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FOREWORD

This report was prepared by RTCA Special Committee 206 (SC-206) and approved by the
RTCA Program Management Committee (PMC) on March 18, 2014.

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

e coalescing aviation system user and provider technical requirements in_a nanner that helps
government and industry meet their mutual objectives and responsibilities;

e analyzing and recommending solutions to the system technical issucs U.dt aviation faces as it
continues to pursue increased safety, system capacity and efficiency,

e developing consensus on the application of pertinent tecr2.icgy to fulfill user and provider
requirements, including development of minimum Operatiunal performance standards for
electronic systems and equipment that support aviatio:: ar.

e assisting in developing the appropriate tecl nical material upon which positions for the
International Civil Aviation Organization and ti.2-international Telecommunication Union and
other appropriate international organizaticns can be based.

The organization’s recommendations are o::en. used as the basis for government and private sector
decisions as well as the foundation fer mry Federal Aviation Administration Technical Standard Orders
and several advisory circulars

Since RTCA is not an official acensy of the United States Government, its recommendations may not be
regarded as statements of fficial government policy unless so enunciated by the U.S. government
organization or agenc;’ having statutory jurisdiction over any matters to which the recommendations
relate.
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EXECUTIVE SUMMARY

The availability of highly reliable, high-throughput, and low-cost wireless aircraft connectivity is
growing rapidly. On the other hand, ground-based technologies and systems have far outstripped
airborne capabilities in both speed and shear breadth of available functionality. Certification and
approval techniques for airborne systems and capabilities have remained reactionary to the
demand rather than leading the way. In some instances, standards and guidance have been created
and/or updated, but overall have not evolved appreciably with the breakneck pace of digital data
exchange technology.

These Aeronautical Information Services (AIS) and Meteorological (MET) Services Architeature
Delivery Recommendations provide industry supported recommendations that will enaL'e g.=ater
flexibility for the review and operational approval of systems delivering AIS <na MF:T data
services to aircraft cockpits. The delivery recommendations are built upon those app:ications and
uses described in RTCA DO-340, Concept of Use (ConUse) for Aercnaitical Information
Services (AIS) and Meteorological (MET) Data Link Services and R1TA L 0O-339, Aircraft
Derived Meteorological Data via Data Link for Wake Vortex. Aix 1.2fic Management and
Weather Applications Operational Services and Environmental Dcfinit.on (OSED). While these
two documents provided the basis for the development ¢f tliis document, other considerations
were included in the development of the recommendations.coi.-ained herein.

Several of the subjects discussed within this docun.~nt cre considered out of scope to the delivery
of AIS and MET data link services to cockpits and a:rcraft in general; however, this document
was developed with the purpose of holistically «»utyzing all of the issues that could enable or
hinder AIS and MET data link services. The analysis revealed four main areas of concern:

e architectural ambiguity;

e information quality;

e cyber security; and

o lack of data link m~zai-. sunability determination standardization.

This document, *~hii> describing these areas of concern and proposing recommended paths to
solutions, does 1ot ' pecify the precise manner in which solutions must be defined. The specifics
necessary-*0 addre.s these recommendations, in many cases, lie with future efforts. The analysis
led ‘o tha creation of a set of recommendations detailed in Section 1.7. The recommendations
were lirvited to assessed obstacles to achieving data link services. Further explanation as to the
anclysis and assessment that allowed the derivation of each recommendation is contained within
the 1 2levant sections.
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Architecture:

RTCA DO-340 described a clarification of how to think of data link services. That document
defined Category 1 and Category 2 data link services. This was an important first step in moving
away from earlier concepts of how to differentiate data link services. What it did not provide was
the means to apply these new definitions.

o What does it mean practically for a data link service to be classified as Category 1 versus
Category 2?

o Is there a difference between a behavior and a required communication perfcrmance
parameter?

¢ What functions need to be accomplished for which service?

This document describes a framework that answers the above questions and moiro. A holistic
functional architecture, outlined in Section 3, attempts to capture ident'fied needs. This
architecture again does not provide a minimum requirement for all data liok sys:ems, but it does
provide a structure from which functional choices can be made hy imolementers, regulators, and
standards groups. Included in the architectural discussion are -eco nmendations to achieve
flexible development by implementers of data link servicas. T'he flexible approach outlined is a
recommendation; and if applied correctly, it will allow the ¢ 2aiest amount of innovation, while
still allowing for the appropriate amount of regulatoiy ov2rsit ht to achieve safe operations.

Information Quality Assurance:

In order to achieve approval for operational use of data link services to aircraft for the purpose of
supporting or satisfying the air traffic ;2rvice function, the information delivered through those
services must have some level of a2cuiarice as to its quality. The industry and regulatory agencies
currently face two challenges to ru<uizing this assurance.

On the one hand, the infori:~tion delivered to aircraft is largely dependent upon the quality of the
information as genera.an by the source prior to incorporation into the data link service. While
various data quality standards exist, there is not a mandated minimum requirement that data
producers must abi'e by for the full breadth of information that is to be dynamically data linked
to aircraft in the rioxt generation of aviation.

On the otriar hand, standards exist to assure the quality of aeronautical data as it moves along the
dcta chain. These standards, while potentially adaptable for information made more contextually
1ot delivered via data link, their efficiency for information managed on a working and free
flov.ing basis requires further investigations. A standardized process necessary to achieve either
certification or operational approval of the developing high bandwidth data link delivery systems
does not currently exist. This creates a situation where the industry has developed or is
developing capabilities that can assist in the realization of the RTCA DO-340 described uses, but
they languish in complex and ambiguous approval processes that are unique to each effort.

ii
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Section 4 describes the situation as it relates to information quality assurance and provides
specific and timely recommendations. Without clear regulatory oversight and rigorous attention
to achieving quality information origination as well as delivery assurance, Category 1 delivery
services as well as the uses that they intend to support will not be achievable in the near term.

Security:

The operational use of AIS and MET data link services introduces concerns related to cyber
security threats and vulnerabilities. These security concerns are system-wide, which may impact
the overall data link service, including aircraft systems. These concerns need to be addressea
through both the aircraft system certification process and the aircraft operational ~op.aval
process. Central to resolving issues surrounding data, data exchange, and data link secu.‘ty o that
it be viewed on an end-to-end basis.

While there are several efforts underway to define systems and data secur.ty as it relates to
aircraft systems and data link technologies, there continues to be a demand 1. an overarching
security architecture set, which may satisfy the needs for safe operatior.o of aircraft well into the
future.

Allocation of Use to Data Link:

Underlying all of the above subjects lays the meens {2 pi~ide, via data link, the data that is the
foundation of any data link service. The determinatic 01 which data link(s) is suitable to provide
services for a given use(s) continues to focus freaueiitly on incumbent safety service defined data
links instead of broadening the field to other links for consideration. In turn, this causes delays in
implementation, unrealized safety, ccat, ana user benefits and lastly a reduction in vendor
competiveness and opportunity.

To begin to address these shartcamiigs, Section 6 describes and outlines a repeatable process for
determining suitable delivarv methods for current and future AIS and MET applications, uses,
and data link technoltgics. This recommended and flexible approach provides a structure by
which multiple dis)yarate data link technologies may be comparatively analyzed as potential
candidates to provi'e ine specified level of service.

