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NOTICE AND DISCLAIMER

The information in this publication was considered technically sound by the consensus of persons engaged
in the development and approval of the document at the time it was developed. Consensus does not
necessarily mean that there is unanimous agreement among every person participating in the development
of this document.

The National Electrical Manufacturers Association (NEMA) Standards and guideline publications, of which
the document contained herein is one, are developed through a voluntary consensus standards
development process. This process brings together volunteers and/or seeks out the views of persons who
have an interest in the topic covered by this publication. While NEMA administers the process and
establishes rules to promote fairness in the development of consensus, it does not write the document and
it does not independently test, evaluate, or verify the accuracy or completeness of any information or the
soundness of any judgments contained in its Standards and guideline publications.

NEMA disclaims liability for any personal injury, property, or other damages of any nature whatsoever,
whether special, indirect, consequential, or compensatory, directly or indirectly resulting from the
publication, use of, application, or reliance on this document. NEMA disclaims and makes no guaranty or
warranty, express or implied, as to the accuracy or completeness of any information published herein, and
disclaims and makes no warranty that the information in this document will fulfill any of your particular
purposes or needs. NEMA does not undertake to guarantee the performance of any individual manufacturer
or seller’s products or services by virtue of this Standard or guide.

In publishing and making this document available, NEMA is not undertaking to render professional or other
services for or on behalf of any person or entity, nor is NEMA undertaking to perform any duty owed by any
person or entity to someone else. Anyone using this document should rely on his or her own independent
judgment or, as appropriate, seek the advice of a competent professional in determining the exercise of
reasonable care in any given circumstances. Information and other Standards on the topic covered by this
publication may be available from other sources, which the user may wish to consult for additional views or
information not covered by this publication.

NEMA has no power, nor does it undertake to police or enforce compliance with the contents of this
document. NEMA does not certify, test, or inspect products, designs, or installations for safety or health
purposes. Any certification or other statement of compliance with any health or safety—-related information
in this document shall not be attributable to NEMA and is solely the responsibility of the certifier or maker
of the statement.
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FOREWORD

This NEMA Standards publication TS 10-2020 Connected Vehicle Infrastructure—Roadside Equipment
was developed to procure the equipment for secure communications among vehicles, infrastructure, and
personal devices with traveler safety as the highest priority.

In the preparation of NEMA TS 10-2020, the input of users and other interested parties has been sought
and evaluated. Inquiries, comments, and proposed or recommended revisions should be submitted to the
concerned NEMA product subdivision by contacting the:

NEMA Technical Operations Department
National Electrical Manufacturers Association
1300 North 17th Street, Suite 900

Rosslyn, Virginia 22209

The NEMA 3TS Connected Vehicle Infrastructure Technical Committee developed NEMA TS 10 under
the auspices of the NEMA Transportation Management Systems and Associated Control Devices Section
(3TS), of which it is a part. The following individuals were Members of the Technical Committee

360 Network Solutions,LLC Steve Bowles

Applied Information, Inc. Alan Clelland, Bryan Mulligan, Walt Townsend
Daktronics Steve Bostrom

Eberle Design, Inc. Andy Dowie, Peter Swenson

Horizon Signal Technologies Scott Heydt

John Thomas, Inc. Charlie Percival, Mike Winters

McCain, Inc. Jesus Ruiz, Mike Schagrin

Panasonic Corporation of North America Michael Stelts

Parsons Dmitri Khijniak, Jon Wyatt

Qualcomm Mauricio Guerra, Jim Misener

Siemens Industry Dave Miller

Sunrise SESA Technologies, Inc. Glen Wiebe

Temple, Inc. Winter Horbal, Blake Temple, Mike Vickery
Ver-Mac Inc. Serge Beaudry

At the time this draft was completed, the Transportation Management Systems and Associated Control
Devices Section was composed of the following Members:

360 Network Solutions, LLC Panasonic Corporation of North America
Applied Information, Inc. Parsons Corporation

Daktronics, Inc. Qualcomm

Eberle Design, Inc. Siemens Industry, Inc.

Horizon Signal Technologies Skyline Products, Inc.

Intelight, a Q-Free Company Sunrise SESA Technologies, Inc.

John Thomas, Inc. Temple, Inc.

McCain Inc. Ver-Mac Inc.

NEMA recognizes that this Standard, NEMA TS 10, has been developed at a time when there is much
uncertainty over the continued dedicated use of the 5.9GHz waveband for transportation safety
applications. This is due to the outcome of the Federal Communication Commission’s Notice of Proposed
Rule Making (NPRM) on the 5.9GHz band being currently awaited. Potential impacts could be in the
types of communications technologies permitted in the band, allocation of channels, and the very range of
frequencies made available to transportation under licensed use.

