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The Connected Transportation Interoperability (CTI) family of standards are a series of documents that are jointly
developed by stakeholders across the connected vehicle spectrum, including infrastructure owner operators (I00s), the
automotive industriesgevice manufacturers, mobility data providers, and systems integrators. These stakeholders and
many others are represented by the following Standards Development Organizations (SDOSs), iAchatiogn

Association of State Highway and Transportation @ECAASHTY Institute of Transportation Engineerd g, National
Electrical Manufacturers AssociatiddEMA and SAE International. Sponsoredthy United States Department of
Transportation USDOY, documents in the CTI family may be approved and published by any of SDOs mentioned, but are
developed and maintained by representatives across the connected vehicle spectrum. The documents in the CTI family
includes standards and technical reports thabyide guidance to develop and maintain an interoperable connected vehicle
environment.
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Foreword

ThisConnectedntersection (Cl) Implementation Guigks developed by engaging with stakeholders representing the
industry at large including but not limited to infrastructure owners/operators, automobile original equipment
manufacturersyoadside unit RSy manufactures, and the end users of data and services. The work was supported by the
United States Department of Transportation (USDOT) Intelligent Transportation Systems (ITS) Joint Program Office (JPO).
Several associations such as the American Association oftS¢gteay Transportation Officials (AASHTO), the Institute of
Transportation Engineers (ITE), the National Electrical Manufacturers Associations (NEMA), and SAE International were
involved in ensuring a balanced and effective stakeholder representatioadmelence to standards development

processes as Standards Development Organizations (SDOS).

ThisCl Implementation Guidaddresgsthe ambiguities and gaps identified by early deployers and provides guidance to
generate messages and develop applications for signalized intersections that are interoperable across the United States,
especially for the automated transportation systemkisTdocument focuses on harmonizing the exissigmnal phase and

timing (SPaTmessages deployed, using the USDOT spongooegerative Automated Transportation Clarifications for
Consistent Implementations (CCls) To Ensure National Interoperabilityc@ohBignalized Intersectioas a starting point.

ThisCl Implementation Guideas developed following a systems engineering proeeslincludes a Needs to
Requirements Traceability Matrix (NRTM) and a Requirements Traceability Matrix (BSE) of thi€l Implementation
Guideshould use the NRTM and RTM to determine how to design a connected intersection that satisfigsetifir
needs.

More information  on this effort can be found on the ITE Website .

Document History

Thefollowing is a summary of the changes to CTI 4311104 from CTI 4501 v1.00.

a) Added Annex A.6raffic Signal Controller Broadcast Mess@ife@CBl and SPaT Data, which provide additional
guidanceon how to fulfill the SPaT message requirementthimCl mplementation Guideisingthe existing
TSCBM objects. As the TSCBM was a solution developed as a stopgap, the CI Committee has decided to endorse
NTCIP 1202 vO3A moving forward, but recognize that most existing implementations use the TSCBM.

b) Added Annex A.7, Latency Analysis for Connected Intersections, idbitHiesthe two different pathways to
convey signal phase and timing information to the driverichmay leal to perceiveddelaybetween whenSPaT
messagesrereceived bythe OBUsandthe observable change in signal indications by drivers

c) Added Annex E.3, Atk Tree Examples, whiphovides guidance on how an attack tree could be constructed,
example attack treg and example design choices to mitigate the thseat
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In addition, the following changes were made to address comments received, and to addresaad@mbiguities
discovered.

a) Foreword: Added information on using NRTM.
b) Copyright Notice: Added NRTM and RTM Distribution Permission.
c) Replaced references to Assured Green Time with Assured Green End Time.

d) Updated hyperlinks to the PSID Public Listingttps://standards.ieee.org/products
programs/regauth/psid/public/

e) 1.2.2: Added referencto CTI 4502 an8AE J3161_202204.
f) 3.2.1.2: Added predicates for DSRC and PC5.

g) 3.2.3: Table 6Needs to Requirements Traceability Matroorrected an error under the Support Column for
requirement 3.3.4.7.2.5 (from Y to Y / N), added new requirements (see béemsh, i, j), and added predicates
for DSRC and PC5.

h) 3.3.1.1.1: Added requirements on User Priority Levels for IEEE Std-2028{DSRC)

i) 3.3.1.2.1: Added requirements on ProSe Per Packet Priority (PPPP) for 3GPP PC5 Mode 4 (Release 14 or 15 (C
V2X))

i) 3.3.1.2.2: Added a requirement for One Short Transmission for 3GPP PC5 Mode 4 (Release 2¥2X))5 (C

k) 3.3.3.1.1.11Corrected the reference to the table of data elememtshe SAE J2735_ 202007
MSG_RTCMcorrections that are defined as optionahleatssary to fulfill the ClI requiremer(f&ablell).

) 3.3.3.3.5.3: Clarified the values for minimum end time for fixed time and actuated operations
m) 3.3.3.3.5.4: Clarified the value for maximum end time for fixed time operation

n) 3.3.3.5.1 Corrected requirement to specify that only one station location message shall be usedraacted
omission of MSM4 requirements for GPS, GLOANASS, Galileo, 2nd.Bei

0) 4.2.3:Requirements Traceability Matrix (RTMYdded new requirements (see abovitems g, h, i).
p) 4.3.3.1.1.3: Added a reference to using the TSCEiI€15).

g) 4.3.3.1.1.9Removed note on differences between 2016 and 2020 version of J2735 as there are no differences
with resepct to the RTCMcorrections

N 4.3.3.1.1.1iClarified that irrelevant data frames and data elements availabAE J2735 shall notineluded In
RTCMcorrections.
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s) 4.3.3.3.2.7Updated to remove note as Traffic Dependent Mode and Fixed Time are not mutually exclusive.

t) 4.3.3.3.4.1Corrected to specify that the next movement should always be broadeastif the next movement
state is unknownlt was discovered that there wenflicting requirements on whether the second entry in
DF_MovementEventList should be includeldenthe next movement statés unknown. It was agreed that for
consistency (from the receiving device's perspective) that the second is@tiiyays transnited, evenwhenthe
values are ‘'unknown'’ (or 'unavailable’).

u) 4.3.3.3.4.2: Correctethe exampleto showthat the second entrys always transmitted, eveii the values are
‘unknown' (or 'unavailable’).

v) 4.3.3.3.5.3: Addeéligure 18. as an example of the minimum end time duriRestin Green.

w) 4.3.3.3.5.7: Corrected to specify that the next movement should always be broadcast, even if the next movement
state is unknown. It was discovered that there were conflicting requirements on whether the second entry in
DF_MovementEventList should be inaaidf the next movement state Is unknown. It was agreed that for
consistency (from the receiving device's perspective) that the second entry be always transmittedhevehe
values are ‘'unknown'’ (or 'unavailable’).

x) 4.3.3.3.5.8: Corrected to specify tithe next movement should always be broadcast, even if the next movement
state is unknown.

y) 4.3.3.3.6.1: Corrected the example to include the second entry in DF_MovementEventList.

z) 4.3.3.4.1.17: Clarified that the ingress lanes may not extend beyoncbihifict area of an upstream intersection
and added details on what to included in RSU broadcasts.

aa) 4.3.3.5.1 Corrected to removed QZSS as qualifying constellation. Added specifications for how different messages
shall be combineéhto a shgle J2735 RTCMicections broadcast.

bb) Updated the title of Annex C.1 ®TCM Corrections (MSNUessage©nly) Broadcast Rate
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Copyright Notice

NOTICE

© 2022 by the American Association of State Highway and Transportation Officials (AASHTO), the Institute of
Transportation Engineers (ITE), and the National Electrical Manufacturers Association (NEWXEB)
International.

These materials are delivered "AS IS haiit any warranties as to their use or performance.

AASHTO, ITREMA, SAE INTERNATIOAMD THEIR SUPPLIERS DO NOT WARRANT THE PERFORMANCE OR
RESULTS YOU MAY OBTAIN BY USING THESE MATERIALS. NEMA, AASHTO, ITE AND THEIR SUPPLIERS MAKE N
WARRANTIES, EX88ED OR IMPLIED, AS TOINBRINGEMENT OF THRARTY RIGHTS, MERCHANTABILITY,

OR FITNESS FOR ANY PARTICULAR PURPOSE. IN NO EVENT WILL NEMA, AASHTO, ITE OR THEIR SUPPLIERS B
LIABLE TO YOU OR ANY THIRD PARTY FOR ANY CLAIM OR FOR ANY CONSEQUENTBR, IRECIEN

DAMAGES, INCLUDING ANY LOST PROFITS OR LOST SAVINGS ARISING FROM YOUR REPRODUCTION OR USE!
THESE MATERIALS, EVEN IF A NEMA, ASSHTOTERNATIONDR ITE REPRESENTATIVE HAS BEEN ADVISED

OF THE POSSIBILITY OF SUCH DAMAGES.

Some states or jurisdictions do not allow the exclusion or limitation of incidental, consequential, or special
damages, or exclusion of implied warranties, so the above limitations may not apply to you.

Use of these materials does not constitute an endangnt or affiliation by or between AASHTIOE, NEMAor
SAE International,ou, your company, or your products and services.

If you are not willing to accept the foregoing restrictions, you should immediately return these materials.

NRTMand RTM Distribution Permission

To the extent that these materials are distributed by AASHTO / ITE / NEMA / SAE in the foleed$ &0
wSljdZANBYSy(ia ¢NwOakOES AG§ | &I SAEKEND B&followm® permission:

a) You may make or distribute unlimited copies, including derivative works oRNREM, provided that each
O2Lk &2dz YI1TS 2NJ RA&GNR O dATISI500 BTG Usddybyaperinigsidn. Origitdl G A 2 Y ¢
text © AASHTOQITE / NEMASAEBD € T

b) You may only modify th&lRTM by adding texb the Additional Specificiationsolumns for project
unique or vendowunique features; and

c) IftheNw¢a SEOSNLII A& YIRS FTNRBY Iy NBRTMElcaBROORaddatl FG= | F
documentO2 y G F AYyAy 3 LINBEAYAYFINE AYyTF2NNIGAZY GKFG Aa adzo
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This limited permission does not include reuse in works offered by other standards developing organizations or
publishers, and does not include reuse in vesiite-hire, compendiums, or electronic storage devices that are not
associated with procurement documents, or commercial hardware, or commercial software products intended for
field installation.The NRTNs completed to indicate the features that are sgpfed in an implementation.

Contact ITHor information on electronic copies of tidRTM.

Content and Liability 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.
AASHTQATE NEMAand SAE Internationatandards 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 interédst itopic covered by this

publication. While AASHTOE, NEMAand SAE Internationaldminister the process and establish rules to

promote fairness in the development of consensus, they do not write the document and they do not
independently test, evalte, or verify the accuracy or completeness of any information or the soundness of any
judgments contained in their standards and guideline publications. AASHFENEM/or SAE International

disclaim liability for any personal injury, property, or otlid@mages 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. AASHTOE, NEMAand SAE Internationalisclaim and mige 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. AASHTOE, NEMAand SAE Internationalo not undertake to guarantee the performance of any
AYRAQGARdzZE € YI ydzFI OGdzNENJ 2NJ aSft SNRa LINRPRdzOG& 2NJ ASNBAO

In publishing and making this document available, AASHE) NEMAor SAHnternationalare not undertaking to
render professional or other services for or on behalf of any person or entity, nor are they undertaking to perform
any duty owed by any person or entity to someone else. Anyone using this document should relyramehigven
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 avaide from other sources, which the user may wish to consult for additional views or
information not covered by this publication.

AASHTQATE, NEMAand SAE Internationdiave no power, nor do they undertake to police or enforce compliance
with the contents of this document. AASHTTOE, NEMAand SAE Internationalo 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 safetyrelated inbbrmation in this document shall not be attributable AASHTOTE, NEMAor

SAE Internationand is solely the responsibility of the certifier or maker of the statement.
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User Commeninstructions

¢KS GSNXY &! aSN)/2YYSylié AyOftdzRSa lyeé (G8LlsS 2F oNARGGSY A
individual person or organization, about a@yImplementation Guid®2 y i Sy d & ! awSljdzSad F2NJ Ly
classified as a User Comment. User Comments are solicited at any time. In preparation of this standards publication,

input of users and other interested parties was sought and evaluated. User Comments arallgerferred to the

Committee responsible for developing and/or maintainiige Cl Implementation GuideThe CI Committee

chairpersors, or their designee, may contact the submitter for clarification of the User Comment. Whe@lthe
Committeechairpersois or designee reports th€l Committee'sonsensus opinion related to the User Comment,

that opinion is forwarded to the submitter. TH&l Committee ltairpersors may report that action on the User

Comment may be deferred to a futuf@ Committeeneeting am/or a future revision of the standards publication.

A User Comment should be submitted to this address:

Institute of Transportation Engineers (ITE)
1627 Eye Street, NW, Sui0
Washington, DC 20006

e-mail: standards@ite.org

A User Comment should lseibmitted in the following form:

Standard Publication number and version:
Section, Paragraph:

Editorial or Substantive:

Suggested Alternative Language:
Reason:

Please include your name, organization, and email address in your correspondence.
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Executive Summary

Project Objectives and Scope

The purpose of the Institute of Transportation Engineer& (ITE) Connected Intersections project was to
develop and publish a Connected Intersection (Cl) Implementation Guide that standardizes the key
capabilities and interfaces for a connected intersection. The Cl Implementation Guide addresses the
ambiguities and gaps identified by early deployers and provide enough guidance to generate messages
and develop applications for signalized intersections that are truly interoperable across the United States,
especially for automated transportation systems.

This first version of the CI limplementation Guide focuses on harmonizing the implementations of existing
signal, phase, and timing (SPaT), MAP, and Radio Technical Commission for Maritime Services (RTCM)
messages, using the USDOT-sponsored Cooperative Automated Transportation Clarifications for
Consistent Implementations (CCls) To Ensure National Interoperability Connected Signalized
Intersections as a starting point. The Cl Implementation Guide focus follows a System Engineering
process and is expected to receive future updates. Development of the CI Implementation Guide also
involved a validation phase with the participation of 14 validation sites across North America to validate
the requirements and concepts in this guide. CTl 4502, Connected Intersections Validation Report:
Findings from the Connected Intersections (Cl) Project Validation Phase was published in Februrary
2022.

Background

In October 2019, the United States Department of Transportation (USDOT) ITS Joint Program Office
(JPO) sponsored the development and publication of a connected signalized intersection standard that
defines the key capabilities and interfaces that a connected intersection must support to ensure
nationwide interoperability with production vehicles for state and local 100s. Although JPO contracted
with the Institute of Transportation Engineers (ITE), the following associations are involved in ensuring
balanced and effective stakeholder representation and adherence to Standards Development Process as
Standards Development Organizations (SDOs):SAE International (SAE), American Association of State
Highway Transportation Officials (AASHTO), National Electrical Manufacturers Associations (NEMA), and
the Institute of Electrical and Electronics Engineers (IEEE) 1609 Working Group.

A connected intersection is defined as an infrastructure system that broadcasts SPaT, mapping
information, and position correction data to vehicles. Deployment and utilization of connected intersection
technology provides capabilities such as the following:

1 Ability for operators to make changes to traffic strategies based on the presence and location of
travelers

1 Ability to warn travelers, including drivers, pedestrians, and cyclists to avoid violating right-of-way
in the signalized intersections

1 Providing advisories to travelers, such as a transit vehicle driver, to improve flow through the
signalized intersection

Early deployers of connected intersections, including Infrastructure Owner Operators (I00s) and
automotive original equipment manufacturers (OEMs), identified a number of ambiguities and gaps
associated with implementing interoperable connected intersections. As a result, many early deployments
of connected intersections were not interoperable. Interoperability is crucial in realizing the full benefits of
deploying connected intersection technologies. To reliably deploy connected signalized intersections that
interoperate across the country, additional guidance and standardization was necessary. Many standards
that dealt with connected intersections did not provide sufficient guidance to allow deployments to
broadcast messages and develop applications that are truly interoperable. This was especially important
for the development of automated transportation systems, as they are expected to be important users of
this technology. This Cl Implementation Guide was developed to address these issues.
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This guide was by developed by five task forces that concentrated on a particular area of standardization
including the following: Positioning, Security, SPaT/MAP messages, Testing and Conformity, and Traffic
Controller Issues. The five task forces were overseen by the CI Committee. The CI Committee and each
Task Force consisted of stakeholders collaborating to provide input from multiple industries including
I00s, automobile manufacturers, multimodal partners, and end users of data and services.

The CI Implementation Guide employs a Systems Engineering process, referencing design elements
from existing standards and solidifying design content that satisfies multiple SDOs. The result is
harmonization of standards activities from both vehicle and infrastructure perspectives. The Systems
Engineering process involved the production of a Concept of Operations, System Requirements and
System Design Details, and a validation phase.

The draft completion of each of these deliverables was followed by a review period, a formal walkthrough
process, comment resolution, updates, and finally another review period of the updated document. This
process allowed the document to be fine-tuned and reviewed by all contributors and stakeholders until
each detail was deemed technically proficient and approved. This level of detail, accompanied by the
frequency of the meetings and effort of the project team, subject matter experts (SMEs), and other
contributors, has allowed for the production of a Cl Implementation Guide that contains both technical
depth and clarity.

Purpose of this Document

This document sets the requirements and provides guidance for nationally interoperable connected
intersections across the United States that support interoperable applications for signalized intersections.
This document is envisioned to be a living document.

This document is seen as an important first step that has established an open dialogue between I00s,

OEMs, and the traffic signal controller industrythati € pr ovi des an explanation on wt
connected vehicle messages are being provided from an interoperable connected intersection so safety

applications can be developed for production vehicles, with an initial focus on the Red Light Violation

Warning (RLVW) application. o

Who Should Read this Document?

Stakeholders from multiple industries may benefit from this Cl Implementation Guide. These industries
include 100s deploying connected intersections, OEMs, infrastructure device manufacturers, multimodal
partners, developers of signalized intersection applications, and end users of data and services.

Document Overview

In addition to this Executive Summary, this document is divided into five (5) main sections. Following a
Systems Engineering process, these sections are the following:

1 Executive Summary. This section provides a high-level overview of the entire document and
how to use the document.

1 Section 1, General Information. This section provides introductory and background information
about this document, its purpose, and why it is needed. This section discusses the scope of work,
references to other documentation, and terms used in this document along with terms and
definitions.

1 Section 2, Concept of Operations. This section includes the content of the Concept of
Operations, including the User Needs for a Connected Intersection as well as Operational
Scenarios describing what needs apply. A tutorial is also included.
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1 Section 3, Functional Requirements. This section includes the Functional Requirements that
satisfy the User Needs for a Connected intersection. A Needs to Requirements Traceability
Matrix (NRTM) is provided.

1 Section 4, System Design Details. This section includes details on how each Functional
Requirement should met. A Requirements Traceability Matrix (RTM) is provided.

1 Section 5, Connected Intersection Testing. This section describes the testing SPaT and MAP
messages in a Connected Intersection and includes example test cases with a Requirements to
Test Case Traceability Matrix (RTCTM).

The CI Implementation Guide also includes the following Annexes that provide additional background
information on various topics:

1 Annex A, Connected Intersection Traffic Controller Issues and Recommendations. This
informative annex summarizes the assumptions and criteria for a traffic controller to generate
SPaT data from within a NTCIP 1202-based traffic controller firmware.

1 Annex B, Assured Green Period Use Cases. This informative annex contains the calculations
and example values for the Assured Green Period based on different use cases at a Connected
Intersection.

1 Annex C, Additional Information - Positioning. This informative annex contains calculations for
broadcast rates of Radio Technical Commission for Maritime Services (RTCM) Corrections.

1 Annex D, Security Profiles [Normative]. This normative annex contains the IEEE Std 1609.2
security profiles for the SAE J2735_202007 SPaT, MAP, and RTCM corrections messages
broadcasted from a Connected Intersection.

1 Annex E, Additional Information - Security. This informative annex provides an example
process of how an IOO may prepare its security compliance assessment documentation.

1 Annex F, Testing Resources. This informative annex contains a list of resources for verifying
and validating a Connected Intersection. The list provided is not exhaustive and primarily focuses
on the tools used for verification and validation during the Validation Phase of this project.

1 Annex G, User Requests. This informative annex identifies user needs, requirements, and
design details that were identified and considered by the CI Committee and its task forces but
were ultimately not included in this version of the CI Implementation Guide. The rationale on why
these needs, requirements, and design details were not included is also provided.

1 Annex H, Recommendations to SDOs. This informative annex summarizes comments and
recommendations by the Cl Committee or its task forces to SDOs on existing standards that are
referenced by the CI Implementation Guide.

Validation Phase

Following the development of the draft Cl Implementation Guide, the CI Committee released a solicitation
for Letters of Interest to public agencies to participate in a validation phase to validate and verify the
needs, requirements, and design specified in the Cl Implementation Guide. Fourteen (14) sites,
represented by 13 organizations across the United States and Canada volunteered. The validation
process consisted of analyzing SPaT/MAP messages collected from each site for conformance to the CI
Implementation Guide. Feedback was also solicited on the usefulness of the CI Implementation Guide
and any further ambiguities of the guidance. Details on security implementations were also surveyed.
Some of the analysis results and feedback were incorporated into this version of the Cl Implementation
Guide. A separate report summarizing the findings from the analysis and feedback from the validation
sites was published in February 2022.
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Next Steps

This document is intended to be a living document and is an important first step towards developing
interoperable connected intersections and supporting connected signalized intersection safety
applications. The development of this document and the validation phase has demonstrated that while
work and progress to enable OEMs to deploy interoperable in-vehicle applications that depend on
connected intersections data has been significant, additional clarifications are still needed and gaps still
exist. Potential follow-up activities for the ITE Connected Intersections have been identified for when
additional funding is available.
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Section 1
General Information [Informative |

1.1 Scope

This CI Implementation Guide defines the key capabilities and interfaces a connected signalized
intersection must support to ensure interoperability with production vehicles for state and local I00s. A
connected intersection is defined as an infrastructure system that broadcasts SPaT, MAP, and position
correction data to vehicles.

This CI Implementation Guide addresses the ambiguities and gaps identified by early deployers and
provides guidance to generate messages and develop applications for signalized intersections that are
interoperable across the United States, especially for automated transportation systems. This document
focuses on harmonizing the existing SPaT messages deployed, using the USDOT-sponsored
Cooperative Automated Transportation Clarifications for Consistent Implementations (CCIs) To Ensure
National Interoperability Connected Signalized Intersections as a starting point.

This document was developed with the combined effort of stakeholders representing the industry at large
including 100s, Automotive Original Equipment Manufacturers (OEMS), Fleet and Truck operators, safety
advocacy groups, multimodal partners, and end users of data and services. Several associations
including SAE, AASHTO, NEMA, IEEE, and ITE are involved in ensuring balanced and effective
stakeholder representation and adherence to consensus-based standards development process.

The CI Implementation Guide follows a Systems Engineering Process (SEP), so the contents of this
document include a Concept of Operations (ConOps), a System Requirements (Functional
Requirements), and System Design Details sections.

This Guide defines procurement and implementation guidance and the expectations leading to minimum
performance requirements for a connected intersection. It is intended to be used by 100s to provide
guidance on how to implement an interoperable connected intersection. For OEMs and other application
developers, this document provides an explanation on what data and connected vehicle messages are
being provided from an interoperable connected intersection so safety applications can be developed for
production vehicles, with an initial focus on the Red Light Violation Warning application. The Needs to
Requirements Traceability Matrix (NRTM) in Section 3.2.3 provides the guidance to I0Os for the
procurement of a connected intersection.

1.2 References
1.2.1 Normative References

Normative references contain provisions that, through references in this text, constitute provisions of this
Cl Implementation Guide. Other references in this document provide additional information. At the time of
publication, the editions indicated were valid. All standards are subject to revision, and parties to
agreements based on this Cl Implementation Guide are encouraged to investigate the possibility of
applying the most recent editions of the standards listed.

Identifier Title

3GPP TS 23.285 Architecture Enhancements for V2X Services, 3GPP.

IEEE Std 802.11-2016 | IEEE Standard for Information technology--Telecommunications and
information exchange between systems local and metropolitan area
networks--Specific requirements - Part 11: Wireless LAN Medium Access
Control (MAC) and Physical Layer (PHY) Specifications
(IEEE802dot11-MIB in Annex A.3)., IEEE, 2016.
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Identifier

Title

IETF RFC 4253

The Secure Shell (SSH) Transport Layer Protocol, Internet Engineering Task
Force (IETF), January 2006.

IETF RFC 8446

The Transport Layer Security (TLS) Protocol Version 1.3, Internet
Engineering Task Force (IETF), August 2018.

NIST FIPS 140-2

Security Requirements for Cryptographic Modules, National Institute of
Standards and Technology, March 22, 2019.
https://doi.org/10.6028/NIST.FIPS.140-2

NTCIP 1202 vO3A

Object Definitions for Actuated Signal Controller (ASC) Interface, AASHTO /
ITE / NEMA, published May 2019.

NTCIP 1218 vO1

Object Definitions for Roadside Units (RSUs), AASHTO / ITE / NEMA,
published September 2020.

RSU Standard v1.0

Roadside Unit (RSU) Standard v1.0, AASHTO / ITE / NEMA, Summer 2021.

SAE J2735_202007

V2X Communications Message Set Dictionary, SAE International, published
2020.

V2| Hub ICD

Integrated Vehicle-to-Infrastructure Prototype (IVP), V2I Hub Interface
Control Document (ICD) - Final Report March 2017, FHWA JPO
[https://usdot-carma.atlassian.net/l/c/qznaJODB]

1.2.2 Other References

The following documents and standards may provide the reader with a more complete understanding of
connected intersections; however, these documents do not contain direct provisions that are required by
the Cl Implementation Guide. At the time of publication, the editions indicated were valid. All standards
are subject to revision, and parties to agreements based on the Cl Implementation Guide are encouraged
to investigate the possibility of applying the most recent editions of the standard listed.

Identifier

Title

for Cooperative and

(ARC-IT)

U.S. Architecture Reference | Architecture Reference for Cooperative and Intelligent Transportation

Intelligent Transportation

(ARC-IT), USDOT, https://arc-it.net

CCl

Cooperative Automated Transportation Clarifications for Consistent
Implementations (CClIs) To Ensure National Interoperability Connected
Signalized Intersections, Version 1.9.5, June 2020.

CIS Controls Guide

Cl'S ControlsE I mplementation Gui d|{
https://www.cisecurity.org/white-papers/cis-controls-implementation-
guide-for-industrial-control-systems/

Creation of a Guidance
Document for MAP
Preparation

Creation of a Guidance Document for MAP Preparation, MAP Guidance
Document, Connected Vehicles Pooled Fund Study, April 2, 2021,
https://virginia.box.com/v/MAPGuidanceFinal

CT1 4502 v01.00

Connected Intersections Validation Report: Findings from the Connected
Intersections (CI) Project Validation Phase, AASHTO, ITE, NEMA, SAE
International, February 2022.

IEEE Std 610.12-1990

IEEE Standard Glossary of Software Engineering Terminology, IEEE,
1990.

IEEE Std 829-2008

IEEE Std 829 IEEE Standard for Software and System Test
Documentation, IEEE, 2008.

IEEE Std 1362-1998

IEEE Guide for Information Technology System Definition - Concept of
Operations (ConOps) Document, IEEE, 1998.

IEEE Std 1609.2-2016

IEEE Standard for Wireless Access in Vehicular Environments--Security
Services for Applications and Management Messages, IEEE, 2019 (with
Amendments 1 and 2).

IEEE Std 1609.3-2020

IEEE Standard for Wireless Access in Vehicular Environments--
Networking, IEEE, 2020.
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https://www.cisecurity.org/white-papers/cis-controls-implementation-guide-for-industrial-control-systems/
https://virginia.box.com/v/MAPGuidanceFinal

Identifier

Title

IEEE Std 1609.12-2019

IEEE Standard for Wireless Access in Vehicular Environments (WAVE)--
Identifiers, IEEE, 2019.

Enabling Connected Intersections Concept Paper i Working Draft to
Support Discussions of the IOO/OEM Forum SPaT/RLVW Group.

ISO 26262 ISO 26262 - Road vehicles - Functional safety, International Standards
Organization.
MUTCD Manual on Uniform Traffic Control Devices for Streets and Highways,

2009 Edition including Revision 1 and 2 dated May 2012, Federal
Highway Administration, United States Department of Transportation.

NEMA TS 2-2016

Traffic Controller Assemblies with NTCIP Requirementsd Version 03.07,
NEMA, 2016.

The NTCIP Guide (NTCIP
9001, v04)

The NTCIP 9001, The NTCIP Guide, v04, AASHTO / ITE / NEMA,
published July 2009.

RLVW Application Vehicle
System, Concept of
Operations

Red Light Violation Warning (RLVW) Application

Vehicle System, Concept of Operations, Version 2.4, CAMP LLC, V2I-4
Consortium, 1/18/2021. https://www.camplic.org/connected-intersections-
program-cip/

RLVW Application Vehicle
System, High-Level System
Requirements

Red Light Violation Warning (RLVW) Application Vehicle System, High-
Level System Requirements, Version 1.10, CAMP LLC, V2I-4
Consortium, 1/12/21. https://lwww.camplic.org/connected-intersections-
program-cip/

SAE J2735_201603

Dedicated Short Range Communications (DSRC) Message Set
Di ct i o BAErpydtished March 2016.

SAE J3161_202204

LTE Vehicle-to-Everything (LTE-V2X) Deployment Profiles and Radio
Parameters for Single Radio Channel Multi-Service Coexistence, SAE
International, published 2022.

1.2.3 Contact Information
1.2.3.1 3GPP

3GPP standards may be obtained at:

1.2.3.2 Architecture Reference for Cooperative and Intelligent Transportation (ARC

https://www.3gpp.org/

-IT)

The Architecture Reference for Cooperative and Intelligent Transportation (ARC-IT) may be viewed online

at:

https://arc-it.net

ARC-IT is the US ITS reference architecture and includes all content from the (now deprecated) National
ITS Architecture v7.1 and the Connected Vehicle Reference Implementation Architecture (CVRIA) v2.2.

1.2.3.3 CAMP Documents

CAMP (Crash Avoidance Metrics Partners LLC) documents can be accessed at the following:

https://lwww.camplic.org/

CTI 4501 v01.01
Cl Implementation Guide

Page 3



https://www.campllc.org/connected-intersections-program-cip/
https://www.campllc.org/connected-intersections-program-cip/
https://www.campllc.org/connected-intersections-program-cip/
https://www.campllc.org/connected-intersections-program-cip/
https://www.3gpp.org/
https://arc-it.net/
https://www.campllc.org/

1.2.3.4 FHWA Documents

U.S. Department of Transportation Federal Highway Administration (FHWA) documents (with
designations FHWA-JPO-¢é ) ar e avai | ab | dmeattf Transportatibn [Sationdbe p ar
Transportation Library, Repository & Open Science Access Portal (ROSA P):

https://rosap.ntl.bts.gov/

1.2.3.5 IEEE Standards
IEEE standards can be purchased online in electronic format or printed copy from the following:
Techstreet
6300 Interfirst Dr.
Ann Arbor, Ml 48108

(800) 699-9277
www.techstreet.com/ieee

1.2.3.6 Internet Documents

Obtain Request for Comment (RFC) electronic documents from several repositories on the World Wide

Web,orbyfianonymousd File Transfer Protocol (the lPWwingwi t h

www.rfc-editor.org
https://www.rfc-editor.org/retrieve/

1.2.3.7 ITE Standards

Copies of ITE standards may be obtained from:

Institute of Transportation Engineers
1627 Eye Street, NW, Suite 550
Washington, DC 20006
(202) 785-0060
www.ite.org/technical-resources/

1.2.3.8 NTCIP Standards

Copies of NTCIP standards may be obtained from the following:

NTCIP Coordinator
National Electrical Manufacturers Association
1300 N.17th Street, Suite 900
Rosslyn, Virginia 22209-3801
www.ntcip.org
e-mail: ntcip@nema.org

1.2.3.9 SAE International Documents

Copies of SAE International documents may be obtained from the following:

SAE International
400 Commonwealth Drive
Warrendale, PA 15096
www.sae.org
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1.3 Terms

The following terms, definitions, acronyms, and abbreviations are used in this document.

Term Definition

Approach Speed The assumed speed for through movement used by the CI/TSC
infrastructure for the RLVW application. This speed is the 85th
percentile speed or the posted speed limit plus 7 miles her hour

(MPH).
Assured Green End Time When it can be determined with a high level of certainty by the CI/TSC
(AGET) infrastructure, AGET is the UTC time indicating the end of a green

signal indication for a through movement, indicated. It means that the
end of the green indication will occur except for failure, preempt, or
something else outside of the CI/TSC infrastructure's control. When
applied, the AGET is always equal to or greater than the most recently
provided minimum green end time of the movement. The CI/TSC
infrastructure cannot always provide assured end times when it is not
operating in fixed time control.

Assured Green Period (AGP) | When a connected vehicle is approaching a Cl in a through lane
currently in a green signal state, the AGP is the portion of green
interval for the through movement that when combined with the
duration of the yellow change interval, decreases the likelihood that
the vehicle will be in the CI during a red signal state. To accomplish
this, the TSC infrastructure uses the AGP to increase the minimum
end time of the green interval.

Connected Intersections (Cl) | An infrastructure system that broadcasts signal, phase, and timing
(SPaT), mapping information and position correction data to On-Board
Units and Mobile Units.

Connection In the context of a connected intersection, the link between an ingress
lane and a downstream lane, which may be an egress lane out of the
intersection or an ingress lane within the intersection (e.g., storage
lane).

Interchangeability The capability to exchange devices of the same type on the same
communications channel and have those devices interact with others
devices of the same type using standards-based functions.

Source: The NTCIP Guide

Interface A shared boundary across which information is passed.

Source: IEEE Std 610.12-1990, IEEE Standard Glossary of Software
Engineering Terminology, 1990.

Interoperability The ability of two or more systems or components to exchange
information and to use the information that has been exchanged.

Source: IEEE Std 610.12-1990, IEEE Standard Glossary of Software
Engineering Terminology, 1990.
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Term

Definition

Mobile Unit (MU)

A device used to wirelessly communicate with other devices for safety
and mobility purposes carried by a pedestrian, bicyclist, work zone
worker, or other traveler.

Source: RSU Standard v1.0

Movement

A specific maneuver through the intersection, represented by an
ingress lane and a maneuver type, such as a left turn, through, right
turn, U-turn.

On-Board Units (OBU)

A device used to wirelessly communicate with other devices for safety
and mobility purposes installed in a vehicle as original equipment or
as aftermarket equipment (somet:.
safety device (ASD).0

Source: RSU Standard v1.0

Permissive movement

An allowed movement that can be made by a driver after yielding to a
pedestrian and/or oncoming traffic. For a vulnerable road user, such
as a pedestrian or bicyclist, a movement that can be made but may be
in conflict with another allowed movement (such as permissive right
turn).

Protected movement

An allowed movement that includes no maneuver in conflict with any
other movement.

Provider Service |dentifier

An identifier of an application area.

Source: IEEE Std 1609.12-2019

RLVW Critical Time (RCT)

The time required to traverse the length of the RLVW Detection Zone,
the stopping distance to the stop line and the distance to clear the
intersection.

RLVW Detection Zone (RDZ)

The area on a through movement lane that is used to detect vehicles
for the RLVW operation. The RDZ is upstream from and adjacent to
the stopping distance to the stop line with a width equal to that of the
lane and a length equal to 0.5s * approach speed.

Roadside Unit (RSU)

A transportation infrastructure communications device located on the
roadside that provides V2X connectivity between OBUs/MUs and
other parts of the transportation infrastructure including traffic control
devices, traffic management systems, and back-office systems.
Note: Devices that are not part of the transportation infrastructure,
such as cellular base stations or satellites, are not RSUs.

Source: RSU Standard v1.0

Robustness

Degree to which a system or component can function correctly in the
presence of invalid inputs or stressful environmental conditions.