The ana’ysas resuidng from this process will inform FAA and industry decisions regarding
acceprabiv delivery methods and the relevant architecture given limited spectrum for specific uses
aid services today. By standardizing the determination of data links’ suitability, the
vacommended process is expected to have the following benefits: future implementation of
serv. ces will be shortened, safety will be improved, costs will be reduced, and competition will
increase.

iii


https://www.stdhive.com/standards/rtca-do-349-pdf/



https://www.stdhive.com/standards/rtca-do-349-pdf/

TABLE OF CONTENTS

1 INTRODUGCTION. ...ttt sttt bbbt s ekt b b st e bt e st e s e e bt et e b e be st st et e enes 1
O R U o[0T PSP TPRUPRO 1
1.2 BACKGIOUN ...ttt bbb bt b ettt b et n e nn s 2
R oo oL TP PR PR OP PSPPI 5
1.3.1 ASSUMIPLIONS. ...ttt b bbbttt b Rt bbbt et et b e b b nenen s 8
IR T I T 1T - Y 4 USSR 8
1.4 DOCUMENTE OVEIVIEW ....uviviiuietieiististe sttt sttt se bbb bbbt e s e st et e b ke st et e b et e s e e bt et e e b e ebe st et e b e enes 2
1.4.1 Document OrganiZation ..........ccccveiiiieeiieiiiiese e ste e ese e be e saestaeaesreetaestesre e e e sreaneens e 8
1D RETEIENCES. ...ttt ettt bbbttt b bbbttt e nenne e e 9
LG =T 011 L PP OO TP O PR PPRU STUP PP 13
1.8.1 GIOSSAIY ..ttt b bttt h b bt r b n et e et ene s e nnennene e 13
1.6.2  ADDIeVIatioNS/ACIONYMS ......cviiiiiiiiiiteitet ettt b bt ees ettt sbesbe st e nneneas 16
1.7  Summary ReCOMMENTALIONS ......cooiiiiiririiieieeeees s L 25
2 DATALINK CONCEPT ..ooootiiitcecese e 200 s ettt 29
2.1 CoNCePt INTENAEI USES.....c.ocuiiiiiiiiieiiiiieieieiees et ses S ebeseeseesessessessestesaesseseeneenes 29
2.1.1 Delivery Services CONCEPLS .....cceververeeriereeenisiniesiesieseeseeennsd N TP OPP 29
2.1.2 AIS and MET Data Link USE CONCEPLS.....cveeirirriiirieriens et see i essesse s sseseesseseeenses 31
2.1.3 Aircraft Derived MET Data Use Concepts.............: . N 31
2.2 CONCEPLUAL ATCNITECIUIE .......iiiieieteeeee e e ettt ettt 33
3 ARCHITECTURE ..ot ittt s f ettt ettt et et e et esaesaeteerentenn et et e e anes 35
3.1 EXiStiNg AICNITECIUIE SUIVEY ....cuviieieiiiies s e sttt e ettt e st steetaebesteeseenbesneeneenne e 35
3.1.1 Survey of EXisting Airborne ArChiteCrE ..o s 35
3.1.2  Survey of EXisting Ground ArChit \CrUIM.......oiii e s ee s 36
3.2 Architecture SNOMFAll........ ..ot it et 37
3.2.1 Lack of and Need for Overarchiing GUIAANCE .......c.ecviiicicc e 37
3.2.2  Architectural High Lev l7-unctional NEEdS .........ccccoveiiiiiiiiecc et 38
3.3 Architecture Recommcndations for AIS and MET DeliVery ..o 42
3.3.1 EXisting EQUIP2JE £ YCNITECTUIE ..o 42
KR A ¥ (0 Tod T T LI ol T (5 11 USSP 42
3.3.2. 1 SYSTEN DESTIIPION ...ttt bbbttt 43
3.3.2.2  FUNCLUONGI DEPICTION. ...ttt ettt 48
3.3.3 Caegory 1 versus Category 2 DeliVEIY SEIVICES........cccviieiiiiaeeneieese et 57
3.3.5.1  LitaLink Services: ANSP and COMMErCIal ........c.ooiviieiiiieesecee e 58
3.3.2.2 Uricertainty of the Mapping between Use and Category ..........coovvieiineiieie e 60
3.4 DOWNIINK AN CFOSSHNK. .......eiiiiieieii ittt sttt e e sreen e seesneeneenee e 62
BTG T I Tor: LB T- ool SR 63
3.3.6  ENLEIPIISE SEIVICES. .. .cuiiiiitiitiitiite sttt ettt bbbttt bt 64


https://www.stdhive.com/standards/rtca-do-349-pdf/

4 INFORMATION QUALITY ASSURANCE ..ot s 69

4.1 Current Information QUAIILY PrOCESS ......ccviiiiiiiieiiie ettt sre et aenre s 69
4.2 Information Quality Shortfall............ccooiiiii i 70
O R A 1 S 70
O Y | = S 71
4.3 Information Quality RECOMMENUALIONS ........ccveiiiiiiiiieie s 71
4.3.1 S0OUrce Data QUAITLY .........ocveieieieiiiiseeie et 71
A DT L W 1 1 -V [OOSR PRSPPI 72
4.3.3  RECOMMENAALIONS ......eviiiiesietietieti sttt bbbt b bt e st bbb et e s et et nb et nn s lc
5 SECURITY ittt bbb bbbtttk sb bbbt e e bt b e be st nbe st e nennenees e e 75
5.1 Current APProach t0 SECUMLY ......ccovcviiiiiieiici it re e ee s eees Daeans 75
5.1.1  CUITENE GUITANCE .....cveeeieiieeieeie sttt ettt st ste st estesteeseestesneeseesseeneesaesseensesseess eenseeseensenns 75
5.1.2  SECUIILY ASSUMPTIONS .....eouiiiiiitireitesieies ettt sttt sttt b et b et e ek b bt bbb enes 76
5.1.2.1 ATS Data Link Service ProViders.........cccoceeeviviieerenieeieneseene s el - e 76
5.1.2.2 Non-Governmental Data Link Service ProVIdersS ........ccooviiveiiniiiirereiis s s 76
5.2 SecUrity ShOrtfall ..........cocoiiiiic e et et re e 77
5.3 Security RECOMMENALIONS. .......c.coviiiiiiiicieie st se et e e e etesae e e e b e e e s teste e besbeereesbesreeseesreans 77
6 ALLOCATION OF USE TO DATA LINK ...cciiiiiiiiie s it it 79
6.1 Current Methods of Data Link Allocation..................: AN 79
6.2 Data Link AHocation ShOrtfall..........c.ccoiiiiiiiii i s 80
6.3 Data Link Allocation Methodology ReCOMMENdati M. ........cooiiiiiriieiecee s 80
B.3.1  PrOCESS OVEIVIEW. ... cvieiieiieiieesie it eteetestee e tesseestesteassesaeaseetesseeseentesseessesseeneesteaseensesseaseensenseaseensenns 80
6.3.2  PrOCEAUIE STEPS....c.viuieieeiieiiriisiisie el et ittt bbbttt ettt bbbttt s bbbt 85
6.3.2.1 Identify Use and APPIY 10 USE CASO .11 ittt st s re e e 85
6.3.2.2 Define Use Case Operationai CHoiaCialiStiCS ...oiuviiiiiiieiiiii ettt st 85
6.3.2.2.1 Identify Uplink/DowWnlink CriaSlinK ........c.oiiiiiiciececie et st 85
6.3.2.2.2  IAENEITY SEIVICE ....ves i it sttt et et e et e s be et e e besreeneenre e 86
6.3.2.2.3  1deNtiTY IMOGE. ... oo o et be e et e et s be et et s re e re e e 87
6.3.2.2.4  1dentify AIrSDACE DOMAIN ....ccuiiiiiiiiiieieii bbbttt n e 87
6.3.2.2.5  1dentify GEUATAL MC AT .....iuiiiieieieie ettt bbbt 88
6.3.2.2.6 Determine the i 'umber of AIrCraft.........coooiiii i 89
6.3.2.2.7 Idenu.fv Lue Case Performance REQUITEMENTS ........ocveieiiiiiiiiriinie e 90
6.3.2.3 Deteriine the Data Links that Align with the Use Case ........cccccvvveveieiic i 91
6.3.2.4. L OFINE IMIESSATES .. .veeuveeieeiteesteestee sttt s te e e e te e te e s te e s se e e st e e te e steesseesaeesateanbeenteenbeeseeesteeareeeneeeneeereens 92
6.3.2.5 1 11entify IMESSAGE SIZE(S) .. uveeveareeterieeeietieie st st e e ste et ettt e sttt eseesteeeesteete e e sreeneeneeareeneenee e 92
£ 3.24.2 ldentify Rate of MeSsage GENEIAtION...........cceiiveiieiieeieeseeseeseesie e e e re e sre et e e eeeeeesre e e 93
6.3.2.5 Define Use Case Technical CharaCteriStiCs ..........cccvviviiieiiiiiieriiii e 93
6.3.2.5.1 Determing DUration 0F USE CaASE ......ccueieiieriiiiieieseeiestese e steseesre e te e taesae e naesae e esaesse e 93
6.3.2.5.2 Determine Size 0f Use Case VOIUME.........c.coviveieiieiieie st se sttt ee e 94
6.3.2.5.3 Determine Non-Use Case Load on the Data Link ..........cccceceviiiieveiniie e 94
6.3.2.6  Data LINK MOUEIING .......eeiieiieie ettt s rae e s be e te e beeste et e e e naeenaeenneenree e 95