While consideration was given to delaying the release of NEMA TS 10, NEMA’s Technical Committee,
which prepared the Standard, strongly believes the Standard contains elements that justify its timely
release for use by road infrastructure owners and operators (I0Os) for infrastructure equipment
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procurement. This is because NEMA TS 10 contains key elements that enable I00s to procure
equipment safely in the knowledge that it will not be made obsolete by the possible changes in
regulations contained in the NPRM. Such elements include the use of multiple modes (radios) in one
roadside unit, dual-mode/dual active operation of such equipment, and over-the-air update capability for
this equipment.

NEMA does expect that an update to the version of NEMA TS 10 will be needed due to the resultant rule
making. However, it is felt that the visibility into the changes provided by comparing the current and
updated versions of NEMA TS 10 will help IOOs that have already deployed roadside and on-board units
better understand the impacts on their installations.

CAUTION: It is the responsibility of the Agency deploying radio equipment procured against this
standard to ensure that the equuipment is operating legally under the necessary licenses and/or
authorizations required by the Federal Communications Commission (FCC).

© 2021 National Electrical Manufacturers Association



NEMA TS 10-2020
Page iii

CONTENTS

Section 1

1= = T L) (o) g aT= 1 11Y/=) PP PPRRRRN 1
1.1 S Todo] o= T RSP 1
1.1.1  Purpose for Implementing the SYStem..........cooc i 1
1.1.2  G0als aNd ODJECHVES ...t e e e e e e e e e e e e e et e e e e e e e e eeeaasreeeaaaeeaaans 1
1.1.2.1 Support Present and Future MODIlity .............ocoomiiiiiiiiii e 1
1.1.2.2 Support Infrastructure Owner/Operator ProCure€ments ...........ccooeeiiiiiiiiiiiee e 1
1.1.2.3 Reduce Long-Term Total Cost of OWNEIrShiP .......c.eeiiiiiiiiii e 1
1.1.2.4 Support Interchangeability ............c.eoii e 2
R P T @7 1] 1 = OSSR 2
1.2 7= Lo (o | (o]0 oo [ TP 2
1.2.1  Connected VEICIE BASICS ......coiiiiiiiiiiiiiee ettt e s tee e e e e e s st e e e e e e e s nnnneeeeeeeeennns 2
1.3 L C =T =Y o Tt SRS 3
1.3.1  Reference Documents (RD) Cited in NEMA TS-2020 .........cccuiiiiiiiieeiiiiee e eiieee e eiiee e sieee e seaee e 3
1.3.2 Contact Information—National Electrical Manufacturers Association (NEMA)............ccccceeeviiieeenns 3
14 LI 0. T U OP PRI 3
1.5 Standards DevelopmMENt PrOCESS ......... e ananannnnnnnnnne 5

Section 2

Concept Of Operations [NOIMALIVE] .........ooiiiiiiii et e e e s abe e e e b e e e eneee 6
21 Concept Of OPerations OVEIVIEW ........coiuuiiiiiiiiii et ee bttt e ettt e e e st e e e sbeee e s sbeeeesanbeeeeeanee 6
2.2 RS TeTo] o SRR 6
Dt T o 1= SRR 6
D A =1 0\ o) o1 4= o = | SRR 6
D T o )Y (o= | SRR 6
D V{3 T (o] o = | SRR 6
D T = 1= - AV o] - | SRR 7
D T =Y (o] 4 o 4 F= T o7 TR 7
D A | 1 (= - Vo = S 7
2.2.8  Applications Capabilities ..........ccoiiiiiiiiiiee e e e e e e e e r e e e e e e aaanne 7
2.3 Intended End User of the Standard ... 8
2.4 Tutorial [INfOrMALIVE] ......ooeieee et e e e e e e e e e e e e e e e nenneeeeeas 8
241 Operational BOUNGAIIES .......coiiiiiiiiiiiiie ettt e e e e et ee e e e e e e e st e e e e e e e e s e anneeeeeeaeeeaaannnes 9
2.4.2  DeSired SHUALION ... .coi i ettt e e e e e e et e e e e e e e e e e n e e e e e e e e e e annneeeeaaeeeanns 11
2.4.3 Problems: Gaps Between Current and Desired Situation Addressed by TS 10........ccccceeiiiieenns 11
2.5 Reference Physical Architecture [INformative]............oooiiiiiiiii i 12
2.5.1 Intelligent Transportation SYSIEM ..........coiiiiiiiiiiii e e e e e e e seannes 12
2.5.2  Subsystem CONtrolled ...........oooiiiiiiiieiiie e e s e e e e s e e e e e eaans 12
D TR N [ 01 (= = Uo7 TSRS 12
2.6 USEI INEEAS ...t et e oottt e e e e e e s b b e et e e e e e e e e aanbbe e e e e e e e e e nnbreeeaeeeeaaaa 13
2.6.1T  SECUMLY NEEUS ...t e ettt e e e a bt e e e bttt e s eb b e e e e abb e e e e annreeeeannee 16
2.6.2  Performance NEEAS ..........uiiiiiieiieee ettt e e e e e e et e e e e e e e e e e e e e e e e e nnnnneeeaaeeeaan 16
2.6.3 Physical/Environmental NEEAS ..o e 17
2.6.4 Related System Needs (INterfaces) ........ooi i 17
2.6.5 Radio Related NEEAS ........ouiiiiieieieie et e e e e e e s et e e e e e e e s nnnnaeeeeaaeeeann 17