Source: ISO/IEC/IEEE 24765:2017 Systems and software
engineering-Vocabulary

Transportation Field Devices

Devices and electronic systems that monitor and control traffic
operations on a roadway. Examples include a traffic signal controller
and a roadside unit.
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Term Definition

TSC infrastructure The architectures and components within the Transportation Field
Cabinet, including an external control local application (ECLA) that
may assert a higher-level control over the traffic controller.

Vulnerable Road User (VRU) | A term applied to those most at risk in traffic, i.e., those unprotected
by an outside shield. VRUs are pedestrians (especially children,
seniors and people with disabilities), bicyclists, and motor cyclists.

Source: RSU Standard v1.0

1.4  Abbreviations

The abbreviations and acronyms used in this document are defined below.

AASHTO American Association of State Highway Transportation Officials
AGET Assured Green End Time

AGP Assured Green Period

ARC-IT Architecture Reference for Cooperative and Intelligent Transportation
CAT Cooperative Automated Transportation Coalition

CCl Clarifications for Consistent Implementations (document)
Cl Connected Intersection

ConOps Concept of Operations

Ccv Connected Vehicle

CVPFS Connected Vehicle Pooled Fund Study

DSRC Dedicated Short Range Communication

DTLS Datagram Transport Layer Security

ECLA External Control Local Application

FCC Federal Communications Commission

FHWA Federal Highway Administration

FO Functional Object

GNSS Global Navigation Satellite System

HSM Hardware Security Module

IEEE Institute of Electrical and Electronics Engineers

100 Infrastructure Owner/Operator

ITE Institute of Transportation Engineers

MPH miles per hour

MU Mobile Units

MUTCD Manual of Uniform Traffic Control Devices
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NEMA
NRTM
OBU
OEM
PER
PPP
PSID
RA
RLVW
RSU
RTCM
RTK
RTM
SAE
SCMS
SDO
SEP
SPaT
TLS
™S
TSC
TSCBM
USDOT
V2l
VRU

National Electrical Manufacturers Associations
Needs to Requirements Traceability Matrix
On-Board Units

Automotive Original Equipment Manufacturers
Packet Error Rate

Precise Point Positioning

Provider Service Identifier

Registration Authority

Red Light Violation Warning

RoadSide Unit

Radio Technical Commission for Maritime Services
Real-Time Kinematic

Requirements Traceability Matrix

SAE International

Security Credentials Management System
Standards Development Organizations
Systems Engineering Process

Signal Phase and Timing

Transport Layer Security

Traffic Management System

Traffic Signal Controller

Traffic Signal Controller Broadcast Message
United States Department of Transportation
Vehicle-to-Infrastructure

Vulnerable Road User
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Section 2
Concept of Operations [Normative]

Section 2 defines the user needs that subsequent sections this Cl Implementation Guide addresses.
Accepted system engineering processes detail that requirements should only be developed to fulfill well-
defined user needs. The first stage in this process is to identify the ways in which the system is intended
to be used. In the case of the ClI Implementation Guide, this first stage entails identifying the various ways
in which the 100s may provide and Automotive OEMs may use SPaT, MAP, and positioning data at a
connected intersection in a consistent, interoperable manner.

This concept of operations provides the reader with the following:

a) A detailed description of the scope of the CI Implementation Guide document;
b) Identifies the key capabilities and interfaces for a connected intersection;

¢) An understanding of the perspective of the developers of this document; and
d) A testing framework to verify conformance to the Cl Implementation Guide.

Section 2 is intended for all readers and users of the Cl Implementation Guide, including the following:

a) Transportation Managers. 100 personnel responsible for making decisions about operational
strategies to implement and configuring transportation field devices.

b) Transportation Operators. 100 personnel responsible for monitoring the transportation
infrastructure and implementing transportation strategies.

c) Transportation Engineers. IOO personnel responsible for planning or designing the
transportation infrastructure.

d) Maintenance Personnel. 100 personnel responsible for ensuring that transportation field
devices operate as intended.

e) Third-party data providers. Non-IOO entities that provide SPaT and maintain SPaT and MAP
data.

f) System Integrators. Entities that bring together different components or subsystems into a
whole system that functions together.

g) Application Developers. Developers providing applications that run on on-board units (OBUS),
Mobile Units (MUs), Roadside Units (RSUs) and transportation field devices; and custom
applications that run from a central server, cloud service, or back-office location.

h) Testers. Entities that develop test procedures to verify the SPaT, MAP, and positioning data is
consistently and reliably provided by I0Os, and properly used by applications.

For the first five categories of readers, Section 2 is useful to understand what SPaT, MAP, and
positioning data should be provided.

For the last three categories of readers, Section 2 provides a more thorough understanding as to why the
more detailed requirements exist later in the CI Implementation Guide, and how SPaT and MAP data is
derived.

2.1  Tutorial [Informative]

A concept of operations describes a proposed system from the userséperspective. Typically, a concept of

operations is used to ensure that system developers understand the userséneeds. Within the context of

this CI Implementation Guide, the concept of operations documents the intent of each feature that a

connected intersection provides.

The terms ANormativeo and fAlnformatived are used to di
conformed to (Normative) and those that are there for informational purposes (Informative). It is possible

for a section to be identified as Normative but have subsections that are identified as Informative. If a
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section is Normative then all of its subsections are Normative unless identified otherwise. This entire
ConOps section is Normative unless otherwise indicated.

The concept of operations starts with a discussion of the current situation and issues that have led to the
need to deploy connected intersections, and then led to the development of this Implementation Guide.
This discussion is presented in layman® terms such that both the potential users of the system

and the system developers can understand and appreciate the situation.

The concept of operations then documents key aspects about the proposed system, including the
following:

1 Reference Physical Architecture. The reference physical architecture (view) defines the overall
context of the connected intersection system and defines what components and interfaces are
addressed by this ClI Implementation Guide. The reference physical architecture is supplemented
with one or more samples that describe how the reference physical architecture may be realized
in an actual deployment.

1 Needs. The needs identify and describe the various functions that users want components of the
Cl to perform. These needs, also called features, are derived from the high-level user needs
identified in the problem statement (Section 2.2) but are refined and organized into a more
manageable structure that forms the basis of the traceability tables contained in Section 3.

1 Operational Scenarios. The operational scenarios allow a reader to understand the different
parts of the proposed functions of the Cl and how they interact; and may highlight situations
where an ambiguity or gap currently exists among deployed connected intersections and/or
current standards.

The other sections of this ConOps are as follows:

1 Operational Policies and Constraints. A narrative description of specific policies or constraints
relative to the operational environment that have a direct impact on the implementation of this ClI
Implementation Guide.

1 Relationship to the ITS National Architecture [Informative]. This section describes how a Cl
implementation fits into the ITS National Architecture.

1 Testing and Conformity Verification Management. This section describes the need for a
testing framework to verify that an implementation conforms to the Cl Implementation Guide.

Section 3 Requirements uses the needs, also called features, identified in the analysis of the system to
define the various requirements for a Cl. Each user need traces to one or more requirements, and each
requirement is derived from at least one need. This traceability is documented in a needs to requirements
traceability matrix (NRTM) where each user need will map to all the requirements that fulfill that need.

Like user needs, the requirements are identified by a collaboration of a broad base of stakeholders and
some are drawn from existing documents. Each requirement is captured in Section 3 Requirements in a
formal manner along with the rationale which justifies the inclusion of the need. Each requirement
identified is then presented in the Requirements Traceability Matrix (RTM) in Section 4.2.3, which defines
how the requirement is fulfilled.

2.2 Current Situation and Problem Statement [Informative]

Cls are defined as an infrastructure system equipped to broadcast SPaT information message, mapping
information and position correction data to support safety applications on OBUs/MUs.

Cls are being deployed as part of USDOT's Connected Vehicle Pilots program and as part of the United
States' National Connected Vehicle SPaT Deployment Challenge. The SPaT Challenge was issued to
state and local public sector transportation I0Os in 2017 to deploy infrastructure that broadcasts SPaT
information message. The SPaT Challenge provided 100s with an entry point to deploying a connected
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vehicle infrastructure, allowing those I0Os to gain experience in procuring, installing, and operating
vehicle-to-infrastructure (V2I) deployments.

Early deployments of Cls demonstrated there are issues related to providing infrastructure data in a
consistent manner that will be compatible with production vehicles and in-vehicle devices. The
Cooperative Automated Transportation (CAT) Coalition identified the Red Light Violation Warning
(RLVW) application as one of three critical focus areas. The USDOT-sponsored CAT Coalition
Clarifications for Consistent Implementations (CClIs) To Ensure National Interoperability - Connected
Signalized Intersections (CCI) document states the following:

"It is understood by deployers that the established standards alone will not ensure open
compatibility with production vehicles. Existing standards often include optional elements
or flexibility given the variety of objectives or ways a system may be deployed. In some
cases, the optional elements or flexibility may be interpreted differently for different
deployments, despite the common objectives and applications of each deployment.
These differences could lead to a lack of interoperability that prevents vehicles from using
data at Connected Signalized Intersections across different jurisdictions.

Infrastructure Owner Operators (I00s) and original equipment manufacturers (OEMs)
need to reach common agreement on interpretations and clarifications regarding known
ambiguities so that data from all Connected Signalized Intersections can support vehicle
applications, regardless of the jurisdiction or vehicle type."

The CCI document then identifies and addresses known ambiguities for both mandatory and optional
elements for a Cl. However, the CCI represents only a subset (a single application - RLVW) of potential
problems with implementing a connected vehicle environment.

Figure 1 is a depiction of how I00s use standards today, and the process issues I00s encounter that
could prevent national interoperability for a CI.
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STANDARDS AND HOW WE USE THEM
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Figure 1. How Standards are used in a Connected Intersection.

The sender collects data such as real time signal status from traffic signal controllers.

To share real time signal status data from traffic signal controllers with other devices, the sender must
choose a national transportation standard(s) that supports messages that can be used to send this data,
such as NTCIP 1202 vO3A. The sender must encode the data into the messages as specified by the
selected standard, packaging all the data to be sent into the message for transporting to the receiver. The
sender may modify the message by adding some objects that are not specified in the standard. This may
be necessary to communicate all the data in the original context the sender wishes to send the data with.
For example, traffic signal controllers designed for NTCIP 1202 v02 require custom objects to support
connected vehicle applications. In a similar way, the national transportation standard selected by the
computing device may contain options. The computing device may select one option and create the
message in that way, while the receiver may expect or understand the message in the context of the
other option."

Upon receiving the message, the receiver must decode the message and extract the original data. The

sender and receiver may interpret standards differently. Unless the sender and receiver have a mutual

agreement, the receiver may interpret the message differently than the sender and may not understand

the original context the sender sent the data with. Additionally, in the event that the message is sent

though an unreliable, poor quality medium, the message may lose some data but the receiver may not be

aware of the lost data and the original context of the message. Without understanding the original context

of the message, thereceiver 6 s system may not respond t o Atrdteivermes s age
may also receive the same type of message from other sender, but each sender may send messages

with different context and the receiver would have to interpret the messages differently.

CTI 4501 v01.01
Cl Implementation Guide Page 12



This situation is exacerbated in a situation such as a Cl, where the sender and receiver are from different
industries - the I00s responsible for operating and maintaining the transportation system; and the
automotive OEMSs that use the transportation system.

The difference between the senderds ori girmmetatonafont e xt
the message, and the choices of options results in ambiguities that this Cl Implementation Guide is meant
to address.

2.3 Reference Physical Architecture [Informative]
2.3.1 Connected Intersection Architecture

This section presents an overview of what a complete Cl "system" may look like for users of the Cl,
including the 100 that operates and maintains the infrastructure, and travelers through the CI. The
section describes the "actors" that participate in the ClI, including the producers and consumers of
information, and are addressed by this Cl Implementation Guide. Figure 2 is a graphical depiction
(context diagram) of the physical architecture for the CI.

Connected | | <:> Interfaces
Intersection E Q) | —  Focus of this document

A

I - _High Precision Positioning |
Transportation Field /Timing Source

e =N

> | Onboard Unit
\[5.
[ )

I

I

|

| |

| Roadside Unit | R
D N (RSU)
Map Data Server | : Mobile Unit

, |

I

I

Traffic Management System
(OBU)

(MU)
8

SCMS/Security Backend

Center | Field Vehicle/Personal

Figure 2. Connected Intersection.

At the highest level of abstraction, the physical architecture consists of center components, field
components, vehicle components and personal components. The Architecture Reference for Cooperative
and Intelligent Transportation (ARC-IT) defines these components as the following:

1 Center. An entity that provides application, management, administrative, and support functions
from a fixed location not in proximity to the road network. The terms "back office” and "center" are
used interchangeably. Center is traditionally a transportation-focused term, evoking management
centers to support transportation needs, while back office generally refers to commercial
applications.

91 Field. These are intelligent infrastructure distributed near or along the transportation network
which perform surveillance (e.qg., traffic detectors, cameras), traffic control (e.g., traffic signal
controllers), information provision (e.g., dynamic message signs) and local transaction (e.g.,
tolling, parking) functions. Typically, their operation is governed by transportation management
functions running in back offices. Field also includes RSU and other non-Dedicated Short Range
Communication (DSRC) wireless communications infrastructure that provides communications
between mobile elements and fixed infrastructure.
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1 Personal. Equipment used by travelers to access transportation services pre-trip and en route.
This includes mobile/handheld as well as desktop equipment owned and operated by the traveler.
1 Vehicle. Vehicles, including driver information and safety systems applicable to all vehicle types.

The physical elements involved are described below.

1 Traffic Management System (TMS). The systems used by traffic operations staff to configure,
control, monitor, and collect data from transportation field devices to manage traffic.

1 SCMS/Security Backend. A system that provides and manages security certificates to support
trust within the CI system.

1 Map Data Server. A server that contains the roadway geometry data that may be shared by the
infrastructure to OBUs/MUs.

1 Roadside Unit (RSU). A transportation field device that performs the data exchange between
OBUs, MUs, and other infrastructure elements.

1 Transportation Field Cabinet. A field cabinet containing devices and electronic systems that
monitor and control traffic operations on a roadway. Includes the traffic signal controllers (TSC)
that allow different conflicting movements to travel across a roadway in a safe, orderly manner.

1 High Precision Positioning/Timing Source. Source data service which could be a base station
or a satellite allowing the system to calculate positioning and time for system processes, or
provide position corrections. An example of a High Precision Positioning/Timing Source is a
Global Navigation Satellite System (GNSS) receiver.

1 On-Board Unit (OBU). Performs the data exchange between the infrastructure and a vehicle and
installed in a vehicle (includes an after-market device). An OBU may contain applications that
process the data received from the infrastructure and other sources such as another OBU.

1 Mobile Unit (MU). Performs the data exchange between the infrastructure and a road user. MUs
may be integrated with cellular phones or otherwise be carried by pedestrians, cyclists, other
travelers, or workers in the roadway.

The lines between the physical elements represents the interfaces that are addressed by the Cl
Implementation Guide, primarily for security reasons, although the focus is on the interface between the
connected intersection, specifically the RSU and the applications on the OBUs/MUs. Interfaces within the
Cl are shown primarily for security reasons. Other interfaces may exist among the components outside a
connected intersection, such as between the Security Credentials Management System (SCMS)/Security
Backend and the OBU/MU, but are not depicted in the diagram since those interfaces are not addressed
in this CI Implementation Guide.

This initial Cl Implementation Guide prioritizes support for the RLVW application so OEMs can begin to
deploy and validate this application in production vehicles. The RLVW application is described in more
detail in the RLVW Operational Scenario in Section 2.6.1. However, needs for other SPaT-based and
MAP-based safety applications, that were considered relatively easy to implement and could be
completely defined within this projectd schedule, are also included in this Cl Implementation Guide.

2.3.2 TSC Infrastructure Architecture

Figure 3 and Figure 4 are graphical depictions of the typical architecture inside the Transportation Field
Cabinet for control of a signalized intersection. The connections shown are logical. These architectures
and components within the Transportation Field Cabinet are referred to as the TSC infrastructure. Figure
3 represents the most common architecture deployed today at signalized intersections.
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Figure 3. Typical TSC Infrastructure Architecture.

The elements involved are described below.

1 Signal Control Application. Called the ASC Process in NTCIP 1202 v03A, represents the
traditional processes providing control of a signalized intersection.

1 Sensor Units. Called Detector Units in NTCIP 1202 vO3A, devices that support the detection of
travelers (e.g., vehicles, pedestrians, bicycles, transit vehicles, emergency vehicles). In some
cases, the interface allows the traffic signal controller to monitor the health and gather additional
information from the detection subsystems.

1 Switch Packs. Called Load Switches in NTCIP 1202 vO3A, devices used to switch power to the
signal lamps/indications. This typically includes pedestrian signals, traffic signals, auxiliary signs,
and other auxiliary devices.

1 Secure Link 1/Secure Link 2. Represent the interfaces for secure data exchanges.

However, in certain cases, signal timing duration are not decided by the TSC, but rather an external
control local application (ECLA) that is asserting a higher-level control over the traffic signal controller.
The TSC may be commanded to run free, hold-online, or run specific coordination patterns by the ECLA
that are then manipulated in real time by hold/force-off/omit or other remote commands. SPaT information
messages generated by the TSC in these cases will not be accurate to the future state control commands
that are offered by the ECLA. As an example, an intersection running under an ECLA to free or hold
online, may not have awareness of serviceable side street demand or pending force off commands, that
are being managed by the ECLA. In these cases, the ECLA must carry the responsibility to distribute the
SPaT information messages since it alone knows the likely future state of the intersection. An example of
an ECLA in these cases may be an adaptive algorithm application external to the TSC.

In other cases, the ECLA represents an external application or physical device that processes the signal
phase and timing information from the TSC, then reformats and sends that data in a format that can be
used by the RSU for broadcast to OBUs/MUs. Examples of an ECLA in these cases are the MultiModal
Intelligent Traffic Signal Systems (MMITSS) and the V2X Hub.

Figure 4 illustrates how the ECLA fits in the TSC infrastructure. This figure shows a secure link between
the ECLA and the RSU, the TSC, and the TMS.
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Figure 4. TSC Infrastructure (with ECLA) Architecture.

2.4 Needs

The needs for a connected intersection follow.

2.4.1 Architectural Needs

A connected intersection needs to use a communications technology to exchange data with the
applications on an OBU/MU in a timely manner. This feature allows an application on an OBU/MU to
receive data, such as signal timing information, with enough low latency so the application can properly
process the data from the Cl and react to the dynamic situation at the intersection. The reaction may
include providing warnings or alerts to the driver or Vulnerable Road Users (VRUS), or taking an
appropriate action.

2.4.2 Traffic Signal Controller Infrastructure Data

The traffic signal controller (TSC) infrastructure provides and serves as the source for the signal phase
and timing information to the RSU. The TSC infrastructure needs follow.

2.4.2.1 Provide Signal Timing Data to an RSU

A TSC infrastructure needs to provide signal timing data to an RSU so the RSU can forward that
information to OBUs/MUs.

2.4.2.2 Provide Signal Timing Status to an RSU

A TSC infrastructure needs to provide signal timing status to an RSU so the RSU can forward that
information to OBUs/MUs.

2.4.2.3 RLVW Support

The connected intersection needs to provide the CI/TSC infrastructure information necessary to enable
the RLVW application as described in Section 2.6.1, Red Light Violation Warning (RLVW) Application.
This includes computations for an Assured Green Period (AGP), the establishment of a virtual RLVW
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detection zone (RDZ), and the ability to provide an assured green end time (AGET) when the intersection
is under actuated signal control. The RLVW application decreases the likelihood that the vehicle will be in
the intersection during a red signal indication.

The RLVW application has the potential to save lives of motorists and pedestrians. When a vehicle is
approaching an intersection during a green interval, the RLVW application may provide advisories,
warnings, or alerts to the driver that he/she may not clear the intersection before the signal turns red.

2.4.3 Messages

This section identifies needs related to a connected intersection providing information from the
infrastructure.

2.4.3.1 Message Performance Needs

This section identifies performance needs for a connected intersection providing information from the
infrastructure.

2.4.3.1.1 Uniform

A connected intersection needs to provide a consistent (or uniform) representation of the situation and
operating conditions. Uniform data fields increase interoperability between the infrastructure components
and the applications that use the data to aid drivers and VRUs.

For example, connected intersections should provide a uniform representation of roadway features.
Inconsistencies in how roadway features are represented lead to inconsistent usage and interpretations
by applications that use roadway features. A uniform representation of roadway features increases the
effectiveness of the applications that aid drivers and vulnerable road users.

2.4.31.2 Robustness

A connected intersection needs to be robust. When subject to anomalous data and commands, the
connected intersection and its components function properly and are not corrupted. These components
may have different failure modes operational states that are consistent and repeatable under different
operational conditions. An example is what data should still be broadcasted if the connected intersection
is unable to provide the current movement state.

The connected intersection and its components also function properly under the maximum simultaneous
data traffic possible on all communications interfaces. Applications depend on continuous and proper
operation under extreme demands on the system.

2.4.31.3 Concise Messages

A connected intersection needs to provide concise messages so that complete data describing the
situation can fit within the maximum message size supported by the communications stack. Small
message sizes also suffer much less from packet loss than larger messages.

2.4.3.1.4 Advanced Notification

A connected intersection needs to provide data far enough in advance of the intersection with respect to
both time and distance so the application on an OBU/MU can process the data in time to react to a
situation. This allows the proper interpretation of the data by the applications and may provide more
options for drivers, VRUs or applications to react to the dynamic situation at the intersection. The reaction
may involve providing warnings or alerts to the driver or VRU, or taking an appropriate action. For
example, the coverage area needed will be different for a Cl where average vehicle approach speeds are
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20 miles per hour (MPH) when compared to a Cl where the average vehicle speed for an approach is 50
mph.

2.4.3.1.5 Timeliness

A connected intersection needs to indicate changes in state and timing with low latency so that the
applications on an OBU/MU can react to the most current information in a timely manner. Timely
information to applications provides effective and reliable services that aid road users.

24316 Quality Assurance

The CI needs to produce quality information. The information needs to produce the best set of messages
(e.g., SPaT message) that represents the current situation and conditions at the intersection.

2.4.3.2 Generic Message Data Needs

This section identifies generic data needs for a connected intersection providing information from the
infrastructure.

2.4.3.21 Time Source

A connected intersection needs to use the same time reference and with sufficient precision as
OBUs/MUs so non-infrastructure applications can properly interpret time points. This allows the proper
interpretation of time-sensitive data by applications and permits reactions to be based on the same
understanding of time.

2.4.3.2.2 Message Revisio n

A connected intersection needs to indicate if the data provided on a specific topic (other than the
timestamp) is new and must be processed by the receiving application or is the same as a previous
message and can be ignored.

2.4.3.2.3 Timestamp

A connected intersection needs to identify the time that the data provided by the infrastructure was
generated. This allows an application using the same time source to determine the timeliness of the data.

2.4.3.3 Signal Timing Data Needs

This section identifies needs related to signal timing data that a connected intersection provides.

2.4.3.31 Intersection Identification

A connected intersection needs to provide the unique identifier of an intersection so an application can
associate the signal timing data received with the intersection map data.

2.4.3.3.2 Intersection Status

A connected intersection needs to provide information about the current operational status of a signalized
intersection so that an OBU/MU application can better interpret signal timing data provided about that
intersection.

For example, the operational status may indicate if the signalized intersection is operating in preempt,
external logic, or in flash.
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2.4.3.3.3 Current Movement State

A connected intersection needs to provide information about the current state of each movementd
including a pedestrian movementd at the intersection so an application can provide the proper warnings,
information, or guidance to the driver or VRU. The current state identifies if a maneuver through an
intersection is currently allowed and any restrictions. For example, the current state may indicate whether
a protected or permissive movement is allowed, a protected or permissive clearance (phase change
interval) is in effect, the movement is required to stop then proceed, remain, or a movement may proceed
with caution with possible conflicting traffic.

2.4.3.3.4 Next Movement State

A connected intersection needs to provide information about the next state of each movement at the
intersection so an application can provide the proper warnings, information, or guidance to the driver or
VRU. The next state identifies if the next signal interval for a maneuver through an intersection will be
allowed and any restrictions after a change. For example, the current state may indicate a protected or
permissive movement, but the next state indicates when the current state changes, if the maneuver will
change to a protected or permissive movement, or a clearance (e.g., yellow indication) interval will be in
effect.

2.4.3.3.5 Time Change Details

A connected intersection needs to provide information about when the current signal interval (state) for
each movement, including a pedestrian interval (state), at the intersection will change so an application
can provide the proper warnings, information or guidance to the driver or VRU. The information provided
must be accurate under all conditions such as during TSP (transit signal priority) and EVP (emergency
vehicle preemption).

The need includes the following operational scenarios: 2.6.2.1 - Rest in Green.

2.4.3.3.6 Next Allowed Movemen t Time

A connected intersection needs to provide the estimated time when each movement at an intersection is
next allowed to proceed (e.g., green or flashing yellow), excluding unexpected events such as a
preemption request. This feature allows an application to provide information or guidance to a driver or
VRU. The next allowed-to- move information partially satisfies the needs of an eco-driving application.

The next allowed-to-move information also helps an OBU/MU determine whether a permissive turn
movement will change directly to a protected movement, will change to a protected movement after a
clearance interval, or will change to a stop condition after a clearance interval.

2.4.3.3.7 Enabled Lanes

A connected intersection needs to provide information about which revocable lanes are currently enabled
S0 an application can determine what movements are currently allowed at an intersection. An 100 may
define the same physical lane for different uses or with different restrictions depending on the time of day
or on specific days. For example, a lane may be defined as an HOV lane during the morning rush hours,
a reversible lane for special events (such as at an arena), and as a normal vehicle lane during all other
times. This feature allows the connected intersection to indicate what restrictions are in effect.

2.4.3.3.8 Signal Timing and Roadway Indications Synchronization

A connected intersection needs to provide signal timing data that is synchronized with signal indication
changes on the roadway within a defined tolerance. For safety and effectiveness, applications require
consistency between the perceived state of the intersection by road users and the signal timing data
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received by the applications on an OBU/MU. Synchronization enables applications to safely and
effectively provide services to road users.

For example, the duration of a signal interval may be influenced by external processes. There are
configurations when an external process, such as cabinet relays or a separate system controlling the
active timing intervals (e.g., hold/force off/stop time), is being used for either supervisory control over the
traffic controller timing or post processing of controller outputs. In these cases, the traffic controller may
have limited information thereby limiting the ability to predict the future state of the intersection and
therefore cannot provide accurate signal interval duration information. For these cases, the source of the
signal interval duration data should be the separate system.

2.4.3.4 Roadway Geometry Data Needs

This section identifies needs about the roadway geometry information that a connected intersection
provides.

2.4.3.41 Intersection Geometry

A connected intersection needs to provide information about the lanes in and around an intersection so
that an application on an OBU/MU can determine its position in relation to the lanes, stop lines,
crosswalks and landing geometry of the intersection.

2.4.3.4.2 Lane Attributes

A connected intersection needs to provide information about the allowed use of each lane at an
intersection so an application on an OBU/MU can determine the current allowed usage of the lanes
around its position and can provide appropriate warnings, information and guidance to the driver or VRU.
Lane attributes provided include the direction of travel permitted in the lane and lane use restrictions.

2.4.3.43 Allowed Maneuvers

A connected intersection needs to provide information about the allowed maneuvers of each lane at an
intersection so the application on an OBU/MU can provide appropriate warnings, information and
guidance to the driver or VRU. Allowed maneuvers define permitted turns from a lane, typically a vehicle
lane, under different conditions.

2.4.3.44 Connections Between Lanes

A connected intersection needs to provide information about the permitted connections between ingress
lanes and egress lanes at an intersection so an application on an OBU/MU can determine what signal
timing data from the infrastructure applies to it. The application uses this information to provide
appropriate warnings, information and guidance to the driver or VRU.

For example, this need ties a maneuver to a signal group so the application on an OBU can interpret what
signal timing data applies.

2.4.3.4.5 Approach Speed Limit Information

A connected intersection needs to provide the posted or statutory speed limit, whichever is applicable, for
each lane so an application in an OBU can provide advisories or warnings to a driver based on the speed
limit.

2.4.3.4.6 Revocable Lanes

A connected intersection needs to identify lanes that are revocable. An 100 may define the same
physical lane for different uses or with different restrictions depending on the time of day or on specific
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days. For example, a lane may be defined as an HOV lane during the morning rush hours, a reversible
lane for special events (such as at an arena), and as a normal vehicle lane during all other times.

NOTE: The SPaT message will then identify which revocable lane is currently is active.

2.4.3.4.7 Road Geometry Accuracy

A connected intersection needs to provide assurances that the road geometry data provided by the
infrastructure is accurate and represents the roadway geometrics at the intersection within a defined
tolerance. Inaccurate data reduces the effectiveness of the applications that use the data.

NOTE: Enough accuracy is needed so the vehicle can determine which lane it is in, since different lanes
may be controlled by different signal indications being in different states.

2.4.3.4.8 Signal Timing and Roadway Geometry  Synchronization

A connected intersection needs to ensure that roadway geometry information being broadcast reflects the
current operating state used to generate the signal timing data. The signal timing data and roadway
geometry data cannot be viewed as independent, but BOTH need to reflect the actual usage. The signal
timing data and the operating roadway geometry HAVE to be agreement. If an entity changes the design
geometry environment, it may necessitate a change in the signal timing data.

2.4.3.5 Positioning Data Needs

This section identifies needs about positioning that a connected intersection provides.

2.4.3.5.1 Positioning Corrections

A connected intersection needs to provide data in a standardized format that helps vehicles achieve the
required positioning and timing accuracy at intersections where this is needed. For example, position
corrections data may provide information that allows an application on an OBU/MU to calculate its current
position with enough accuracy to determine which lane it is in.

2.4.35.2 Real-Time Kinematic Corrections

When implementing Real-time Kinematic (RTK) positioning, all GNSS devices in the broader |00 system
implementation need to use and broadcast a common RTCM corrections source as an RTCM broadcast,
or the devices need to use a common (network-based, not broadcast) RTCM corrections source for their
position correction.

2.4.4  Security

This section identifies security needs for a connected intersection.

2.4.4.1 Correct Operations

This section identifies the security needs for correct operations at a connected intersection.

24411 Operations - Data Trustworthiness

A connected intersection needs to ensure that data sources are trustworthy and provide correct data for
use in creating Cl messages so that message data reflects near-real time Cl operating conditions, and
applications and users respond appropriately.
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2.4.4.1.2 Data Processing

A connected intersection needs to ensure that platforms that modify or perform any transformation on
data that is subsequently used to create Cl messages are trustworthy and operate correctly, including
producing correct outputs so that transformed data reflects near-real time operating conditions, and
applications and users respond appropriately.

2.4.4.1.3 Input Validation

A connected intersection needs to ensure that components reject incorrect inputs, or inputs that do not
communicate appropriate levels of trustworthiness, so that components do not process data that mis-
represents the CI operating environment.

2.441.4 Cyber Attacks

A connected intersection needs to ensure that all components involved in generating Cl messages or
inputs into Cl messages are protected from cyber attacks so that malevolent actors may not gain access
to or harm the CI system.

24415 Cyber Attacks Recovery

A connected intersection needs to ensure that all components involved in generating Cl messages or
inputs into Cl messages can recover from cyber attacks so that disruption due to cyber attacks is limited,
allowing components to provide near-continuous Cl operating environment data.

24416 Resilience

A connected intersection needs to be resilient and ensure that all components operate correctly and
produce correct output in the case where the Cl operating environment does not meet acceptable
performance conditions so that applications and user actions remain safe and appropriate during these
conditions.

For example, if the time of change for a traffic controller is not reliable, the RSU may still broadcast
intersection status data but not time-of-change data for a SPaT message.

2.4.41.7 Secure Administration

A connected intersection needs to enable components to be updated or reconfigured by appropriately
authorized actors if necessary, to improve resilience / security against cyber attacks so that selected
components may be modified, as appropriate. For example, if some, but not all, components are
vulnerable, it may be appropriate for an authorized actor to update/reconfigure selected components to
allow those that are not affected by the cyber attack to continue operation, without interruption.

24418 Authenticated Secure Update

A connected intersection needs to support remote, authenticated, verified updates so that components
maintain a consistent level of current cyber-hygiene. For example, as new cyber threats are identified,
protection software is updated for all system components.

2.4.41.9 Assurance of Correct Network

An RSU needs to have assurance of connectivity to the network of the correct connected intersection.

2.4.4.2 Data Flow: Communications and Interface Security

This section identifies the security needs related to data flow (communications and interfaces).
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2.4.4.21 Data Flow Trustworthiness

A connected intersection needs to provide components receiving Cl data with sufficient information to
evaluate trustworthiness of received data so those components receive some assurance that the Cl data
reflect near-real time Cl operating conditions, and applications and users respond appropriately.

24422 Data Integrity

A connected intersection needs to ensure that Cl data is not corrupted or changed as it passes across
interfaces so that transformed data reflects near-real time operating conditions, and applications and
users respond appropriately.

24423 Data Confidentiality

A connected intersection needs to protect the data exchanged across interfaces from unauthorized
access.

2.4.4.3 Network Monitoring

This section identifies the security needs for network monitoring to allow implementing mechanisms to
detect faulty Cl messages.

24431 Misbehavior Reporting by Network Administrators

A connected intersection needs to provide a mechanism to allow 100 network administrators to detect
incorrect data so that faulty Cl messages do not compromise applications or user actions.

2.4.4.4 Credential Management

This section identifies the security needs for credential management.

24441 Credential Provisioning

A connected intersection needs to ensure that components that send trusted information communicate
using up-to-date credentials so that components establish trust with each other, as well as OBUs and
MUs.

24442 Management of Untrustworthy Devices

A connected intersection needs to provide a mechanism to modify the ability of any component
determined to be untrustworthy to participate in the system so that untrustworthy devices do not have a
negative impact on Cl operations. For example, untrustworthy misbehaving devices
credentials/certificates may be (temporarily or permanently) revoked.

This applies to devices within the connected intersections (e.g., TMS, transportation field cabinet, etc.)
but not OBUs/MUs.

2.44.43 Credentialing System Access
An RSU in a connected intersection needs access to the SCMS or a credentialing system. This allows the
RSU to verify the trustworthiness of the data.

NOTE: the OBU/MU also need access to the SCMS or a credentialing system so it can verify the
messages from the connected intersection.
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2.5

Operational Policies and Constraints

The following operational policies and constraints apply to the use of this Cl Implementation Guide
document:

a)

b)

d)

e)

2.6

The operation and maintenance of the connected signalized intersection are governed by the
regulatory guidelines or policies for the operating agency (I0O) that may include USDOT's and
the relevant states' Manual of Uniform Traffic Control Devices (MUTCD), and state and local
ordinances, policies, and procedures.

The operation and maintenance of the connected signalized intersection uses the traffic signal
timing principles and practices that have guided signal timing operations for many decades. Many
of these principles and practices have been studied, researched, and time tested. Significant
changes to these principles and practices may require additional studies and research before
they can be adopted and deployed.

Gaining complete nationwide uniformity in signal timing and operations may not be possible
without changes in the current national governance framework. Currently, no single entity
governs the operation of every traffic signal. Every state, county, and city are often responsible
for their own traffic signals and may have their own approaches to signal timing and operations,
within the constraints of laws and ordinances.

Vehicles and vehicle systems are subject to Federal Motor Vehicles Safety Standards, ISO 26262
i Road vehicles i Functional safety, ISO/PAS 21448:2019 i Road vehicles - Safety of the
Intended Functionality, a number of voluntary guidelines and/or non-regulated standards as well
as OEM internally specified requirements and/or design principles.

While developers are aware of the need for guidance that is feasible and implementable, certain
technologies may not be available given resource constraints.