vi


https://www.stdhive.com/standards/rtca-do-349-pdf/

ORI T8 T 11 (0T [ ox AT o TP 95

6.3.2.6.2 Data Link Models DeVEIOPMENL ............cociiiiiiec e 96
6.3.2.6.3  SIMUIAtion MOUEI OULPULS ......cviiviiiicieite ettt sttt sre et sbesre s eesne e 97
6.3.2.7 AIS and MET Run Data Link MOEL...........ccoiiiiiiireiee e 98
6.3.2.8 Perform Post-Model RUN PrOCESSING ........ccuiiiiiiiieiieieieieesese s 99
6.3.2.9 Define Qualitative Operational CharaCteriStiCs ...........ccooeiuriiriiiiriiiieseee s 99
6.3.2.9.1 Identify Data Link Approval to Handle Safety Services Data.............ccoerveivriiniininiincncnennnn 99
6.3.2.9.2 Identify Ability to Interface with Aircraft SYStemS ........ccccovv i 100
6.3.2.9.3 Identify Data Link Layer/Multiple ACCESS SChEME........ccceviiiiie e 100
6.3.2.9.4 Identify Standards/Regulatory MatUrty ..........ccccceviieiieiiiieeie e e 101
6.3.2.9.5 Identify Data Link Quality of Service Capabilities...........c.ccoveviiieniiiiiicere e 101
6.3.2.9.6 Identify Legal/Regulatory RESIIHCHIONS ..........ccoiiirieiieicieesee e 102
6.3.2.10 Evaluate Model Results against Use Case Performance Requirements and Qualitative

(@00 4] (=T = 4 0] LSRR 102
6.3.2.10.1 Evaluate Model Results Against Use Case Performance Requirements.............cccccoeervervenns 103
6.3.2.10.2 Evaluate Model Results Against Qualitative Considerations ..........c.ccccoevevevieiieeveseerneseenn 103
6.3.2.11 Develop RECOMMENTALIONS .....c..civiiieiiiiiecie et st st re e be e sreenes 103
6.3.2.12 Report Results and ReCOMMENUALIONS ..........cccveiuiiieiiiiiiec e 104
7 PROCESS ANALYSES......oo ittt sttt b ettt ettt sbe b e e 105
7.1 RTCA DO-339 Aircraft Derived Meteorological Data via Data Link for Wake Vortex, Air Traffic
Management, and Weather Applications Service OSED.........c.ccoceieieiiiniiinese s 105
711 WaKe-Tree AITIVAl SEIVICE .....ccviiieiiieeie sttt ste et ste e ntesneesaeste e e e neeenen 105
7111 USE CaSE DESCIIPLION ......eviiitiieeieieee ettt bbb b b b nn e 105
0 O o (- | OO PRTTRT 106
7.1.1.3 Data Link RECOMMENTALION ....c..eviiirieiieiieiisieeie sttt et 106
7.1.2 Characterize the Atmosphere in the Terminal Environment for Wake-free Dynamic Pairwise

LT oL L= L o] o ISR PSP 106
7.1.2.1  USE CaSe DESCIIPLION ......ecuiiiiite ettt sttt s te ettt sr e te b e st e e ba e besbeese e besaeesaesbaeneesreenes 106
N A o (- 11 ] RS ST 107
7.1.2.3 Data Link ReCOMMENUALION ......c.oiviiieiiiieie et ste ettt sae e neenreenes 108
7.2 RTCA DO-340 Concept of Use (ConUse) for Aeronautical Information Services (AIS) and
Meteorological (MET) Data LIiNK SEIVICES .........cceiiiiiiiiiiiieie et 108
7.2.1 En Route Hazardous Weather ROUte DeVIAtION.........cccerieieiriiiee e 108
N R T OF Tl =T ol oL o] o OSSR 108
T.2.1.2  RESUIS ..ottt sttt e st et e R be s e e be st et e neeneeneetenneebenee it e nenean 109
7.2.1.3 Data Link RECOMMENUALION .........oiiiiieiiiiee sttt neeenen 109
7.2.2 Weather Information Provided to Portable and Installed Devices (PalDs) ..........ccccvvvrereneinennns 109
7.2.2.1  USE CaSE DESCIIPLION ...ttt bbbttt sttt b b e n e 109
O A - (- 11 | | S SS 110
7.2.2.3 Data Link ReCOMMENUALION .........ooviiieiiiiieeie e sre ettt sre e nreenes 111
7.3 Evaluation of Potential 1090ES Support for the RTCA DO-339 Described Data Service.............. 111
7.3.1 RTCA DO-339 Data Service Data Link Requirements Analysis .........c..ccooovvoeevenienienieneenenens 111

il



7.3.2 Data Link RECOMMENUATION ...eeiiveeeeiitieee sttt e s sttt e s st e e s st e e s sraeeessebseeessebseeessabaeeessereeeessasseeesins 111

APPENDIX A MEMBERSHIP ..ottt A-1
APPENDIX B USE CASES APPLIED TO ANALYSIS ..ottt B-1
2 TN = 07 N I T T PSSP SSR B-1
B.1.1 Use Case Scenario AnalysiS REPOI L ........cooiiiiiiiiiieieieeeese s B-1
B.111  ANAIYSIS RESUILS ...t B-1
B.1.1.1.1  MEENOUOIOQY ...veveeireieieeietiste sttt B-1
BLL.1. 1.2 RESUITS ..ttt bbb bbbt bbbttt b B-1
B.1.1.1.3  RECOMMENTALIONS ......evvivieiieiisiistisie ettt sttt ettt st be sttt ettt st st nn e s B-3
BL1.1.2  USE CaSE...eueitiitiete ittt sttt sttt et b e bbb bt bRt bbb bRt bRt e b b e e nhe et et e B-5
B.1.1.2.1  USE CASE SCENAIIO ...cuvevveueerietistisiestesiesieeeseesesiesbe sttt seebeebesbesbe st ne et e et ebeebeabenbesbe b neenes B-5
B.1.1.2.2 Use Case Operational CharaCteristiCs ............ccuouiirereieiieiieisisesese s B-9
BLL1.13  ANAIYSIS ...ttt b ettt e B-10
B.1.1.3.1 Data Link QUalifiCALION.......ccccveiiiiiie e st B-10
B.1.1.3.1.1 Data LinK(S) QUAIITIEA.........ccoririiieiieieieis e B-10
B.1.1.3.1.2 Data Link(s) Not QUAlITIEd...........cceiiiiiiiiie e B-11
B.1.1.3.2  QUANLItALIVE ANAIYSIS .. .ecuviiviiiieiieitece ettt sttt st sr et ne e sreste e besreenrenre e B-12
B.1.1.3.2.1  USE CaASE IMESSATES ....vveeiuriieiireeiieeeitttessteeessseesssesstaeessseesseeessseesbesesstessnsesasssessnsesssssessnsens B-12
B.1.1.3.2.2 Use Case Technical CharaCteriStiCS.........couuuiirirererieieisisese s sie e s B-13
B.1.1.3.2.3  Simulation MOdel RESUILS ........ccviiiiieiiie st B-13
B.1.1.3.2.4 Model RESUIS ANAIYSIS........oiiiiiiieicie e B-18
B.1.1.3.3  QUAIITALIVE ANAIYSIS .....eeueiiiiiiitisiiite ittt B-27
B.1.1.4 Detailed Tabular RESUILS .......ccciveiiiiiie ettt sresne et sre e aenee e B-32
B.1.2 Use Case Scenario Analysis REPOI 2 .........ccviiiiieiiie ettt sttt s re e B-35
B.1.2.1  ANAIYSIS RESUILS .....cviiiiiiie ettt sttt s be et be s te e sr et e e seesbeeteebesbeennenre e B-35
2 300 2 0 R |V =11 T T (o] (oo |V PSSP B-35
BLL1.2.1.2  RESUITS ...ttt sttt sttt R et et et e bt e e e e nean B-35
B.1.2.1.3  RECOMMENUALIONS ......oveeuierieiietisieste ettt sttt e st seesbe st e eseeseebesnesneseeseenneneas B-36
o U LT O TSP PR TR B-38
B.1.2.2.1  USE CaSE SCENAMO ..ecvvevreiieteiiieiiesteeiesieeteestesteeseestesseesaestaesaesseeseessesseessesseassessesseessesseessessenns B-38
B.1.2.2.2 Use Case Operational CharaCteriStiCs ............cuuiirirererieiieisisise e B-41
BL1.2.3  ANAIYSIS ..ottt B-42
B.1.2.3.1 Data Link QUalIfiCatiON........ccceeiiiiiic ettt B-42
B.1.2.3.1.1 Data Link(s) QUAlITIEd.........c.coiiiiiiiiccce sttt s B-42
B.1.2.3.1.2 Data Link(s) Not QUAlITIEA...........cceiiiiie it B-43
B.1.2.3.2  QUANTItALIVE ANAIYSIS .. .ottt ettt st r e nne e e e B-44
B.1.2.3.2.1  USE CaSE IMESSAGES ....eveeuriteeeiitiaiiesteateetesteese et sbeesee bt ssbesbeebe et sbe e b e st e e e e sbeabe e b sbeenne b e B-44
B.1.2.3.2.2 Use Case Technical CharaCteriStiCS.........ccvvvariiriiiiieiiiieie e eiese s sie et B-45
B.1.2.3.2.3 Simulation MOdel RESUILS .........cvcieiiiiee st B-45
B.1.2.3.2.4 Model RESUITS ANAIYSIS.......ccoiiiiiiiiiiie e B-48
B.1.2.3.2.5 QUANITALIVE ANAIYSIS ....ccviiieee ettt ee e e sre e e e e ae e ns B-49
B.1.2.4 Detailed Tabular RESUILS .........coioiiiiee ettt st B-50