Section 3

Functional Requirements [NOIMAatiVE] ..........oooiiiiiiiiiiiiieeeeeeeeeeeeeee ettt 18

Section 4

Testing/Conformance EVAIUALION ..........oo i e e e e e e e e e e e e e e nnreees 39
4.1 Conformance Traceability ..........cooii i 39
4.2 IS A= TSRS 39
421 Test Case Channel Allocation and Channel Usage...........ccoouuiiiiiiiieiiiiiie e 40

© 2021 National Electrical Manufacturers Association



NEMA TS 10-2020

Page iv
4.2.2 |EEE 802.11p Physical Layer and MAC Test Cases ........couuiuiiiiiiiiiiiiiiiiie e 40
4.2.3 |EEE 1609.2 Security and Certificates Test Cases .......ccevviiiiiiiiiiiiiie e 41
4.2.4 |EEE 1609.3 Network Services Test Cases........ccuiriiiiiiiiiiiiiiei ettt 42
4,25 |IEEE 1609.4 Multi-Channel Operations Test Cases.........cccuviiieiiiiiiiiiiiiie e 43
4,26 RSU Requirements Specification v4.1a TeSt CaSES .......cccuvveiiieeiiiiiiiieeee e 44
4.2.7  ENVIrONMENTAl TEST CaSES ..uuiiieiiiiiiee ittt ettt e st e e st e e e sttt e e e snbeee e e anbeeeeeanbeeeesanreeeeaas 45
4.2.8 Interface TripleS TEST CaASES ....cccciiiiiiiiiiie et e e e e e et e e e e e e s e eaaba e e e aaeeeaans 45

Section 5

DT fo T = U= o T o < PP PP PP 45
51 S To iA1= TN o] o] [Toz= i o T o N 1= =Y 45
5.2 SOftWAre STACK LAYET ... ..ottt e e e s rae e e e anreee e 45
521 Common Design EIEMENTS .........uuiiiiiiii e e 45
5.2.2 Software Stack Design Elements for DSRC Radio Subsystem...........cccooceiiiiiiiiiniieceee e, 50
5.2.3 Software Stack Design Elements for C-V2X Radio Subsystem ..........cccccocveiiiiiiiiniee e, 52
5.3 Software Operating SYStEM LAYET .......ccuuiiiiiiiie et ee e e sntee e e e st e e e s snteeeesaneeeeeans 52
54 Hardware PhYSICal LAYET .......cooi ittt e e ettt e e e e e e et e e e e e e e enas 53
5.5 T (=T 7= T PP 53
5.5.1 Flow 1 Content: Traffic Signal Controller Broadcast MesSsage .........ccccovriiiiiiiiiiiiiiiiiieeeee e 53
5.5.2 Flow 2 Content: SAE J2735 MAP MESSAQJE ....eeeiiiiiiiiiiiiiiiee ettt ee e e e e 54
5.5.3 Flow 3 Content: SAE J2735 SPaT MESSAQE .......ceeeiiuiiieiiiiiie ettt ettt 55
5.5.4 Flow 4 Content: SAE J2735 Traveler Information Message...........cocccveiiiieee i 56
5.5.5 Flow 5 Content: SAE J2535 Personal Safety MeSSage........cccooeveiiiiiiiiiiiii e 56
5.5.6 Flow 6 Content: SAE J2735 Basic Safety MeSSage ........cccueiiiiiiiii it 57
5.5.7 Flow 7 Content: SAE J2735 Signal Request MeSSage.........c.ccooueieiiiiiieiiiiie e 57
5.5.8 Flow 8 Content: NTCIP 1211 Priority REQUEST ..........eeeiieeiiee e 58
5.5.9 Flow 9 Content: SAE J2735 Signal Status MeSSage .......cuuieiiiiiiiiiiiiie e 58
5.5.10 Flow 10 Content: NTCIP 1211 Priority Status ........cccueiiiiiie e 59
5.5.11 Flow 11 Content: NTCIP 1218v1 Deliver Data to RSU. ..o 59
5.5.12 Flow 12 Content: NTCIP 1218v1 Retrieve Data from RSU ..o 59