Operational Scenarios

According to IEEE 1362-1998,

i A s c e n ateptbyp-step descaption of how the proposed [system] should operate
and interact with its users and its external interfaces under a given set of circumstances.
Operational Scenarios help readers understand how all pieces of the system interact to
provide operational capabilities. [IEEE 1362-1998]"

For the purposes of this project, the proposed system is a connected intersection or series of connected
intersections as might be found along an arterial. The operational scenarios are optional for the Cl
Implementation Guide, but could be included if the operational scenario includes the following:

1 Allows a reader to understand the different parts of the proposed functions of the Cl and how they
interact
1 Highlights a situation where an ambiguity or gap currently exists but will be addressed by the ClI
2.6.1 Red Light Violation Warning (RLVW) Application
Title Red Light Violation Warning (RLVW) Application

Background The purpose of the RLVW application is to provide advisories, warnings, or alerts to a

driver approaching a signalized Cl where they are unintentionally not stopping for a
red signal indication or they may not clear an intersection before the signal turns red.
The goal to clear the intersection before the signal turns red is a higher safety
measure than that used with most U.S. traffic control devices where it is acceptable for
a vehicle to be in an intersection when a signal turns red. The CI conveys to the on-
board units and mobile units (OBUs/MUs) the minimum and maximum end times
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possible for the current colors of each movement in the intersection. Therefore, there
can be a range for the end time of a given color.

For the RLVW application to be effective, a RLVW-equipped vehicle requires
flassuredo (very high certainty) end of
through movement. These assured green end times (AGETS) are at the highest level
of certainty for the CI/TSC infrastructure that controls the right-of-way for the Cl. These
times are considered assured even when there is a possibility of an unplanned event
(e.g., a preemption operation or failure) that could change the planned green end
times.

There are various types of intersection control used in the United States including fixed
time (pretimed), actuated signal control, traffic responsive control, adaptive control,
and others. Fixed time control uses preset time intervals that are the same every cycle
of the intersection, regardless of changes in traffic volumes and on-street demands for
right-of-way. Fixed time control is usually used for dense grid networks such as
downtown areas and may only be in effect during certain times of a day. An AGET is
readily identified for intersections under fixed time control since the timing of the entire
intersection is known in advance.

This is not the case for actuated signal control (and other hybrid types of traffic
control). The purpose of actuated control is for intersections to be able to respond to
the changes in traffic volumes and on-street demands for right-of-way. The major
advantage of actuated control over fixed time control is reduced road user delay. This
flexibility, however, can make providing AGETSs difficult. It is common for an approach
to an intersection to be pr ogr themmnéndm end
time for the green approach may be 0.1 seconds and the maximum end time may be
unknown. Intersection demand from a cross street could terminate the green approach
in 0.1 seconds and prohibit the RLVW application from performing its safety functions.

The CI/TSC infrastructure can mitigate this uncertainty and enable the RLVW
application by providing an assured green period (AGP) as part of the green interval
for the through movement. This AGP is calculated and programmed so that when it is
combined with the duration of the yellow change interval, decreases the likelihood that
the vehicle will be in the CI during a red signal state. A virtual RLVW Detection Zone
(RD2Z) is defined where basic safety messages (BSMs) from OBUs/MUs on vehicles
are used to determine when the AGP is to be applied. When the CI/TSC infrastructure
is not terminating the green and a vehicle has been detected in the RDZ, the minimum
end time of the movement is set to the current time plus the AGP to facilitate the
vehicle clearing the Cl. When the CI/TSC infrastructure determines that the green
approach is to be terminated, the CI/TSC infrastructure provides an AGET that is
greater or equal to the current minimum end time. Vehicles that are in the RDZ or
closer to the stop line will have already received a minumum end time that will help
them clear the intersection. Vehicles that are upstream from the RDZ will have time to
stop before the stop line.

Summary of
Operations

The scenario for the RLVW application for a Cl under actuated control is described in
the following steps.

1) Parameters used by CI/TSC infrastructure are calculated and programmed for all
through movements for the intersection including the following:
a) The approach speed;
b) The distance to bring a vehicle to stop at the stop line based on the approach
speed,;
c) The distance to clear the intersection;
d) The size and position of the RLVW Detection Zone (RDZ); and
e) The AGP.
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2) When a RLVW-equipped connected vehicle (CV) approaches a Cl, the OBU/MU
receives signal timing and roadway geometry data from the Cl. At the same time,
the OBU/MU is sending its location data and other vehicle-related data to the CI.

3) If the CI detects a vehicle in the RDZ, the associated movement is in green, and
the Cl is not terminating the movement, then the Cl sets the minimum end time of
the movement to the current time plus the AGP.

4) If the Cl determines that a movement currently in green is to terminate, the ClI
provides an AGET that is equal to or greater than the current minimum end time
for the movement.

5) Once the CI provides the AGET, the RLVW application on the OBU/MU may
provide advisories, warnings, or alerts to the driver.

2.6.2 Signal Timing Scenarios

This section identifies common signal timing operations at a signalized intersection.

2.6.2.1 Restin Green

Title Rest in Green
Summary of The major street has a pre-defined green phase time. When this time is reached, the
Operations intersection transits to green fiRest Mo

operation until either a pedestrian actuation, a cross-street vehicle actuation, or an
eventual timing out occurs.
The connected intersection would either provide the following:
1 Time change details that indicate when the current green phase will change
for certain
9 Time change details that indicate the minimum amount of time before the
current green phase will change, if the time of change cannot be determined
Need This operational scenario leads to the needs for Assured Green End Time.

2.6.2.2 Two or More Signals or Intersections with One Controller

Title Two or More Signals or Intersections with One Controller
Summary of This operational scenario addresses a single traffic signal controller used to control
Operations two or more intersections (usually closely-spaced) or signalization of an advanced

approach, driveway, or maneuver related to the main intersection. The geometry of
these intersections creates some additional challenges in creating MAPs and signal
groups because of distances, interior maneuvers, and additional stop line locations. In
each of these cases, SPaT and MAP must be communicated consistently and
accurately to prevent a vehicle from stopping on a green signal indication or running a
red signal indication. Examples of uses cases in this scenario are the following:
1) Two closely spaced intersection
a) Texas Diamond
b) Diverging Diamond (See Figure 5)
2) Box intersection (2 divided highways crossing or frontage road intersections at a 3-
level diamond interchange) (See Figure 6)
3) Signalized driveway upstream of a signalized intersection driven by one controller
to handle spillback
4) Railroad crossing upstream of a signalized intersection with stop line and signal
head in advance of crossing driven by one controller to handle spillback (See
Figure 7)
5) Signalized crosswalk close to the intersection
6) Michigan Left-Turn where the U-turn is signalized
7) Signalized roundabout
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Figure 5. Diverging Diamond.
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Figure 6. Box Intersection.
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Figure 7. Railroad Crossing Upstream of a Signalized Intersection.

Source: Christopher Poe, Mixon Hill.

2.6.2.3 Texas Diamond Intersections

Title Texas Diamond Intersections
Summary of Texas Diamond Intersections also commonly known as diamond interchanges function
Operations as an interface between a freeway and a surface street. Most Texas freeways are

characterized by frontage roads. The Texas Diamond is the intersection of the frontage
roads with a surface street. The two frontage roads on either side of the freeway form
two intersections with the surface street.
Figure 1 illustrates a simplified version of the phasing configuration of the Texas
diamond interchange. The phasing is similar to the NEMA configuration of a typical
intersection and is characterized by:
1 Phase 2 and Phase 6 are phases for arterial through movements similar to a
typical intersection
1 Phase 4 and Phase 8 are phases for frontage road movements similar to
through movements on a cross street
1 Phase 1 is a phase for an internal left turn movement that opposes Phase 2
and Phase 5 is a phase for an internal left turn movement that opposes Phase

6

1 Overlap A (OL A) is an internal overlap that is ON when Phase 1 OR Phase 2
are ON

1 Overlap B (OL B) is an internal overlap that is ON when Phase 5 OR Phase 6
are ON

While diamond interchange operations are primarily impacted by the spacing between
the two intersections, traffic patterns also can influence the operational strategies. The
operational philosophy is to optimize external demands while ensuring that the interior
does not get backed up. A diamond interchange can be operated in three sequences
when operating according to TXDOT Specifications.
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1 Three phase - Three phase sequence is typically used when spacing between
the two intersections is large (usually greater than 400 feet). The large spacing
allows for storage of interior left turning vehicles that enter the interchange.

1 Four phase - Four phase sequence is typically used when spacing between the
two intersections is small (usually less than 400 feet). The small spacing
requires a phasing sequence that ensures that no vehicles stop in the interior of
the interchange.

1 Separate intersection mode - Separate intersection mode is usually applied
when the spacing between the two intersections of a diamond interchange is
very large (greater than 800 feet).
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Most diamond interchanges in Texas are operated using a single controller. Most of the
phasing sequences use typical phases which can potentially be translated to phase
groups. These phases and phase groups are very similar to the phases and phase
groups for a typical intersection. Hence, it is possible for a diamond interchange to have
a single SPaT message in spite of having two intersections. The SPaT information
message that isnecessary to compile a SPaT message can be generated by the traffic
signal controller.

MAP Message Needs

Texas Diamonds can vary in width. Due to constraints of DSRC range, a larger number
of approaches (six instead of four approaches at a typical intersection) and size of the
MAP message, it might be necessary to generate the SPaT message and a separate
MAP message for each side of the diamond interchange. These two MAP messages
can then be broadcast using two separate RSUs located at each intersection. Each
intersection will have a unique IntersectionID which can support in identifying which
intersection the vehicle is approaching when a vehicle receives two MAP messages
from two different RSUs.

Source: Srinivasa Sunkari, Texas A&M Transportation Institute.

2.6.2.4 Florida T Intersection

[ Title | Florida T Intersection
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Summary AFlorida-T i ntersectionds configuration is a
of Florida-T encourages safer operations by providing both deceleration and acceleration
Operations | lanes for left turning vehicles.

Florida-T intersections can also be signalized when needed to create adequate gaps in
traffic for turn movements into and out of the Tleg of the intersection. Even with
signalization, one direction of through traffic can continue through the intersection without

stopping.

Two examples are shown below; one with peds, one without. Each presents questions
for the traffic controller issues TF on whether or not the current timing parameters
account for these uncertainties/complications:

Summary of considerations for this scenario include the following:
1 How does a phase resting indefinitely report min time, maxtime, and likely time?
Is that what a driver expects?

1T Does an overlap thatés constantly bri
when itds included phases eaexte transit
T How does a phase thatodéds resting indef

by a ped impact the timing and confidence reports?

T I'n cases where a controller all ows a
the point of yelnowenapisHdridgiag (sayto goéoml4fto S5an
the example above), but a late ped call arrives on ped 8 i the overlap will stop
bridging and terminate. This brings up two considerations for SPaT timings;

o The controller (if in coordination) will now transition, making confidence
go down

o The phase will take longer to get to than expected because the overlap
trail yellow and red needs to be served beyond its included phase
clearance since it started clearing late

Graphics
P Orange Road
- <« Phase 2 -—
= If Phase 5 £
—_— — = —* Phase6 = - e

v -

Ring structure: Phase4 /

564 ql P /

2

Approach 2 can be configured as a phase as shown
in the ring structure above or as an overlap included
with 5, 6, and 4.

When configured as an overlap, does "overlap
bridging" get considered as part of the timers for
approach 2, or will it report that it's turning red
every time ring 1 cycles when it's not?

Highfield Drive
>
¥
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Orange Road 8P 4p Phase 2

— -~— -—
== l ¥ Phase5
— = == Phase6 = = s
¥ -
5 6|4 8 Inascenario where the Florida T has peds (that are not 6P
exclusive) approach 2 is most likely an overlap. It will be q f'

included with 5, 6, and 4 and have a "negative ped" of 4
(included with 4 only if there's no ped). It allows the

approach to turn red if, and only if, phase 4 or 8 peds Y il
receive calls.

In this case, the previous scenario concerns apply; does

"overlap bridging" get considered as part of the timers for 4 ﬁ

approach 2 or will it report it's about to turn red when it's
not?

Additionally, will low ped traffic, 2 is resting in green
indefinitely - how does that equate to a SPaT when it's
resting indefinitely, and likewise when it suddenly gets
interrupted by a pedestrian call?

Highfield Drive

Source: Whitney Nottage, Intelight.

2.6.2.5 User Logic - Outside the " Knowledge" of the Controller

Title User Logic - Outside the "knowledge" of the controller
Note: MultiModal Intelligent Traffic Signal System (MMITSS) and V2X Hub are common
examples of external operations.
Summary Definition: Outside the knowledge of the controller. This implies external manipulation of
of the actual phase timing and/or interval timing i which is not related to the internal timing
Operations | algorithms of the traffic controller. These inputs may determine the specific phase timing

or the termination of a phase rather than the internal traffic control logic/timers.

Examples of such external c thafollowonh: fioper a
1 NEMA Control Commands
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0 Older ATMS supervisory control used the NEMA inputs such as HOLD,
FORCE-OFF, (PHASE/PEDESTRIAN) OMIT. Central systems transmit
these ficommandsodo to the traffic c

5.2.5 Phase Control Table

5.2.5.4 Phase Hold Control

phaseControlGroupHold OBJECT-TYPE

SYNTAX INTEGER (0..255)

ACCESS read-write

STATUS mandatory

DESCRIPTION "<Definition> This object is used to allow a remote entity to hold
phases in the device. When a bit = 1, the device shall activate the System Phase Hold
control for that phase. When a bit = 0, the device shall not activate the System Phase
Hold control for that phase.

Bit 7: Phase # = (phaseControlGroupNumber * 8)

Bit 6: Phase # = (phaseControlGroupNumber * 8) - 1

Bit 5: Phase # = (phaseControlGroupNumber * 8) - 2

Bit 4: Phase # = (phaseControlGroupNumber * 8) - 3

Bit 3: Phase # = (phaseControlGroupNumber * 8) - 4

Bit 2: Phase # = (phaseControlGroupNumber * 8) - 5

Bit 1: Phase # = (phaseControlGroupNumber * 8) - 6

Bit 0: Phase # = (phaseControlGroupNumber * 8) - 7

The device shall reset this object to ZERO when in BACKUP Mode. A write to this
object shall reset the Backup timer to ZERO (see unitBackupTime).

<Object Identifier> 1.3.6.1.4.1.1.1206.4.2.1.1.5.1.4"

REFERENCE "NEMA TS 2 Clause 3.5.3.11.1"

::= { phaseControlGroupEntry 4 }

receipt of the command i i.e., it terminates a phase (FORCE-OFF) or
skips a phase (OMIT). The excerpt below is from NTCIP 1202:

The controller should know that it is being remotely managed and could convey this
information, but it affects the time remaining in a green; a FORCE-OFF will terminate the
current green and start the clearance process (amber and all-red) and then start the next
phase with calls for service. It should be noted that a FORCE-OFF is not required to
terminate the phase; the phase could time-out before the FORCE-OFF is received
depending on demand. This is supervisory control.

Examples of the commands supported are listed in NTCIP 1202:

PhaseControlGroupEntry ::= SEQUENCE {

phaseControl GroupNumbsr INTEGER,

phaseControlGroupHold INTEGER, | 7

phaseControlGroupForce0fl INTEGER,
phassControlGrouplt 1 INTEGER,
B olGr: INTEGER |

Those highlighted are actual controls —where the “calls” are simply placing
a request on the phase.

0 These same functions (e.g., HOLD, FORCE-OFF,
PHASE/PEDESTRIAN OMIT) can also be activated using the cabinet
wiring i and can be applied by such devices as local preemptors, local
TSP management devices.Hi st ori cal ly, many #fq
were handled using these external signals.

o iLocal o pushbutton operation (pol
operator implementation of cabinet flash. (Signals on-off and flashing.)
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For the controls indicated above, the traffic controller is unlikely to have any indication of
what is about to occur until the command is received or the input is activated.

COMMENT: It may be necessary to require some changes to the traffic control
cabinet wiring or hardware to provide SPaT and MAP information. As others have noted,
it is likely that anything less than an ATC (or equivalent) with modified software and/or
hardware upgrades will be required to join the CV ECO system.

Comment: Either the controller or the RSU need to be made aware such conditions so
thatit can managetheficonf i denceo of the data being

Notes:

1 If the central computer system issues supervisory control over the local
controller through the NTCIP input signals (e.g., HOLD, FORCE-OFF, OMIT)
there are other input/settings which may affect the operation of the controller.

T HOLD essentially fAfreezesd t he& phaseaf f i
holdd and the controller will stay in that display until the HOLD line is released;
then if there are calls on successive phases, it will service those calls. However,
without other calls, the fully actuated controller may simply remain in the phase
until there is another call i or until the HOLD is reapplied.

Source: Robert Rausch, TransCore.

2.6.2.6 High-Intensity Activated Crosswalk Beacon (HAWK)

Title High-Intensity Activated Crosswalk Beacon (HAWK)
Summary of A HAWK signal uses traditional traffic signal and pedestrian signal indications at
Operations crosswalks not located at the intersection of two roadways to assist pedestrian

crossing a roadway. When not activated, the vehicle signal indications are blanked out
(dark) and the crossing pedestrian signal indications display asteady A DONS&6 T W
The HAWK becomes active when a pedestrian call is placed to the controller (either
through a pedestrian pushbutton or a direct input from a pedestrian sensor). Upon
receiving a call, the following takes place:

1 The vehicle signals start flashing yellow for a user programmed interval

1 After timing the activation interval, the vehicle signals transition to a solid

yellow for specified interval, advising motorists to prepare to stop
1 After completing the transition interval, the vehicle traffic signals display a solid

red. Anoptionaliarld dd cl earance interval i s
91 After the optional clearance interval has expired, the pedestrian signal
indication wil! di splay a solid WAL

1 After the AWALKOsignal expires, the overhead vehicle signal displays an
alternating flashing red signal to indicate that motorists may proceed when
safe (after coming to a full stop). Simultaneously, the pedestrian is shown a
flashingdDONS&6 T WALKO with a countdown i ng

1 Once the pedestrian clearance interval has expired, the vehicle signal will
transition to dark and the pedestrian indication will display a steady D ON& T
WALKoindication. The intersection will rest in this state until activated by
another pedestrian. Phase 4 and Phase 8 are phases for frontage road
movements similar to through movements on a cross street.
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Typical Hawk intersection diagram
Initial State

No Ped call =
vehicle blanked out

4 & 8 Ped = Dont
i\ alk

Activation and Vehicle Clearance

Ped calls phases 4
or8=vehicle2&6
n flashing yellow then

Ped = Dont Walk

solid 2 & 6 yeliow
Pedestrian Interval

S0l red
4 & 8 Ped = Walk

- Vehicle signal= 145

Pedestrian Clearance

Dont Walk with
countdown

Vehicle signal=1& 5
flashing red
- Ped=48 8 Ilashmg

Source: Kevin Balke, Texas A&M Transportation Institute.

2.6.2.7 Dynamic Lane Use

Title Dynamic Lane Use
Summaryof |l ssue: I nfrastructure owners goals incl
Operations delay for all users of the built environment. As such, infrastructure owners are
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continuously exploring opportunities to respond to user demand for finite capacity. For
signalized intersections, infrastructure owners may consider options to dynamically
adjust allowable lane movements by time of day to meet an operational objective.

Example 1: One common practice includes reversible lanes, or flex lanes, where a
center lane is used for one-way operation entering an urban area during morning peak
periods, and a reverse one-way operation is allowed to exit the urban area in an
evening peak period. At signalized intersections, allowable left turn movements will
change to avoid conflicts, and often use blank out signs (lane control signals) to
indicate to drivers the allowable movement. Signal heads may go dark for off peak
direction where use is prohibited.

Example 2: A more recent variation is the dynamic left turn intersection introduced in
2020 in North Carolina. In this configuration, the number of allowable left-turn lane
movements vary by time of day operation. During peak periods when left-turn demand
is highest, dual left turn lanes are allowable as protected movements with signal heads
displayed as green arrows as usual. In off-peak periods when left-turn demand is
lower, only the inner (leftmost) left turn lane is an allowable movement that can be
served as a permissive movement (e.g., flashing yellow arrow) or a protected one lane
left turn movement to clear queued vehicles in the left turn lane. This allows mainline
movement to be served more efficiently and reduce delay. Blank out signs may be
used to inform drivers of allowable lane use.

Graphics

Reversible (flex lane) lane signal head transition at Route 173 (5400 S) and 2700 W in
Taylorsville, Utah:
Video: https://www.youtube.com/watch?v=xs1liix82hc4

Dynamic Left Turn Intersection at Tyron
Carolina, US70 Businessat TownCent er Boul evard in Cl ayt
Graphic: https://www.ncdot.gov/news/press-
releases/Documents/Dynamic%20left%20turn%20graphic%20higher%20res.pdf
Video: https://www.youtube.com/watch?v=Km-cz8rkLK4&feature=youtu.be

Source: Matt D'Angelo, Gresham Smith.

2.7 Relationshipto the ITS National Architecture [Informative]

This section describes which portions of the Architecture Reference for Cooperative and Intelligent
Transportation, known as ARC-IT, are addressed by this CI Implementation Guide. Three service
packages in the ITS National Architecture fall into scope: TM04 Connected Vehicle Traffic Signal System,
VS12 Pedestrian and Cyclist Safety, and SUO5 Location and Time. Figure 8 shows the key interfaces
from these three service packages and the flow of information that is exchanged among the Physical
Objects that are within the scope of this Cl Implementation Guide. Refer to Figure 2 to identify which of
these interfaces are addressed by the Cl Implementation Guide. A Physical Object is a system or device
that provides ITS functionality as part of ITS.
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Figure 8. ARC-IT Physical View.

The Physical View of ARC-IT also defines the functions in each Physical Object, which are called
Functional Objects (FO). The FOs that provide the functionality from the three service packages are
described below.

1 Roadway Signal Control. This FO includes the field elements that monitor and control signalized
intersections. It includes the traffic signal controllers, detectors, conflict monitors, signal heads,
and other ancillary equipment that supports traffic signal control. It also includes field masters and
equipment that supports communications with a central monitoring and/or control system, as
applicable. The communications link supports upload and download of signal timings and other
parameters and reporting of current intersection status. It represents the field equipment used in
all levels of traffic signal control from basic actuated systems that operate on fixed timing plans
through adaptive systems. It also supports all signalized intersection configurations, including
those that accommodate pedestrians.

1 RSE Intersection Management. This FO uses short range communications to support
connected vehicle applications that manage signalized intersections. It communicates with
approaching vehicles and ITS infrastructure (e.g., the traffic signal controller) to enhance traffic
signal operations.

1 RSE Position Correction Support. This FO broadcasts differential positioning data to enable
precise locations to be determined by passing vehicles, supporting CV applications that require
highly accurate positioning.

2.8 Testing and Conformity Verification Management

This section contains a framework for the testing that must be provided to verify that an implementation
conforms to the Cl Implementation Guide. This framework can be used to create a Verification Plan for
the CI Implementation Guide, which will be described in more detail in later sections. Test Framework
elements are described in the sections below.
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2.8.1 Testing and Conformance

This section identifies needs to support testing that an implementation conforms to the Cl Implementation
Guide.

2.8.1.1 Conformance Statement

The CI test methodology needs to verify that a Cl conforms with the CI Implementation Guide.

2.8.1.2 Conformance Definition s [Informative]

This section identifies terms relevant to conformance needs for a connected intersection.

2.8.1.21 Conformance

Conformance is how well something, such as a product, service or a system, meets the Cl
Implementation Guide.

2.8.1.22 Conformance Testing

Conformance testing is testing to determine whether a product or system meets the Cl Implementation
Guide.

2.8.1.2.3 Interface
The IEEE Std 610.12-1990E , | EEE Standar d GI os s arTermmdogySdefinéeswrar e Engi
interface as a shared boundary across which information is passed [IEEE Std 610.12-1990, p. 41].

The specification of this boundary, the system interface, is the focus of testing in this Cl Implementation
Guide. Testing of a system only through stimulus and response via interfaces is generally referred to as
"Black box testing."

2.8.1.2.4 Interoperability

Interoperability is defined as the ability of two or more systems or components to exchange information
and to use the information that has been exchanged [IEEE Std 610.12-1990, p. 42].

The purpose of interface testing as described in this Cl Implementation Guide is to achieve
interoperability between a Cl and an OBU, and between a Cl and a MU.

2.8.1.2.5 Interchangeability

Interchangeability reflects the capability to exchange devices of the same type on the same
communications channel and have those devices interact with others devices of the same type using
standards-based functions [NTCIP Guide, p. 2].

This definition is provided for discussion purposes as hardware interchangeability is out-of-scope, as
described in Section 2.8.1.3.3, Clarifying Assumptions.

2.8.1.3 Testing and Conformance Scope Overvie w [Informative]

2.8.1.3.1 Testing and Conformance Scope Diagram

Figure 9 below, based on Figure 2. Connected Intersection, identifies the scoping elements for testing
and conformance covered in this Implementation Guide.

CTI 4501 v01.01
Cl Implementation Guide Page 37



Satellites e

Traffic Management
Server
(Signed and Unsigned)

NTCIP 1

+
MAP

Scope ofthis
Document
Connected Intersection Scope

(Infrastructure)

Field
|

rd

TSCBM 4

SCMS
Certificates

Or 1 Position and Time
202v03 1 -
Sec.7 | ’ Signed SPaT l

¥ +

> Signed MAP Vehicle (OBU)
o F /MU
.. Signed RTCM
-~
Position
Corrections

-~ Local Position
1 Correction
Generator

SCMS
Certificates

Center Elements

Figure 9. Testing and Conformity Scope Context Diagram.

Field Elements Vehicle/Personal Elements

The dotted lines denote interface to the field equipment. Testing of these interfaces are outside

The solid arrow indicates supporting interface between the field equipment (RSU) and the SCMS

system for security certificate. It is assumed that the RSU gets the valid certificates to digitally
sigh messages for transmission. Testing and verification of valid certificates is outside the scope

1

the scope of this document.
1

of this document.
1

message broadcast equipment (RSU)
is within the scope of this document.

2.8.1.3.2 Testing and Conformance Scop

The red arrow denotes the interface between digitally signed over-the-air SPaT, MAP, and RTCM

and the receiving device OBU/MU. Testing of this interface

e Matrix

Table 1 below provides additional supporting detail related to testing and conformance scope.

Table 1. Testing and Conformance Scope Matrix

Scope ltem

In-Scope (Yes/No/Limitations)

Device Interfaces (OBU, RSU, & Field Cabinet)

Conformance

Yes (Limited to Messages / Data)

Minimum Performance

RSU (Limited to Broadcast Only)

Interoperability

Yes (Messages/Data Elements)

Hardware Interchangeability

As per RSU Standard v1.0

GNSS/GPS Accuracy (Position, Clock) No

GNSS/GPS Elements Yes (RTCM Messages/Data Elements)
RF & GNSS Interference No

External Interfaces & Applications

MAP Generation & its Realtime Accuracy No

MAP Elements & its Usage Conformance

Yes (Messages/Data Elements)

MAP Security Profile

Yes (Digitally Signed Messages)

CTI 4501 v01.01
Cl Implementation Guide

Page 38



Scope ltem

In-Scope (Yes/No/Limitations)

SPaT Generation & its Realtime Accuracy

Yes (Limited to Comparison of Packet Data
Captured)

SPaT Elements & its Usage Conformance

Yes (Messages/Data Elements)

SPaT Security Profile

Yes (Digitally Signed Messages)

RTCM Generation & its Realtime Accuracy

No

RTCM Elements & its Usage Conformance

Yes (Messages/Data Elements)

RLVW Application Conformance

Yes (Messages/Data Elements)

RLVW Application Security

Yes (Digitally Signed Messages)

RLVW Application Interoperability

Yes (Limited / Broadcast Only)

RLVW Application Performance No
SCMS Enrollment Process No
SCMS Certificate Access Yes
SCMS Device Loading No
SCMS Transition (between expired and new No
certificates)

Traffic Management Server No
Transportation Field Cabinet / equipment No
Other Interfaces

NTCIP 1202 No
NTCIP 1218 No

2.8.1.3.3 Clarifying Assumptions

1 Testing the security system is out of scope for this Cl Implementation Guide. However, testing will

be with SCMS security in place.

1 The SPaT information message will be an output via an interface from a device in the
Transportation Field Cabinet to the RSU and that is a test point. The second test point is the

SPaT message output from the RSU.

1 The source of the MAP data is from a Map Data Server and may be exchanged with a device in
the Transportation Field Cabinet or the Traffic Management System. The MAP data (possibly in
the form of a MAP message) is then sent to the RSU and broadcast.

1 The High Precision Positioning/Timing Source (HPP/TS) is typically contained within an RSU.
However, the GNSS signal comes from the external environment (e.g., satellite).

1 The RSU is capable of broadcasting Immediate Forwarding messages and Store and Repeat

messages, as defined in NTCIP 1218.
The TMS interacts directly with the RSU and/or through the Transportation Field Cabinet.
Pedestrians activate crosswalks manually at intersections.

=a =4

28.1.3.4 Testing and Conformance Objectives: Operational Verification and Confor  mance

1 SPaT/MAP. Verify SPaT / MAP broadcast through over-the-air capture of data. While verification
at the OBU/MU is outside the scope of this Cl Implementation Guide, a data sniffer may be used

an alternative.

1 High Precision Positioning/Timing Source. Verify Time and Location data provided from
Satellites (Live) or from a Network at the RSU.

1 RSU. Verify that the RSU transmits SPaT / MAP / RTCM messages. Receiver locations are
unknown. Verification is achieved by over-the-air captures (i.e., verification of the captured data).

1 Vehicle (OBU). Verify an OBU receives SPaT / MAP / RTCM Messages. While verification from
the OBU is outside the scope of this Cl Implementation Guide, a data sniffer may be used an

alternative.

1 Pedestrians (MU). While verification from the MU is outside the scope of this Cl Implementation
Guide, a data sniffer may be used as an alternative.
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2.8.1.4 Infrastructure Testing

The CI test methodology needs test procedures to ensure that the infrastructure provides data to the
OBUs/MUs that conforms to the Cl Implementation Guide.

2.8.1.41 Validate Message Data Needs

The CI test methodology needs to test/verify that a Cl provides message data to the OBU/MU that
conforms to the Cl Implementation Guide. The message data needs are documented in Section 2.4.2,
Traffic Signal Controller Infrastructure Data.

2.8.1.4.2 Reference Integrity Message Data Needs

The ClI test methodology needs to test/verify referential integrity of Cl message data that conforms to the
Cl Implementation Guide. For example, the intersection identifier for an intersection contained as part of
the Signal Timing (SPaT) data must match the intersection identifier contained in a Road Geometry
(MAP) for the intersection. Note: This may be a gap in the data content.

2.8.2 Test Methodology

The CI test methodology needs to describe the methods and approach to testing.

2.8.2.1 Test Methodology Concept s [Informative]

Figure 10 illustrates a high-level concept for test execution and is an illustration of the contents presented
in Table 1.
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Field test (Ref. Implementation)

Figure 10. Test Methodology Concepts.
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2.8.2.2 Test Environment

The CI test methodology needs to describe the test environment to provide a basis for comprehensive
and consistent testing.

Figure 11 below provides additional detail regarding test environment elements related to SPaT testing.

* T&C TF define this
diagram as a Bench
Test Environment,
SPaT specific.

Discrete Inputs:

» Time based control (Fixed

Time)
» Actuated
+ Coordinated

Simulate Discrete
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« External Inputs
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“ CSV format
)
A2 O ¢
<[>

Output
‘ Signal Head State:
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Simulate external input
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Figure 11. Example Test Environment for SPaT Testing.

The numbers reflect potential steps to be described in a test procedure. A high-level example is shown
below.

1. Prepare operational test scenarios.

2. NTCIP Test tool test input (operational scenario) to Controller (e.g., from laptop).

3. Testtool (e.g., suitcase tester) generates discrete inputs to Controller. e.g., pedestrian crosswalk
activation, vehicle detection

4. Controller output to Signal Head and to a file (CSV format).

5. Simultaneous with Step 4, Controller outputs NTCIP 1202 vO3A (SPaT information message) for

RSU.

Controller outputs from Step 5 are captured in a PCAP File.

Simultaneous with Step 6, a Visualization Tool shows Signal State and Controller Output destined

for RSU.

8. Testtool (e.g., TTI Test Tool) converts byte-oriented SPaT information message or NTCIP 1202
VO3A packets to a CSV file.

9. The output data captures from Controller are time synchronized to verify controller outputs are
correct for a given set of initial inputs defined in steps 1, 2, and 3.
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2.8.3 Message Level Testing

The CI test methodology needs to describe methods to test/verify the data format, data structure, and
values of data content in messages.

2.8.3.1 Positive Testing

The CI test methodology needs to describe methods to test/verify positive outcomes/results when correct
inputs are provided to the CI.

2.8.3.2 Negative Testing

The CI test methodology needs to describe methods to test/verify correct error handling when negative
(incorrect) inputs are provided to the CI.

2.8.3.3 Boundary Testing

The CI test methodology needs to describe methods to test/verify correct error handling for boundary
conditions (values) inputs are provided to the CI.

2.8.3.4 Packet Capture Analysis -based Testing

The CI test methodology needs to describe methods of data collection for analysis-based testing.

2.8.3.5 Field Environment Analysis

The CI test methodology needs to describe methods of data collection for analysis in field environments.
For example, the SPaT matches the signal indication, and that the MAP represents the proper lane
geometrics for lane determination.

2.8.4 Test Documentation

The CI test methodology needs to develop test documentation to guide comprehensive testing.

Test documentation, as described in IEEE Std 829-2008 IEEE Standard for Software and System Test
Documentation, include the following:

1 Test Planning.
o0 Test Plan. Provides the requirements to be tested, test environment, staffing needs,
agency resources, schedule, and test tools.
1 Requirements Verification.
0 Test Cases. Provides the inputs to and outputs from the software or software-based
system being tested to verify a requirement.
o0 Test Procedures. Provide test steps required to execute each test case.
1 Test Execution.
0 Test Logs. Provides a chronological record of relevant details about the execution of
tests.
o Test Anomaly Reports. Provides documentation of any event that occurs during the
testing process that requires investigation.
1 Conformance Summary.
o Test Summary Report. Provides a summary of major testing activities, events, and
results of testing, identifies anomalies and resolution status (resolved/unresolved), and
relevant metrics collected.

Figure 12 below illustrates the relationships of the various test documentation described above.
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Requirements to Requirements
Test Plan Test Plan Test Case Traceability Document
(by Reference)
Test Cases TCO001 TC002 TCO003 TC004 TCnnn
| | I | J
Test TPOO1 TP002 TP|003
Procedures End-to-End Message Level Field Test (Ref.
Test Data Capture Test Implementation)
. ,\ --7" L. e / « TP001 - End-to-End Test Data Capture (Test
” Test Execution \‘ Point to Test Point). Provides analysis-based
Test Execution ’ Verification of Data Collected over a Period of
S _-7 Time between 2 end points.
———————— » TP002 - Message Level Test. Provides Data
Verification of Individual Message Content. May
be used stand-alone or in conjunction with End-
Test Reports Test Logs Test Anomaly to-End data captured.
Reports « TP003 - Field Test (Reference Implementation)

2.8.5

|

Cl Conformance Summary Report

Figure 12. Test Documentation Relationships.

Requirements Verification Metho ds

The CI test methodology needs to describe the methods of requirements verification. It is generally
accepted that there are the following four methods of requirements verification:

1

2.8.6

Inspection. Examination of the system using one of your five senses. This test method is used
for verification through a visual comparison that the requirement has been satisfied. For example,
the Vendor shall provide training on the troubleshooting of the system, including local intersection
and central portions.

Demonstration. Manipulation of the system to verify that the results are as planned or expected.
This test method is used for a requirement that the system can demonstrate without external test
equipment.

Analysis. Verification of system using models, calculations, and testing equipment. This test
method is used for a requirement that is fulfilled indirectly through a logical conclusion or
mathematical analysis of a result. For example, algorithms for congestion: the designer may need
to show that the requirement is met through the analysis of count and occupancy calculations in
software or firmware.