B.2Z RTCA DO-=340 ...ttt et B-51

B.2.1 Use Case Scenario Analysis REPOIT L .......ccccviiiiieiiii ettt s B-51
B.2.1.1  ANAIYSIS RESUILS .....eieciieiie ettt et sttt te et e s beeseesaeeteebesreeneenre e B-52
B.2.1.1.1  MELNOUOIOQY ...ttt B-52
BL2.1.1.2  RESUILS ...ttt sttt et R bt et e e e Rt e neerenne et e e neeenen B-52
B.2.1.1.3  RECOMMENUALIONS ......oiveeieiieiiieeiesieeie sttt e st er et sreesaesbeeneesteeseenaesreeneeneeans B-52
o O U L O T OSSOSO PT PP PP B-55
B.2.1.2.1  USE CASE SCENAIIO ...cuveuveueereeiistisiistestesteee s tesiesbestesbeseeee e s s besbesbesbesbe b et e st ese st e sbesbenbenbenbennas B-55
B.2.1.2.2 Use Case Operational CharaCteristiCs ..........ccoueviiiiiiieiiiieie st B-56
2 B G T AN 1 -1 Y] OSSR B-58
B.2.1.3.1 Data Link QUalITICAtION........cceiiriiiriiiriiiie ettt e sbe e b s snre e nras B-58
B.2.1.3.1.1 Data LinK(S) QUAIITIEA.........ccoriiiriiieeiees s B-58
B.2.1.3.1.2 Data Link(s) NOt QUalITIEd..........cceireiiiiiiii e B-59
B.2.1.3.2  QUANtItatiVe ANAIYSIS ....c.ocuiiiiiiiiie e B-59
B.2.1.3.2.1  USE CaSE IMESSAGES ....eveeureveereriresiiesiesteeresreeseessesseeseesbesssesresseesnesmeesnesneaseesresreenesreennennens B-59
B.2.1.3.2.2 Use Case Technical CharaCteriStiCS..........ouuuiirirererieieisiesese s e B-60
B.2.1.3.2.3  Simulation MOdel RESUILS ........cceiviiieiiiiiiice st B-60
B.2.1.3.2.4 Model RESUIS ANGIYSIS........coiiiiiiiiecice sttt st sre e re e B-65
B.2.1.3.3  QUAlITALIVE ANAIYSIS ...cviiiiiiiiiie et st r e re e re e B-67
B.2.1.4 Detailed Tabular RESUILS .......ccciveiiiieie ettt sre st e saesreenaenne e B-79
B.2.2 Use Case Scenario ANalysiS REPOI 2 ........coviiiiiiiiiiie e B-83
B.2.2.1  ANAIYSIS RESUILS ...ttt e B-83
B.2.2.1.1  MEENOUOIOQY ...vivieinteieieeeee sttt bbbttt B-83
BL2.2.1.2  RESUITS ...ttt ettt bbbttt e et be et ne e n e B-83
B.2.2.1.3  RECOMMENAALIONS ......evieiierieiieiisiesie sttt sttt st et et e e s eneebesnesneseeneenneneas B-84
B.2.2.2  USE S ... ittt sttt ettt bbbt E e bbb et R et n bt e bt e nbe e nhe e nar e b nrs B-85
B.2.2.2.1  USE CASE SCENAIIO ...c.veueeueereeiiatisiestestesteieseeseetestestesseseeseeseesessessessessesseseesseseesessessessessessensenens B-85
B.2.2.2.2 Use Case Operational CharaCteriStiCs ..........cccuevviiiiiiieiiiieie ettt s B-86
BL2.2.3  ANAIYSIS ...ttt B-87
B.2.2.3.1 Data Link QUalifiCatiON..........cceiiiiiie ettt B-87
B.2.2.3.1.1 Data Link(S) QUAIITIEA.........ccoriiiiieiieiiiei e B-87
B.2.2.3.1.2 Data Link(s) NOt QUalITIEd.........ccceieiiieiii i B-88
B.2.2.3.2  QUANLITALIVE ANAIYSIS .. .ecvviitiiiieiieitecie ettt sttt st sr et e e b et et sre e nre e B-88
B.2.2.3.2.1  USE CaSE IMESSAUES ....vveeiurireiereeiteeeiteeessteeessteessteesstesesstesassesessseesntesesssesssesassenesnsesessesssees B-88
B.2.2.3.2.2 Use Case Technical CharaCteriStiCS..........ouuiiirirererieieieesesie et B-88
B.2.2.3.2.3 Simulation Model RESUILS .........c.oiiiiieiee e B-89
B.2.2.3.2.4 Model RESUITS ANAIYSIS........coiiiiiieiieicic e B-89
B.2.2.3.3  QUAlITALIVE ANAIYSIS .....eeieiiiiiiitiiieste sttt e B-89
B.2.2.4 Detailed Tabular RESUILS ........cc.ciiiiiiiiiiccreccece ettt be e B-103
APPENDIX C TECHNOLOGY PROFILES ........ccooii ittt C-1