Appendix A

CV2X Experimental Licensing USEr GUIAE .........c..uuiiiiiieiiiiiiiiee ettt e e e e e st e e e e e e e e enrnaeeeae s 60
A1 0T oo 7 SRR 60
A2 Prerequisites for a C-V2X Experimental FiliNg ..........ooooiiiii e 60
A2 LICENSE TYPES .eiiiiiiiiie ettt ettt ettt h et e e e b et e oo bttt e e o bt e e e ok et e e e oa ket e e e aa bt e e e e aabe e e e e aabe e e e e anreeeeaas 60
A2.2  EXperiment DESCHIPION ...ttt e e e ettt r e e e e e e s e e e e e e e e e nnnaneeaaaeaan 60
A2.4  Experimental License Filing PrereqUISItES .........uuiiiiiiiiiiiiiiiiiiiiiieieieeeeeteeeeeeeeeeee e eeeeeeeeeeeeeeeeeees 61
A2.4  Determination of License Owners/Users in REQION ...........c..uvviiiieiiiiiiiiieeee e 61
A2.5 Application Information required for Experimental License Application or STA ..........cccccvveeeenen. 63
A3 Application Filing Procedure SUMMAIY .............ooiiiiiiiiiiieiee ettt e e e e e 63
A4 POSt Grant OPLiONS.......cooiiiiieiie ettt e e e e e e e e e e e e e e st e e e e e e e e seeatnbaneeaaeeaaans 64
A4.1  Experimental License Renewals and STA Modifications...........coooiiiiiiiiiiiiiiiiceeee e 64
A4.2  Experimental License ModifiCations...........cooo i 64

Appendix B

ATIS Standards that Apply to V2X [Informative].........ccccovrviminiimmininr e 65

Appendix C

SAE J2735 Traveler Information Message (TIM) Representation [Informative].........cccccccorreiirrncccen. 67

Appendix D
Flow 7: SAE J2735 Signal Request Message Additional Information [Informative].............ccccccerrnnn. 70

© 2021 National Electrical Manufacturers Association



NEMA TS 10-2020

Page v
FIGURES

Page

Figure 2-1: Conceptual Connected Vehicle Diagram ...........cccooeiiiiiiiiiiiiie e 9
Figure 2-2: Connected Vehicle Operational BOUNAArIes ..........cccceiiiiiiiiiiiie e 10
Figure 2-3: ITS System ArchiteCture (US DOT)......uceiiiiiiiiiiiiieie ettt e e e e e s aae e e e 45
Figure 4-1: Channel AlIOCAtION [D] .......uuiiiiiieiiiiiiiieie e e e e e e e e et e e e e e s e st e e e e e e e e e e snnrneeeeaens 49
Figure A2-1: Advance License Search WeDSIte ............oooiiiiiiiiiiiiii e 62