Test. Verification of system using a controlled and predefined series of inputs to ensure specific
and predefined outputs are produced. This test method is used for a requirement that requires
some external piece of test equipment (such as logic analyzer or voltmeter).

Test Cases

The CI test methodology needs to describe test cases that define the test inputs and expected outcomes
to verify one or more requirements.

2.8.7

Test Coverage

The CI test methodology needs to verify that testing provides coverage of all stated requirements.
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NOTE: This may be done by verifying that test cases are developed for each requirement, at least once.
Typically, a requirements to test case traceability matrix is used to assist with test coverage assessment.

2.8.8 Test Procedures

The CI test methodology needs a consistent set of procedures for executing test cases.

2.8.9 Identify Existing Test Documentation

The CI test methodology needs to gather information regarding available test documentation applicable to
testing of connected intersections.

2.8.10 Configuration and Change Management Needs

The CI test methodology needs to perform testing when changes are made to the CIl. These changes
may include the following:

CI Configuration Changes: software, firmware, hardware changes
Changes in Standards: SAE J2735 version (2009, 2016, 2020)

Message element table: Mandatory Elements, Optionals made Mandatory
Controller Parameters: e.g., Timing plans

= =4 =4 =4
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Section 3
Functional Requirements [Normative]

Section 3 defines the Functional Requirements based on the user needs identified in the Concept of
Operations (see Section 2). Section 3 includes the following:

a) A tutorial

b) Needs to Requirements Traceability Matrix (NRTM) i A Functional Requirement is a requirement
of a given function and therefore is only required to be implemented if the associated functionality
(e.g., user need) is selected through the use of the NRTM. The NRTM also indicates which of the
items are mandatory, conditional, or optional. The NRTM can be used by procurement personnel
to specify the desired features for a connected intersection or can be used by an implementation
to document the features supported by their implementation.

¢) Requirements i These are requirements that collectively satisfy the user needs identified in
Section 2.5. These requirements provide the details so that a requirement can be fulfilled and
validated.

Section 3 is intended for all readers, including the following:

a) Transportation Managers
b) Transportation Operators
c) Transportation Engineers
d) System Integrators

e) Device Manufacturers

f)  Application Developers

For the first four categories of readers, Section 3 is useful in understanding the details of the ClI
Implementation Guide. For these readers, Section 3.2.3 is particularly useful in preparing procurement
specifications and assists in mapping the various rows of this table to the more detailed text contained
within the other sections.

For the next two categories of readers, this section is useful to fully understand what is required for
conformance to this Cl Implementation Guide. Table 5 in Section 3.2.3 may be used to document the
capabilities of their implementations.

For application developers, this section is useful to understand the data provided by a connected
intersection and what the data represents.

3.1 Tutorial [Informative]

This Functional Requirements section defines the formal requirements that are intended to satisfy the
user needs identified in Section 2. This is achieved through the development of a NRTM that traces each
user need to one or more requirements defined in this section. The details of each requirement are then
presented following the NRTM.

3.2 Needs to Requirements Traceability Matrix

The NRTM, provided in Section 3.2.3, maps the user needs defined in Section 2 to the requirements
defined in Section 3. The NRTM can be used by the following:

a) A user or specification writer to indicate which requirements are to be implemented in a
project-specific implementation
b) The device manufacturer and user, as a detailed indication of the capabilities of the

implementation
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C) A user, as a basis for initially checking the potential interoperability with another
implementation
d) A tester, as a checklist to compare against a specification and provide basis for test planning

3.2.1 Notation [Informative]

The following notations and symbols are used to indicate status and conditional status in the NRTM. Not
all of these notations and symbols may be used within this implementation guide.

3.2.1.1 Conformance Sym bols

The symbols in Table 2 are used to indicate status under the Conformance column in the NRTM.

Table 2. Conformance Symbols

Symbol Status

M Mandatory

M.# Support of every item of the group labeled by the same
numeral # is required, but only one is active at a time

0 Optional

O.# (range) | Part of an option group. Support of the number of items
indicated by the o6(range) 6 i
with the same numeral #

C Conditional

NA Not-applicable (i.e., logically impossible in the scope of the
standard)

X Excluded or prohibited

The O.# (range) notation is used to show a set of selectable options (e.g., O.2 (1..*) would indicate that
one or more of the option group 2 options shall be implemented). Two-character combinations are used
for dynamic requirements. In this case, the first character refers to the static (implementation) status, and
the second refers to the dynamic (use); thus, "MO" means "mandatory to be implemented, optional to be
used."

3.2.1.2 Conditional Status Notation

The predicate notations in Table 3 may be used.

Table 3. Conditional Status Notation

Predicate Notation

<predicate>: | This notation introduces a single item that is conditional on the
<predicate>.

<predicate>:: | This notation introduces a table or a group of tables, all of which
are conditional on the <predicate>.

(predicate) This notation introduces the first occurrence of the predicate. The
feature associated with this notation is the base feature for all
options that have this predicate in their conformance column.

The <predicate>: notation means that the status following it applies only when the NRTM states that the
feature or features identified by the predicate are supported. In the simplest case, <predicate> is the
identifying tag of a single NRTM item. The <predicate> notation may precede a table or group of tables in
a section or subsection. When the group predicate is true then the associated section shall be completed.
The symbol <predicate> also may be a Boolean expression composed of several indices. "AND," "OR,"
and "NOT" shall be used to indicate the Boolean logical operations.
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The predicates used in this standard map to the sections indicated in Table 4.

Table 4. Predicate Mapping

Predicate Section

DSRC 3.3.1.1
PC5 3.3.1.2
TestPro 3.4.1.4
TSCBM 3.3.2.1.1.2

3.2.1.3 Support Column Symbols

The Support column in the NRTM can be used by a procurement specification to identify the required
features for the given procurement or by an implementer to identify which features have been
implemented. In either case, the user circles the appropriate answer (Yes, No, or N/A) in the support
column:

Table 5. Support Column Entries

Entry Identifier

Yes Supported by the implementation

No Not supported by the implementation
N/A Not applicable

3.2.2 Instructions for Completing the NRTM [Informative]

In the 6Supportd column, each response shall be
example: Yes / No / NA), or it shall reference additional items that are to be attached (for example, list of
traffic signal controllers to be supported by an implementation). If a conditional requirement is
inapplicable, use the Not Applicable (NA) choice.

NOTE: A specification can allow for flexibility in a deliverable by leaving the selection in the Support
column blank for a given row.

3.2.2.1 Conformance Definition

To claim "Conformance" to this implementation guide, the manufacturer shall minimally fulfill the
mandatory requirements as identified in the NRTM (see Section 3.2.3).

NOTE: The reader and user of this implementation guide is advised that ‘conformance’ to the ClI
Implementation Guide should not be confused with ‘compliance' to a specification. The CI Implementation
Guide is as broad as possible to allow a very simple Cl implementation to be 'conformant' to the ClI
Implementation Guide. An agency specification needs to identify the requirements of a particular project
and needs to require the support of those requirements. A specification writer is advised to match the
requirements of a project with the corresponding standardized requirements defined in the ClI
Implementation Guide to achieve interoperability. This means that functions and requirements defined as
‘optional’ in the CI Implementation Guide might need to be selected in a specification (in effect made
'mandatory’ for the project-specific specification).

A conformant device may offer additional (optional) features, as long as they are conformant with the
requirements of the Cl Implementation Guide and the standards it references (e.g., SAE J2735_202007).
For example, to claim conformance to additional features, an implementation shall conform to all of the
mandatory and selected optional requirements that trace to the subject user needs in the NRTM, AND
shall fulfill the requirement by using all of the dialogs and data elements traced to the subject requirement
in the Requirements Traceability Matrix (RTM).
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NOTE: Off-the-shelf interoperability and interchangeability can only be obtained through well-documented
features broadly supported by the industry as a whole. Designing a system that uses features not defined
in a standard or not typically deployed in combination with one another inhibits the goals of
interoperability and interchangeability, especially if the documentation of these features is not available
for distribution to system integrators. Standards allow the use of additional features to support innovation,
which is constantly needed within the industry; but users should be aware of the risks involved with using
such features.

3.2.3 NRTM

In addition to the Conformance column and the Support column which were discussed in Sections 3.2.1.1
and 3.2.1.3, the additional columns in the NRTM table are the User Need ID and User Need columns, FR
ID and Functional Requirements columns, and the Additional Specifications column.

a) User Need ID - the number assigned to the user need statement. The user needs are
defined within Section 2 and the NRTM is based upon the user needs within that Section.

b) User Need i a short descriptive title identifying the user need.

C) FR ID T the number assigned to the functional requirement statement. The requirements are

defined within Section 3 and the NRTM references the traces from user needs to these
requirements.

d) Functional Requirement i a short descriptive title identifying the functional requirement.

e) Additional Specifications - identifies other requirements to satisfy, including user selectable
range values. The "Additional Specifications" column may (and should) be used by a
procurement specification to provide additional notes and requirements for the product to be
procured or may be used by an implementer to provide any additional details about the
implementation. In some cases, default text already exists in this field, which the user should
complete to fully specify the equipment. However, additional text can be added to this field as
needed to fully specify a feature.
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Table 6. Needs to Requirements Traceability Matrix

Needs to Requirements Traceability Matrix (NRTM)

User |User . . Additional
Need ID |Need FRID Functional Requirement Conformance | Support Specifications
2.4 Needs
2.4.1 Architectural Needs

3.3.11 .
(DSRC) IEEE Std 802.11-2016 (DSRC) 0.1(1..% Yes / No
3.3.1.1.1.1 User Priority Level i SPaT Message DSRC:M Yes / NA
3.3.1.1.1.2 User Priority Level i MAP Message DSRC:M Yes / NA
3.3.1.1.1.3 User Priority Level i RTCMcorrections Message DSRC:M Yes / NA
?F%é')z 3GPP PC5 Mode 4 (Release 14 or 15 (C-V2X)) 01(1.* | Yes/No
331211 ProSe Per Packet Priority i SPaT Message PC5:M Yes / NA
3.3.1.2.1.2 ProSe Per Packet Priority T MAP Message PC5:M Yes / NA
3.3.1.2.13 ProSe Per Packet Priority i RTCMcorrections Message PC5:M Yes / NA
3.3.1.2.2 One Shot Transmission PC5:M Yes / NA
24.2 Traffic Signal Controller Infrastructure Data
2.4.2.1 |Provide Signal Timing Data to an RSU M Yes
3.3.21.1.1 NTCIP 1202 vO3A SPaT Information 0.2 (1) Yes / No
332112 Not recommended]
""" TSCBM SPaT Information 0.2(1) Yes / No for new
(TSCBM) . .
implementations
3.3.2.1.13 SPaT Message 0.2 (1) Yes / No
33212 ;it(,; Infrastructure SPaT Information Message Transmission M Yes
33213 TS_C Infrastructure SPaT Information Message Transmission M Yes
Failure Threshold
TSC Infrastructure SPaT Information Average Message
3.3.21.4 Update Latency M Yes
3.3.2.15 TSC Infrastructure Processing Latency M Yes
24.2.2 |Provide Signal Timing Status to an RSU M Yes
3.3.2.2.1 TSC Infrastructure Manual Control Indication M Yes
3.3.2.2.2 TSC Infrastructure Stop Time Indication M Yes
3.3.2.2.3 TSC Infrastructure Cabinet Flash (Exception Flash) Indication M Yes
332924 TS_C In_frastructure Controller Flash (Operational Flash) M Yes
Indication
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Needs to Requirements Traceability Matrix (NRTM)

N(LaJesgrlD ﬁg; FRID Functional Requirement Conformance | Support Spgi?fligg?i?lns
3.3.2.25 TSC Infrastructure Preemption Operation Indication M Yes
3.3.2.2.6 TSC Infrastructure Priority Operation Indication M Yes
3.3.2.2.7 TSC Infrastructure Fixed Time Control Indication M Yes
3.3.2.2.8 TSC Infrastructure Non-Fixed Time Control M Yes

2.4.2.3 |RLVW Support M Yes
3.3.23.1 TSC Infrastructure Assured Green End Time (AGET) M Yes
3.3.2.3.2 TSC Infrastructure Assured Green Period (AGP) M Yes
3.3.2.3.3 TSC Infrastructure Minimum End Time With AGP M Yes

24.3 Messages

2.4.3.1 |Message Performance Needs

2.4.3.1.1 |Uniform M Yes
333111 SPaT Message - SAE J2735 M Yes
3.3.3.1.1.2 SPaT Message - Mandatory Data Elements M Yes
3.3.3.1.1.3 SPaT Message - Cl Mandatory Data Elements M Yes
3.3.3.1.14 SPaT Message PSID M Yes
3.3.3.1.15 MAP Message - SAE J2735 M Yes
3.3.3.1.1.6 MAP Message - Mandatory Data Elements M Yes
3.3.3.1.1.7 MAP Message - Required Data Elements M Yes
3.3.3.1.18 MAP Message PSID M Yes
3.3.3.1.1.9 RTCMcorrections Message - SAE J2735 M Yes
3.3.3.1.1.10 RTCMcorrections Message - Mandatory Data Elements M Yes
3.3.3.1.1.11 RTCMcorrections Message - Required Data Elements M Yes
3.3.3.1.1.12 RTCMcorrections Message PSID M Yes

2.4.3.1.2|Robustness M Yes
3.331.21 Broadcast SPaT Message M Yes
3.3.3.3.3.2 Unknown Current Movement State for a Signal Group M Yes
3.3.3.34.2 Unknown Next Movement State M Yes
3.3.3.35.2 Unknown Time Change Detail M Yes
3.3.3.355 Unknown Maximum End Time M Yes

2.4.3.1.3|Concise Messages M Yes
3.3.3.13.1 Transport Message Size - WAVE M Yes
3.3.3.1.3.2.1 Nodes by Offsets M Yes
3.3.3.1.3.2.2.1 [Computed Lane - Lane Identifier M Yes
3.3.3.1.3.2.2.2 [Computed Lane - X-Offset M Yes
3.3.3.1.3.2.2.3 [Computed Lane - Y-Offset M Yes
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Needs to Requirements Traceability Matrix (NRTM)

N(LaJesgrlD ﬁg; FRID Functional Requirement Conformance | Support Spgi?fligg?i?lns
3.3.3.1.3.2.2.4 |Computed Lane - Angle (®) Yes / No

2.4.3.1.4]| Advanced Notification M Yes
3.3.3.14.1 Data Coverage - Every Lane M Yes
3.3.3.1.4.2 Advanced Notification - Time M Yes

2.4.3.1.5|Timeliness M Yes
3.3.3.15.1 SPaT Message - Broadcast Periodicity M Yes
3.3.3.15.2 SPaT Message - Broadcast Latency M Yes
3.3.3.1.5.3 MAP Message - Broadcast Periodicity M Yes

2.4.3.1.6 | Quality Assurance M Yes
3.3.3.16.1 Completeness - SPaT Message M Yes
3.3.3.1.6.2 Completeness - MAP Message M Yes
3.3.3.3.2.13 No MAP Available M Yes
3.3.3.3.8 SPaT Message - Accuracy M Yes
3.3.3.4.7 MAP Message - Accuracy M Yes

2.4.3.2 |Generic Message Data Needs

2.4.3.2.1[Time Source M Yes
[3.3.3.2.1 [Time Accuracy M Yes

2.4.3.2.2|Message Revision M Yes
3.3.3.221 SPaT Message - Revision Counter Increment M Yes
3.3.3.2.2.2 SPaT Message - Revision Counter Not Increment M Yes
3.3.3.2.2.3 MAP Message - Revision Counter Increment M Yes
3.3.3.2.24 MAP Message - Revision Counter Not Increment M Yes
3.3.3.2.25 MAP Message - Intersection Revision Counter Increment M Yes
3.3.3.2.2.6 MAP Message - Intersection Revision Counter Not Increment M Yes
3.3.3.2.2.7 RTCMcorrections Message - Sequence Number Increment M Yes
333228 RTCMcorrections Message - Sequence Number Not M Yes

Increment

2.4.3.2.3| Timestamp M Yes
3.3.3.23.1 SPaT Message - Message Time Stamp M Yes
3.3.3.2.3.2 SPaT Message - Intersection Time Stamp M Yes

2.4.3.3 |Signal Timing Data Needs

2.4.3.3.1 | Intersection Identification M Yes
3.3.33.1.1 Intersection Signal Timing Information M Yes
3.3.33.1.2 Road Regulator Identifier M Yes
3.3.3.3.1.3 Intersection Reference Identifier M Yes
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Needs to Requirements Traceability Matrix (NRTM)
N(LaJesgrlD ﬁg; FRID Functional Requirement Conformance | Support Spgi?fligg?i?lns
2.4.3.3.2 | Intersection Status M Yes
3.3.3.1.2.1 Broadcast SPaT Message M Yes
3.3.3.3.2.1 Manual Control M Yes
3.3.3.3.2.2 Stop Time M Yes
3.3.3.3.2.3 Failure Flash M Yes
3.3.3.3.2.4 Preemption M Yes
3.3.3.3.25 Priority M Yes
3.3.3.3.2.6 Fixed Time M Yes
3.3.3.3.2.7 Traffic Dependent Mode M Yes
3.3.3.3.2.8 Standby Mode M Yes
3.3.3.3.2.9 Failure Mode M Yes
3.3.3.3.2.10 Controller Off M Yes
3.3.3.3.2.11 Recent MAP Update M Yes
3.3.3.3.2.12 New Lane IDs M Yes
3.3.3.3.2.13 No MAP Available M Yes
3.3.3.3.2.14 No SPaT Available M Yes
2.4.3.3.3 |Current Movement State M Yes
3.3.3.33.1 Current Movement State for a Signal Group M Yes
3.3.3.3.3.2 Unknown Current Movement State for a Sighal Group M Yes
3.3.3.3.3.3 Flashing Yellow Arrow Permissive Movement M Yes
3.3.3.3.34 Protected and Permissive Clearance M Yes
3.3.3.3.35 Resolve Protected Versus Permissive Movement M Yes
3.3.3.3.3.6 Conflict Causes Permissive M Yes
3.3.3.3.3.7 No Conflict Causes Protected M Yes
3.3.3.3.3.8 WALK State Enumeration (No Conflict) M Yes
3.3.3.3.3.9 WALK State Enumeration (Potential Conflict) M Yes
3.3.3.3.3.10 Fl ashing DON&6T WALK State En M Yes
3.3.3.3.3.11 Steady DONO6 T WALK State Enumer a M Yes
3.3.3.3.3.12 Movement State for Signal Groups Identified M Yes
2.4.3.3.4|Next Movement State M Yes
3.3.3.34.1 Next Movement State M Yes
3.3.3.34.2 Unknown Next Movement State M Yes
3.3.3.34.3 No Past State M Yes
2.4.3.3.5|Time Change Details M Yes
[3.3.3.35.1 [Time Change Details M Yes
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Needs to Requirements Traceability Matrix (NRTM)

NgggrlD ﬁg;; FRID Functional Requirement Conformance | Support Spgi?fliggﬂzlr]s
3.3.3.35.2 Unknown Time Change Detail M Yes
3.3.3.35.3 Minimum End Time M Yes
3.3.3.3.54 Maximum End Time M Yes
3.3.3.35.5 Unknown Maximum End Time M Yes
3.3.3.3.5.6 No Current Movement State Start Time M Yes
3.3.3.3.5.7 Next Movement State Start Time M Yes
333358 _lFli?;(;State Start Time Equals Current State Minimum End M Yes

2.4.3.3.6 [Next Allowed Movement Time M Yes
[3.3.3.36.1 [ Time of Next Allowed Movement M Yes

2.4.3.3.7|Enabled Lanes M Yes
[3.3.3.3.7 |Enabled Lanes Indication M Yes
2.4.3.3.8]Signal Timing and Roadway Indications Synchronization M Yes
3.3.3.15.2 SPaT Message - Broadcast Latency M Yes
3.3.3.3.8 SPaT Message - Accuracy M Yes
2.4.3.4 |Roadway Geometry Data Needs

2.4.3.4.1 |Intersection Geometry M Yes
3.3.34.1.1 Intersection Geometry Information M Yes
3.3.34.1.2 Intersection Geometry - Road Regulator Identifier M Yes
3.3.34.13 Intersection Geometry - Intersection Identifier M Yes
3.3.34.14.1 Intersection Reference Point - Position M Yes
3.3.34.14.2 Intersection Reference Point - Description M Yes
3.3.34.1.4.3 Intersection Reference Point Accuracy M Yes
3.3.34.15 Default Lane Width M Yes
3.3.34.16 Lane Identifier M Yes
3.3.34.17 Center of Vehicle Lane Geometry M Yes
3.3.34.1.8 Center of Crosswalk Lane Geometry M Yes
3.3.3.4.1.9 Center of Pedestrian Landings Geometry M Yes
3.3.34.1.10 Lane Description M Yes
3.334.1.11 First Node Point - Ingress Vehicle Lane M Yes
3.3.34.1.12 First Node Point - Egress Vehicle Lane M Yes
3.3.3.4.1.13 Node Offset from Intersection Reference Point M Yes
3.3.34.1.14 Node Elevation Offset from Intersection Reference Point M Yes
3.3.3.4.1.15 Offset from Previous Node M Yes
3.3.3.4.1.16 Elevation Offset from Previous Node M Yes
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Needs to Requirements Traceability Matrix (NRTM)

N(LaJesgrlD ﬁg; FRID Functional Requirement Conformance | Support Spgi?fligg?i?lns
3.3.34.1.17 Advanced Notification - Ingress Vehicle Lane M Yes
3.3.34.1.18 End Nodes - Crosswalk Lane M Yes
3.3.3.4.1.19 End Nodes - Pedestrian Landing M Yes
3.3.3.4.1.20 Maximum Distance between Nodes M Yes
3.3.34.1.21 Maximum Number of Nodes M Yes
3.3.34.1.22 Node Lane Width M Yes
3.3.3.4.1.23 Node Accuracy M Yes

2.4.3.4.2[Lane Attributes M Yes
3.3.34.2.1 Direction of Travel M Yes
3.3.3.4.2.2 Lane Sharing M Yes
3.3.3.4.2.3 Lane Type Attributes M Yes
3.3.34.24 Lane Attributes - Vehicle M Yes
3.3.34.25 Lane Attributes - Crosswalk M Yes
3.3.3.4.2.6 Lane Attributes - Bicycle M Yes
3.3.34.2.7 Lane Attributes - Tracked Vehicles M Yes
3.3.3.4.2.8 Lane Attributes - Parking M Yes

2.4.3.4.3| Allowed Maneuvers M Yes
[3.3.3.4.3 [Lane Maneuvers M Yes
2.4.3.4.4|Connections Between Lanes M Yes
3.3.344.1 Lane Connections M Yes
3.3.34.4.2 Connection Egress Lane M Yes
3.3.34.43 Connection Maneuvers M Yes
3.3.34.4.4 Connection Signal Group M Yes
3.3.3.4.45 Include Only Permitted Connections M Yes
2.4.3.4.5 | Approach Speed Limit Information M Yes
3.3.345.1 Default Speed Limit M Yes
3.3.34.5.2 Change in Lane Speed Limit @) Yes / No
2.4.3.4.6 |Revocable Lanes M Yes
[3.3.3.4.6 |Revocable Lanes M Yes
2.4.3.4.7 | Road Geometry Accuracy M Yes
3.3.3.4.1.23 Node Accuracy M Yes
3.3.34.7 MAP Message - Accuracy M Yes
2.4.3.4.8]Signal Timing and Roadway Geometry Synchronization M Yes
3.3.34.8.1 Matching Intersection Reference Identifier M Yes
3.3.34.8.2 Matching SPaT and MAP Version M Yes
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Needs to Requirements Traceability Matrix (NRTM)

NgggrlD ﬁg;; FRID Functional Requirement Conformance | Support Spgi?fliggﬂﬁlns

2.4.3.5 |Positioning Data Needs

2.4.3.5.1 | Positioning Corrections (®) Yes / No
[3.3.35.1 [ Positioning Corrections M Yes

2.4.3.5.2|Real-Time Kinematic Corrections (®) Yes / No
3.3.35.2.1 RSU Proximity M Yes
3.3.3.5.2.2 Minimum RTCM Corrections Broadcast Frequency M Yes

2.4.4 Security

2.4.4.1 |Correct Operations

2.4.4.1.1 | Operations - Data Trustworthiness M Yes
3.34.1.1 SPaT Information Message Trustworthiness - RSU M Yes
33412 SPaT Information Message Trustworthiness - TSC M Yes

Infrastructure

3.34.13 MAP Data Trustworthiness M Yes
3.34.14 RTCM Corrections Data Trustworthiness M Yes
3.34.2.1 Secure Network M Yes
3.34.2.2 Assurance of Connection to Correct Network M Yes
3.34.3.1 Security Compliance Assessment M Yes
3.34.3.2 Point of Certification M Yes
3.34.4.1 Certificate Issuance M Yes
3.3.4.4.2 Certificate Nonissuance M Yes
3.3.4.4.3 Cl Operation Security Practices M Yes
3.34.4.4 RSU Security Standards M Yes
3.3.4.45 TSC Infrastructure Security Standards M Yes
3.34.6.1.21 (D)TLS Authentication - Installation M Yes
3.3.4.6.1.2.2 (D)TLS Authentication - Rejection M Yes
3.3.4.6.1.2.3 RSU Certificate Security M Yes
3.3.4.6.1.24 RSU Client Certificate Security M Yes
3.3.4.6.2 Interface between RSU and SCMS M Yes
3.3.4.6.3 Interface between an RSU and the OBU/MU M Yes
3.34.6.4.1 Use of Secure Transport Protocol M Yes
3.3.4.6.4.2 Use of TLS Protocol M Yes
3.3.4.6.4.4 Validation of Forwarded V2X Messages M Yes
3.3.4.6.5 Interface between the TMS and the TSC Infrastructure M Yes
3.34.6.6.1 Secure Connection to MAP Server M Yes
3.34.6.6.2 MAP Data Integrity M Yes
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Needs to Requirements Traceability Matrix (NRTM)
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3.3.4.6.6.3 MAP Data Signature M Yes
3.3.4.6.7 Interface between MAP Server and the SCMS M Yes
3.3.4.7.3 RSU Device Class Requirement M Yes
3.34.7.4 TSC Device Class Requirement M Yes
3.34.75 MAP Signer Device Class Requirement M Yes

2.4.4.1.2|Data Processing M Yes
33412 SPaT Information Message Trustworthiness - TSC M Yes

Infrastructure
3.3.4.4.3 Cl Operation Security Practices M Yes
3.34.4.4 RSU Security Standards M Yes
3.3.4.45 TSC Infrastructure Security Standards M Yes
3.3.4.6.3 Interface between an RSU and the OBU/MU M Yes
3.3.4.7.3 RSU Device Class Requirement M Yes
3.34.74 TSC Device Class Requirement M Yes
3.34.75 MAP Signer Device Class Requirement M Yes
2.4.4.1.3]Input Validation M Yes
3.3.4.4.3 Cl Operation Security Practices M Yes
3.34.4.4 RSU Security Standards M Yes
3.3.4.45 TSC Infrastructure Security Standards M Yes
3.34.6.1.21 (D)TLS Authentication - Installation M Yes
3.3.4.6.1.2.2 (D)TLS Authentication - Rejection M Yes
3.3.4.6.2 Interface between RSU and SCMS M Yes
3.3.4.6.3 Interface between an RSU and the OBU/MU M Yes
3.3.4.7.3 RSU Device Class Requirement M Yes
3.34.74 TSC Device Class Requirement M Yes
3.34.75 MAP Signer Device Class Requirement M Yes
2.4.4.1.4|Cyber Attacks M Yes
3.34.2.1 Secure Network M Yes
3.345.1 Cyber-Attack Recovery Plan M Yes
3.34.5.2 Cyber-Attack Robustness M Yes
3.3.4.5.3 Network Protection M Yes
3.34.6.1.21 (D)TLS Authentication - Installation M Yes
3.3.4.6.1.2.2 (D)TLS Authentication - Rejection M Yes
3.3.4.6.1.2.3 RSU Certificate Security M Yes
3.34.6.1.24 RSU Client Certificate Security M Yes
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Needs to Requirements Traceability Matrix (NRTM)
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3.34.6.4.1 Use of Secure Transport Protocol M Yes
3.3.4.6.4.2 Use of TLS Protocol M Yes
334643 Protection against TSC Infrastructure Reconfiguration from M Yes

the RSU
3.3.4.6.5 Interface between the TMS and the TSC Infrastructure M Yes
3.34.7.1.1 RSU Protection M Yes
3.34.7.1.2 Device Protection M Yes
3.34.7.2.1 Secure RSU Administration User Interface M Yes
3.34.7.2.2 Password Change Prompt M Yes
3.3.4.7.3 RSU Device Class Requirement M Yes
3.34.74 TSC Device Class Requirement M Yes
3.34.75 MAP Signer Device Class Requirement M Yes
2.4.4.1.5|Cyber Attacks Recovery M Yes
3.345.1 Cyber-Attack Recovery Plan M Yes
3.34.5.2 Cyber-Attack Robustness M Yes
3.3.4.6.2 Interface between RSU and SCMS M Yes
3.34.7.1.1 RSU Protection M Yes
3.34.7.1.2 Device Protection M Yes
3.34.7.2.3 Remote Restart M Yes
3.3.4.7.3 RSU Device Class Requirement M Yes
3.34.74 TSC Device Class Requirement M Yes
3.34.75 MAP Signer Device Class Requirement M Yes
2.4.4.1.6 | Resilience M Yes
3.34.2.2 Assurance of Connection to Correct Network M Yes
3.345.1 Cyber-Attack Recovery Plan M Yes
334711 RSU Protection M Yes
3.34.7.1.2 Device Protection M Yes
3.3.4.7.3 RSU Device Class Requirement M Yes
3.34.74 TSC Device Class Requirement M Yes
3.34.75 MAP Signer Device Class Requirement M Yes
2.4.4.1.7 | Secure Administration M Yes
3.34.7.2.1 Secure RSU Administration User Interface M Yes
3.34.7.2.2 Password Change Prompt M Yes
3.34.7.2.3 Remote Restart M Yes
3.34.7.2.4 Log Restarts M Yes
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Needs to Requirements Traceability Matrix (NRTM)
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3.3.4.7.25 Factory Default 0 Yes / No
3.3.4.7.2.6 Protection against Tampering M Yes
3.3.4.7.2.7 Operational, Security and other Events Logging - RSU M Yes
3.3.4.7.2.8 Operational Logging - TMS M Yes
3.3.4.7.2.9 Operational Logging - TSC Infrastructure M Yes
3.3.4.7.2.10 Determine Mode of Operations M Yes
3.34.7.2.11 Determine Operational Status M Yes
3.3.4.7.2.12 Determine Operational Performance M Yes
3.3.4.7.2.13 Determine Operating Environment M Yes
3.3.4.7.2.14 Access Control Policy M Yes
3.3.4.7.3 RSU Device Class Requirement M Yes
3.34.7.4 TSC Device Class Requirement M Yes
3.34.75 MAP Signer Device Class Requirement M Yes
3.34.7.6.1 RSU Software and Firmware Updates M Yes
3.34.7.6.2 Trustworthiness of Software and Firmware Updates M Yes

2.4.4.1.8]Authenticated Secure Update M Yes
3.3.4.7.25 Factory Default M Yes
3.3.4.7.3 RSU Device Class Requirement M Yes
3.34.74 TSC Device Class Requirement M Yes
3.34.75 MAP Signer Device Class Requirement M Yes
3.34.76.1 RSU Software and Firmware Updates M Yes
3.34.7.6.2 Trustworthiness of Software and Firmware Updates M Yes
3.3.4.7.6.3 TSC Infrastructure Software and Firmware Updates M Yes

24.4.19 |Assurance of Correct Network M Yes
3.34.2.2 Assurance of Connection to Correct Network M Yes
3.3.4.7.3 RSU Device Class Requirement M Yes
3.34.74 TSC Device Class Requirement M Yes
3.34.75 MAP Signer Device Class Requirement M Yes

2.4.4.2 |Data Flow: Communications and Interface Security

2.4.4.2.1 | Data Flow Trustworthiness M Yes
3.346.1.11 Secure Transport of SNMPv3 M Yes
3.34.6.1.1.2 Use of (D)TLS for Management Protocols M Yes
3.34.6.1.1.3 Use of SSH M Yes
3.34.6.1.21 (D)TLS Authentication - Installation M Yes
3.3.4.6.1.2.2 (D)TLS Authentication - Rejection M Yes
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Needs to Requirements Traceability Matrix (NRTM)

N(LaJesgrlD ﬁg; FRID Functional Requirement Conformance | Support Spgi?fligg?i?lns
3.3.4.6.1.2.3 RSU Certificate Security M Yes
3.34.6.1.2.4 RSU Client Certificate Security M Yes
3.3.4.6.2 Interface between RSU and SCMS M Yes
3.3.4.6.3 Interface between an RSU and the OBU/MU M Yes
3.34.6.4.1 Use of Secure Transport Protocol M Yes
3.3.4.6.4.2 Use of TLS Protocol M Yes
3.3.4.6.4.4 Validation of Forwarded V2X Messages M Yes
3.3.4.6.5 Interface between the TMS and the TSC Infrastructure M Yes
3.34.66.1 Secure Connection to MAP Server M Yes
3.3.4.6.6.2 MAP Data Integrity M Yes
3.3.4.6.6.3 MAP Data Signature M Yes
3.3.4.6.7 Interface between MAP Server and the SCMS M Yes

2.4.4.2.2|Data Integrity M Yes
3.34.6.1.1.1 Secure Transport of SNMPv3 M Yes
3.34.6.1.1.2 Use of (D)TLS for Management Protocols M Yes
3.3.4.6.1.1.3 Use of SSH M Yes
3.3.4.6.3 Interface between an RSU and the OBU/MU M Yes
3.34.64.1 Use of Secure Transport Protocol M Yes
3.3.4.6.4.2 Use of TLS Protocol M Yes
3.3.4.6.5 Interface between the TMS and the TSC Infrastructure M Yes
3.34.6.6.1 Secure Connection to MAP Server M Yes
3.34.6.6.2 MAP Data Integrity M Yes
3.3.4.6.6.3 MAP Data Signature M Yes

2.4.4.2.3| Data Confidentiality M Yes
3.346.1.11 Secure Transport of SNMPv3 M Yes
3.34.6.1.1.2 Use of (D)TLS for Management Protocols M Yes
3.3.4.6.1.1.3 Use of SSH M Yes
3.34.6.6.1 Secure Connection to MAP Server M Yes
2.4.4.3 |Network Monitoring

2.4.4.3.1 |Misbehavior Reporting by Network Administrators M Yes
3.34.7.2.6 Protection against Tampering M Yes
3.3.4.7.2.7 Operational, Security and other Events Logging - RSU M Yes
3.3.4.8 Network Monitoring Requirements M Yes

2.4.4.4 |Credential Management M Yes

2.4.4.4.1 | Credential Provisioning M Yes
CTI 4501 v01.01
Cl Implementation Guide Page 59




Needs to Requirements Traceability Matrix (NRTM)
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3.34.9.1.1 Start-up Initialization M Yes
3.34.9.1.2 Credential Updates M Yes

2.4.4.4.2 | Management of Untrustworthy Devices M Yes
3.3.4.9.2.1 Monitor Certificate Status M Yes
3.34.9.2.2 Drop Connections M Yes

2.4.4.4.3|Credentialing System Access M Yes
3.3.4.6.2 Interface between RSU and SCMS M Yes
3.34.93.1 Connectivity Requirement M Yes
3.3.4.9.3.2 Download SCMS Files M Yes

2.8 Testing and Conformity Verification Management

2.8.1 Testing and Conformance

2.8.1.1 |Conformance Statement M Yes
[3.2.2.1 | Conformance Definition M Yes

2.8.1.2 |Conformance Definitions [Informative]

2.8.1.3 |Testing and Conformance Scope Overview [Informative]