X



APPENDIX D USE CASE ANALYSIS REPORT TEMPLATE.......ccciiiiiiiie D-1

D.1 Title of Document Use Case iS DEerived FrOM ..........ccoiiiiiieiieiniiise s D-1
D.1.1 Use Case Scenario AnalysisS REPOI (N) ...cviieeieieiieie sttt nresne s D-1
D.1.1.1 ANAIYSIS RESUITS ...t D-1
D.1.1.1.1  MEtNOUOIOQY ..o et D-1
D 0 o L= | (ST D-1
D.1.1.1.3  ReCOMMENUALIONS ......couieiieieiiierieiteeie st steeiesieeree e e eeesteeseeseeeteeseesseeseeseesseessesseesseseeeseessnssens D-1
D112 USE CASB...eueiutiitieie ittt sttt sttt etttk et sbe bbbt e bt e bt e R e e e bt ekt e bt bt R e e bRt e b be e e nhe b et nre s D-1
D.1.1.2.1  USE CaSE SCENAIO...c.eeuveueerietistisiiiteseesteeeseesestesteste bbbt s s be bt st esbe st st et e e st et e s besbe st sbe b neenes D-1
D.1.1.2.2 Use Case Operational CharaCteriStiCS ........coiiviuiriiiieiiiieiiie e seesesre et sre e sre e e e D-1
D113 ANAIYSIS ..ttt e b et e s be st e nrenre e e sreere e renre s D-3
D.1.1.3.1 Data Link QUAlITICALION..........ccoiiiiiiieiiciee et s naenne s D-3
D.1.1.3.1.1 Data Link(S) QUAKITIEA ........ceriiiiiiieiceis e D-3
D.1.1.3.1.2 Data Link(S) NOt QUAHTIEA ........coeiiiiiiiiii s D-3
D.1.1.3.2  QUANTITALIVE ANBIYSIS ....cueeieeiiitiiiiite ittt bttt bbb D-4
D.1.1.3.2.1  USE CaASE IMESSAGES ....vveeiurereiurieeteeastteesstesesstesstesasaeesssessssseesssessnsssesssessssssessssesnsesssnsessneeans D-4
D.1.1.3.2.2 Use Case Technical CharaCteriStiCS ...........cuuiiririrererieieinisese s D-4
D.1.1.3.2.3  Simulation MOdel RESUILS .........ccoiiriiriiieiiicises e D-5
D.1.1.3.2.4 MOdEl RESUITS ANAIYSIS.....cciiiiiriiieiriiteeie st et estese et e ste s sre e aesreeseeste s e e sresbesneesresteenbesres D-6
D.1.1.3.3  QUANHTATIVE ANAIYSIS .....eiiiieiiiiiicie ettt D-9
D.1.1.4 Detailed Tabular RESUIS .......cciviiiiieie et D-11
APPENDIX E QUALITATIVE METRICS DESCRIPTION .....cociiiiiiiiiiisceeeee s E-1
E.1 QUAILY OF SEIVICE ....iiiiiieiiiiee ettt b ettt b et E-1
APPENDIX F DESCRIPTION QUANTITATIVE MODELS.......cccooiiiiiiieeeesee s F-1
F.1 Description of SATCOM Model for Downlink Use Case ANalySiS.......ccccoevveveeiecneiiieveseevee e F-1
S 11 oo 1 oo OSSOSO F-1
F.1.2 SATCOM Model Description, Parameters, and Assumptions for Study 1 ..........ccccccevvvviiennenne F-2
F.1.3 Methodology Used to Compute Simulation RESUIS...........ccccvveiiiiiiciciiec e F-6
F.1.4 Model Use for Additional Simulation STUTIES..........c.evviveririeeiieiiceere e F-9
F.2 Terrestrial Air-to-Ground Model for Downlink Use Case ANalySiS.........cccooereiniininienenenenienens F-9
e R 101 oo [0 od o PSP F-9
F.2.2 CDMA2000 EvDO Model Description, Parameters, and Assumptions for Study 2.................. F-10
F.2.3 Approach Used to Compute Simulation RESUILS .........ccceviiiiiiiiciccecc e F-16
F.3 Description of SATCOM Model for Uplink Use Case ANalysisS.........ccccueoervrienrnieeieneneeeene F-20
G T R 1o oo [ Tod 1 o PSSR F-20
F.3.2 Contract Mode Implementation in the SATCOM Model ..........cooooiiiiiiiiiie e F-21
F.3.3 SATCOM Model RF Parameters and Assumptions for Study 3.........ccccceveiiininininienenenn F-24
F.3.4 Methodology Used to Compute Simulation RESUILS...........cccoviiiieieiiic e F-28



APPENDIX G POTENTIAL WAKE VORTEX/AIR TRAFFIC MANAGEMENT/

METEOROLOGICAL SUPPORT BY 1090ES STUDY ....ccccctiiiiiiiiisenesie e G-1
(G0 101 (oo (D01 AT o H OSSO TO PR UP PR UR TR G-1
G.1.1  Alternatives and ODJECTIVES .......ccoiviiieieiiicis e G-1
G.1.2  Alternatives ANalysiS APPIrOACK .........ccviiiiiiiiiieiiiste e ne e G-2
G.1.2.1 Wake Vortex/Air Traffic Management/Meteorology Alternatives and Requirements............. G-2
G.1.2.2 Broadcast of Additional Wake Vortex/Air Traffic Management/Meteorology Messages ....... G-2
G.1.2.3 Interleaved Air Reference VEIOCILY .......cccvcieiiiicc i G-3
G.1.3  APPENUIX G OVEIVIEW .....viciiiieiie ettt e et te et s e st e s te et e st e e te e besbeeseesbesneenaesteeneesreenes G-3
G.2 Alternatives Descriptions and Functional ReqUIrEMENTS..........ccoovieevieiecieie e G-4
G.2.1 Wake Vortex/Air Traffic Management/Meteorology Evaluation Criteria..........c.ccoccevvvviivennenne. G-4
G.2.2 Wake Vortex/Air Traffic Management/Meteorology Impact on Automatic Dependent
Surveillance-Broadcast EVAlUation Criteria..........cuioviieiieiiereieeiise e s ste st ees G-7
G.2.2.1 Meteorology Formats INCrease in Fruit RAE..........ccccoiveieiiiiiii e G-7
G.2.2.2 Interleaved Air Reference Velocity Increase in Required Message Decode Probability.......... G-8
G.2.3 Automatic Dependent Surveillance-Broadcast State Vector Update Requirements................. G-13
G.2.4 Summary of Alternatives EValuation Crteria.........ccccovveiiiiiiiicie e G-17
G.3 Co-Channel Interference Environment and MITRE Model Performance Validation................... G-17
G.3.1  GeNeral CONSIABIALIONS ......cueiviiuerieiesiesiesieieeie st sttt e s se e bt sbe st e et e st ebeeseabesaesbesbenee e e G-17
G.3.2 MITRE Model and Fruit Distribution Validation ............cccceeveriiiieniieireiene e G-18
G.3.3  Receiver Decoder Valitation ............cuoceiiiieiiie st seestae e nne s G-25
G.3.4 Model Validation SUMMAIY .......cccoieiiiiieisiiise et G-31
G.4 Wake Vortex/Air Traffic Management/Meteorology Alternatives Evaluations..............cc.ccc...... G-31
G.4.1 2020 Baseline Scenario INtErfereNCe. ........ccvviiiieiire e e G-32
G.4.1.1 Interleaved Air Reference Velocity Wake Vortex Alternative .........ccccccovvvvveviieiiciecieseen, G-32
G.4.1.2 Additional Meteorology Format Message BroadCasts..........cccccvveveveeiiiiiiieeieieeie e G-33
G.4.2 2020 Baseline Interference with Traffic Growth Factors...........ccccvcvveviiereiciiicesese e G-34
G.4.2.1  Growth FACIOr 2 SCENAMO ....ecveiveieiesieiieiieiesie ettt sttt sne st e ee e G-34
G.4.2.2  GroOWLN FACOr 3 SCENANIO ..e.viivreeiitieiiesieeieeieste et estesieesae e esaestesteebesteeseestesneesessaeseeseesseensessens G-36
APPENDIX H FUNCTIONAL DECOMPOSITION OF THE AIS AND MET RECOMMENDED
ARCHITECTURE ...ttt et e e be e e s tbe e st e e e sabeesabeeaateeesnteeeaseeennes H-1
H.1 Ground Data Link Processor FUNCLION..........ccccviiiiieiiee sttt nne s H-2
H.1.1 Ground Data Link Management..........c.ccciiiieiieie ettt sre st ste e be e srestesnesrestaenresre s H-6
H.1.1.1 Manage Ground COMMUNICALIONS ........ccceiiiiieiieeiiie ittt ettt sre st sre e sre e H-12
H.1.2  Ground Data LiNK PrOCESSO .......c.eeiiiieiieiieetieie sttt ettt ere et see st eneesee et e naesneeneeseeans H-17
H.1.2.1 Prepare Data for TranSMiSSION. ........ccoueiiiierieieeiesteaee e steeie st ste e e seesee e seeereenaesreeneenee e H-24
H.2 Onboard Data Link Processor FUNCLION .........c.cueiiiieiiieiie ettt H-29
H.2.1.1 Manage Onboard COMMUNICATIONS. ........eoveiiiiiiiiriinie ettt H-36
H.3  Functional DeCOMPOSITION TTEE........ciiiiieiieieiei sttt H-46

X1



S 1 T TSP UTOTOPSORPIN I-1
L2 VI ET bR bR b E bR e Rt bbb bbbt ettt I-5
.21 MET QUAILY VEITFICAIION. ......itiiiiiieceeise e 1-6
1.2.1.1 IMET OBSEIVALIONS.....cetiitieiieiieeiieie st te st steetee e ste et e stesseestesteeseesteaseestesseeseeaseeneeseeaseeneesseeneenes I-7
1.2.1.2  MET ANAIYSIS PIrOOUCTS ..ottt 1-8
1.2.1.3  MET FOFECASt PIrOUUCLS .....c.veivieiiiiiiieiie sttt sttt ste s ste e seeste e seeen e seenneenee e 1-8
7 |V | = I (=T o o] 1 [ o SRS 1-9
1.2.3  Current MET QA USEI GUIANCE ......ccveeiteeirieitie ettt et ste et e e ere e sbe e sbeesaaesaaesnbesbeebeesbeesreas 1-9
1.2.3.1 FAA Aeronautical Information Manual ..............cccooeiiiiiiiiin e 1-9
1.2.3.2 FAA Order 8900.1 — Flight Standards Information Management System (FSIMS).................... 1-9
1.2.3.3 RTCA DO-267A — Minimum Aviation System Performance Standards (MASPS) for Flight