TABLES

Page

QLIE= ] o) LT I el T £ =Y g T = 3
QLK1 o) LT I 1= o o o T 3
Table 1-3: Standards DevelopmeENnt PrOCESS .........ooouiiiiiiiii e 5
Table 2-1: Message Frequency and Latency Related to Operational Boundary Delivery Modes.............. 10
Table 2-2: INterface TIIPIES ..ot ettt e e e et e e e e e e e et e e e e e e e e e senbareeeaeeeeeaanes 13
Table 2-3: User Needs TemPIate.......coooviiiiiiiiiiieeeeeeeeeeeeeeee e, 13
Table 2-4: SECUILY NEEAS......co oottt e e e e ettt e e e e e e e s neebe e e e e e e e e anntneeeaaeeeaannes 16
Table 2-5: Performance NEEAS ... .ot e e e e e et e e e e e e e e snneeeeeaaeeeeannes 16
Table 2-6: Environmental and Physical NeedS ..........c..uuiiiiiiiiiii e 17
Table 2-7 Related System Needs (INterfaces)........ooeeiiiiiii i 17
Table 2-8: Radio Related NEEAS........ooiii i ee e e e e s e s rer e e e e e e s e essraeeeeaeeeaannnnes 17
Table 3-1: User Needs to Requirements Traceability MatriX ............cccceiiiiiiiiiiii e 18
Table 3-2: Security Needs to Requirements Traceability MatriX...........cooocuviiiiieeiiiiiiiiiiee e 34
Table 3-3: Performance Needs to Requirements Traceability MatriX..........cccoooeeiiiiiiiii e 35
Table 3-4: Physical and Environmental Needs to Requirements Traceability MatriX.............cccccceeiiinnnnns 36
Table 3-5: Related System and Interfaces Needs to Requirements Traceability Matrix .............cccccoeee 36
Table 3-6: Radio Related Needs to Requirements Traceability MatriX...........ccccoiiiiiiiiiiiiiiii s 37
Table 4-1: Requirements to Verification Traceability ..........ccoooiiiiiiiiii e 39
Table 4-2: ChannNEl USAQE ..........uuueiiiiiie ettt ettt e e e e e e e ettt e e e e e e e e nesteeeaaaeesaannnneeeeaaaaeaanns 40
Table 4-3: IEEE 802.11P Physical and MAC Test Cases ......ccccveiiiiiiiiiiiiee et 40
Table 4-4: |IEEE 1609.2 Security and Certificates Test Cases .........cccovviiiiiiiiiii i 41
Table 4-5: IEEE 1609.3 Network Services TesSt CasSes ..cooeeiiiiiiiiiiiiee e e e 41
Table 4-6: IEEE 1609.4 Multi-Channel Operations Test CasSes ........cooiiiiiiiiiiieeeiiiiieee e 42
Table 4-7: RSU Requirements Specification v4.1a Test Cases ........cooiiiiiiiiiiiiiiiiee e 42
Table 4-8: Environmental TeSt Cases. ...ttt e e e e e e e e e e e e e s nnnneeeaaeeeanns 43
Table 4-9 Interface Triples TeSt CaseS ... ittt e e e e e e e e e e e e e e e e nneeeeeeaeeeanns 44
Table 5-1: Software Application Design Element.......... .o e 45
Table 5-2: Software Stack Design Elements Addressed by NTCIP 1218 .......oooooiiiiiiiiiei e, 45
Table 5-3: Common Software Stack Design EIEmMEeNtS...........cocccviiiiiiiiiiiiie e 45
Table 5-4: Software Stack Design Elements for DSRC RadiO .........ccccoiiiiiiiiiiiei i 50
Table 5-5: Software Stack Desing Elements for CV2X Radio .........ccccooiiiiiiiiiiiie i, 51
Table 5-6: Software Operating System Design EIements ...........c..oeeiiiiiiiiiiiiiiic e, 52
Table 5-7: Hardware Physical Layer Design EIements ... 52
Table 5-8: Traffic Signal Controller Broadcast MEeSSage ..........cueeiiiiiiiiiiiiiie e 53
Table 5-9: TS 10 MAP Message CONENT ...t e e e e b e e aae 54
Table 5-10: TS 10 SPaT Message CONENt.........cooi it e e e e 55
Table 5-11: TS 10 PSM Message CONtENt ..........ooi ittt e s sbeeee e 56
Table 5-12: TS 10 BSM Message CONtENt ..........ooiiiiiiiiiiiiee et e et e s ee e 57
Table 5-13: TS 10 SRM MesSSage CONLENT ......coi i e e e e e e 57
Table 5-14: TS 10 Signal Request CoNtent .........ooo e 58
Table 5-15: TS 10 SSM Message CONtENT .......cooi i e e e e e 58
Table A1-1: Definition Of TEIMS ... e e e e e e e e neere e e e e e e e enns 61
Table A2-1: General Experimental License Application Requirements......................l. 63
Table B1-1: ATIS Standards that Apply 10 V2X ... e 65

© 2021 National Electrical Manufacturers Association



< This page is left blank intentionally. >



NEMA TS 10-2020
Page 1

Section 1
General [Informative]

11 Scope

NEMA TS 10-2020 (TS 10) is a Standard for the equipment deployed at roadside to support standardized
over-the-air wireless messages, applications, and cybersecurity measures of communications with
Connected Vehicles. This Standard describes physical and performance interfaces as well as
functionality requirements as defined in Section 2.2.
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