2.8.1.4 |Infrastructure Testing

2.8.1.4.1 | Validate Message Data Needs (0] Yes / No
34.1.2.1 Test ltems M Yes
3.4.1.2.2 Features to be Tested M Yes
3.4.1.2.3 Features not to be Tested M Yes
34.1.24 Test Coverage M Yes
34.1.25 Item Pass/Fail Criteria M Yes
3.4.1.2.6 Requirements to Test Case Traceability Matrix M Yes
3.4.1.2.7 Organization Requirements M Yes
3.4.1.2.8 Roles and Responsibilities M Yes
3.4.1.2.9 Resources Summary M Yes
3.4.1.2.10 Test Schedule M Yes
3.4.1.2.11 Document Procedures and History M Yes

2.8.1.4.2 | Reference Integrity Message Data Needs (0] Yes / No
34.14.1 Test Procedure Identifier M Yes
3.4.1.4.2 Test Case References M Yes
3.4.1.43 Requirements Verification Method(s) M Yes
34.14.4 Procedure Descriptions M Yes
3.4.1.45 Procedure Steps M Yes
3.4.1.4.6 Relationship to other Procedures M Yes
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Needs to Requirements Traceability Matrix (NRTM)

N(LaJesgrlD ﬁg;; FRID Functional Requirement Conformance | Support Spgi?fligg?i?lns
3.4.1.4.7 Procedure Special Requirements M Yes

2.8.2 Test Methodology

2.8.2.1 |Test Methodology Concepts [Informative]

2.8.2.2 [Test Environment (@) Yes / No
34.1.2.1 Test Items M Yes
3.4.1.2.2 Features to be Tested M Yes
3.4.1.2.3 Features not to be Tested M Yes
34124 Test Coverage M Yes
3.4.1.25 Item Pass/Fail Criteria M Yes
3.4.1.2.6 Requirements to Test Case Traceability Matrix M Yes
3.4.1.2.7 Organization Requirements M Yes
3.4.1.2.8 Roles and Responsibilities M Yes
3.4.1.2.9 Resources Summary M Yes
3.4.1.2.10 Test Schedule M Yes
3.4.1.2.11 Document Procedures and History M Yes

2.8.3 Message Level Testing

2.8.3.1 |Positive Testing M Yes
34.14.1 Test Procedure Identifier M Yes
3.4.1.4.2 Test Case References M Yes
3.4.1.43 Requirements Verification Method(s) M Yes
34.14.4 Procedure Descriptions M Yes
34.144.1 Message Level Testing M Yes
3414411 Positive Testing M Yes
3.4.1.45 Procedure Steps M Yes
3.4.1.4.6 Relationship to other Procedures M Yes
3.4.1.4.7 Procedure Special Requirements M Yes

2.8.3.2 |Negative Testing ¢} Yes / No
34.14.1 Test Procedure Identifier M Yes
3.4.1.4.2 Test Case References M Yes
3.4.1.43 Requirements Verification Method(s) M Yes
34.14.4 Procedure Descriptions M Yes
34.144.1 Message Level Testing M Yes
34.144.1.2 Negative Testing M Yes
3.4.1.45 Procedure Steps M Yes
3.4.1.4.6 Relationship to other Procedures M Yes
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3.4.1.4.7 Procedure Special Requirements M Yes
2.8.3.3 |Boundary Testing (0] Yes / No
3.4.14.1 Test Procedure Identifier M Yes
3.4.14.2 Test Case References M Yes
3.4.1.4.3 Requirements Verification Method(s) M Yes
3.4.1.4.4 Procedure Descriptions M Yes
3.4.1.4.4.1 Message Level Testing M Yes
3.4.1.4.4.1.3 Boundary Testing M Yes
3.4.1.4.5 Procedure Steps M Yes
3.4.1.4.6 Relationship to other Procedures M Yes
3.4.1.4.7 Procedure Special Requirements M Yes
2.8.3.4 |Packet Capture Analysis-based Testing (0] Yes / No
3.4.14.1 Test Procedure Identifier M Yes
3.4.14.2 Test Case References M Yes
3.4.1.4.3 Requirements Verification Method(s) M Yes
3.4.1.4.4 Procedure Descriptions M Yes
3.4.1.4.4.2 End-to-End Testing - Packet Capture Analysis-based Testing M Yes
3.4.1.45 Procedure Steps M Yes
3.4.1.4.6 Relationship to other Procedures M Yes
3.4.1.4.7 Procedure Special Requirements M Yes
2.8.3.5 |Field Environment Analysis (0] Yes / No
34.14.1 Test Procedure Identifier M Yes
3.4.1.4.2 Test Case References M Yes
3.4.1.43 Requirements Verification Method(s) M Yes
34.14.4 Procedure Descriptions M Yes
3.4.14.43 Field Environment Testing M Yes
3.4.1.45 Procedure Steps M Yes
3.4.1.4.6 Relationship to other Procedures M Yes
3.4.1.4.7 Procedure Special Requirements M Yes
2.8.4 [ Test Documentation (0] Yes / No
34.1.2.1 Test Items M Yes
3.4.1.2.2 Features to be Tested M Yes
3.4.1.2.3 Features not to be Tested M Yes
34.1.24 Test Coverage M Yes
3.4.1.25 Item Pass/Fail Criteria M Yes
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3.4.1.2.6 Requirements to Test Case Traceability Matrix M Yes
3.4.1.2.7 Organization Requirements M Yes
3.4.1.2.8 Roles and Responsibilities M Yes
3.4.1.2.9 Resources Summary M Yes
3.4.1.2.10 Test Schedule M Yes
3.4.1.2.11 Document Procedures and History M Yes
3.4.1.3.1 Test Case Identifier M Yes
3.4.1.3.2 Inputs M Yes
3.4.1.3.3 Outcomes M Yes
3.4.1.34 Feature Pass/Fail Criteria M Yes
3.4.1.35 Intercase Dependencies M Yes
?fisltﬁro) Test Procedure Requirements (0] Yes/No
34.14.1 Test Procedure Identifier TestPro:M Yes / NA
3.4.14.2 Test Case References TestPro:M Yes / NA
3.4.1.4.3 Requirements Verification Method(s) TestPro:M Yes / NA
34.14.4 Procedure Descriptions TestPro:M Yes / NA
3.4.1.45 Procedure Steps TestPro:M Yes / NA
3.4.14.6 Relationship to other Procedures TestPro:M Yes / NA
3.4.1.4.7 Procedure Special Requirements TestPro:M Yes / NA
34151 Test Log - Descriptions M Yes
3.4.15.2 Test Log - Activity and Event Entries M Yes
34.16.1 Test Anomaly Report Identifier M Yes
3.4.1.6.2 Test Anomaly Report - Date Anomaly Discovered M Yes
3.4.1.6.3 Test Anomaly Report - Context M Yes
34164 Test Anomaly Report - Description of the Anomaly M Yes
3.4.1.6.5 Test Anomaly Report - Assessment of Urgency M Yes
3.4.1.6.6 Test Anomaly Report - Description of the Corrective Action M Yes
3.4.1.6.7 Test Anomaly Report - Conclusions and Recommendations M Yes
34.1.7.1 Conformance Summary M Yes
34.1.7.2 Summary of Testing Activities M Yes
3.4.1.7.3 Summary of Testing Task Results M Yes
3.4.1.74 Summary of Anomalies and Resolutions M Yes
3.4.1.7.5 Summary of Pass/Fail Results M Yes

2.8.5 |Requirements Verification Methods (0] Yes / No
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3.4.14.1 Test Procedure Identifier M Yes
3.4.14.2 Test Case References M Yes
3.4.1.4.3 Requirements Verification Method(s) M Yes
3.4.1.4.4 Procedure Descriptions M Yes
3.4.1.4.5 Procedure Steps M Yes
3.4.1.4.6 Relationship to other Procedures M Yes
3.4.1.4.7 Procedure Special Requirements M Yes

2.86 |TestCases M Yes
3.4.1.3.1 Test Case Identifier M Yes
3.4.1.3.2 Inputs M Yes
3.4.1.3.3 Outcomes M Yes
3.4.1.34 Feature Pass/Fail Criteria M Yes
3.4.1.35 Intercase Dependencies M Yes

2.87 |Test Coverage 0 Yes / No
34.1.2.1 Test Items M Yes
3.4.1.2.2 Features to be Tested M Yes
3.4.1.2.3 Features not to be Tested M Yes
34.1.24 Test Coverage M Yes
34.1.25 Item Pass/Fail Criteria M Yes
3.4.1.2.6 Requirements to Test Case Traceability Matrix M Yes
3.4.1.2.7 Organization Requirements M Yes
3.4.1.2.8 Roles and Responsibilities M Yes
3.4.1.2.9 Resources Summary M Yes
3.4.1.2.10 Test Schedule M Yes
3.4.1.2.11 Document Procedures and History M Yes

(2"r8e'58tPro) Test Procedures (0] Yes / No
34.14.1 Test Procedure Identifier M Yes
3.4.1.4.2 Test Case References M Yes
3.4.1.43 Requirements Verification Method(s) M Yes
34.14.4 Procedure Descriptions M Yes
3.4.1.45 Procedure Steps M Yes
3.4.1.4.6 Relationship to other Procedures M Yes
3.4.1.4.7 Procedure Special Requirements M Yes

2.8.9 [Identify Existing Test Documentation (0] Yes / No
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Annex F.1 Existing Test Documentation M Yes
2.8.10 |Configuration and Change Management Needs (0] Yes / No
[3.4.1.2.1 [Test Items M Yes
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3.3  Requirements

The requirements for the CI Implementation Guide follow.

3.3.1 Architectural Requirements

The requirements for wireless communications between the connected intersections and the applications
on an OBU/MU follows.

3.3.1.1 |EEE Std 802.11-2016 (DSRC)

A connected intersection shall exchange data with OBUs/MUs using IEEE Std 802.11-2016 (operating
outside the context of a BSS) in the 5.895 to 5.925 GHz band on channels 180, 182, and 184. Selection
of channel is deployment dependent.

NOTE: Subject to change. This requirement is applicable only in the United States. The United States
Federal Communications Commission (FCC) ruled only the upper 30 MHz will be available as of
November 2020.

3.3.1.1.1  User Priority Levels

The requirements for User Priority Levels for transmitted messages follows.

3.3.1.1.1.1 User Priority Level i SPaT Message
A connected intersection shall broadcast SPaT messages with User Priority 7 (802.11 AC_VO).

3.3.1.1.1.2 User Priority Level i MAP Message
A connected intersection shall broadcast MAP messages with User Priority 3 (802.11 AC_BE).

3.3.1.1.1.3 User Priority Level i RTCMcorrections Message

A connected intersection shall broadcast RTCMcorrections messages with User Priority 5 (802.11 AC_VI).

3.3.1.2 3GPP PC5 Mode 4 (Release 14 or 15 ( C-V2X))

A connected intersection shall exchange data with OBUs/MUs using 3GPP PC5 Mode 4 (V2X Sidelink) in
the 5.905 to 5.925 GHz band with 20 MHz channel width (one channel i Channel 183).

3.3.1.21  ProSe Per Packet Priority (PPPP)

The requirements for ProSe Per Packet Priority for transmitted messages follows.

3.3.1.2.1.1 ProSe Per Packet Priority 1 SPaT Message

A connected intersection shall broadcast SPaT messages with PPPP 5.

Note: This setting is the recommended values in SAE J3161_202204.

3.3.1.2.1.2 ProSe Per Packet Priority 7 MAP Message

A connected intersection shall broadcast MAP messages with PPPP 3.
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Note: This setting is the recommended values in SAE J3161_202204.

3.3.1.2.1.3 ProSe Per Packet Priority 7 RTCMcorrections Message

A connected intersection shall broadcast RTCMcorrections messages with PPPP 5.

Note: This setting is the recommended values in SAE J3161_202204.

3.3.1.2.2 One Shot Transmission

All messages shall be transmitted using the one-shot transmission method defined in SAE J3161 202204,

3.3.2 TSC Infrastructure to RSU Requirements

The requirements for a TSC infrastructure to provide signal timing information to an RSU follow.

3.3.2.1 TSC Infrastructure Signal Timing Data Requirements

The requirements for a TSC infrastructure to provide signal phase and timing data to an RSU follow.

3.3.211 SPaT Information Messages Requirements

The formats for a TSC infrastructure to provide "SPaT information messages" to an RSU follow. SPaT
information messages contain the signal phase and timing data, such as timing and movement state
information for each movement through an intersection, necessary to generate an SAE J2735_ 202007
SPaT message.

3.3.2.1.1.1 NTCIP 1202 vO3A SPaT Informatio n

A TSC infrastructure shall transmit a SPaT information message to an RSU in conformance with the
applicable requirements in NTCIP 1202 vO3A, Section 3.5.4.

3.3.2.1.1.2 TSCBM SPaT Informatio n

A TSC infrastructure shall transmit a SPaT information message to an RSU in compliance with the Traffic
Signal Controller Interface defined in Chapter 3 of the V2| Hub Interface Control Document (ICD), March
2017. This information message is also known as the Traffic Signal Controller Broadcast Message
(TSCBM).

3.3.2.1.1.3 SPaT Message

A TSC infrastructure shall transmit a UPER-encoded SAE J2735_ 202007 SPaT message to an RSU as
an Immediate Forward message.

3.3.21.2 TSC Infrastructure SPaT Information Message Transmission Rate

A TSC infrastructure shall transmit a SPaT information message to an RSU at an average rate of 10
messages per second + 1 message per second measured over a 2-second period.

3.3.21.3 TSC Infrastructure SPaT Information Message Transmission Failure Threshold

A TSC infrastructure shall not exceed 0.3 seconds between transmissions of SPaT information
messages.

NOTE: This threshold is set based on the NEMA TS 2 -2016 Standard.
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NOTE: This threshold may be used by an RSU to determine that there is a communications issue
between the RSU and TSC infrastructure. This could be due to a failure of the TSC infrastructure itself.

3.3.21.4 TSC Infrastructure SPaT Information Average Message Update Latency

When state changes are sent to the cabinet outputs, the TSC shall transmit the corresponding SPaT
information to an RSU within 200 milliseconds on average when measured over a 2 second period as
measured between the controllerds cabinet owutput and

NOTE: The 200 milliseconds average latency stated in this requirement is still being discussed within the
TCI TF due to potential additional latencies of a supervisory device such as an external control local
application (ECLA) that is considered a part of the TSC infrastructure.

3.3.21.5 TSC Infrastructure Processing Latency

When there is a change of demand for right-of-way, a TSC infrastructure shall process the input and
generate a corresponding SPaT information message within 500 milliseconds of receipt of the cabinet
input (including NTCIP commands).

3.3.2.2 Signal Timing Status Requirements

The requirements for a TSC infrastructure to provide signal timing status to an RSU follow.

3.3.2.21 TSC Infrastructure Manual Control Indication

A TSC infrastructure shall indicate in a SPaT information message when it is in operating under manual
control.

3.3.2.2.2 TSC Infrastructure Stop Time Indication

When not in a flash condition, a TSC infrastructure shall indicate in a SPaT information message when it
is operating under stop time.

3.3.2.2.3 TSC Infrastructure Cabinet Flash (Exception Flash) Indication

A TSC infrastructure shall indicate in a SPaT information message when the transportation field cabinet is
in a signal flash condition invoked outside of the TSC (e.g., a fault, toggle switch, police panel).

3.3.2.24 TSC Infrastructure Controller Flash (Operational Flash) | ndication

A TSC infrastructure shall indicate in a SPaT information message when it is in a signal flash condition
invoked by the TSC (e.g., Automatic Flash, Start-Up Flash, Preemption Flash).

3.3.2.2.5 TSC Infrastructure Preemption Operation Indication

A TSC infrastructure shall indicate in a SPaT information message when it is in a preemption operation.

3.3.2.2.6 TSC Infrastructure Priority Operation Indication

A TSC infrastructure shall indicate in a SPaT information message when it is in a priority operation.
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3.3.2.2.7 TSC Infrastructure Fixed Time Control Indication

A TSC infrastructure shall indicate in a SPaT information message when it is operating under fixed time
control.

3.3.2.2.8 TSC Infrastructure Non -Fixed Time Control

A TSC infrastructure shall indicate in a SPaT information message when it is not operating under fixed
time control.

Note: Non-fixed time control could refer to actuated signal control (including semi-actuation), or some
hybrid forms used in traffic responsive control or adaptive control.

3.3.2.3 TSC Infrastructure RLVW Requirements

The requirements for a TSC infrastructure to provide support the RLVW application follow.

3.3.23.1 TSC Infrastructure Assured Green End Time (AGET)

The TSC infrastructure shall provide an AGET when the TSC infrastructure has determined a specific
time to terminate a green signal indication.

3.3.2.3.2 TSC Infrastructure Assured Green Period (AGP)

The TSC infrastructure shall provide an AGP for each through movement approach to the intersection.

3.3.2.3.3 TSC Infrastructure Minimum End Time With AGP

When an OBU/MU is detected in a RLVW Detection Zone (RDZ), the associated through movement is in
green and the TSC infrastructure is not terminating the movement; the TSC infrastructure shall provide a
minimum end time for the movement that is greater than or equal to the current time plus the AGP.

3.3.3 Message Requirements

The requirements for a connected intersection broadcasting messages to OBUs/MUs follow.

3.3.3.1 Message Performance Requirements

The performance requirements for a connected intersection broadcasting messages to OBUs/MUs follow.

3.3.3.11  Uniform Message Requirements

The requirements to provide a consistent representation of the situation and operating conditions at a
connected intersection follow.

3.3.3.1.1.1 SPaT Message - SAE J2735

A connected intersection shall transmit signal timing information using signal phase and timing (SPaT)
messages that conform to SAE J2735_ 202007 (MSG_SignalPhaseAndTiming Message).

3.3.3.1.1.2 SPaT Message - Mandatory Data Elements

A connected intersection shall provide those data elements in the SAE J2735_ 202007 MSG_
SignalPhaseAndTiming Message defined as mandatory.
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3.3.3.1.1.3 SPaT Message - Cl Mandatory Data Elements

A connected intersection shall provide those data elements in the SAE J2735_ 202007 MSG_
SignalPhaseAndTiming Message defined as optional but necessary to fulfill the CI requirements, as
indicated in the NRTM (See Table 6).

3.3.3.1.1.4 SPaT Message PSID
A connected intersection shall broadcast SPaT messages using a Provider Service IDentifier (PSID) of
0x82 (0p80-02).

The IEEE PSID Public Listing can be found at https://standards.ieee.org/products-
programs/regauth/psid/public/.

3.3.3.1.1.5 MAP Message - SAE J2735

A connected intersection shall transmit roadway geometry information using MAP messages that conform
to SAE J2735_202007 (MSG_MapData).

3.3.3.1.1.6 MAP Message - Mandatory Data Elements

A connected intersection shall provide those data elements in the SAE J2735_202007 MSG_MapData
that are defined as mandatory.

3.3.3.1.1.7 MAP Message - Required Data Elements

A connected intersection shall provide those data elements in the SAE J2735 202007 MSG_MapData
that are defined as optional but necessary to fulfill the CI requirements, as indicated in the NRTM (See
Table 6).

3.3.3.1.1.8 MAP Message PSID
A connected intersection shall broadcast MAP messages using a Provider Service IDentifier (PSID) of
0x20-40-97 (OpE0-00-00-17).

The IEEE PSID Public Listing can be found at https://standards.ieee.org/products-
programs/regauth/psid/public/.

3.3.3.1.1.9 RTCMcorrections Message - SAE J2735

A connected intersection shall transmit position corrections information using RTCMcorrections messages
that conform to SAE J2735_202007 (MSG_RTCMcorrections).

3.3.3.1.1.10 RTCMcorrections Message - Mandatory Data Elements

A connected intersection shall provide those data elements in the SAE J2735_202007
MSG_RTCMcorrections that are defined as mandatory.

3.3.3.1.1.11 RTCMcorrections Message - Required Data Elements

A connected intersection shall provide those data elements in the SAE J2735 202007
MSG_RTCMcorrections that are defined as optional but necessary to fulfill the CI requirements, as
indicated in the Table 11.
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3.3.3.1.1.12 RTCMcorrections Message PSID
A connected intersection shall broadcast RTCMcorrections messages using a Provider Service IDentifier
(PSID) of 0x80 (0p80-00).

The IEEE PSID Public Listing can be found at https://standards.ieee.org/products-
programs/regauth/psid/public/.

3.3.3.1.2 Robustness Requirements

The requirements for a connected intersection to operate under different degraded conditions follow.

3.3.3.1.2.1 Broadcast SPaT Message

If the RSU has received valid values from the TSC infrastructure about its status, a connected
intersection shall broadcast a SPaT message. Valid values from the TSC infrastructure are properly
formatted and within the permitted data ranges.

3.3.3.1.3 Concise Messages Requirements

The requirements to provide complete data describing the situation within the maximum message size
supported by the communications stack follow.

3.3.3.1.3.1 Transport Message Size - WAVE

A connected intersection using WAVE Short Messages (WSM) to broadcast messages to OBUs/MUs
shall have message sizes, in bytes, not to exceed the message size allowed by the transport used.

3.3.3.1.3.2 Concise MAP Message Requirements

The requirements for concise MAP messages follow.

3.3.3.1.3.2.1 Nodes by Offsets

A connected intersection shall define the location of a node describing the center of a lane at the
intersection using offsets from a reference point or a previous node point.

3.3.3.1.3.2.2 Computed Lanes Requirements

The requirements for a computed lane follow. The attributes of a computed lane can be expressed by the
attributes of a lane by translating the attributes of another lane at the intersection. The new lane is
expressed as an offset from the first point of the referenced lane. These requirements reduce the
bandwidth needed to define the new lane at the intersection; instead of transmitting a new sequence of
offset values for a lane with the same attributes, only offset values and the lane number of the referenced
lane is transmitted.

3.3.3.1.3.2.2.1 Computed Lane - Lane Identifier

A connected intersection shall provide the lane identifier of the referenced lane that a computed lane is
based on. The attributes of the computed lane are based on the attributes of the referenced lane.

3.3.3.1.3.2.2.2 Computed Lane - X-Offset

A connected intersection shall provide the x-offset, in centimeters, between the first node point of the
referenced lane and the first node point of the computed lane.
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3.3.3.1.3.2.2.3 Computed Lane - Y-Offset

A connected intersection shall provide the y-offset, in centimeters, between the first node point of the
referenced lane and the first node point of the computed lane.

3.3.31.3.2.2.4 Computed Lane - Angle

A connected intersection shall provide the angle of a computed lane relative to the first node point of the
referenced lane.

3.3.3.1.4 Advanced Notification Requirements

The requirements to provide data far enough in advance of the intersection so the application on an
OBU/MU can process the data in time to react to a situation follow.

3.3.3.1.4.1 Data Coverage - Every Lane

A connected intersection shall broadcast messages such that the messages can be received by
OBUs/MUs units in each lane approaching the intersection.

3.3.3.1.4.2 Advanced Notification - Time

A connected intersection shall broadcast messages to a distance of at least 10 seconds at the 85th
percentile speed or a speed equal to the posted or statutory speed limit plus 7 miles per hour (mph)
before approaching vehicles would reach the stop line for each approaching lane. The value of 10
seconds is based on calculations on how quickly applications can process the data, considers how often
messages are sent, and assumes some lost packets.

3.3.3.1.5 Timeliness Requirements

The requirements for indicating changes in state, timing and physical indications follow.

3.3.3.1.5.1 SPaT Message - Broadcas t Periodicity

A connected intersection shall broadcast SPaT messages periodically at average rate of 10 messages
per second +/- 1 message over a 10-second period.

3.3.3.1.5.2 SPaT Message - Broadcast Latency

A connected intersection shall broadcast SPaT messages that reflects the actual signal indications of the
intersection within a latency of no more than 300 milliseconds.

3.3.3.1.5.3 MAP Message - Broadcas t Periodicity

A connected intersection shall broadcast MAP messages periodically at an average rate of 1 message
per second +/- 1 message over a 10-second period.

3.3.3.1.6  Quality Assurance Requirements

The requirements to provide quality information follow.

3.3.3.1.6.1 Completeness - SPaT Message

A connected intersection shall provide a SPaT message containing signal phase and timing information
for all movements controlled by the TSC infrastructure and included in the associated MAP message.
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3.3.3.1.6.2 Completeness - MAP Message

A connected intersection shall provide a MAP message describing all travel lanes where a movement
traversing the intersection is permitted.

3.3.3.2 Generic Message Requirements

The requirements for a connected intersection transmitting data follow.

3.3.3.21 Time Accuracy

For messages that include time, a connected intersection shall ultilize time that is accurate to within 10
milliseconds (ms) of Coordinated Universal Time (UTC).

3.3.3.2.2 Message Revision Requirements

The requirements if the data transmitted by a connected intersection is new follow.

3.3.3.2.2.1 SPaT Message - Revision Counter Increment

A connected intersection shall increment a revision counter by 1 whenever the value of any data element
in the SPaT message, except for the timestamp, describing the signal phase and timing for that
intersection changes.

3.3.3.2.2.2 SPaT Message - Revision Counter Not Increment

A connected intersection shall not increment a message counter if the value of no data element in the
SPaT message, except for the timestamp, describing the signal phase and timing for that intersection
changes.

3.3.3.2.2.3 MAP Message - Revision Counter Increment

A connected intersection shall increment a revision counter if the value of any data element in the MAP
message other than the time stamp changes.

3.3.3.2.2.4 MAP Message - Revision Counter Not Increment

A connected intersection shall not increment a message counter if the value of no data element in the
MAP message other than the time stamp changes.

3.3.3.2.2.5 MAP Message - Intersection Revision Counter Increment

A connected intersection shall increment a revision counter for the intersection description within a MAP
message whenever any data element describing that intersection changes.

Since a MAP message may contain descriptions of more than one intersection, it is possible for the MAP
message revision counter to increment but the intersection revision counter to not increment. This
happens when a different intersection description in the MAP message changes but not this intersection
description.

3.3.3.2.2.6 MAP Message - Intersection Revision Counter Not Increment

A connected intersection shall not increment a revision counter for an intersection description within a
MAP message if no data element describing the intersection changes.
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3.3.3.2.2.7 RTCMcorrections Message - Sequence Number Increment

A connected intersection shall increment a sequence number if there is a change in the corrections
content in the RTCMcorrections message.

3.3.3.2.2.8 RTCMcorrections Message - Sequence Number Not Increment

A connected intersection shall not increment the sequence number if there is no change in the corrections
content received from the RTCM base in the RTCMcorrections message other than the change in UTC
time.

3.3.3.23 Timestamp Requirements

The requirements for a timestamp in messages transmitted by a connected intersection follow.

3.3.3.2.3.1 SPaT Message - Message Time Stamp

A connected intersection shall provide a timestamp indicating the minute of the year when the SPaT
message was created.

3.3.3.2.3.2 SPaT Message - Intersection Time Stamp

A connected intersection shall provide a timestamp indicating the milliseconds within the current minute
when the SPaT message was generated, for each intersection within the SPaT message.

3.3.3.3 Signal Timing Data Requirements

The requirements for signal timing data broadcasted by a connected intersection follow.

3.3.3.3.1 Intersection Identification =~ Requirements

The requirements to provide a unique identifier for an intersection follow.

3.3.3.3.1.1 Intersection Signal Timing Information

A connected intersection shall provide signal timing information for one or more intersections.

3.3.3.3.1.2 Road Regulator Identifier

A connected intersection shall provide a road regulator identifier unique within North America.

3.3.3.3.1.3 Intersection Reference ldentifier

A connected intersection shall provide an intersection reference identifier unique to a road regulator
identifier.

3.3.3.3.2 Intersection Status Requirements

The requirements to provide the status of a connected intersection follow.

3.3.3.3.2.1 Manual Control

A connected intersection shall indicate whether it is operating under manual control.
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3.3.3.3.2.2 Stop Time

A connected intersection shall indicate whether it is operating under stop time.

3.3.3.3.2.3 Failure Flash

A connected intersection shall indicate whether the intersection is in a signal flash condition invoked
outside of the TSC (e.g., a fault, toggle switch, police panel).

3.3.3.3.2.4 Preemption

A connected intersection shall indicate whether it is in preemption operation.

3.3.3.3.2.5 Priority

A connected intersection shall indicate whether it is in priority operation.

3.3.3.3.2.6 Fixed Time

A connected intersection shall indicate whether it is operating under fixed time control.

3.3.3.3.2.7 Traffic Dep endent Mode

A connected intersection shall indicate whether it is not operating in fixed time control.

3.3.3.3.2.8 Standby Mode

A connected intersection shall indicate whether it is in a signal flash condition invoked by the TSC
infrastructure (e.g., TOD Flash, Start-Up Flash, Preemption Flash).

3.3.3.3.2.9 Failure Mode

A connected intersection shall indicate whether the TSC infrastructure has a problem or failure in
operation.

3.3.3.3.2.10 Controller Off

A connected intersection shall indicate whether the TSC infrastructure is not providing valid data.

3.3.3.3.2.11 Recent MAP Update

A connected intersection shall indicate whether it has had a recent MAP message update.

3.3.3.3.2.12 New Lane IDs

A connected intersection shall indicate whether it has had a recent change in MAP assigned lane IDs or
which revocable lanes are currently enabled.

3.3.3.3.2.13 No MAP Available

A connected intersection shall indicate when no valid MAP is available. A MAP is considered not
available when any of the following conditions is true.

1 If a connected intersection does not have a valid MAP message to broadcast
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3.3.3.3.2.14 No SPaT Available

A connected intersection shall indicate when no valid SPaT information is available. SPaT
information is considered not available under the following conditions:

1 If an RSU has received no valid SPaT information message from the TSC infrastructure for more
than 300 milliseconds. Valid values from the TSC infrastructure are properly formatted and within
the permitted data ranges.

3.3.3.3.3 Current Movement State Requirements

The requirements for the current movement state of a signal group follow.

3.3.3.3.3.1 Current Movement State for a Signal Group

A connected intersection shall provide the current movement state for each signal group identified in the
MAP message. The valid values for the current movement state for a signal group are defined by
DE_MovementPhaseState in SAE J2735_202007.

3.3.3.3.3.2 Unknown Current Movement State for a Signal Group

If the TSC infrastructure does not provide a value for the current movement state for a signal group, a
connected intersection shall use a value of unavailable, as defined by DE_MovementPhaseState in SAE
J2735_202007.

3.3.3.3.3.3 Flashing Yellow Arrow Permissive Movement

At an intersection that uses a flashing yellow arrow to control a permissive movement as part of a
protected/permissive turn, a connected intersection shall use the value of permissive-Movement-Allowed
as the current movement state for the signal group when the flashing yellow arrow is active, as defined by
DE_MovementPhaseState in SAE J2735 202007.

3.3.3.3.3.4 Protected and Permissive Clearance

A connected intersection shall use the value of protected-clearance or permissive-clearance as the
current movement state of a signal group to correspond with the protected or permissive condition of the
allowed movement immediately preceding the current (clearance) interval, as defined by
DE_MovementPhaseState in SAE J2735_202007.

3.3.3.3.3.5 Resolve Protected Versus Permissive Movement

When an allowed movement controlled by a signal group is sometimes protected and sometimes
permissive, such as a protected/permissive left turn, a connected intersection shall determine whether the
currently allowed movement is protected or permissive and use the corresponding current movement
state (protected-Movement-Allowed, permissive-Movement-Allowed) for the signal group, as defined by
DE_MovementPhaseState in SAE J2735_202007.

3.3.3.3.3.6 Conflict Causes Permissive

When any allowed movement controlled by a signal group includes a maneuver in conflict with any other
movement that is in a permitted or clearance state, a connected intersection shall use permissive-
Movement-Allowed or permissive-clearance as the current movement state for the signal group, as
defined by DE_MovementPhaseState in SAE J2735_202007. Examples include a green ball with an
opposing green ball, and a green ball with a permitted pedestrian movement for a turn.

CTI 4501 v01.01
Cl Implementation Guide Page 76



3.3.3.3.3.7 No Conflict Causes Protected

When an allowed movement controlled by a signal group includes no maneuver in conflict with any other
vehicle, pedestrian, or bicycle movement that is in a permitted or clearance state, a connected
intersection shall use protected-Movement-Allowed or protected-clearance as the current movement state
for the signal group, as defined by DE_MovementPhaseState in SAE J2735 202007.

3.3.3.3.3.8 WALK State Enumeration (No Conflict)

When an allowed pedestrian movement has no conflict with a vehicle movement controlled by a signal
group that is in a permitted or clearance state, a connected intersection shall use protected-Movement-
Allowed as the current movement state for the pedestrian WALK interval, as defined by
DE_MovementPhaseState in SAE J2735_202007. Examples of a WALK state with no conflict include
leading pedestrian intervals or exclusive pedestrian interval (Barnes Dance).

3.3.3.3.3.9 WALK State Enumeration (Potential Conflict)

When an allowed pedestrian movement is in conflict with a vehicle movement controlled by a signal group
that is in a permitted or clearance state, a connected intersection shall use permissive-Movement-Allowed
as the current movement state for the pedestrian WALK interval, as defined by DE_MovementPhaseState
in SAE J2735 202007. Examples of a WALK state with potential conflicts include vehicles turning right on
green across the pedestrian crosswalk in a WALK state.

3333310Fl ashing DONO6T WALK State Enumeration

A connected intersection shall use the protected-clearance or permissive-clearance as the current
movement state forthepedestri an Fl ashi ng,abdéfiNgdby WALK interval
DE_MovementPhaseState in SAE J2735_ 202007, to correspond with the protected or permissive

condition of the allowed WALK movement immediately preceding the current (clearance) interval.

3.3.3.3.3.11 Steady DONO6 T WALK State Enumeration

A connected intersection shall use stop-And-Remain as the current movement state for the pedestrian
Steady DONS& T WA L K, as definedl bywDde | MovementPhaseState in SAE J2735_202007.

3.3.3.3.3.12 Movement State for Sig nal Groups Identified

A connected intersection shall provide the current movement state for only signal groups identified in the
MAP message. The connected intersection will not provide a movement state for any signal group not
identified by the corresponding MAP message.

3.3.3.3.4 Next Movement State Requirements

The requirements for the next movement state of a signal group follow.

3.3.3.3.4.1 Next Movement State

A connected intersection shall provide the next (future) movement state to follow the current movement
state for a signal group. The valid values for the next movement state for a signal group are defined by
DE_MovementPhaseState in SAE J2735_202007.

3.3.3.3.4.2 Unknown Next Movement State

In a situation where a connected intersection cannot determine the next movement state, a connected
intersection shall use unavailable as the next movement state for a signal group, as defined by
DE_MovementPhaseState in SAE J2735_202007.
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3.3.3.3.4.3 No Past State

A connected intersection shall not provide the state or timing for intervals that are already completed.

3.3.3.3.5 Time Change Details Requirements

The requirements for when the signal interval state for a signal group may change follow.

3.3.3.3.5.1 Time Change Details

A connected intersection shall provide time change details for each signal group identified in the MAP
message.

3.3.3.3.5.2 Unknown Time Change Detail

If the TSC infrastructure does not provide a value for a mandatory time change detail element, a
connected intersection shall use a value of unknown, as defined by DE_TimeMark in SAE
J2735_202007.

NOTE: The value of DE_TimeMark indicating undefined changed from a value of 36001 in SAE
J2735_201603 to a value of 36111 in SAE J2735_202007.

3.3.3.3.5.3 Minimum End Time

A connected intersection shall provide the soonest time, in tenths of a second in the current or next hour,
that the current and any future interval in the SPaT message for a signal group could end in the absence
of unpredicted events such as preemption or priority calls.

For intervals that do not have a predetermined minimum end time (actuated operations), the connected
intersection the minimum end time will be 0.1 seconds or greater beyond the current time for the current
interval. For intervals that do have a predetermined minimum end time (fixed time control), the minimum
end time is the predetermined minimum end time.

3.3.3.3.5.4 Maximum End Time

A connected intersection shall provide the latest time, in tenths of a second in the current or next hour,
that the current and any future interval could end in the absence of unpredictable events such as
preemption or priority calls.