Information Services-Broadcast (FIS-B) Data LinK ...........cccoeiiiiiiiiiiiniieciese e 1-9
1.2.3.4 WMO-8 — Guide to Meteorological Instruments and Methods of Observation ..............c.ccccev.. 1-9

TABLE OF FIGURES

FIQUIE 1-1 SC-206 SCOPE ..veivverveiteetreiteeteeiteseestesteattestesteestesteaseesbesteesesteassestesteesbesseaseetesssesesteaseeseesteenrensens 6
Figure 2-1 AIS and MET services physical architecture (notional) [56].........c.ccoceveiiiiinininiiieieiens 33
Figure 3-1 Subset of the physical architecture with interface NOES ...........ccoceeieiereiciiiii e 36
Figure 3-2 Logical depiction of systems and iNtErfaces............cocererieiiiiiiinise e 44
Figure 3-3 The functions of AIS and MET data lINK SEIVICES .........ccoviiiiirine e 49
FIQUIE 3-4 ATS TUNCHION ...ttt bbbt b et b e n e 57
Figure 3-5 Notional crosslink SyStems arChiteCIUIE ...........cooiiiiiiiiieieese e 63
Figure 6-1 Alternative data link recommendation analysiS ProCeSS ...........cvvurerererieiieiesisesese e 82
Figure 6-2 Decomposition — Define Use Case Operational CharaCteristiCs............coovvvivririinivnineneniennns 83
Figure 6-3 Decomposition — Define Messages and Define Use Case Scenario Technical Characteristics 84
Figure 6-4 Decomposition — Define Qualitative Operational Characteristics ..........c.ccocevvoirininineneniennns 84
Figure 6-5 Example diagram for aircraft counts and loading for an arrival-based use case............c.c.c.... 90
Figure 6-6 OPNET Wireless pIPEliNg STAGES ......ccveveieiiiiiriiite ettt 97
Figure B-1 Service volume with runways for EWR, John F. Kennedy International Airport (JFK), La
Guardia Airport (LGA), and Teterboro Airport (TEB)........cccoveiiiiieiecece e B-7
Figure B-2 Service volume With dimeNSIONS ...........couiiiiiiiiieieeee e B-8
Figure B-3 Service volume with runways and dimenSioNS..........cccooeiiiriririneneeee e B-8
Figure B-4 Volume CharaCterization............coooeieiiiiiiiie e B-9
Figure B-5 VolumMe CharaCterization............ccoieiiiiiiiiiisie e B-41
Figure B-6 Use case service volume With dimenSioNS...........cceieeiiiiiiine s B-56
Figure F-1 Illustration of the SATCOM geometry fOr STUY 1 .......cccooiiiiiiiniiiceeee e F-2
Figure F-2 Illustration of SATCOM links as KU-Dand............ccoeieiiiiiiiniieeeesee e F-3
Figure F-3 Illustration of CDMA concepts for A/G COMMUNICALIONS .........coerverveririiinesise e F-11
Figure F-4 Hexagonal cell structure in @ 2-D Plane...........cooiiiiiiiiiiniii s F-13

Xii



Figure F-5 Geographical area and generic base station configuration used for Study 2............c.ccceee. F-14

Figure F-6 Message flow diagram for uplink USE CASE ..........ccceeiirieieiiiie e F-22
Figure F-7 Message time sequence diagram for uplink USE CaSe...........cccviirineieieiciini e F-23
Figure F-8 Illustration of the SATCOM geometry for StUdy 3 .........ccoiiiiiiiriniiecce s F-24
Figure G-1 Wake/ATM/MET update interval requirements versus air-air separation ..............c.ccceeveneee. G-4
Figure G-2 Required probability of message decode for an interval update at CL = 95% vs. number of
LEE LIS 0L TR C=] Y7 | SR G-5
Figure G-3 Required message decode probabilities for proposed Wake/ATM/MET broadcast rates and
95% CL update intervals vs. SEParation FANGE .........c.ccveieeeeie i et sieesre e sie et sre e re e sresre e e sreeres G-6
Figure G-4 Required message decode probabilities for twice the MET Format 1 broadcast rate (or 0.2
mess/sec) and 95% CL update intervals vs. SEParation range...........cocvevvreririnrerreneesieiesiesese e G-6
Figure G-5 Required message decode probabilities for a MET Format 1 broadcast rate of 0.33 mess/sec
and 95% CL update intervals vS. SeParation FANGE ..........cooerrerierieieieesese et G-7
Figure G-6 1090ES message broadcast rates and report assemble requirements ..........cccoevvevevesecieesnenne G-9
Figure G-7 95% probability of SV update within m seconds vs. single message decode probability for nv
=2mess/sec and M =1, 2, AN0 3 SECONUS......c.veviiririiriirie ittt G-10
Figure G-8 95% probability of SV update within m seconds vs. single message decode probability for nv
=1.67 mess/secand M =1, 2, N0 3 SECONTS. ........ccuriiirririirieieieeeee et G-12
Figure G-9 State vector update intervals required by RTCA DO-338........ccoceiiiiieiiieinieneneciees G-13
Figure G-10 Probability of message decode for m = 1, 2, and 3 sec required to meet the SV update
interval at 95% Probability..........c.coiiiiiiiiie e e e re e G-14
Figure G-11 Probability of message decode versus range for the RTCA DO-338 compliant state vector
updates for the normal 1090ES case With NV = 2 MESS/SEC........cceiieiieiiiieeieiesirese st siesre e sre e sre s G-15
Figure G-12 Probability of message decode versus range for the RTCA DO-338 compliant state vector
updates for the ARV interleaved case With NV = 1.67 MESS/SEC ....cecvveviieeiiiiiiie et G-16
Figure G-13 Measured and modeled radial traffic distribution..............ccoooiiiiininiicc e G-19
Figure G-14 Altitude Distribution Model Fit Compared with WJHTC July 2007 Test Flight Measured
[ (o011 T o OSSPSR G-20
Figure G-15 Traffic limitations due to LOS and link signal levels and variations..............c.ccoccceevenee. G-21
Figure G-16 Comparisons of modeled and flight test measured fruit distributions...............ccccocenenen. G-23
Figure G-17 Mode-S fruit from airport surface aircraft in New York area ..........cccccoceevvevivneneneniennenn G-24
Figure G-18 Comparisons of measured and modeled bottom antenna Mode-S fruit distributions at two
distances from the NY area @irPOrTS.......c.ciuiiiiie it sre e be e sr e te e e sreetaesreare s G-25
Figure G-19 Message Success Rate vs. Received Signal Level for an A3 Receiver in the High
Interference Environment for Each Type of INterference ... G-26

Figure G-20 Comparison of MITRE decoder model with high fruit rate WJHTC bench measurements ..G-
27

Figure G-21 MITRE receiver/decoder model total performance in high fruit environment................... G-28
Figure G-22 Message success rate vs. received signal level for an A3 receiver in high and very high
INTEITEIENCE ENVITONMENTS ... iitieiie ettt e st et e be s teesaesteeseesbeateentenreeneenre e G-29

