive conditions or effective Earth radius factor x=1)6

Table L-3: Parameters for Sample Link Budgets .........c.ccocvveviiiioiiiiiiecie e 10

Table L-4: Sample Ground-to-Air Long-Range Link Budgets Using Ray-Tracing and Effective

Earth Radius Factor x =% (MEAIAN) et 12

XiX



Table L-5: Sample Ground-to-Air Long-Range Link Budgets Using Ray-Tracing and Effective

Earth Radius Factor & =1 (WOrISt CaS€) ......cccueieeuiieiuiieciie i et ettt eree e eveeeeveeeeveeens 13
Table L-6: Sample Ground-to-Air Long-Range Link Budgets Using Johnson-Gierhart
Propagation Model (95™ PEICENMIIE) ............vuveeeeeeeeeeeeeeeeeeeeeeeeseees e 14
Table L-7: Sample Air-to-Ground Long-Range Link Budgets Using Ray-Tracing and Effective
Earth Radius Factor x =% (MEAIAN) ettt et e et e e e e eae e aeeeeaee e 16
Table L-8: Sample Air-to-Ground Long-Range Link Budgets Using Ray-Tracing and Effective
Earth Radius Factor & =1 (WOISt CaS€) ......cccevcvirrieiieiierieeriesresresneereereeseesseesseesenessneans 17
Table L-9: Sample Air-to-Ground Long-Range Link Budgets Using Johnson-Gierhart
Propagation Model (95" PErCentile) ............o.covvveveveeeeeeeeeeeeeeeesseeseseseese s 18
Table M-1:  VHF Channel Labels .........c.ccoooiiiiiiiiiiiiie ettt 2
Table N-1 Correlation Matrix: DO-224B to Core SARPS .....ccooiiiiiiiiiiinieeeeeeeee e 1
Table N-2 Correlation Matrix: DO-224B to Tech Manual for VDL-2 .......ccccoociviiiiiiiiiiieieeee, 8
Table N-3 Correlation Matrix: DO-224B to Tech Manual for VDL-3 .......cccooiiiiiniiniiiniee 18

XX



1.0

11

111

INTRODUCTION

The purpose of this document is to provide RTCA Minimum
Aviation System Performance Standards (MASPS) that define the
signal-in-space characteristics for an advanced Very High
Frequency (VHF) digital data communications radio, including
compatibility with digital voice techniques. This document
examines the VHF communications system characteristics and
principles of operation for both VHF voice and data system
elements. Aviation user requirements and system requirements are
considered and technical characteristics are developed for aircraft
transceivers and  ground  transmitters/receivers.  Finally,
considerations are examined with regard to accommodating
existing systems while making a transition to a new improved VHF
data link.

VHF Communications System Characteristics
Introduction

The characteristics of the present air/ground VHF communications
system are contained in the Federal Communications Commission
(FCC) Rules (47 CFR Part 87), the International Civil Aviation
Organization (ICAO) Standards and Recommended Practices
(SARPs) (Annex 10, Volume I, Chapter 4 Paras. 4.5 - 4.7), and
RTCA/DO-186 (Minimum Operational Performance Standards
(MOPS) For  Airborne Radio Communications Equipment
Operating Within the Radio Frequency Range 117.975 — 136.000
MHz. These documents set forth the minimum mandatory and
desired operational performance standards for VHF air/ground
communications systems. The following list summarizes pertinent
industry standards and their specific versions.

Reference Document Name Doc. #
ARINC Specification —Air-Ground Character-Oriented Protocol 618
Specification

ARINC Specification — ACARS Protocols for Avionic End Systems 619
ARINC Specification — Data Link Ground System Standard and 620
Interface Specification (DGSS/IS)

ARINC Specification — ATS Data Link Applications Over ACARS 622
Air-Ground Network

ARINC Sspecification — Character-Oriented Air Traffic Services (ATS) | 623
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