For intervals that do have a predetermined end time (fixed time control), the maximum end time is equal
to the minimum end time.

3.3.3.3.5.5 Unknown Maximum End Time
In a situation where a connected intersection cannot determine a latest end time, a connected
intersection shall use a value of unknown, as defined by DE_TimeMark in SAE J2735 202007.

NOTE: The value of DE_TimeMark indicating undefined changed from a value of 36001 in SAE
J2735_ 201603 to a value of 36111 in SAE J2735_202007.

3.3.3.3.5.6 No Current Movement State Start Time

A connected intersection shall not provide the start time of the current movement state. Note: this
prohibited time mark would be a past time and is not needed for RLVW. Prohibiting this data element for
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currently timing intervals removes any ambiguity as to whether start time is intended as a past time or a
future time.

3.3.3.3.5.7 Next Movement State Start Time

A connected intersection shall provide the start time, in tenths of a second in the current or next hour, of
the next (future) movement state to follow the current movement state for a signal group. Note: this is a
future time.

3.3.3.3.5.8 Next State Start Time Equals Current State Minimum End Time

A connected intersection shall provide a start time for the next (future) movement state that is the same
as the soonest time the current movement state could end.

3.3.3.3.6 Next Allowed Movement Requirements

The requirements for when a movement at an intersection is next allowed to proceed (e.g., green,
flashing yellow) follow.

3.3.3.3.6.1 Time of Next Allowed Movement

A connected intersection shall provide the estimated time, in tenths of a second in the current or next
hour, that the current movement will next be in the permissive-Movement-Allowed or protected-
Movement-Allowed (green) state in the absence of unpredictable events such as preemption or priority
calls.

3.3.3.3.7 Enabled Lanes Indication

If the MAP message for the intersection includes lanes indicated as being revocable lanes, a connected
intersection shall identify which revocable lanes are currently enabled.

3.3.3.3.8 SPaT Message - Accuracy

A connected intersection shall broadcast SPaT messages that accurately reflect the physical signal
indications at the intersection.

3.3.3.4 Roadway Geometry Data Requirements

The requirements to provide information about travel lanes follow.

3.3.3.41 Intersection Geometry Requirements

The requirements to provide information about the lanes in and around an intersection follow.

3.3.3.4.1.1 Intersection Geometry Information

A connected intersection shall provide travel lane information for one or more intersections.

3.3.3.4.1.2 Intersection Geometry - Road Regulator Identifier

As part of the roadway geometry information, a connected intersection shall provide a road regulator
identifier unique within North America.
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3.3.3.4.1.3 Intersection Geometry - Intersection Identifier

As part of the roadway geometry information, a connected intersection shall provide an intersection
reference identifier unique to a road regulator identifier.

3.3.3.4.1.4 Intersection Reference Point Requirements

The requirements for the location of an intersection reference point follow.

3.3.3.4.1.4.1 Intersection Reference Point - Position

A connection intersection shall select an intersection reference point located close enough to the first
node point of all lanes associated with the intersection such that the offset can be represented using the
DE_Offset_ B16 in SAE J2735 202007 (327.67 meters).

3.3.3.4.1.4.2 Intersection Reference Point - Description
A connected intersection shall provide the following information regarding an intersection reference point.
a) Latitude, in 1/10" microdegrees, as defined by DE_Latitude in SAE J2735_202007

b) Longitude, in 1/10" microdegrees, as defined by DE_Longitude in SAE J2735_202007
c) Elevation in 10 centimeter units as defined by DE_Elevation in SAE J2735_ 202007

3.3.3.4.1.4.3 Intersection Reference Point Accuracy

A connected intersection shall provide an intersection reference point whose total accuracy is within +/-
0.2 meters of ground truth.

3.3.3.4.1.5 Default Lane Width

A connected intersection shall provide the default lane width, in centimeters, for all lanes associated with
the intersection.

3.3.3.4.1.6 Lane ldentifier

A connected intersection shall assign a lane identifier unique within the intersection for each lane at the
intersection, as defined by DE_LanelD in SAE J2735_202007.

3.3.3.4.1.7 Center of Vehicle Lane Geometry

A connected intersection shall describe the geometry of the center of each vehicle lane approaching
(ingress), departing (egress) and internal to (storage) the intersection.

3.3.3.4.1.8 Center of Crosswalk Lane Geometry

A connected intersection shall describe the geometry of the center of each crosswalk lane at the
intersection.

3.3.3.4.1.9 Center of Pedestrian Landings Geometry

A connected intersection shall describe the geometry of the center of each pedestrian landing at the
intersection.
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3.3.3.4.1.10 Lane Description

A connected intersection shall describe the geometry of the center of each lane by identifying at least two
node points that define at least one line segment depicting the center of the lane.

3.3.3.4.1.11 First Node Point - Ingress Vehicle Lane

A connected intersection shall describe the first node point at the upstream edge of the stop line of each
ingress vehicle lane, with each subsequent node being farther from the intersection.

3.3.3.4.1.12 First Node Point - Egress Vehicle Lane

A connected intersection shall describe the first node point at the downstream edge of the crosswalk for
each egress vehicle lane, with each subsequent node being farther from the intersection.

3.3.3.4.1.13 Node Offset from Intersection Reference Point

A connected intersection shall describe the location of first node point of a lane by providing an X (east-
west) and a Y (north-south) offset, in centimeters, from the intersection reference point.

3.3.3.4.1.14 Node Elevation Offset from Intersection Reference Point

A connected intersection shall describe the elevation offset, in one centimeter units, of the first node point
of a lane from the intersection reference point.

3.3.3.4.1.15 Offset from Previous Node

A connected intersection shall describe the location of a node subsequent to the first node point of a lane
by providing an X (east-west) and a Y (north-south) offset, in centimeters, from the previous node point.

3.3.3.4.1.16 Elevation Offset from Previous Node

A connected intersection shall describe the elevation offset, in one centimeter units, of a node from the
previous node point for a lane.

3.3.3.4.1.17 Advanced Notification - Ingress Vehicle Lane

A connected intersection shall describe node points of each ingress vehicle lane that extend a minimum
distance upstream from the first node point of the lane 10 seconds at the 85th percentile speed or a
speed equal to the posted or statutory speed limit plus 7 miles per hour (mph).

3.3.3.4.1.18 End Nodes - Crosswalk Lane

A connected intersection shall describe the first and last node point of a crosswalk lane at the edge of the
curb.

3.3.3.4.1.19 End Nodes - Pedestrian Landing

A connected intersection shall describe the first and last node point of a pedestrian landing (essentially a
sidewalk lane) at the edge of the curb, co-incident with the end nodes of the adjacent crosswalk lanes.

3.3.3.4.1.20 Maximum Distance between Nodes

When describing a lane with a horizontal curve, a connected intersection shall place the next node point
within a distance such that the maximum distance between the actual centerline of a lane and a straight
line between the two node points, does not exceed 0.5 meters. This concept is shown in Figure 13.
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Figure 13. Trajectory Error.

3.3.3.4.1.21 Maximum Number of Nodes

A connected intersection shall describe the centerline of the path of a lane with no more than 63 node
points.

3.3.3.4.1.22 Node Lane Width

If the width of a lane at a node point is different than the default lane width and the lane width at the
preceding node, a connected intersection shall describe change in width of the lane, in centimeters, at the
node position.

3.3.3.4.1.23 Node Accuracy

A connected intersection shall describe the absolute node position with an accuracy within + 0.2 meters of
the actual location of the node.

3.3.3.4.2 Lane Attributes

The requirements to describe the allowed us of a lane at an intersection follows.

3.3.3.4.2.1 Direction of Travel

A connected intersection shall identify the allowable direction(s) of travel for a lane, as defined by
DE_LaneDirection in SAE J2735_202007.

3.3.3.4.2.2 Lane Sharing

A connected intersection shall identify the allowed user types that are permitted to use the lane, as
defined by DE_LaneSharing in SAE J2735_202007.

3.3.3.4.2.3 Lane Type Attributes

A connected intersection shall identify the attribute information specific to a given lane type, as defined by
DE_LaneTypeAttributes in SAE J2735_202007. The types of lanes are vehicle lane, crosswalk, bike lane,
sidewalk, medians and channels, striped lanes, tracked lanes (for trains and trolleys), and parking lanes.

3.3.3.4.2.4 Lane Attributes - Vehicle

A connected intersection shall indicate the applicable attributes for a vehicle lane, as defined by
DE_LaneAttributes-Vehicle in SAE J2735 202007. Examples of attributes are if the lane is a revocable
lane, and any lane restrictions (HOV, Taxi, private use, etc.).
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3.3.3.4.2.5 Lane Attributes - Crosswalk

A connected intersection shall indicate the applicable attributes for a crosswalk, as defined by
DE_LaneAttributes-Crosswalk in SAE J2735 202007. Examples of attributes are if the lane is a
revocable lane, and how the signal timing at the signalized intersection addresses travelers in the
crosswalk lane.

3.3.3.4.2.6 Lane Attributes - Bicycle

A connected intersection shall indicate the applicable attributes for a bicycle lane, as defined by
DE_LaneAttributes-Bike in SAE J2735_202007. Examples of attributes are if the lane is a revocable lane,
and how the signal timing at the signalized intersection addresses travelers in the bicycle lane.

3.3.3.4.2.7 Lane Attributes - Tracked Vehicles

A connected intersection shall indicate the applicable attributes for a tracked vehicle lane, as defined by
DE_LaneAttributes-TrackedVehicle in SAE J2735_202007. Examples of attributes are if the lane is a
revocable lane, and the type of track (commuter rail, light rail, etc.).

3.3.3.4.2.8 Lane Attributes - Parking

A connected intersection shall indicate the applicable attributes for a parking lane, as defined by
DE_LaneAttributes-Parking in SAE J2735 202007. Examples of attributes are if the lane is a revocable
lane, and the type of parking (parallel, head in parking, do not park zone, private parking, etc.).

3.3.3.4.3 Lane Maneuvers

A connected intersection shall identify for a lane each maneuver that is allowed for that lane at the stop
line for ingress lanes and at the first node point for the downstream lane, as defined by
DE_AllowedManeuvers in SAE J2735_202007.

3.3.3.4.4 Connections Between Lanes

The requirements to describe connections between a lane entering or within an intersection, and the
downstream lane at an intersection follow.

3.3.3.4.4.1 Lane Connections
A connected intersection shall identify each permitted connection between a lane and each downstream
lane at the intersection.

NOTE: The downstream lane may be an egress or another ingress lane.

3.3.3.4.4.2 Connection Egress Lane

For each permitted connection between an ingress lane and another lane, a connected intersection shall
identify the other lane to which the ingress lane connects.

3.3.3.4.4.3 Connection Maneuvers

For each permitted connection between an ingress lane and the downstream lane, a connected
intersection shall identify the maneuver the connection allows. Examples of a maneuver include left turn,
straight ahead, right turn on red, always yield, go after a full stop, etc.
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3.3.3.4.4.4 Connection Signal Group

For each permitted connection between an ingress lane and the downstream lane, a connected
intersection shall identify the SPaT signal group that provides traffic signal control for that connection.

3.3.3.4.4.5 Include Only Permitted Connections

A connected intersection shall only identify a connection between a lane and a downstream lane at the
intersection if the movement represented by that connection is allowed at the intersection. If a permitted
connection does not exist at an intersection, that connection is not included in the MAP message.

3.3.3.45 Speed Limit Information Requirements

The requirements to provide the speed limit for a lane at the intersection follows.

3.3.3.4.5.1 Default Speed Limit

A connected intersection shall provide the default posted or statutory maximum speed limit for general
traffic, in units of 0.02 meters per second, for the intersection.

3.3.3.4.5.2 Change in Lane Speed Limit

A connected intersection shall provide the posted or statutory speed limit, in units of 0.02 meters per
second, for the lane starting at the node.

3.3.3.4.6 Revocable Lanes

At intersections having lanes with usage that is different at different times, such as lanes that by time of
day are reversible, have turn restrictions, or have parking restrictions, a connected intersection shall
define in the MAP message separate lanes for each variation of usage and designate each as a
revocable lane.

3.3.3.4.7 MAP Messag e - Accuracy

A connected intersection shall broadcast MAP messages that accurately reflect the physical location and
dimensions of all travel lanes traversing the intersection within defined tolerances.

3.3.3.4.8 Signal Timing and Roadway Geometry Information Synchronization

The requirements to ensure that the roadway geometry information being broadcast reflect the current
operating state used to generate the signal timing data follow.

3.3.3.4.8.1 Matching | ntersection Reference Identifier

A connected intersection shall provide an intersection reference identifier for the SPaT message that
matches the intersection reference identifier used in the MAP message for the same intersection. The
intersection reference identifier consists of the road regulator identifier (See 3.3.3.3.1.2) and the
intersection identifier (See 3.3.3.3.1.3).

3.3.3.4.8.2 Matching SPaT and MAP Version

The contents of the SPaT message broadcasted for an intersection shall be consistent/compatible with
the MAP message broadcasted for the same intersection. For example, if the physical roadway geometry
changes, the SPaT message may need to be updated to reflect those changes.
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3.3.3.5 Positioning Messages

The requirements for positioning data broadcasted by a connected intersection follow.

3.3.3.5.1  Positioning Corrections

An RSU shall broadcast Radio Technical Commission for Maritime Services (RTCM) corrections per
RTCM10403.3, and with Multiple Signals Messages (MSM) 4. The messages consist of the following:

a) Station location message numbers 1005 or 1006. 1006 is preferred, but 1005 shall be used if
1006 is not available.

b) The GNSS antenna and receiver location message 1033 (per the RTCM recommendation).

C) The system parameter message 1013.

d) The GPS MSM4 message 1074.

e) If available, one of more of the following MSM4 messages: 1084 (GLONASS), 1094 (Galileo),

and 1124 (BeiDou)

NOTE: In the United States, GLONASS is most commonly supported GNSS beyond GPS, so sending at
least messages 1074 and 1084 is recommended.

NOTE: Vehicles may use other sources of correction or means for achieving the necessary precision.

3.3.3.5.2 Real-Time Kinemati cs Requirements

The requirements for to support real-time kinematics at a connected intersection follow.

3.3.3.5.2.1 RSU Proximity
The RTCM reference station providing correction messages shall be close enough to the RSU to provide
adequate accuracy and latency.

NOTE: The RSU may have integrated RTCM capabilities, or the RTCM could be generated by a nearby
station. The RSU should broadcast a calculated RTK if it is far from a surveyed reference station.

3.3.3.5.2.2 Minimum RTCM Corrections Broadcast Frequency

An RSU shall broadcast RTCM corrections to OBUs with sufficient range and frequency for vehicles to
enable lane matching at a minimum of 10 seconds at the 85th percentile speed or a speed equal to the
posted or statutory speed limit plus 7 miles per hour (mph) before approaching vehicles would reach the
stop line for each approaching lane.

3.3.4  Security Requirements

The security requirements for a connected intersection follow.

3.3.4.1 Connected Intersection System Trustworthiness Requirements

The requirements for data trustworthiness for a connected intersection follow.

3.3.411 SPaT Information Message Trustworthiness - RSU

A connected intersection shall implement mechanisms to ensure that commands or data sent to the RSU
result in the RSU sending SPaT messages that are consistent with SPaT information message received
from the TSC infrastructure. These mechanisms consist of the following:
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91 Protection against bad firmware updates or installation of applications outside the firmware
update process

1 Protection against changes to configuration parameters that affect the contents of generated
SPaT messages

1 Enabling of RSU to determine in a timely fashion that no valid SPaT information message is
available

3.3.41.2 SPaT Information Message Trustworthiness - TSC Infrastructure

A connected intersection shall implement mechanisms to ensure that commands or data sent to the TSC
infrastructure result in the TSC infrastructure sending a SPaT information message to the RSU that is
consistent with the actual signal behavior. These mechanisms consist of the following:

1 Protection against bad firmware updates or installation of applications outside the firmware
update process

1 Protection against changes to configuration parameters that affect the output SPaT information
message

3.3.41.3 MAP Data Trustworthines s
A connected intersection shall implement mechanisms to ensure that only MAP data from a trusted
source is sent to the RSU for transmission.

NOTE: This may be achieved by, for example, signing the MAP at the point of generation (not the RSU),
or by applying other data integrity and source authentication mechanisms to protect the MAP between the
point of generation and the point of signing.

3.3.4.1.4 RTCM Corrections Data Trustworthiness

A connected intersection shall implement mechanisms to ensure that only RTCM corrections data from a
trusted source is sent to the RSU for transmission.

3.3.4.2 Connected Intersection System Security Requirements

The requirements for network security of a connected intersection follow.

3.3.4.21 Secure Network

The center components that are part of a connected intersection shall be connected to a secure network
supporting data integrity and confidentiality, source authentication, and authorization.

3.3.4.2.2 Assurance of Connection to Correct Network

The field components of a connected intersection shall support mechanisms by which they can obtain
real-time assurances that they are connected to the correct network as intended by the connected
intersection administrator.

3.3.4.3 Verification of Connected Intersection System Security Requi rements

The requirements to provide verification of a connected intersection's compliance to system security
requirements follow.
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3.3.4.3.1  Security Compliance Assessment

The operating agency of a connected intersection (I00) shall create compliance assessment
documentation indicating how the system trustworthiness and system security requirements are to be
fulfilled. For example, this documentation contains an attack tree with mitigations given for all identified
attacks, showing the following:

1 All attack methodologies and mitigations that might lead to the RSU transmitting incorrect SPaTs,

and their mitigation, including the following:
o All attack methodologies that might lead to the TSC infrastructure outputting incorrect
SPaT information message, and their mitigation

1 All attack methodologies and mitigations that might lead to the RSU transmitting incorrect MAPS,
and their mitigation

1 All attack methodologies vectors and mitigations that might lead to the RSU transmitting incorrect
positioning corrections, and their mitigation

3.3.4.3.2 Point of Certification

A designated certification agent shall act as the decision maker whether security compliance assessment
documentation is complete and correct in demonstrating network security, initially and periodically as per

policy.

3.3.4.4 Certificate Issuing Requirements

The requirements for issuing device authentication certificates based on compliance assessment follow.

3.3.4.41 Certificate Issuance

Upon a positive decision of the compliance assessment, the SCMS provider shall note that the SPaT and
MAP signers at a connected intersection are eligible to be issued certificates.

3.3.4.4.2 Certificate Nonissuance

If the compliance assessment fails to certify that the security requirements are fulfilled by a connected
intersection system, the SCMS provider shall not (or no longer) issue any certificates to any devices
within the connected intersection.

3.3.4.4.3 CI Operation Securit y Practices
A connected intersection shall satisfy a security policy which ties compliance to the documented network
security/quality standards to a non-SCMS certificate authority issuing a client authentication certificate.

NOTE: A ftonnected intersection” in this context includes both the devices and the human operators of
the connected intersection.

3.3.444 RSU Security Standards

An RSU shall comply with the documented network security/quality standards for a client or server
authentication certificate.

3.3.445 TSC Infrastructure Security Standards

A TSC infrastructure shall comply with the documented network security/quality standards for a client
authentication certificate.
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3.3.45 Security Against Cyber Attack Requirements

Requirements for security against cyber attacks follow.

3.3.4.51 Cyber-Attack Recovery Plan
A connected intersection shall support a cyber-attack recovery plan for the connected intersection, that is
continuously maintained to mitigate new and evolving threats.

NOTE: A ftonnected intersection” includes both the devices and the human operators of the connected
intersection.

3.3.4.5.2 Cyber-Attack Robustness
A connected intersection shall maintain up to date access to a database of cyber-attacks relevant to any
of the CI components as part of a cyber-attack robustness (i.e., resilience plus recovery) plan.

NOTE: the robustness plan may include both automated responses and human responses.

3.3.4.5.3 Network Protection

The 100 network shall implement measures, such as a firewall, to protect its individual networks and
components from network-related attacks by monitoring connections to and from itself with the wider
Internet.

3.3.4.6 Data Flow: Communications and Interface Sec  urity Requirements

The requirements for the security of data exchanges across each interface in the Cl system follow.

3.3.4.6.1 Interface between RSU and TMS

The requirements for the security of data exchanges between an RSU and a TMS follow.

3.3.4.6.1.1 General RSU-TMS Interface Requirements

The general requirements for the security of data exchanges between an RSU and a TMS follow. These
requirements describe secure protocols for the management of remote devices by which the RSU is
managed by the TMS, running over a standards-based, secure transport protocol with mutual
authentication of the identity of both RSU and TMS in terms of ownership and authorization, and with
integrity and confidentiality protection of all data exchanged.

3.3.4.6.1.1.1 Secure Transport of SNMPv3

A TMS shall support use of SNMPv3 with TSM (Transport Security Model) security as defined in RFC
5991 to manage the RSU.

3.3.4.6.1.1.2 Use of (D)TLS for Management Protocols

Connections for NTCIP 1218 v01 between the RSU and TMS shall be protected with Transport Layer
Security (TLS) 1.2 or 1.3, or with Datagram Transport Layer Security (DTLS) 1.2 or 1.3. All other RSU to
TMS connections shall be protected with TLS 1.3 or with DTLS 1.3 (as defined in IETF RFC 8446).

The RSU may act as a server role within the TLS or DLTS protocol.

SNMPv3 implemented by the RSU is currently defined over TLS 1.2. In the future, this is expected to
change to TLS 1.3 or DTLS 1.3.
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3.3.4.6.1.1.3 Use of SSH

Some RSU resources/properties may not be managed via SNMPv3 but via SSH 2.0. If a TMS uses SSH
(RFC 4253) to manage an RSU via command-line interface, then the RSU shall implement account-
based access control to prevent outsiders from gaining malicious access.

NOTE: This is a limited exception to requirement 3.3.4.6.1.1.2 above. The intent is to allow SSH for
portions of NTCIP 1218 v01 requiring its use for file transfer as well as to support certain administrative
tasks not covered in NTCIP 1218 vO1.

3.3.4.6.1.2 (D)TLS Certificate Requir ements

TLS certificates follow the X.509 format. The requirements for TLS certificates for an RSU follow. The
requirements for DLTS certificates are identical to the requirements for TLS certificates.

3.3.4.6.1.2.1 (D)TLS Authenticatio n - Installation

An RSU shall support TLS client authentication solely via certificate.

3.3.4.6.1.2.2 (D)TLS Authentication - Rejection

Ifin a TLS server role, an RSU shall reject authentication attempts from a client presenting an untrusted
certificate.

3.3.4.6.1.2.3 RSU Certificate Security

An RSU shall support secure installation and update of a (D)TLS certificate and associated private key for
itself, to use as a server or as a client.

3.3.4.6.1.2.4 RSU Client Certificate Security

An RSU shall support secure installation, replacement and revocation of the (D)TLS client certificates and
server certificates that it is expected to trust.

3.3.4.6.2 Interface between RSU and SCMS

An RSU shall adhere to the SCMS interface requirements as per the RSU Standard v1.0 Section
3.3.5.10.3.1 SCMS Connectivity Requirements - CAMP or 3.3.5.10.3.2 SCMS Connectivity Requirement -
IEEE Std 1609.2.1, as appropriate.

NOTE: the SCMS server (e.g., Registration Authority (RA)) is outside of the 100 traffic management
network.

3.3.4.6.3 Interface between an RSU and the OBU/MU

The interface between an RSU and an OBU/MU shall be protected based on IEEE Std 1609.2-2016
security profile for SPaT, MAP, and RTCM corrections messages.

NOTE: This is not a requirement that the RSU performs the signing, since the messages may be signed
elsewhere.

3.3.4.6.4 Interface between an RSU and the T SC Infrastructure

The requirements for the security of data exchanges between an RSU and a TSC infrastructure follow.
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3.3.4.6.4.1 Use of Secure Transport Protocol

The interface between an RSU and a TSC infrastructure shall use a secure transport protocol with mutual
authentication of the identity of both the RSU and TSC infrastructure in terms of ownership and
authorization, and integrity protection of all data exchanged.

NOTE: Confidentiality protection is not required but may be optionally applied.

3.3.4.6.4.2 Use of TLS Protocol

The interface between an RSU and a TSC infrastructure shall use TLS or DTLS with client certificate,
where an RSU takes the role of the server or the client.

3.3.4.6.4.3 Protection against TSC Infrastructure Reconfiguration from the RSU

The TSC shall be protected against unauthorized accesses via the RSU interface to prevent
reconfiguration of the TSC that may affect V2X application behavior in a way that was not intended (by a
legitimate actor in the system).

3.3.4.6.4.4 Validation of Forwarded V2X Messages

If the RSU is configured to forward the Basic Safety Messages it receives from OBUs/MUs over the V2X
interface to the TSC infrastructure, the RSU shall validate these messages in conformance with the
requirements of the RSU Standard v1.0, Section 3.3.5.1.2 V2X Interface Security - Receiving and
Forwarding Messages.

3.3.4.6.5 Interface between the TMS and th e TSC Infrastructure

The interface between a TMS and a TSC infrastructure shall use a sufficiently secure protocol for remote
management of devices, whereby the TMS manages the TSC infrastructure; for example, SNMPv3 over
TLS.

3.3.4.6.6 Interface between the MAP Server and the TMS

The requirements for the security of data exchanges between a MAP Server and a TMS follow.

3.3.4.6.6.1 Secure Connect ionto M AP Server

A TMS shall establish a secure connection to a MAP server that is configured by the 100.

This connection shall provide data integrity and confidentiality, as well as source authentication and
authorization.

3.3.4.6.6.2 MAP Data Integrity

A MAP server shall ensure the integrity of the MAP data from the generation source to the entity that
signs it.

3.3.4.6.6.3 MAP Data Signature

The data a MAP server sends to the TMS and the TMS forwards shall contain the IEEE Std 1609.2-2016
signature.
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3.3.4.6.7 Interface between MAP Server and the SCMS

A MAP Server shall connect securely to the SCMS in order to obtain IEEE Std 1609.2-2016 certificates
with appropriate permissions to sign MAP messages.

3.3.4.7 Correct Operations Requirements

The requirements to provide correct operations for a connected intersection follow.

3.3.4.7.1 Device Protection Requirements

The requirements to protect field components of a connected intersection from network attacks follow.

3.3.4.7.1.1 RSU Protection
An RSU shall support an IP-level firewall (e.g., iptables) supporting at a minimum the following:
1 Closing all unused ports by default
The applicable requirement in RSU Standard v1.0 is requirement 3.3.5.8.1 RSU OS Applications
and Services
1 Opening the NTCIP 1218 v01 port for incoming connections only
The applicable requirement in RSU Standard v1.0 is 3.3.5.8.2 RSU OS Ports and Protocols
1 Blocking individual source IP addresses, for example if incoming connection requests from that

address are repeatedly rejected by higher layers. NOTE: Goal is to throttle connection attempts to
minimize the chance or impact of denial-of-service attacks.

3.3.4.7.1.2 Device Protection

A TMS shall employ mechanisms to protect itself against intrusions that would result in invalid or
unauthorized data being sent to an RSU.

NOTE: Examples of such a mechanism is: support an IP-level firewall (e.g., iptables), at a minimum
closing, of all unused ports by default and opening the NTCIP 1218 v01 port for outgoing connections
only.

3.3.4.7.2 Secure Administration of RSU

The requirements to provide secure administration of an RSU follow.

3.3.4.7.2.1 Secure RSU Administration User Interface

An RSU shall provide a secure administration user interface, network accessible to the TMS.

3.3.4.7.2.2 Password Change Prompt

An RSU shall prompt a user accessing an RSU for the first time to change the default password. The
applicable requirement in RSU Standard v01 is 3.3.5.8.3, RSU Password.

3.3.4.7.2.3 Remote Restart

An RSU shall support remote restart. The applicable requirement in RSU Standard v01 is 3.3.2.2.1
Remote Restart.
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3.3.4.7.2.4 Log Restarts

An RSU shall log all restart operations in an RSU's event log file. The applicable requirement in RSU
Standard vO1 is 3.3.2.2.4 Log Restarts.

3.3.4.7.2.5 Factory Default

An RSU shall support a means to set an RSU back to the factory default locally. The applicable
requirement in RSU Standard v01 is 3.3.2.2.2 Factory Default.

3.3.4.7.2.6 Protection against Tampering

An RSU enclosure and ports shall support tamper evident mechanisms. The applicable requirement in
RSU Standard v01 is 3.3.5.6.1 Tamper Evident Enclosure - Visual Requirements and 3.3.5.6.2 Tamper
Evident Unused Port Requirements.

3.3.4.7.2.7 Operati onal, Security and other Events Loggin g - RSU

An RSU shall record salient events in a non-volatile log, as defined in RSU Standard v01, 3.3.5.13,
Logging for General and Security Purposes Requirement. This requirement is needed at least for
diagnosis (e.g., of cyber attacks).

NOTE: This includes logging of security events such as authentication failures, logs of changes to its
configuration.

3.3.4.7.2.8 Operational Logging - TMS

A TMS shall record salient events in a non-volatile log. This includes logging of security events such as
authentication failures, logs of changes to its configuration.

3.3.4.7.2.9 Operational Logging - TSC Infrastructure

The TSC Infrastructure shall record salient events in a non-volatile log. This includes logging of security
events such as authentication failures, logs of changes to its configuration.

3.3.4.7.2.10 Determine Mode of Operations

An RSU shall report its current mode of operations to an authorized actor using NTCIP 1218. The RSU
modes of operations are the following: fully operational, standby (hon-transmit) mode, and fault. The
applicable requirement in RSU Standard v01 is 3.3.3.2.1 Determine Mode of Operations.

3.3.4.7.2.11 Determine Operational Status

An RSU shall report its operational status using NTCIP 1218. The applicable requirement in RSU
Standard v01 is 3.3.3.2.2 Monitor Current Status.

3.3.4.7.2.12 Determine Operational Performance

An RSU shall report operational performance statistics of the RSU using NTCIP 1218. The applicable
requirement in RSU Standard vO1 is 3.3.3.2.3 Determine Operational Performance.

3.3.4.7.2.13 Determine Operating Environment

An RSU shall report the operating environment around the RSU using NTCIP 1218. The applicable
requirements in RSU Standard vO1 is 3.3.3.2.4 Determine Operating Environment.
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3.3.4.7.2.14 Access Control Policy

An RSU shall support access control policy covering enabling assignment of what tasks an administrator
is allowed to carry out. The RSU access control policy shall enforce administrator access rights.

3.3.4.7.3 RSU Device Class Requirement

AnRSU device cl ass s haldefined en ARC-IT), @dmeelyg & setng fordCentidertiadity,
Integrity and Availability of Moderate, High, and Moderate respectively. That is, the RSU satisfies the
following:

1 Compliance with NIST FIPS 140-2 Level 3 physical security requirements for an Hardware
Security Module (HSM)

1 Support for remote and physical management via SNMPV3, requiring role-remote authentication
in both cases

3.3.4.74 TSC Device Class Requirement

A Traffic Signal Control |l er dedefineden ARC-l@)snamely h settiig be a #AC
for Confidentiality, Integrity, and Availability of Moderate, High, Moderate respectively. That is, the TSC
satisfies the following:

1 Compliance with NIST FIPS 140-2 Level 3 physical security requirements for its HSM, if equipped
with an HSM

1  Support for remote and physical management via SNMPV3, requiring role-remote authentication
in both cases

3.3.4.7.5 MAP Signer Device Class Requirement

AMAP Signing device shall be alT)m@aelgasettingfor devi ce (defin
Confidentiality, Integrity and Availability of Moderate, High, and Moderate respectively. That is, the MAP
Signer satisfies the following:

1 Compliance with NIST FIPS 140-2 Level 3 physical security requirements for an HSM

3.3.4.7.6 Authenticated Secure Update Requir ements

The requirements for secure updates of software and firmware follows.

3.3.4.7.6.1 RSU Software and Firmware Updates

An RSU shall support remote software and firmware updates in according with RSU Standard v1.0
requirement 3.3.1.14 Software and Firmware Updates Requirements.

3.3.4.7.6.2 Trustworthiness of Software and Firmware Updates

An RSU shall only install software and firmware updates from a trusted source. Update packages shall be
signed by the RSU manufacturer and authenticated by the RSU before installation. The RSU software
update system shall protect software update keys from compromise.

3.3.4.7.6.3 TSC Infrastructure Software and Firmw are Updates

If the TSC infrastructure software, ECLA, and/or firmware can be updated, the TSC infrastructure shall
support mechanisms to securely update them either locally, remotely, or both.
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3.3.4.8 Network Monitoring Requirements

An RSU shall report the network administration of unauthenticated or failed access attempts, and shall
provide statistics of connection attempts.

3.3.4.9 Credential Management Requirements

The requirements for credentials management for a connected intersection follow.

3.3.4.91  Credential Provi sioning i (D)TLS Requirements
The requirements for provisioning a component of a connected intersection with TLS or DTLS client or
server certificates follow.

Note: This provisioning task is separate and independent from all the SCMS-related credential
management in Section 3.3.4.9.3.

3.3.49.1.1 Start-up Initialization

A component of the connected intersection shall be placed into an initialization mode upon installation,
whereby it is securely provisioned with credentials to authenticate to external entities and credentials to
trust.

3.3.4.9.1.2 Credential Updates

A component of the connected intersection system shall support a mechanism to securely update all of
its provisioned credentials, including updating the status of the credentials to trust.

3.3.49.2 Management of Untrustworthy Devices - TLS Requirements

The requirements for protecting the system against exchanging data with untrustworthy devices (i.e.,
devices that were at one point trustworthy but have been compromised in some sense) follow.

3.3.4.9.2.1 Monitor Certificate Status

A connected intersection shall verify the validity of the certificate of any device/entity/component to which
the connected intersection connects.

For example, use [OCSP] stapling when running TLS 1.3, or download [CRLSs].

3.3.4.9.2.2 Drop Connections

If an RSU or a TSC infrastructure finds that a device is or seeks to be connected to does not have a valid
certificate, the CI device shall disconnect or drop the connection attempt to that other device. A certificate
may be invalid because it has been revoked or is expired.

3.3.49.3 Credential System Access - SCMS Requir ements

The requirements to support SCMS credentials follow.

3.3.4.9.3.1 Connectivity Requirement

An RSU shall support connecting to an approved SCMS as per RSU Standard v1.0 requirement
3.3.5.10.3.1 SCMS Connectivity Requirement - CAMP, or RSU Standard v1.0 requirement 3.3.5.10.3.2
SCMS Connectivity Requirement - IEEE Std 1609.2.1, as appropriate.
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The MAP Data Server component in charge of signing MAP messages shall support connecting to an
approved SCMS.

3.3.4.9.3.2 Download SCMS Files

An RSU shall download updated CRLs and SCMS files within a time frame indicated in the current stored
CRL file, as in the RSU Standard v1.0, requirements 3.3.5.10.5.1 Download CRL Requirements - CAMP
and 3.3.5.10.6.1 Download SCMS Files - CAMP; or 3.3.5.10.5.2, Download CRL Requirements 1 IEEE
Std 1609.2.1, and 3.3.5.10.6.2 Download SCMS Files - IEEE 1609.2.1, as appropriate.

3.4 Testing and Conformance Management
3.4.1 Test Documentation

The requirements for test documentation for a connected intersection follow.