Xiil



Figure G-23 Comparison of MITRE decoder model with very high fruit rate WJHTC bench
TTIBASUIEIMIENTS. ...ttt ettt ettt ettt b ettt b etk b e et e bt e he e s bt b e e R b e e bt eh e e bt eh e e s bt ke e he e nb e b e en b e nbeeb e e bt nbeennenbe e G-30
Figure G-24 Model estimated probability of decode in 2011 flight test interference environment compared
WIth WJIHTC MEASUIEA VAIUES. .....c.vevietiitiite ittt sttt sttt nn e G-31
Figure G-25 Baseline 2020 probability of ES message decode vs. range compared with minimum decode
probabilities for a SV update with 1, 2, and 3 second VeloCity 1ags .........ccocvereierciiiieee G-33
Figure G-26 Baseline 2020 probability of ES message decode vs. range with MET format broadcast
compared with minimum decode probabilities for a SV update with 1, 2, and 3 second velocity lags..G-34
Figure G-27 Baseline 2020 with GF = 2 probability of ES message decode vs. range compared with

minimum decode probabilities for a SV update with 1, 2, and 3 second velocity 1ags..........cc.ccooervennee. G-35
Figure G-28 Baseline 2020 with GF = 2 probability of ES message decode vs. range with MET format
broadcast compared with minimum decode probabilities for a SV update............cccoovviiiiiiiincncnnn. G-36
Figure G-29 Baseline 2020 with GF = 3 probability of ES message decode vs. range compared with
minimum decode probabilities for a SV update with 1, 2, and 3 second velocity lags........c...ccccvevennee. G-37
Figure H-1 Decomposition of Function 1.0 Provide Ground Data Link Processor Function ................. H-3
Figure H-2 Decomposition of Function 1.1 Provide Ground Data Link Management.............c.cccceeveneee. H-8
Figure H-3 Decomposition of function 1.1.1 Manage Ground Communications ............c.ccoceverervennn H-13
Figure H-4 Decomposition of function 1.2 Provide Ground Data Link Processing ...........c.ccoceeervennne. H-18
Figure H-5 Decomposition of function 1.2.1 Prepare Data for Transmission.............ccocvvvrereneneennenn H-25
Figure H-6 Decomposition of function 3.0 Provide Onboard Data Link Processor Function.............. H-30
Figure H-7 Decomposition of function 3.1 Provide Onboard Data Link Management..............ccccco.... H-34
Figure H-8 Decomposition of function 3.1.1 Manage Onboard Communications .............c.cccceeervenene. H-38
Figure H-9 Decomposition of function 3.2 Provide Onboard Data Link Processing ...........cc.cccceevenee. H-41
Figure H-10 DeCOMPOSITION TIE.......c.eiuiiuireiiieiei ettt bbbttt H-47
Figure H-11 GDLPF functional deCOMPOSITION trEE..........criitiriiieiiieie st H-48
Figure H-12 ODLPF Functional deCOmMPOSItION trEE..........cceiuiiieieiiisiises e H-49
Figure I-1 Aeronautical chain and industry Standards ............cccoeiiiiiienine s I-4
TABLE OF TABLES
TADIE 1-1 GIOSSAIY TEIMIS ....uveieiticie sttt ettt ettt st e et e e st e e ae e beste e s b e s be e st e sbeebeesbesaeeseesbesaeeeesbeeneeseesteentenrean 13
Table 1-2 AbDreviations and ACTONYMS .........cviiiiirieieieise sttt e nenes 16
Table 1-3 Summary architecture reCOMMENAATIONS ..........ccviiiiiiriiieiee s 25
Table 3-1 FUNCLIONAT NEEUS .......cvieiieiieiieiieie ettt 38
Table 3-2 System nodes and entitieS AeSCIIPIIONS. .......cuiiiiiiririe e 45
Table 3-3 Describes the functions of AIS and MET data link SErviCes ...........ccocvviveieininininineneens 50
Table 3-4 Describes the data flow relationships with the GDLPF............cccocviiiiiininice e 51
Table 3-5 Describes the data flow relationships with the ODLPF............cccocviiiiiniice e 53
Table 3-6 AQQregate data FIOWS .........c.oiiiiiii s 54
Table 6-1 Example Q0S capability CNECKIIST............coiiiiiiiiiii e 102
Table B-1 Use case operational characteristics for the use case in the use case scenario.............c..c.o...... B-9
Table B-2 Data links qualified fOr the USE CASE ..........ccciiiiiiiieiiiser s B-11



Table B-3 Data links not qualified fOr the USE CaSE .........eoviiiiiee e e B-11

TaDIE B-4 USE CASE IMESSAGES ... .nvevereeereteaniesteaseetesteeeesteaseeseeaseaneesseaseessesseessesseanseseeasesnsesseensesseseeseeases B-12
Table B-5 Use case technical characteristics for the USE CaSE ...........covvririieneieieiee e B-13
Table B-6 Simulation model results for the USE CASE..........ccooeiiiiiiiii e B-14
Table B-7 Model results analysis for Ku-band GEO............ccccoiiiiiiiiiiiiceese e B-18
Table B-8 Model results analysis for Airborne 3G CDMA2000 EVDO ReV. A .....ccoovevvvvevieneiee e B-22
Table B-9 Qualitative analysis for Ku-band GEO ..o B-27
Table B-10 Qualitative analysis for LO0ES............cociiiririeieieieise s B-28
Table B-11 Qualitative analysis for UAT/OT8 ........cooiiiiieieeeee e B-29
Table B-12 Qualitative analysis for Airborne 3G CDMA/EVDO ReV. A ......cooieieiiiiiienese e B-29
Table B-13 Qualitative analysis for Airborne 3G CDMA/EVDO ReV. B ATG4 .......ccccvoivviiieicniene B-30
Table B-14 Qualitative analysis for Ka-band GEO ... B-31
Table B-15 Detailed tabUIAr rESUILS .........ccvoiiiiiiie s B-33
Table B-16 Use case operational characteristics for the use case in the use case scenario.................... B-41
Table B-17 Data links qualified fOr the USE CASE ...........ccoiiiieiiiiii e B-42
Table B-18 Data links not qualified for the USE CASE .........cceiveieiiiiiiir e B-43
Table B-19 USE CASE MESSAYES ....c.vevereeerreseeieasistestestesteseeseeeseese s st bbb esbe st e s e e e s e e abe bt ebesbeabenne s enneneas B-44
Table B-20 Use case technical characteristics for the USE CaSE..........coovivriierereiieisise e B-45
Table B-21 Airborne steady State CONTITIONS ..........cvriiiriiieieieie e B-46
Table B-22 Airborne steady State CONTITIONS ...........oriiiriiiieieieiees e B-47
Table B-23 Qualitative analysis for LOOES............cooiiiririiieieieisese s B-49
Table B-24 Qualitative analysis FOr UAT/OT8 ..ot B-49
Table B-25 Detailed tabUIAr rESUILS .........ccviiiiiiiiiee s B-50
Table B-26 Use case operational characteristics for the USE CaSe..........cccovvrerereiciiniisise e B-57
Table B-27 Data links qualified fOr the USE CASE ..........cccoiiiiiiiieiee e B-58
Table B-28 Data links not qualified fOr the USE CASE .........cceiiiiiiiirr e B-59
Table B-29 USE CASE MESSAYES ......veverererreseeseetesiestestestestesseseseese s bbbt sbesbe b e s e e e s e seabe s bt ebesbeabenbe s e nneneas B-59
Table B-30 Use case technical characteristics for the USE CaSE..........cccuiiririrereieisise e B-60
Table B-31 Simulation model results for the USE CaSE..........coeveiiiiiiiie e B-61
Table B-32 Model results analysis for Ku-Band GEO ..ot B-65
Table B-33 Qualitative analysis for Ku-Dand GEO ..o B-68
Table B-34 Qualitative analysis for VDL Mode 2 (ACARS) ........coviiiiiriieneieeesese e B-69
Table B-35 Qualitative analysis for VDL Mode 2 (ATN) ....cooiiiiiiiiiieiiseeee e B-70
Table B-36 Qualitative analysis for Airborne 3G CDMA/EVDO ReV. A .....ccocoveievveieie e B-71
Table B-37 Qualitative analysis for Airborne 3G CDMA/EVDO ReV. B ATG-4 .....ccoccovvvvevieivciesee B-71
Table B-38 Qualitative analysis for L-band GEO (CIaSSICAEBIO) .......cccereririerieiieisisise e B-72
Table B-39 Qualitative analysis for L-band GEO (Swiftbroadband) .............ccceeeiviniiiiniineniieneies B-73
Table B-40 Qualitative analysis for L-band GEO (SWITt64) ..........ccoouiiririniiiieieeei e B-74
Table B-41 Qualitative analysis for L-Dand LEO ... B-75
Table B-42 Qualitative analysis for Ka-band GEO ... B-75
Table B-43 Qualitative analysis for VDL MOE O.........ccooiiiiiiiiiiiiie e B-76