3.4.1.1 Test Documentation Overview [Informative]

The definitions for the various test documents are the following:

1 Test. (A) A set of one or more test cases. (B) A set of one or more test procedures. (C) A set of
one or more test cases and procedures. (adopted from IEEE Std 610.12-1990 [B3] (D) The
activity of executing (A), (B), and/or (C). [IEEE Std 829-2008. Section 3.1.39]

1 Testing. (A) An activity in which a system or component is executed under specified conditions,
the results are observed or recorded, and an evaluation is made of some aspect of the system or
component. (B) To conduct an activity as in (A). [IEEE Std 829-2008. Section 3.1.46]

1 Test Case. (A) A set of test inputs, execution conditions, and expected results developed for a
particular objective, such as to exercise a particular program path or to verify compliance with a
specific requirement. (B) Documentation specifying inputs, predicted results, and a set of
execution conditions for a test item. (adopted from IEEE Std 610.12-1990 [B2]). [IEEE Std 829-
2008. Section 3.1.41]

1 Test Plan. (A) A document describing the scope, approach, resources, and schedule of intended
test activities. It identifies test items, the features to be tested, the testing tasks, who will do each
task, and any risks requiring contingency planning. (B) A document that describes the technical
and management approach to be followed for testing a system or component. Typical contents
identify the items to be tested, tasks to be performed, responsibilities, schedules, and required
resources for the testing activity. [IEEE Std 829-2008. Section 3.1.49]

1 Test Procedure. (A) Detailed instructions for the setup, execution, and evaluation of results for a
given test case. (B) A document containing a set of associated instructions as in (A). (C)
Documentation that specifies a sequence of actions for the execution of a test. (adopted from
IEEE Std 982.1TM-2005 [B7]). [IEEE Std 829-2008. Section 3.1.50]

NOTE: See section 2.8.4 for a description of test documentation relationships.

3.4.1.2 Test Plan Requirements

A test plan is defined as: (A) A document describing the scope, approach, resources, and schedule of
intended test activities. It identifies test items, the features to be tested, the testing tasks, who will do each
task, and any risks requiring contingency planning. (B) A document that describes the technical and
management approach to be followed for testing a system or component. Typical contents identify the
items to be tested, tasks to be performed, responsibilities, schedules, and required resources for the
testing activity. [IEEE Std 829-2008. Section 3.1.49]

A connected intersection test plan shall contain the following sections and structure.
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3.41.21 Testltems

A connected intersection test plan shall identify the test items (interfaces, modules, software, or system)
that are the object of testing. [IEEE Std 829-2008. Section 9.2.1]

3.4.1.2.2 Features to be Tested

A connected intersection test plan shall identify all software product or software-based system features
and combinations of software or system features to be tested. [IEEE Std 829-2008. Section 9.2.3]

3.41.2.3 Features notto be Tested

A connected intersection test plan shall identify all features and known significant combinations of
features that will not be tested and the rationale for exclusion. [IEEE Std 829-2008. Section 9.2.4]

3.41.24 Test Coverage

A connected intersection test plan shall specify the requirement(s) for test coverage. Test coverage is an
indication of the degree to which the test IEBESKh has
829-2008. Section 9.4.3]

3.4.1.2.5 Item Pass/Fail Criteria

A connected intersection test plan shall specify the criteria to be used to determine whether each test

item has passed or failed testing. This is commonly based on the number of anomalies found. For

example, specify that all mandatory items pass for an item to pass. [I[EEE Std 829-2008. Section 9.2.6]
1 Message Level Testing

o SPaT
o MAP
o RTCM

1 End-to-End Testing
0 Test Point A to Test Point B
1 Field Level Testing (Reference Implementation)

3.41.2.6 Requirements to Test Case Traceability Matrix

A connected intersection test plan shall specify both the necessary and the desired properties of the test
environment and any relevant test data. This may include the physical characteristics of the facilities,
including the hardware, the off-the-shelf software, the test support tools and databases, personnel
(identifying their organizations as appropriate), and anything else needed to support the test. It includes
the environment for setup before the testing, execution during the testing (including data capture), and
any post-testing activities (e.g., data reduction and analysis). Also specify the level of security that must
be provided for, and any safety issues related to, the testing facilities, software, and any proprietary
components. It may include externally provided content topics (possibly provided by third parties)
including systems and/or subsystems. Identify the source(s) for all of these needs. [IEEE Std 829-2008.
Section 9.3.2]

3.41.27 Organization Requirements

A connected intersection test plan shall provide an overview of the organizational content topic(s) and
responsibilities for testing tasks. Identify organizational components and their primary (they are the task
leader) and secondary (they are not the leader, but providing support) test-related responsibilities. [IEEE
Std 829-2008. Section 8.1.5.5]
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3.41.2.8 Roles and Responsibilities

A connected intersection test plan shall identify the individuals or groups responsible for managing,
designing, preparing, executing, witnessing, checking results, and for resolving the anomalies found.
[IEEE Std 829-2008. Section 9.3.3]

3.4.1.2.9 Resources Summary

A connected intersection test plan shall summarize the test resources, including staffing, facilities, tools,
and special procedural requirements (e.g., security, access rights, and documentation control). [I[EEE Std
829-2008. Section 8.1.5.4]

3.4.1.2.10 Test Schedule

A connected intersection test plan shall describe the test activities within the project life cycle and
milestones. Summarize the overall schedule of the testing tasks, identifying where task results feed back
to the development, organizational, and supporting processes (e.g., quality assurance and configuration
management). A connected intersection test plan shall describe the task iteration policy for the re-
execution of test tasks and any dependencies. [IEEE Std 829-2008. Section 8.1.5.2]

3.4.1.211 Document Procedures and History

A connected intersection test plan shall specify the means for identifying, approving, implementing, and
recording changes to the test plan. This may be recorded in an overall configuration management system
that is documented in a Configuration Management Plan that is referenced here. The change procedures
need to include a log of all of the changes that have occurred since the inception of the test plan. This
may include a Document ID (every testing document should have a unique ID connected to the system
project), version number (sequential starting with first approved version), description of document
changes, reason for changes (e.g., audit comments, team review, system changes), name of person
making changes, and role of person to document (e.g., document author, project manager, system
owner). [IEEE Std 829-2008. Section 8.3.2]

3.4.1.3 Test Case Requirements

A test case is defined as (A) A set of test inputs, execution conditions, and expected results developed for
a particular objective, such as to exercise a particular program path or to verify compliance with a specific
requirement. (B) Documentation specifying inputs, predicted results, and a set of execution conditions for
a test item. (adopted from IEEE Std 610.12-1990 [B2]). [IEEE Std 829-2008. Section 3.1.41]

A connected intersection test case shall contain the following sections and structure.

3.4.1.3.1 Test Case ldentifier

A connected intersection test plan shall describe the unique identifier needed by each test case so that it
can be distinguished from all other test cases. An automated tool may control the generation of the
identifiers. [IEEE Std 829-2008. Section 11.2.1]

3.41.3.2 Inputs

A connected intersection test case shall specify each input required to execute each test case. Some
inputs will be specified by value (with tolerances where appropriate), whereas others, such as constant
tables or transaction files, will be specified by name. [IEEE Std 829-2008. Section 11.2.3]
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3.4.1.3.3 Outcomes

A connected intersection test case shall specify all outputs and the expected behavior (e.g., response
time) required of the test items and provide the exact value(s) (with tolerances where appropriate). [[EEE
Std 829-2008. Section 11.2.4]

3.41.3.4 Feature Pass/Fail Criteria

A connected intersection test case shall specify the criteria to be used to determine whether the feature or
feature combination has passed or failed. [IEEE Std 829-2008. Section 10.2.4]

3.41.3.5 Intercase Dependencies

A connected intersection test case shall list the identifiers of test cases that must be executed prior to this
test case. The test case shall summarize the nature of the dependencies. If test cases are documented
(in a tool or otherwise) in the order in which they need to be executed, the Intercase Dependencies for
most or all of the cases may not be needed. [IEEE Std 829-2008. Section 11.2.7]

3.4.1.4 Test Procedure Requirements

A test procedure is defined as (A) Detailed instructions for the setup, execution, and evaluation of results
for a given test case. (B) A document containing a set of associated instructions as in (A). (C)
Documentation that specifies a sequence of actions for the execution of a test. (Adopted from IEEE Std
982.1TM-2005 [B7]). [IEEE Std 829-2008. Section 3.1.50]

The components of a test procedure follow.

3.4.1.41 Test Procedure Identifier

A connected intersection test procedure shall describe the unique identifier needed by each test
procedure so that it can be distinguished from other test procedures. An automated tool may control the
generation of the identifiers. [Adapted from [IEEE Std 829-2008. Section 11.2.1]

3.41.4.2 Test Case References

A connected intersection test procedure shall include references to relevant sections of any applicable
test item documentation (e.g., references to usage procedures). If this procedure executes test case(s),
provide reference(s) for all of them. [IEEE Std 829-2008. Section 12.1.3]

3.41.4.3 Requirements Verification Method(s)

A connected intersection test procedure shall identify a method of verification applied in the test
procedure. The verification method shall be one of the following:

1 Inspection. Examination of the system using one of your five senses. This test method is used
for verification through a visual comparison that the requirement has been satisfied. For example,
the Vendor shall provide training on the troubleshooting of the system, including local intersection
and central portions.

1 Demonstration. Manipulation of the system to verify that the results are as planned or expected.
This test method is used for a requirement that the system can demonstrate without external test
equipment.

1 Analysis. Verification of system using models, calculations and testing equipment. This test
method is used for a requirement that is fulfilled indirectly through a logical conclusion or
mathematical analysis of a result. For example, algorithms for congestion: the designer may need
to show that the requirement is met through the analysis of count and occupancy calculations in
software or firmware.

CTI 4501 v01.01
Cl Implementation Guide Page 98



9 Test. Verification of system using a controlled and predefined series of inputs to ensure specific
and predefined outputs are produced. This test method is used for a requirement that requires
some external piece of test equipment (such as logic analyzer or voltmeter).

3.41.4.4 Procedure Descriptions

A connected intersection test procedure shall contain high level descriptions of the test procedures.

3.4.1.4.4.1 Message Level Testing

A connected intersection test procedure shall contain Message Level Testing, which verifies the format,
structure, and content of data against a data specification.

3.4.1.4.4.1.1 Positive Testing

Message level testing for a connected intersection test procedure shall consist of positive testing, which
invokes a system function to verify a proper response outcome.

3.4.1.4.4.1.2 Negative Testing

Message level testing for a connected intersection test procedure shall consist of negative testing, which
invokes a system error outcome to verify that the system responds properly to errors caused from testing
inputs.

3.4.1.4.4.1.3 Boundary Testing

Message level testing for a connected intersection test procedure shall consist of boundary testing, which
are constructed to test the inputs and outputs of a system at the extremes in terms of value and size
ranges.

3.4.1.4.4.1.4 Referential Integrity Testing

Message level testing for a connected intersection test procedure shall consist of referential integrity
testing, which verifies the referential integrity as defined in a data specification of two or more messages.

3.4.1.4.4.2 End-to-End Testing - Packet Capture Analysis -based Testing

A connected intersection test procedure shall contain Message Level Testing, which relies on analysis
techniques to compare the synchronized time values from packet data captures at two defined test points.

3.4.1.4.4.3 Field Environment Testing

A connected intersection test procedure shall contain field environment testing.

3.41.45 Procedure Steps

A connected intersection test procedure shall include ordered description of the steps to be taken by each
participant. The connected intersection test procedure consists of the activities below (as applicable) for
each procedure; there may be one or multiple procedures in one Level Test Procedure document. The
connected intersection test procedure shall include the degree to which the procedure steps can be
varied and the process for determining the allowable degree of variation (if variance is allowed). [IEEE
Std 829-2008. Section 12.2.2]. The steps cover the following:

1 Pre-test Equipment Setup and Configuration Verification
o Inventory of hardware, software, test tools
o Diagram(s)
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91 Data Collection Management

o Start Time/End Time

o Frequency of Collection of Data Points

o Data Format (specification) of Logged Data

o Data synchronization time markers to match test point data
1 Analysis Steps

o Calculations

0 Inspection of Data
1 Pass/Fail Determination
Security Permissions for Hardware and Network Access
1 SCMS (where applicable)

==

3.41.4.6 Relationship to other Procedures

A connected intersection test procedure shall describe any requirements it may have for other
procedures. Some examples of requirements for other test procedures include that they execute: Before
this one; concurrently with this one; subsequent to this one. [IEEE Std 829-2008. Section 12.1.4]

3.4.1.4.7 Procedure Special Requirements

A connected intersection test procedure shall identify all that is needed to execute the tests, including but
not limited to test cases, databases, automated tools, and external and/or third-party systems. A
connected intersection test procedure shall identify any special requirements that are necessary for the its
execution. These may include prerequisite procedures, special skill requirements, and special
environmental requirements. [IEEE Std 829-2008. Section 12.2.1]

3.4.1.5 TestLog Requirements

A connected intersection test log shall contain the following sections and structure.

3.4151 TestLog - Descriptions

A connected intersection test log shall provide any general information that applies to all entries in the log
(exceptions can be specifically noted in a log entry). The following information may be considered:

1 Identify the items being tested

91 Date and time of start and stop

1 Name of the individual running the test

1 Any issue that causes testing to halt
[IEEE Std 829-2008. Section 13.2.1]

3.41.5.2 TestLog - Activity and Event Entries

A connected intersection test log shall Record activities/events for each relevant detail, including the
beginning and end of activities, and the occurrence date and time along with the identity of the author.
[[EEE Std 829-2008. Section 13.2.2]
The details covered shall include:
1 Context
0 Test Case Identifier
0 Test Procedure Identifier
1 Start Date/Time
1 Procedure Results. For each execution, create a record of the results (manually or automated
by a tool). Record the success or failure of each test case. [IEEE Std 829-2008. Section 13.2.2.2]
0 Test Case Pass/Fail
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1 Anomaly Report Identifiers. Record the identifier of each test Anomaly Report, whenever one is
opened. [IEEE Std 829-2008. Section 13.2.2.5]

3.4.1.6 Test Anomaly Report Requirements

A connected intersection test anomaly report shall contain the following sections and structure.

3.41.6.1 Test Anomaly Report Identifier

A connected intersection test anomaly report shall have unique identifications for anomaly reports.

3.41.6.2 Test Anomaly Report - Date Anomaly Discovered

A connected intersection test anomaly report shall record the date and time that the anomaly was first
identified. [IEEE Std 829-2008. Section 14.2.2]

3.41.6.3 Test Anomaly Report - Context

A connected intersection test anomaly report shall Identify the test items involved indicating their
version/revision level. References to the appropriate Test Procedure, Test Case, and Test Log may be
supplied. [IEEE Std 829-2008. Section 14.2.3]

3.41.6.4 Test Anomaly Report - Description of the Anomaly

A connected intersection test anomaly report shall provide a description of the anomaly. Indicate whether
the anomaly is reproducible, and provide enough information to make it reproducible if it is. [I[EEE Std
829-2008. Section 14.2.4]

For example, anomalies may pertain to:
1 Hardware (Connections, Cabinet, Wiring, etc.)
1 Software and Unit:
0 RSU Message Receiver
o RSU
o Traffic Signal Controller
0 Test Software
1 Operator Error

3.41.6.5 TestAnomaly Report - Assessment of Urgency

A connected intersection test anomaly report shall provide an evaluation of the need for an immediate
repair. See IEEE Std 1044-1993 [B13] for suggested categories. Most organizations have from three to
five categories, where the most serious category means that the product is unusable, and the least
serious is a cosmetic anomaly. Include any relevant risk analysis and conclusions about risk. Categories
may include the following:
1 Immediate
o Software fix
o0 Update project documentation
0 Operator Training
0 Testware fix
o0 Outside vendor/Third Party
1 Eventual
0 Software fix
o Update project documentation
0 Operator Training
0 Testware fix
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o Outside vendor/Third Party
1 Deferred
o Fixin later release
o Waiver requested (reference)

T No fix
o No problem found
o Waiver requested (reference)
o Fix not justifiable
o Fix not identifiable

0 Obsolete
[[EEE Std 829-2008. Section 14.2.6]

3.41.6.6 Test Anomaly Report - Description of the Corrective Action

A connected intersection test anomaly report shall summarize the activities during the corrective action
taken to resolve the reported anomaly. It may include the time, effort, and risk required for the fix(es), with
the actual time and effort added after the fix is completed. The corrective action may be deferral or
retirement of a duplicate. [IEEE Std 829-2008. Section 14.2.7]

3.4.1.6.7 Test Anomaly Report - Conclusions and Recommendations

A connected intersection test anomaly report shall specify any recommendations for changes to the
development and/or testing processes and documentation that would help to prevent this kind of anomaly
in the future. This may include identification of the source or injection point of the anomaly. [IEEE Std
829-2008. Section 14.2.9]

3.4.1.7 Conformance Summary Report Requirements

A connected intersection conformance summary report shall contain the following sections and structure.

3.41.71 Conformance Summary

A connected intersection conformance summary report shall identify the cumulative result of testing
(Pass/Fail) as to whether a Connected Intersection is conformant with this CI Implementation Guide.

3.41.7.2 Summary of Testing Activities

A connected intersection conformance summary report shall provide an executive-level summary of all
test activities performed in support of this release, increment, or version. The activities identified in this
section of the report should correspond to the test activities described in the Test Plan. [IEEE Std 829-
2008. Section 17.2.1]

3.4.1.7.3 Summary of Testing Task Results

A connected intersection conformance summary report shall provide an executive-level summary of all
testing tasks performed in support of this release, increment, or version. The tasks identified in this
section of the report should correspond to the test tasks described in the Test Plan. [IEEE Std 829-2008.
Section 17.2.1] This section also references Summary of Pass/Fail Results.

3.41.74 Summary of Anomalies and Resolutions

A connected intersection conformance summary report shall provide a categorized summary of anomalies
discovered during testing performed in support of this release, increment, or version. Provide separate
summaries for those anomalies that are resolved and those that remain unresolved. [IEEE Std 829-2008.
Section 17.2.1]
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3.41.7.5 Summary of Pass/Fail Results

A connected intersection conformance summary report should be organized to include Test Item, Test
Case, and Test Procedure.
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Section 4
System Design Details [Normative]

Section 4 defines the system design details based on the requirements identified in the Functional
Requirements section (See Section 3). Section 4 includes the following:

a) A tutorial

b) A Requirements Traceability Matrix (RTM). The RTM links the requirements presented in
Section 3 with the design details that describe how to fulfill each requirement. Using this
table, each requirement can then be traced in a conformant way.

C) Design Details. Contains the details, guidance, and examples on how to fulfill a requirement.

Section 4 is intended for the following readers:

a) System integrators

b) Device manufacturers/vendors
C) Central system developers

d) Conformance testers

e) Other interested parties

For the first four categories of readers, Section 4 is useful in understanding the details of this Cl
Implementation Guide. For these readers, Section 3.2.3 is particularly useful in preparing procurement
specifications and assists in mapping the various rows of the NRTM table to the more detailed text
contained within the other sections.

For the last category of readers, this section is useful to understand how particular functions and
information are to be implemented to conform to the CI Implementation Guide.

4.1 Tutorial [Informative]

The Requirements Traceability Matrix (RTM) in Section 4.2.3 identifies the design details that fulfills each
of the requirements defined in Section 3.3. The design details that fulfill the requirements can be
categorized as follows:

1 Design details that do not require additional explanation. Some requirements do not require
additional details on how to fulfill the requirement - those requirements are identified by "No
Further Design Details" in the RTM.

Design details that can be found in another reference

Design details that require additional guidance or explanation. These design details are found in
Section 4.3.

= =4

4.2 Requirements Traceability Matrix

The Requirements Traceability Matrix (RTM) links the requirements as in Section 3.3 with the
corresponding design details on the same line. Using this table, each requirement in Section 3.3 can thus
be traced in a conformant way. Each requirement points to either other sections of the standard where
the formal design details on how to fulfill the requirement is described, provides no additional design
details because the requirement is self-explanatory, or points to a normative reference that fulfills the
requirement. In the latter case, the design details necessary to fulfill the requirement is contained within
the normative reference.

To conform to a requirement, a connected intersection shall implement the design details traced from that
requirement.
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4.2.1 Notation [Informative]
4.2.1.1 Functional Requirement Columns

The functional requirements are defined within Section 3.3 and the RTM is based upon the requirements
within that Section. The section number and the functional requirement name are indicated within these
columns.

4.2.1.2 Design D etails

The "Design Details" column either provides a hyperlinked reference to a section number where the
design details are defined within Section 4, provides an external, normative reference that provides the
details on how to fulfill the requirement, or indicates "No Further Design Details" because no additional
design information is necessary (i.e., the requirement is self-explanatory).

4.2.1.3 Additional Specifications

The "Additional Specifications" column may (and should) be used to provide additional notes and
requirements or may be used by an implementer to provide any additional details about the
implementation.

4.2.2 Instructions for Completing the RTM [Informative]

To find the conformant design content for a functional requirement, search for the requirement
identification (section) number or functional requirement under the appropriate column. Next to the
functional requirements column are columns that define the conformant design details that fulfills the
requirement. The columns either reference a section within this standard describing how the requirement
is to be fulfilled; points a normative reference describing how to fulfill the functional requirement; or
indicates "No Further Design Details" because no additional design information is necessary. The
"Additional Specifications" column provides additional notes or details about the design content.
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4.2.3 Requirements Traceability Matrix (RTM) Table

Requirements Traceability Matrix (RTM)
FR ID Functional Requirement Design Detail Additional
Specification
3.3 Requirements
3.3.1 Architectural Requirements
3.3.1.1 IEEE Std 802.11-2016 (DSRC) See |IEEE Std 802.11-2016
33111 User Priority Levels
3.31.11.1 User Priority Level T SPaT Message |See IEEE Std 802.11-2016
3.31.1.12 User Priority Level T MAP Message See IEEE Std 802.11-2016
3.3.1.1.1.3 User Priority Level T RTCMcorrections |See IEEE Std 802.11-2016
Message
3.3.1.2 3GPP PC5 Mode 4 (Release 14 or 15 |See 3GPP TS 23.285
(C-V2X))
3.3.1.2.1 ProSe Per Packet Priority (PPPP)
3.31.21.1 ProSe Per Packet Priority i SPaT See SAE J3161 202204.
Message
3.3.1.2.1.2 ProSe Per Packet Priority i MAP See SAE J3161 202204.
Message
3.3.1.2.1.3 ProSe Per Packet Priority 1 See SAE J3161_202204.
RTCMcorrections Message
3.3.1.2.2 One Shot Transmission See SAE J3161 202204.
3.3.2 TSC Infrastructure to RSU
Requirements
3.3.2.1 TSC Infrastructure Signal Timing Data
Requirements
3.3.2.1.1 SPaT Information Messages
Requirements
332111 NTCIP 1202 vO3A SPaT Information  |See 4.3.2.1.1.1, NTCIP 1202A v03 SPaT Information
3.3.21.1.2 TSCBM SPaT Information See 4.3.2.1.1.2, TSCBM SPaT Information
3.3.2.1.1.3 SPaT Message See 4.3.2.1.1.3, SPaT Message
3.3.2.1.2 TSC Infrastructure SPaT Information |No Further Design Details
Message Transmission Rate
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Requirements Traceability Matrix (RTM)

FR ID Functional Requirement Design Detail Additional
Specification

3.3.2.1.3 TSC Infrastructure SPaT Information |No Further Design Details
Message Transmission Failure
Threshold

3.3.2.14 TSC Infrastructure SPaT Information  |No Further Design Details
Average Message Update Latency

3.3.2.15 TSC Infrastructure Processing Latency |No Further Design Details

3.3.2.2 Signal Timing Status Requirements

3.3.2.21 TSC Infrastructure Manual Control See 4.3.2.2.1, TSC Infrastructure Manual Control
Indication Indication

3.3.2.2.2 TSC Infrastructure Stop Time See 4.3.2.2.2, TSC Infrastructure Stop Time Indication
Indication

3.3.2.2.3 TSC Infrastructure Cabinet Flash See 4.3.2.2.3, TSC Infrastructure Cabinet Flash
(Exception Flash) Indication (Exception Flash) Indication

3.3.224 TSC Infrastructure Controller Flash See 4.3.2.2.4, TSC Infrastructure Controller Flash
(Operational Flash) Indication (Operational Flash) Indication

3.3.2.25 TSC Infrastructure Preemption See 4.3.2.2.5, TSC Infrastructure Preemption Operation
Operation Indication Indication

3.3.2.2.6 TSC Infrastructure Priority Operation |See 4.3.2.2.6, TSC Infrastructure Priority Operation
Indication Indication

3.3.2.2.7 TSC Infrastructure Fixed Time Control |See 4.3.2.2.7, TSC Infrastructure Fixed Time Control
Indication Indication

3.3.2.2.8 TSC Infrastructure Non-Fixed Time See 4.3.2.2.8, TSC Infrastructure Non-Fixed Time Control
Control

3.3.2.3 TSC Infrastructure

3.3.23.1 TSC Infrastructure Assured Green End |See 4.3.2.3.1, TSC Infrastructure Assured Green End
Time (AGET) Time (AGET) Design

3.3.2.3.2 TSC Infrastructure Assured Green See 4.3.2.3.2, TSC Infrastructure Assured Green Period
Period (AGP) Design Details

3.3.2.33 TSC Infrastructure Minimum End Time |See 4.3.2.3.3, TSC Infrastructure Minimum End Time with
With AGP AGP Design Details

3.3.3 Message Requirements

3.3.3.1 Message Performance Requirements

3.3.3.1.1 Uniform Message Requirements
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3.33.1.11 SPaT Message - SAE J2735 See MSG_SignalPhaseAndTiming Message (SPaT) in
SAE J2735 202007

3.3.3.1.1.2 SPaT Message - Mandatory Data See MSG_SignalPhaseAndTiming Message (SPaT) in
Elements SAE J2735 202007

3.3.3.1.13 SPaT Message - Cl Mandatory Data  |See 4.3.3.1.1.3, SPaT Message - Cl Mandatory Data
Elements Element Design Details

3.3.3.1.14 SPaT Message PSID See 4.3.3.1.1.4, SPaT Message PSID

3.3.3.1.15 MAP Message - SAE J2735 See MSG_MapData (MAP) in SAE J2735_202007.

3.3.3.1.1.6 MAP Message - Mandatory Data See MSG_MapData (MAP) in SAE J2735_202007.
Elements

3.3.31.17 MAP Message - Required Data See 4.3.3.1.1.7, MAP Message - Required Data Elements
Elements

3.3.3.1.1.8 MAP Message PSID See 4.3.3.1.1.8, MAP Message PSID

3.3.3.1.1.9 RTCMcorrections Message - SAE See MSG_RTCMcorrections (RTCM) in SAE
J2735 J2735_202007

3.3.3.1.1.10 RTCMcorrections Message - See MSG_RTCMcorrections (RTCM) in SAE
Mandatory Data Elements J2735 202007

3.3.3.1.1.11 RTCMcorrections Message - Required |See 4.3.3.1.1.11, RTCMcorrections Message - Required
Data Elements Data Elements

3.3.3.1.1.12 RTCMocorrections Message PSID See 4.3.3.1.1.12, RTCMcorrections Message PSID

3.3.3.1.2 Robustness Requirements

3.3.31.21 Broadcast SPaT Message See 4.3.3.1.2.1, Broadcast SPaT Message Design Details

3.3.3.1.3 Concise Messages Requirements

3.3.3.1.3.1 Transport Message Size - WAVE See 4.3.3.1.3.1, Transport Message Size - WAVE

3.3.3.1.3.2 Concise MAP Message Requirements

3.3.3.1.3.21 Nodes by Offsets See 4.3.3.1.3.2.1, Nodes by Offsets

3.3.3.1.3.2.2 Computed Lanes Requirements

3.3.3.1.3.2.2.1 Computed Lane - Lane Identifier See 4.3.3.1.3.2.2.1, Computed Lane - Lane Identifier

3.3.3.1.3.2.2.2 Computed Lane - X-Offset See 4.3.3.1.3.2.2.2, Computed Lane - X-Offset

3.3.3.1.3.2.2.3 Computed Lane - Y-Offset See 4.3.3.1.3.2.2.3, Computed Lane - Y-Offset

3.3.3.1.3.2.24 Computed Lane - Angle See 4.3.3.1.3.2.2.4, Computed Lane - Angle

3.3.3.14 Advanced Notification Requirements

3.3.3.14.1 Data Coverage - Every Lane See 4.3.3.1.4.1, Data Coverage - Every Lane
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3.3.3.1.4.2 Advanced Notification - Time See 4.3.3.1.4.2, Advanced Notification - Time

3.3.3.15 Timeliness Requirements

3.3.3.15.1 SPaT Message - Broadcast Periodicity [No Further Design Details

3.3.3.15.2 SPaT Message - Broadcast Latency See 4.3.3.1.5.2, SPaT Message - Broadcast Latency

3.3.3.1.5.3 MAP Message - Broadcast Periodicity [No Further Design Details

3.3.3.1.6 Quality Assurance Requirements

3.3.3.1.6.1 Completeness - SPaT Message See 4.3.3.1.6.1, Completeness - SPaT Message

3.3.3.1.6.2 Completeness - MAP Message See 4.3.3.1.6.2, Completeness - MAP Message

3.3.3.2 Generic Message Requirements

3.3.3.2.1 Time Accuracy See 4.3.3.2.1, Time Accuracy

3.3.3.2.2 Message Revision Requirements

3.3.3.2.21 SPaT Message - Revision Counter See 4.3.3.2.2.1, SPaT Message - Revision Counter
Increment Increment

3.3.3.2.2.2 SPaT Message - Revision Counter Not |See 4.3.3.2.2.2, SPaT Message - Revision Counter Not
Increment Increment

3.3.3.2.23 MAP Message - Revision Counter See 4.3.3.2.2.3, MAP Message - Revision Counter
Increment Increment

333224 MAP Message - Revision Counter Not (See 4.3.3.2.2.4, MAP Message - Revision Counter Not
Increment Increment

3.3.3.2.25 MAP Message - Intersection Revision |See 4.3.3.2.2.5, MAP Message - Intersection Revision
Counter Increment Counter Increment

3.3.3.2.2.6 MAP Message - Intersection Revision |See 4.3.3.2.2.6, MAP Message - Intersection Revision
Counter Not Increment Counter Not Increment

3.3.3.2.2.7 RTCMcorrections Message - Sequence|See 4.3.3.2.2.7, RTCMcorrections Message - Sequence
Number Increment Number Increment

3.3.3.2.28 RTCMcorrections Message - Sequence|See 4.3.3.2.2.8, RTCMcorrections Message - Sequence
Number Not Increment Number Not Increment

3.3.3.2.3 Timestamp Requirements

3.3.3.23.1 SPaT Message - Message Time Stamp |See timestamp (DE_MinuteOfTheYear) for

MSG_SignalPhaseAndTiming Message in SAE
J2735_202007
3.3.3.2.3.2 SPaT Message - Intersection Time See 4.3.3.2.3.2, SPaT Message - Intersection Time Stamp

Stamp
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3.3.3.3 Signal Timing Data Requirements

3.3.33.1 Intersection Identification
Requirements

3.3.33.1.1 Intersection Signal Timing Information |See intersections (DF_IntersectionStateList) for

MSG_SignalPhaseAndTiming Message in SAE
J2735 202007

3.3.3.3.1.2 Road Regulator Identifier See 4.3.3.3.1.2, Road Regulator Identifier

3.3.3.3.1.3 Intersection Reference Identifier See 4.3.3.3.1.3, Intersection Reference Identifier

3.3.3.3.2 Intersection Status Requirements

3.3.3.3.2.1 Manual Control See 4.3.3.3.2.1, Manual Control

3.3.3.3.2.2 Stop Time See 4.3.3.3.2.2, Stop Time

3.3.3.3.23 Failure Flash See 4.3.3.3.2.3, Failure Flash

3.3.3.3.24 Preemption See 4.3.3.3.2.4, Preemption

3.3.3.3.25 Priority See 4.3.3.3.2.5, Priority

3.3.3.3.2.6 Fixed Time See 4.3.3.3.2.6, Fixed Time

3.3.3.3.2.7 Traffic Dependent Mode See 4.3.3.3.2.7, Traffic Dependent Mode

3.3.3.3.2.8 Standby Mode See 4.3.3.3.2.8, Standby Mode

3.3.3.3.2.9 Failure Mode See 4.3.3.3.2.9, Failure Mode

3.3.3.3.2.10 Controller Off See 4.3.3.3.2.10, Controller Off

3.3.3.3.2.11 Recent MAP Update See 4.3.3.3.2.11, Recent MAP Update

3.3.3.3.2.12 New Lane IDs See 4.3.3.3.2.12, New Lane IDs

3.3.3.3.2.13 No MAP Available See 4.3.3.3.2.13, No MAP Available

3.3.3.3.2.14 No SPaT Available See 4.3.3.3.2.14, No SPaT Available

3.3.3.3.3 Current Movement State Requirements

3.3.3.3.3.1 Current Movement State for a Signal  |See 4.3.3.3.3.1, Current Movement State for a Signal
Group Group

3.3.3.3.3.2 Unknown Current Movement State for |See 4.3.3.3.3.2, Unknown Current Movement State for a
a Signal Group Signal Group

3.3.3.3.3.3 Flashing Yellow Arrow Permissive See 4.3.3.3.3.3, Flashing Yellow Arrow Permissive
Movement Movement

3.3.3.3.34 Protected and Permissive Clearance |See 4.3.3.3.3.4, Protected and Permissive Clearance

3.3.3.3.35 Resolve Protected Versus Permissive |See 4.3.3.3.3.5, Resolve Protected Versus Permissive
Movement Movement
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3.3.3.3.3.6 Conflict Causes Permissive See 4.3.3.3.3.6, Conflict Causes Permissive

3.3.3.3.3.7 No Conflict Causes Protected See 4.3.3.3.3.7, No Conflict Causes Protected

3.3.3.3.3.8 WALK State Enumeration (No Conflict) |See 4.3.3.3.3.8, WALK State Enumeration (No Conflict)

3.3.3.3.3.9 WALK State Enumeration (Potential See 4.3.3.3.3.9, WALK State Enumeration (Potential
Conflict) Conflict)

3.3.3.3.3.10 Fl ashing DONOT WALSee4.333310,FI ashing DONO6T WAL
Enumeration Enumeration

3.3.3.3.3.11 Steady DONSO T WALK St atSee4.3.3.3.3.11,SteadyDONS6 T WALK St at
Enumeration Enumeration

3333312 :\c/ljg\r/](tah[iT:aednt State for Signal Groups No Further Design Details

3.3.3.34 Next Movement State Requirements

3.3.3341 Next Movement State See 4.3.3.3.4.1, Next Movement State

3.3.3.34.2 Unknown Next Movement State See 4.3.3.3.4.2, Unknown Next Movement State

3.3.3.34.3 No Past State No Further Design Details

3.3.3.35 Time Change Details Requirements

3.3.3.35.1 Time Change Details See 4.3.3.3.5.1, Time Change Details

3.3.3.3.5.2 Unknown Time Change Detail See 4.3.3.3.5.2, Unknown Time Change Detall

3.3.3.35.3 Minimum End Time See 4.3.3.3.5.3, Minimum End Time

3.3.3.354 Maximum End Time See 4.3.3.3.5.4, Maximum End Time

3.3.3.355 Unknown Maximum End Time See 4.3.3.3.5.2, Unknown Time Change Detalil

3.3.3.3.5.6 No Current Movement State Start Time [No Further Design Details

3.3.3.35.7 Next Movement State Start Time See 4.3.3.3.5.7, Next Movement State Start Time

3.3.3.3.5.8 Next State Start Time Equals Current |See 4.3.3.3.5.8, Next State Time Start Equals Current
State Minimum End Time State Minimum End Time