Table B-44 Qualitative analysis fOr UAT/OT78 ........coiiiiieccse s B-77

Table B-45 Qualitative analysis for L00ES............coo i B-78
Table B-46 Qualitative analysis for GBAS/GRAS VDB ...t B-79
Table B-47 Detailed tabUIAr reSUILS ..o B-80
Table B-48 Use case operational characteristics for the USe CaSE........ccccvvvierereeiieseeiene e B-86
Table B-49 Data links qualified fOr the USE CASE ...........ccoiiriieiiiiise e B-87
Table B-50 Data links not qualified for the USE CASE .........ccoieiiiiiiiie e B-88
Table B-51 Qualitative analysis for VDL MOE O.........ccoiiieiiiiiiiiiiiiiseseereeeeeese s B-89
Table B-52 Qualitative analysis for VDL Mode 2 (ACARS) ..o B-90
Table B-53 Qualitative analysis for VDL Mode 2 (ATN) ....cooiiiiiiiiiiieneieseeeeses e B-90
Table B-54 Qualitative analysis fOr HFDL ...........cooiiiiiiiieee e B-91
Table B-55 Qualitative analysis for Airborne 3G CDMA-EVDO ReV. A .......ooveivveeeceee e B-92
Table B-56 Qualitative analysis for Airborne 3G CDMA/EVDO ReV. B ATG-4 .....ccccccvvvvevvivcieninee B-93
Table B-57 Qualitative analysis for GPRS/EVDO ..........cccooiiiiiiiiiiitsesesesee e B-94
Table B-58 Qualitative analysis for LTE AAVANCE (4G) ....oovevviririiiiieieiienieee s B-94
Table B-59 Qualitative analysis for ABTOMACS ..........co i B-95
Table B-60 Qualitative analysis for IEEE 802.11 D/Q........cccooeiiiriiiiiie e B-96
Table B-61 Qualitative analysis for IEEE 802.11 a/N.......cccceieiiiiniiiiiiie e B-97
Table B-62 Qualitative analysis for L-band GEO (CIaSSICAEBIO) ........ccuevririererieieisesise e B-98
Table B-63 Qualitative analysis for L-band GEO (SWITt64) ..........ccociiiiriniiiieieisesse e B-99
Table B-64 Qualitative analysis for L-band GEO (SwiftBroadband)............ccccooeieiiiiiniininiicieiee B-99
Table B-65 Qualitative analysis for L-Dand LEO ... B-100
Table B-66 Qualitative analysis for Ku-band GEO ...........ccccoueiiiiiiiiiiiie e e B-101
Table B-67 Qualitative analysis for Ka-band GEO ... B-102
Table B-68 Detailed tabUIAr reSUILS ..o B-104
Table C-1 Technology ProOfilES .......c.oiiiiiiiiii bbb C-1
Table D-1 Use case operational characteristics for the USE CaSE.......cccvvvriveririiiie e D-2
Table D-2 Data links qualified fOr the USE CASE ........ccciviiiiieieieee e D-3
Table D-3 Data links not qualified fOr the USE CASE .......cccviieieieeie e D-3
TabIe D-4 USE CASE MESSAGES ... .veuvereereesesiestestesteseeseseeseesessesbesbesse st essesseseebeaseabesbe b et e s eseeneebeabeabesbe b eneneas D-4
Table D-5 Use case technical characteristics fOr the USE CaSE .........cccooveiriiiiiieieneee s D-5
Table D-6 Simulation model results TOr the USE CASE..........cuoiiiiireieec e D-5
Table D-7 Model results analysis for data link (N) .........coiiiiiiiie e D-7
Table D-8 Qualitative analysis for data link (N)..........ccoviriiii e D-10
Table D-9 Detailed tabular FESUILS .........cccveiiiiciecc et sreene D-11
Table F-1 Generic SATCOM forward link parameters for Study 1 ..........ccoovirinineiiinenesese e F-4
Table F-2 Generic SATCOM return link parameters for Study L..........cocooviriiinineieiseesee e F-5
Table F-3 Generic CDMA2000 EvDO RF Parameters for Study 2..........ccovveriieiniiniiinene e F-15
Table F-4 Generic SATCOM forward link parameters for Study 3 ... F-25
Table F-5 Generic SATCOM return link parameters for Study 3..........cccoviiieniiiiniisee e F-26
Table G-1 Wake/ATM/MET broadcast rates and required COVEIAgE ........covrerererierieieeiesiesesiesiesieneeneas G-2

XVi



Table H-1 Describes the system functions performed in 1.0 Provide Ground Data Link Processor
FUNCHION .. bbb bbbt b bbbt b et et bbb H-4
Table H-2 Describes the data flow relationships with the GDLPF............ccccooviiiiiiiiine s H-4
Table H-3 Describes the system functions performed in 1.1 Provide Ground Data Link Management ..H-6
Table H-4 Describes the data flow relationships within the GDLM and its sub-functions with the GDLP

Table H-5 Describes the system functions performed in 1.1.1 Manage Ground Communications........ H-14
Table H-6 Describes the data flow relationships within the Manage Ground Communications and its sub-
TUNCEIONS WILh The GDLP ......cuiicece ettt s te et et sre e nte e e neeenes H-14
Table H-7 Describes the system functions performed in 1.2 Provide Ground Data Link Processing ...H-19
Table H-8 Describes the data flow relationships within the GDLP and its sub-functions with the GDLM

................................................................................................................................................................ H-20
Table H-9 Describes the system functions performed in 1.2.1 Prepare Data for Transmission............ H-26
Table H-10 Describes the data flow relationships within the Prepare Data for Transmission and its sub-
FUNCLIONS WIth the GDLIM.....cui ittt b e s e tesre e e e ste s e e neennes H-27
Table H-11 Describes the system functions performed in 3.0 Provide Onboard Data Link Processor
0 0T T o PSSP H-29
Table H-12 Describes the data flow relationships with the ODLPF ... H-31

Table H-13 Describes the system functions performed in 3.1 Provide Onboard Data Link Management H-
32
Table H-14 Describes the data flow relationships within the ODLM and its sub-functions with the ODLP

Table H-15 Describes the system functions performed in 3.1.1 Manage Onboard Communications....H-37
Table H-16 Describes the data flow relationships within the Manage Onboard Communications and its
SUD-FUNCLIONS WIth the ODLP ......ccuiiiiii ettt H-39
Table H-17 Describes the system functions performed in 3.2 Provide Onboard Data Link ProcessingH-42
Table H-18 Describes the data flow relationships within the ODLP and its sub-functions with the ODLM

Xvii



This Page Intentionally Left Blank



11

INTRODUCTION

This Aeronautical Information Services (AIS) and Meteorological (MET) Services
Delivery Architecture Recommendations document was developed by RTCA Special
Committee (SC-206). The document contains an initial set of industry supported delivery
method recommendations for those applications and uses described in RTCA document
DO-340, Concept of Use (ConUse) for Aeronautical Information Services (AIS) and
Meteorological (MET) Data Link Services. A further service defined in RTCA DO-339,
Aircraft Derived Meteorological Data via Data Link for Wake Vortex, Air Traffic
Management and Weather Applications Operational Services and Environmental
Definition (OSED) is included in the recommendations. These recommendations cover
architectural, information sourcing, security, and allocation processes. The analyses
resulting from this process will support the Federal Aviation Administration (FAA) and
industry decisions regarding acceptable delivery methods and the relevant architecture
given limited spectrum for specific uses and services.

This document has been developed to support the data communications needs of future
Air Traffic Management (ATM) concepts (e.g., Next Generation Air Transportation
System (NextGen) and potentially provides input for future efforts by the Single
European Sky Air Traffic Management Research (SESAR) initiatives). A key objective
of these future ATM concepts is to establish the aircraft as a primary participant in
collaborative decision making (CDM), and in some cases, establish airspace regions for
autonomous operations where the aircraft is primarily responsible for safe separation
from other traffic, wake turbulence, weather, and designated/restricted airspace. Timely
availability of high quality and reliable electronic AIS and MET information services are
necessary to support these global ATM concepts.

Purpose

This document is to be used by multiple audiences for several purposes: approval
authorities and non-regulators. Approval authority entities are the civil or military
authorities that authorize the use and/or installation of Data Link Services as defined by
RTCA DO-308/European Organisation for Civil Aviation Equipment (EUROCAE)
European Document ED-151. The approval authority entity in the United States (U.S.) is
the FAA, more specifically the Aviation Safety Services organization within the FAA,
which includes Flight Standards Services and Aircraft Certification Services. This
document is expected to be used as a decision support document for policy decisions and
recommended guidance to FAA for approving AIS and MET data link architectures and
systems.

Additionally, this document is being constructed with further standards work in mind.
Similar efforts to define, refine, and constrain data delivery to airborne vehicles could
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