3.3.3.3.6 Next Allowed Movement Requirements

3.3.3.36.1 Time of Next Allowed Movement See 4.3.3.3.6.1, Time of Next Allowed Movement

3.3.3.3.7 Enabled Lanes Indication See 4.3.3.3.7, Enabled Lanes Indication

3.3.3.3.8 SPaT Message - Accuracy No Further Design Details

3.3.34 Roadway Geometry Data
Requirements

3.3.34.1 Intersection Geometry Requirements
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3.334.11 Intersection Geometry Information See intersections (DF_IntersectionGeometryList) for
MSG_MapData in SAE J2735_202007
3.3.3.4.1.2 Intersection Geometry - Road See 4.3.3.4.1.2, Intersection Geometry - Road Regulator
Regulator Identifier Identifier
3.3.34.13 Intersection Geometry - Intersection See 4.3.3.4.1.3, Intersection Geometry - Intersection
Identifier Identifier
3.3.3414 Intersection Reference Point
Requirements
3.3.34.14.1 Intersection Reference Point - Position |See 4.3.3.4.1.4.1, Intersection Reference Point - Position
3.3.34.14.2 Intersection Reference Point - See 4.3.3.4.1.4.2, Intersection Reference Point -
Description Description
3.3.3.4.1.4.3 Intersection Reference Point Accuracy |See 4.3.3.4.1.4.3, Intersection Reference Point Accuracy
3.3.34.15 Default Lane Width See 4.3.3.4.1.5, Default Lane Width
3.3.34.16 Lane Identifier See 4.3.3.4.1.6, Lane Identifier
3.3.34.1.7 Center of Vehicle Lane Geometry See 4.3.3.4.1.7, Center of Vehicle Lane Geometry
3.3.3.4.1.8 Center of Crosswalk Lane Geometry |See 4.3.3.4.1.8, Center of Crosswalk Lane Geometry
3.3.3.4.1.9 Center of Pedestrian Landings See 4.3.3.4.1.9, Center of Pedestrian Landings Geometry
Geometry
3.3.3.4.1.10 Lane Description See 4.3.3.4.1.10, Lane Description
3.334.1.11 First Node Point - Ingress Vehicle Lane [See 4.3.3.4.1.11, First Node Point - Ingress Vehicle Lane
Design Details
3.3.34.1.12 First Node Point - Egress Vehicle Lane |See 4.3.3.4.1.12, First Node Point - Egress Vehicle Lane
Design Details
3.3.34.1.13 Node Offset from Intersection See 4.3.3.4.1.13, Node Offset from Intersection Reference
Reference Point Point
3334114 Node Elevatio_n Offset from Intersection |See 4.3.3.4.1._14, Node Elevation Offset from Intersection
Reference Point Reference Point
3.3.3.4.1.15 Offset from Previous Node See 4.3.3.4.1.15, Offset from Previous Node
3.3.3.4.1.16 Elevation Offset from Previous Node |See 4.3.3.4.1.16, Elevation Offset from Previous Node
3334117 Advanced Natification - Ingress Vehicle |See 4.3.3.4.1.17, Advanced Notification - Ingress Vehicle
Lane Lane
3.3.3.4.1.18 End Nodes - Crosswalk Lane See 4.3.3.4.1.18, End Nodes - Crosswalk Lane
3.3.3.4.1.19 End Nodes - Pedestrian Landing See 4.3.3.4.1.19, End Nodes - Pedestrian Landing
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3.3.3.4.1.20 Maximum Distance between Nodes See 4.3.3.4.1.20, Maximum Distance between Nodes
3.3.34.1.21 Maximum Number of Nodes See 4.3.3.4.1.21, Maximum Number of Nodes
3.3.3.4.1.22 Node Lane Width See 4.3.3.4.1.22, Node Lane Width
3.3.3.4.1.23 Node Accuracy See 4.3.3.4.1.23, Node Accuracy
3.3.3.4.2 Lane Attributes
3.3.34.2.1 Direction of Travel See 4.3.3.4.2.1, Direction of Travel
3.3.34.2.2 Lane Sharing See 4.3.3.4.2.2, Lane Sharing
3.3.3.4.2.3 Lane Type Attributes See 4.3.3.4.2.3, Lane Type Attributes
3.3.3.4.2.4 Lane Attributes - Vehicle See 4.3.3.4.2.4, Lane Attributes - Vehicle
3.3.3.4.25 Lane Attributes - Crosswalk See 4.3.3.4.2.5, Lane Attributes - Crosswalk
3.3.3.4.2.6 Lane Attributes - Bicycle See 4.3.3.4.2.6, Lane Attributes - Bicycle
3.3.3.4.2.7 Lane Attributes - Tracked Vehicles See 4.3.3.4.2.7, Lane Attributes - Tracked Vehicles
3.3.34.2.8 Lane Attributes - Parking See 4.3.3.4.2.8, Lane Attributes - Parking
3.3.3.4.3 Lane Maneuvers See 4.3.3.4.3, Lane Maneuvers
3.3.34.4 Connections Between Lanes
3.3.344.1 Lane Connections See 4.3.3.4.4.1, Lane Connections
3.3.3.4.4.2 Connection Egress Lane See 4.3.3.4.4.2, Connection Egress Lane
3.3.3443 Connection Maneuvers See 4.3.3.4.4.3, Connection Maneuvers
3.3.34.4.4 Connection Signal Group See 4.3.3.4.4.4, Connection Signal Group
3.3.3.4.45 Include Only Permitted Connections See 4.3.3.4.4.5, Include Only Permitted Connections
3.3.3.45 Speed Limit Information Requirements
3.3.345.1 Default Speed Limit See 4.3.3.4.5.1, Default Speed Limit
3.3.3.4.5.2 Change in Lane Speed Limit See 4.3.3.4.5.2, Change in Lane Speed Limit
3.3.3.4.6 Revocable Lanes See 4.3.3.4.6, Revocable Lanes
3.3.34.7 MAP Message - Accuracy No Further Design Details
3.3.3.4.8 Signal Timing and Roadway Geometry

Information Synchronization
3.3.3.4.8.1 Matching Intersection Reference No Further Design Details

Identifier
3.3.3.4.8.2 Matching SPaT and MAP Version See 4.3.3.4.8.2, Matching SPaT and MAP Version
3.3.35 Positioning Messages
3.3.35.1 Positioning Corrections See 4.3.3.5.1, Positioning Corrections
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3.3.35.2 Real-Time Kinematics Requirements
3.3.3.5.2.1 RSU Proximity See 4.3.3.5.2.1, RSU Proximity
3.3.3.5.2.2 Minimum RTCM Corrections Broadcast [No Further Design Details
Frequency
3.34 Security Requirements
3.34.1 Connected Intersection System
Trustworthiness Requirements
3.34.11 SPaT Information Message See 4.3.4.1.1, SPaT Information Message
Trustworthiness - RSU Trustworthiness - RSU
3.34.1.2 SPaT Information Message See 4.3.4.1.2, SPaT Information Message
Trustworthiness - TSC Infrastructure  |Trustworthiness - TSC Infrastructure
3.3.4.1.3 MAP Data Trustworthiness See 4.3.4.1.3, MAP Data Trustworthiness
3.34.14 RTCM Corrections Data See 4.3.4.1.4, RTCM Corrections Data Trustworthiness
Trustworthiness
3.34.2 Connected Intersection System
Security Requirements
3.34.2.1 Secure Network See 4.3.4.2.1, Secure Network
3.3.4.2.2 Assurance of Connection to Correct See 4.3.4.2.2, Assurance of Connection to Correct
Network Network
3.3.4.3 Verification of Connected Intersection
System Security Requirements
3.34.3.1 Security Compliance Assessment See 4.3.4.3.1, Security Compliance Assessment
3.3.4.3.2 Point of Certification See 4.3.4.3.2, Point of Certification
3.3.4.4 Certificate Issuing Requirements
3.34.4.1 Certificate Issuance See 4.3.4.4.1, Certificate Issuance
3.3.4.4.2 Certificate Nonissuance See 4.3.4.4.2, Certificate Nonissuance
3.34.4.3 CIl Operation Security Practices See 4.3.4.4.3, Cl Operation Security Practices
3.34.4.4 RSU Security Standards See RSU Standard v1.0, Section 4.3.5.12 Secure
Management of X.509 Credentials for TLS Design Details
3.3.4.45 TSC Infrastructure Security Standards |See 4.3.4.4.5, TSC Infrastructure Security Standards
3.3.4.5 Security Against Cyber Attack

Requirements
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3.345.1 Cyber-Attack Recovery Plan See 4.3.4.5.1, Cyber-Attack Recovery Plan
3.3.4.5.2 Cyber-Attack Robustness See 4.3.4.5.2, Cyber-Attack Robustness
3.3.45.3 Network Protection See 4.3.4.5.3, Network Protection
3.3.4.6 Data Flow: Communications and
Interface Security Requirements
3.3.4.6.1 Interface between RSU and TMS
3.34.6.11 General RSU-TMS Interface
Requirements
3.34.6.1.1.1 Secure Transport of SNMPv3 See 4.3.4.6.1.1.1, Secure Transport of Use of SNMPv3
3.34.6.1.1.2 Use of (D)TLS for Management See 4.3.4.6.1.1.2, Use of (D)TLS for other Management
Protocols Protocols
3.3.4.6.1.1.3 Use of SSH See 4.3.4.6.1.1.3, Use of SSH
3.3.4.6.1.2 (D)TLS Certificate Requirements
3.34.6.1.2.1 (D)TLS Authentication - Installation See 4.3.4.6.1.2.1, (D)TLS Authentication - Installation
3.3.4.6.1.2.2 (D)TLS Authentication - Rejection See 4.3.4.6.1.2.2, (D)TLS Authentication - Rejection
3.3.4.6.1.2.3 RSU Certificate Security See 4.3.4.6.1.2.3, RSU Certificate Security
3.3.4.6.1.2.4 RSU Client Certificate Security See 4.3.4.6.1.2.4, RSU Client Certificate Security
3.3.4.6.2 Interface between RSU and SCMS See 4.3.4.6.2, Interface between RSU and SCMS
3.3.4.6.3 Interface between an RSU and the See 4.3.4.6.3, Interface between an RSU and the
OBU/MU OBU/MU
3.3.4.6.4 Interface between an RSU and the
TSC Infrastructure
3.34.6.4.1 Use of Secure Transport Protocol See 4.3.4.6.4.1, Use of Secure Transport Protocol
3.3.4.6.4.2 Use of TLS Protocol See 4.3.4.6.4.2, Use of (D)TLS Protocol
3.3.4.6.4.3 Protection against TSC Infrastructure (See 4.3.4.6.4.3, Protection against TSC Infrastructure
Reconfiguration from the RSU Reconfiguration from the RSU
3.34.6.4.4 Validation of Forwarded V2X See 4.3.4.6.4.4, Validation of Forwarded V2X Messages
Messages
3.3.4.6.5 Interface between the TMS and the See 4.3.4.6.5, Interface between the TMS and the TSC
TSC Infrastructure Infrastructure
3.3.4.6.6 Interface between the MAP Server and
the TMS
3.34.6.6.1 Secure Connection to MAP Server See 4.3.4.6.6.1, Secure Connection to MAP Server
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3.3.4.6.6.2 MAP Data Integrity See 4.3.4.6.6.2, MAP Data Integrity
3.3.4.6.6.3 MAP Data Signature See 4.3.4.6.6.3, MAP Data Signature
3.3.4.6.7 Interface between MAP Server and the |See 4.3.4.6.7, Interface between MAP Server and the
SCMS SCMS
3.3.4.7 Correct Operations Requirements
3.34.7.1 Device Protection Requirements
3.34.7.11 RSU Protection See 4.3.4.7.1.1, RSU Protection
3.3.4.7.1.2 Device Protection See 4.3.4.7.1.2, Device Protection
3.3.4.7.2 Secure Administration of RSU
3.34.7.21 Secure RSU Administration User See RSU Standard v1.0, Section 4.3.5.11 Secure
Interface Administration Design
3.34.7.2.2 Password Change Prompt See 4.3.4.7.2.2, Password Change Prompt
3.34.7.2.3 Remote Restart See RSU Standard v1.0, Section 4.2.3 Requirements
Traceability Matrix (RTM) Table, FR ID 3.3.2.1.2 RSU
Restarts
3.34.7.2.4 Log Restarts See RSU Standard v1.0, Section 4.3.2.3 Log Restarts
Design Details
3.3.4.7.25 Factory Default See RSU Standard v1.0, Section 4.3.2.2 Factory Default
Design Details
3.3.4.7.2.6 Protection against Tampering See 4.3.4.7.2.6, Protection against Tampering
3.34.7.2.7 Operational, Security and other Events |See RSU Standard v1.0, Section 4.3.5.13 Logging for
Logging - RSU General and Security Purposes Design Details
3.3.4.7.2.8 Operational Logging - TMS See 4.3.4.7.2.8, Operational Logging - TMS
3.3.4.7.2.9 Operational Logging - TSC See 4.3.4.7.2.9, Operational Logging - TSC Infrastructure
Infrastructure
3.3.4.7.2.10 Determine Mode of Operations See RSU Standard v1.0, Section 4.2.3 Requirements
Traceability Matrix (RTM) Table, FR ID 3.3.3.2.1
Determine Mode of Operations.
3.34.7.2.11 Determine Operational Status See RSU Standard v1.0, Section 4.3.3.1 Monitor Current
Status Design Details
3.3.4.7.2.12 Determine Operational Performance |See RSU Standard v1.0, Section 4.2.3 Requirements

Traceability Matrix (RTM) Table, FR ID 3.3.3.2.3
Determine Operational Performance
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3.3.4.7.2.13 Determine Operating Environment See RSU Standard v1.0, Section 4.2.3 Requirements
Traceability Matrix (RTM) Table, FR ID 3.3.3.2.4
Determine Operating Environment
3.3.4.7.2.14 Access Control Policy See 4.3.4.7.2.14, Access Control Policy
3.3.4.7.3 RSU Device Class Requirement No Further Design Details
3.34.7.4 TSC Device Class Requirement No Further Design Details
3.3.4.75 MAP Signer Device Class Requirement|{No Further Design Details
3.3.4.7.6 Authenticated Secure Update
Requirements
3.3.4.7.6.1 RSU Software and Firmware Updates |See 4.3.4.7.6.1, RSU Software and Firmware Updates
3.3.4.7.6.2 Trustworthiness of Software and See 4.3.4.7.6.2, Trustworthiness of Software and
Firmware Updates Firmware Updates
3.3.4.7.6.3 TSC Infrastructure Software and See 4.3.4.7.6.3, TSC Infrastructure Software and
Firmware Updates Firmware Updates
3.3.4.8 Network Monitoring Requirements See 4.3.4.8, Network Monitoring Design
3.3.4.9 Credential Management Requirements
3.3.4.9.1 Credential Provisioning i (D)TLS
Requirements
3.34.9.1.1 Start-up Initialization See 4.3.4.9.1.1, Start-up Initialization
3.3.49.1.2 Credential Updates See 4.3.4.9.1.2, Credential Updates
3.3.4.9.2 Management of Untrustworthy Devices
- TLS Requirements
3.3.4.9.2.1 Monitor Certificate Status See 4.3.4.9.2.1, Monitor Certificate Status
3.3.4.9.2.2 Drop Connections See 4.3.4.9.2.2, Drop Connections
3.3.4.9.3 Credential System Access - SCMS
Requirements
3.349.31 Connectivity Requirement See 4.3.4.9.3.1, Connectivity Design
3.3.4.9.3.2 Download SCMS Files See 4.3.4.9.3.2, Download SCMS Files
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4.3  Design Details

The design details to fulfill the requirements defined in Section 3.3 follow.

4.3.1 Architectural Design Details

The design details to fulfill the architectural requirements defined in Section 3.3.1 follow.

4.3.1.1 |IEEE Std 802.11-2016 (DSRC)

No design details provided at this time.

4.3.1.2 3GPP PC5 Mode 4 (Release 14 or 15 (C -V2X))

No design details provided at this time.

4.3.2 TSC Infrastructure to RSU Design Details

The design details to fulfill the requirements for a TSC infrastructure to provide signal timing information to
an RSU follow. These requirements are defined in Section 3.3.2.

4.3.2.1 TSC Infrastructure Signal Timing Data  Design Details

The design details to fulfill the requirements for a TSC infrastructure to provide signal phase and timing
data to an RSU follow. These requirements are defined in Section 3.3.2.1.

4.3.21.1 SPaT Information Messages Design Details

This design details to fulfill the requirements defined in Section 3.3.2.1.1 follow.

The SAE J2735 202007 SPaT message transmitted by a connected intersection uses SPaT information
sent from the TSC infrastructure to the RSU, and is called the SPaT information message in this
document (See Figure 14). Three formats in which SPaT information may be sent to the RSU are the
following:

a) Using the NTCIP 1202 vO3A Standard;

b) Using the V21 Hub Interface Control Document (V21 Hub ICD) Traffic Signal Controller Broadcast
Message (TSCBM); and

c) Using the MSG_SignalPhaseAndTiming Message (SPaT) message defined in SAE
J2735_202007.

TSC SPaT Information Message

Infrastructure + NTCIP 1202 vO3A

+ TSCBM
* UPERJ2735 SPaT

Signed UPER
12735 SPaT 7 0BU/MU

Figure 14. SPaT Information Message

4.3.2.1.1.1 NTCIP 1202A v03 SPaT Information

The design details to use NTCIP 1202 v0O3A to transmit a SPaT information message are as follows.

NTCIP 1202 vO3A defines data objects that provide the information needed by an RSU to generate a
UPER-encoded SPaT message. The requirements for generating the SPaT message can be found in
Section 3.5.4 of NTCIP 1202 vO3A. The design details to fulfill each of those requirements are found in
the Requirements Traceability Matrix for NTCIP 1202 vO3A, which is found in Annex A.3.
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The RSU then uses this information to generate a UPER-encoded SAE J2735_ 202007 SPaT message.

Notes:
1 A connected intersection uses UTC time (See 3.3.3.2.1, Time Accuracy), however not all TSC
infrastructure uses UTC time. Thus, an RSU must convert the timepoints (or ticks) provided by
the TSC infrastructure into UTC time to properly generate a SPaT message.

43.2.1.1.2 TSCBM SPaT Information

The design details to transmit a SPaT information message using the TSCBM is described in the section
titted Traffic Signal Controller Interface in Chapter 3 of the V2| Hub Interface Control Document (ICD).
This section describes the data objects that have to be exchanged between the TSC infrastructure and
the RSU. The data objects consist of NTCIP 1202 v02 data objects, as described in Table 3-2, NTCIP
1202 v03A Interface SNMP Data Objects, of the ICD; and additional data objects, listed in Table 3-3,
Extended SNMP Data Objects, of the ICD. The additional, or extended, data objects along with several
NTCIP data objects are sent in a single message, also known as the Traffic Signal Controller Broadcast
Message (TSCBM). The structure of the TSCBM is described in Table 3-4 of the ICD.

The RSU then uses this information to generate a UPER-encoded SAE J2735 202007 SPaT message.

Notes:

9 Times provided in the TSCBM are time to change, unlike the SAE J2735_ 202007 SPaT
message, which provides the time mark (time of change) when a signal indication will change.
Thus, an RSU must convert the time to change information into a time mark to properly generate
a SPaT message.

1 The TSCBM does not assign a signal group ID. Thus, an RSU has to have a translation table to
convert the phases/overlaps to a signal group ID to generate a SPaT message.

1 The TSCBM does not indicate if a movement/phase is a protected or permissive movement.
Thus, an RSU has to have a table to indicate if a phase/overlap is a protected or permissive
movement/clearance.

1 Some information required for the SPaT information is not provided by the TSC infrastructure and
must be provided by the RSU, such as intersection ID and enabled Lanes.

1 The RSU may have to convert the spatTimestamp in the TSCBM into UTC time. The
spatTimestamp may be based on the clock that the controller is using, which may be different
than UTC time.

4.3.2.1.1.3 SPaT Message

Some TSC infrastructure systems are capable of generating a UPER-encoded SAE J2735_ 202007 SPaT
message directly. If the TSC infrastructure system can generate a complete UPER-encoded SAE

J2735 202007 SPaT message, the TSC infrastructure system should transmit the SPaT message to the
RSU and store it in the Immediate Forward Message (IFM) table of the RSU.

The IFM table is called rsulFMStatusTable if the RSU complies with the RSU Specification v4.1, and is
also called the rsulFMStatusTable in NTCIP 1218 v01, or the proposed RSU Standard v1.0, which
references NTCIP 1218 v01. Note that although the IFM table has the same name in the RSU
Specification v4.1 MIB and NTCIP 1218 v01, the contents of the tables are different.

If the RSU is using NTCIP 1218 v01, upon receiving the UPER-encoded SPaT message, the appropriate
entry in the IFM table will determine what security processing is to be performed before the SPaT
message is broadcasted.
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4.3.21.2 TSC SPaT Information Message Transmission Rate

No design details provided at this time.

4.3.21.3 TSC SPaT Information Message Transmission Rate  Tolerance

No design details provided at this time.

4.3.21.4 TSC SPaT Information Message Update Latency

No design details provided at this time.

4.3.21.5 TSC Infrastructure Processing Latency

No design details provided at this time.

4.3.2.2 Signal Timing Status Design Details

The design details to fulfill the requirements for a TSC infrastructure to provide signal timing status to an
RSU follow. These requirements are defined in Section 3.3.2.2.

4.3.2.21 TSC Infrastructure Manual Control Indication  Design Detall

The design for the TSC infrastructure Manual Control Indication depends on what format is used to
exchange SPaT information from the TSC infrastructure to the RSU. Also see Annex A.2.1.9, Manual
Control.

4.3.2.2.1.1 TSC Infrastructure Manual Control Indication (NTCIP 1202 v03A)

When sending NTCIP 1202 vO3A data, NTCIP Object spatStatus Bit 0 is enabled (1) when NTCIP Object
unitControlStatus is set to remoteManualControl (9) or localManualControl (10). Otherwise, NTCIP Object
spatStatus Bit O is disabled (0).

4.3.2.2.1.2 TSC Infrastructure Manual Control Indication ( TSCBM)

When sending TSCBMs, TSCBM Byte 232 Bit 0 is set to 1 when NTCIP Object unitControlStatus is set to
remoteManualControl (9) or localManualControl (10). Otherwise, TSCBM Byte 232 Bit O is set to 0.

4.3.2.2.1.3 TSC Infrastructure Manual Control Indication (SAE J2735)

When sending SAE J2735 202007 SPaT messages, DE_ IntersectionStatusObiject Bit O is set to 1 when
NTCIP Object unitControlStatus is set to remoteManualControl (9) or localManualControl (10). Otherwise,
DE_ IntersectionStatusObject Bit 0 is set to 0. Also see Section 4.3.3.3.2.1.

4.3.2.2.2 TSC Infrastructure Stop Time Indication

The design for the TSC Infrastructure Stop Time Indication depends on what format is used to exchange
SPaT information from the TSC infrastructure to the RSU. Also see Annex A.2.1.8, Stop Time.

4.3.2.2.2.1 TSC Infrastructure Stop Time Indication (NTCIP 1202  v03A)

When sending NTCIP 1202 vO3A data, NTCIP Object spatStatus Bit 1 is enabled (1) when NTCIP Object
unitAlarmStatus2 Bit 4 is True (1). Otherwise, NTCIP Object spatStatus Bit 1 is disabled (0).
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4.3.2.2.2.2 TSC Infrastructure Stop Time Indication ( TSCBM)

When sending TSCBMs, TSCBM Byte 232 Bit 1 is set to 1 when NTCIP Object unitAlarmStatus?2 Bit 4 is
True (1). Otherwise, TSCBM Byte 232 Bit 1 is set to 0.

4.3.2.2.2.3 TSC Infrastructure Stop Time Indication (SAE J2735)

When sending SAE J2735_202007 SPaT messages, DE_IntersectionStatusObject Bit 1 is set to 1 when
NTCIP Object unitAlarmStatus2 Bit 4 is True (1). Otherwise, DE_IntersectionStatusObject Bit 1 is set to 0.
Also see Section 4.3.3.3.2.2.

4.3.2.2.3 TSC Infrastructure Cabinet Flash (Exception Flash) Indication

The design for the TSC Infrastructure Cabinet Flash (Exception Flash) Indication depends on what format
is used to exchange SPaT information from the TSC infrastructure to the RSU. Also see 4.3.3.3.2.3,
Failure Flash; Annex A.2.1.6, Hard Flashing Operation; and A.2.1.7, Tech Flash.

Cabinet Flash is any type of flash that is initiated and terminated by sources external to the controller.
There are two types of Cabinet Flash:

T AMoni t oisCdbihet Halshdcontrolled by the monitor in the following two scenarios:

o0 When resuming operation after a power loss or interruption, the monitor keeps the Flash Bus
energized for a minimum of 6 seconds before energizing the Signal Bus and transferring
control to the controller.

0 When a fault is detected by the monitor, it energizes the Flash Bus until either the fault is
cleared by pressing the Reset button on the monitor (latching fault) or, with certain types of
faults, when the condition that caused the fault is no longer present (non-latching fault).

1 ALocal isEdbiaet Fladh controlled by human-operated switches in the cabinet, typically

| abel ed f A\bha aréusell ByHechnicians to flash the signals when performing

maintenance on the controller (Tech Flash) or by police during unusual traffic conditions or

situations (Police Flash).

The end of Cabinet Flash is indeterminate because the controller does not know when the monitor is
going to be reset or when the flash swibchAhhieseforeg to
change details during Cabinet Flash cannot be supplied.

During Cabinet Flash, signal indications are determined by cabinet wiring (jumpers or flash program
blocks) rather than controller software, so the controller does not have intrinsic knowledge of the signal
indications during Cabinet Flash. A workaround for this may be provided in future versions of this
document, perhaps using new NTCIP objects (per-channel entry of Yellow, Red, or Dark to match
physical wiring) or real-time voltage and current measurements (where supported by serial cabinet
architectures).

Certain cabinet architectures such as NEMA TS 1 do not define Flash Sense inputs to the controller.
I00s using these cabinets are cautioned that, without special accommodations, controllers running in
these cabinets do not know that Cabinet Flash is active and may continue to cycle normally and
erroneously provide normal time change details and movement phase states to OBUs/MUs during
Cabinet Flash.

4.3.2.2.3.1 TSC Infrastructure Cabinet Flash (Exception Flash) Indication (NTCIP 1202 VvO3A)

When sending NTCIP 1202 vO3A data, NTCIP Object spatStatus Bit 2 is enabled (1) when NTCIP Object
unitFlashStatus is other (1), localManual (4), or mmu (6). Otherwise, NTCIP Object spatStatus Bit 2 is
disabled (0).

TSC Infrastructure can be in either Cabinet Flash or Controller Flash, but not both. Therefore, NTCIP
Object spatStatus Bit 2 and Bit 7 shall not simultaneously equal 1.
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4.3.2.2.3.2 TSC Infrastructure Cabinet Flash (Exception Flash) Indication ( TSCBM)

When sending TSCBM, TSCBM Byte 232 Bit 2 is set to 1 when NTCIP Object unitFlashStatus is other
(1), localManual (4), or mmu (6). Otherwise, TSCBM Byte 232 Bit 2 is set to 0.

TSC Infrastructure can be in either Cabinet Flash or Controller Flash, but not both. Therefore, TSCBM
Byte 232 Bit 2 and Bit 7 shall not simultaneously equal 1.

4.3.2.2.3.3 TSC Infrastructure Cabinet Flash (Exception Flash) Indication (SAE J2735)

When sending SAE J2735 202007 SPaT messages, DE_ IntersectionStatusObiject Bit 2 is set to 1 when
NTCIP Object unitFlashStatus Bit 2 is enabled (1) when NTCIP Object unitFlashStatus is other (1),
localManual (4), or mmu (6). Otherwise, DE_IntersectionStatusObject Bit 2 is set to 0. Also see Section
4.3.3.3.2.8.

TSC Infrastructure can be in either Cabinet Flash or Controller Flash, but not both. Therefore,
DE_IntersectionStatusObject Bit 2 and Bit 7 shall not simultaneously equal 1.

4.3.2.2.4 TSC Infrastructure Controller Flash (Operational Flash) Indication

The design for the TSC Infrastructure Controller Flash (Operational Flash) Indication depends on what
format is used to exchange SPaT information from the TSC infrastructure to the RSU. Also see
4.3.3.3.2.8, Standby Mode; and Annex A.2.1.5, Soft Flashing Operation.

Controller Flash is any type of flash that is initiated and terminated by the controller. The controller enters
and exits Controller Flash in a controlled, deterministic manner and, as such, shall provide time change
details for flash entry and flash exit intervals. The time change details that shall be provided differs by
Controller Flash type, of which there are four:

T AStart wp ikl ashransitory interval timed i mmediately
controller. The duration of Startup Flash is controlled by the NTCIP unitStartupFlash object, which
may be 0. The following time change intervals are deterministic during Startup Flash:
0 Minimum End Time: use NTCIP 1202 vO3A unitStartupFlash
1T AAut omat iscomfmanded lydNTCIP Pattern 255, either manually or on a scheduled basis.
It is typically used as an operational strategy during off-peak or overnight times when steady
(stop-and-go) operation is not warranted. The following time change intervals may be
deterministic during Scheduled Flash:
0 Maximum End Time: use NTCIP 1202 vO3A schedules (TOD schedule look ahead is optional
per A.2.1.1)
1T APreemptockluasshaduri ng a preemptédés Dwell state i f th
3 (Flash Dwell) = 1; the following time change details may be deterministic during Preempt Flash:

0 Minimum End Time: use NTCIP 1202 vO3A preemptDwellGreen
0 Maximum End Time: use NTCIP 1202 vO3A preemptMaximumPresence
T AFaul t Mo noccurewhenRHe aositioler detects an anomaly in the TSC Infrastructure,

such as a mismatch between its copy of the per missi
permissive channels. The way the controller causes Fault Monitor Flash differs by cabinet

architecture. For example, the controller sets the Fault Monitor output to FALSE in NEMA TS 2

Type 1 cabinets and sets Message Type 62 Bit 1 to 1 in ITS and ATC cabinets. The controller

exits Fault Monitor Flash when the anomaly is no longer present. Contrast Fault Monitor Flash

with Fault Flash, which is initiated by the monitor and persists until the monitor is reset. The

controller sets NTCIP unitFlashStatus to 3 (faultMonitor) during Fault Monitor Flash.

When Controller Flash is performed through the Signal Bus (load switches or switch packs), the signal
indications (flashing red, yellow, or not at all/dark) are controlled by the controller, so the controller shall
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report the movement phase states. However, when Controller Flash is performed through the Flash Bus

due to either controller software behavior (for example, by setting the Fault Monitor output to FALSE) or if

the cabinet is specially wired (e.g., connecting a FI
Contactor), signal indications are determined by cabinet wiring (jumpers or flash program blocks) rather

than controller software and the controller does not have intrinsic knowledge of the signal indications.

Therefore, the controller shall set movement phase states to Unavailable during Controller Flash

performed through the Flash Bus. A workaround for this may be provided in future versions of this

document, perhaps using new NTCIP objects (per-channel entry of Yellow, Red, or Dark to match

physical wiring) or real-time voltage and current measurements (where supported by serial cabinet

architectures).

4.3.2.2.4.1 TSC Infrastructure Controller Flash (Operational Flash) Indication (NTCIP 1202 vO3A)

When sending NTCIP 1202 vO3A data, NTCIP Object spatStatus Bit 7 is enabled (1) when NTCIP Object
unitFlashStatus is automatic (3), faultMonitor (5), startup (7), or preempt (8). Otherwise, NTCIP Object
spatStatus Bit 7 is disabled (0).

If Controller Flash is performed through the Flash Bus, NTCIP signalState = unavailable (0) for every
channel and movement.

TSC Infrastructure can be in either Cabinet Flash or Controller Flash, but not both. Therefore, NTCIP
Object spatStatus Bit 2 and Bit 7 shall not simultaneously equal 1.

4.3.2.2.4.2 TSC Infrastructure Controller Flash (Operational Flash) Indication ( TSCBM)

When sending TSCBMs, TSCBM Byte 232 Bit 7 is set to 1 when NTCIP Object unitFlashStatus is
automatic (3), faultMonitor (5), startup (7), or preempt (8). Otherwise, TSCBM Byte 232 Bit 7 is set to 0.
If Controller Flash is performed through the Flash Bus, TSCBM Bytes 210i 231 = zero (0).

TSC Infrastructure can be in either Cabinet Flash or Controller Flash, but not both. Therefore, TSCBM
Byte 232 Bit 2 and Bit 7 shall not simultaneously equal 1.

4.3.2.2.4.3 TSC Infrastructure Controller Flash (Operational Flash) Indication (SAE J2735)

When sending SAE J2735 202007 SPaT messages, DE_IntersectionStatusObject Bit 7 is set to 1 when
NTCIP Object unitFlashStatus is automatic (3), faultMonitor (5), startup (7), or preempt (8). Otherwise,
DE_ IntersectionStatusObject Bit 7 is set to 0. Also see Section 4.3.3.3.2.7, Traffic Dependent Mode.

If Controller Flash is performed through the Flash Bus, SPaT MovementPhaseState = unavailable (0) for
every movement.

TSC Infrastructure can be in either Cabinet Flash or Controller Flash, but not both. Therefore,
DE_ IntersectionStatusObject Bit 2 and Bit 7 shall not simultaneously equal 1.

4.3.2.25 TSC Infrastructure Preemption Operation Indication

The design for the TSC Infrastructure Preemption Operation Indication depends on what format is used to
exchange SPaT information from the TSC infrastructure to the RSU.

4.3.2.2.5.1 TSC Infrastructure Preemption Operation Indication ( NTCIP 1202 vO3A)

When sending NTCIP 1202 vO3A data, NTCIP Object spatStatus Bit 3 is enabled (1) when NTCIP Object
preemptState is any value other than other (1), notActive (2), or notActiveWithCall (3). Otherwise, NTCIP
Object spatStatus Bit 3 is disabled (0).
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4.3.2.2.5.2 TSC Infrastructure Preemption Operation Indication (  TSCBM)

When sending TSCBMs, TSCBM Byte 232 Bit 3 is set to 1 when NTCIP Object preemptState is any value
other than other (1), notActive (2), or notActiveWithCall (3). Otherwise, TSCBM Byte 232 Bit 3 is set to 0.

4.3.2.2.5.3 TSC Infrastructure Preemption Operation Indication (SAE J2735)

When sending SAE J2735_202007 SPaT messages, DE_IntersectionStatusObject Bit 3 is set to 1 when
NTCIP Object preemptState is any value other than other (1), notActive (2), or notActiveWithCall (3).
Otherwise, DE_ IntersectionStatusObject Bit 3 is set to 0. Also see Section 4.3.3.3.2.4.

4.3.2.26 TSC Infrastructure Priority Operation Indication

The design for the TSC Infrastructure Priority Operation Indication depends on what format is used to
exchange SPaT information from the TSC infrastructure to the RSU.

4.3.2.2.6.1 TSC Infrastructure Priority Operation Indication (  NTCIP 1202 v03A)

When sending NTCIP 1202 vO3A data, NTCIP Object spatStatus Bit 4 is enabled (1) when the TSC
infrastructure is servicing a priority request. This does not include any time to transition. Otherwise,
NTCIP Object spatStatus Bit 4 is disabled (0).

The purpose here is to indicate to OBUs/MUs when TSC infrastructure timing might be affected. If a
request for service can be fulfilled without changes to the current signal timing, then this bit would remain
disabled.

4.3.2.2.6.2 TSC Infrastructure Priority Operation Indication ( TSCBM)

When sending TSCBMs, TSCBM Byte 232 Bit 4 is set to 1 when the TSC infrastructure is servicing a
priority request. Otherwise, TSCBM Byte 232 Bit 4 is set to 0.

4.3.2.2.6.3 TSC Infrastructure Priority Operation Indication (SAE J2735)

When sending SAE J2735_ 202007 SPaT messages, DE_IntersectionStatusObject Bit 4 is set to 1 when
the TSC infrastructure is servicing a priority request. This does not include any time to transition.
Otherwise, DE_IntersectionStatusObject Bit 4 is set to 0. See also Section 4.3.3.3.2.5.

The purpose here is to indicate to OBUs/MUs when TSC timing might be affected. If a request for service
can be fulfilled without changes to the current signal timing then this bit would remain O.

4.3.2.2.7 TSC Infrastructure Fixed Time Control Indication

The design for the TSC Infrastructure Fixed Time Control Indication depends on what format is used to
exchange SPaT information from the TSC infrastructure to the RSU.

4.3.2.2.7.1 TSC Infrastructure Fixed Time Indication ( NTCIP 1202 v03A)

When sending NTCIP 1202 vO3A data, NTCIP Object spatStatus Bit 5 is enabled (1) when the TSC
infrastructure is operating in fixed time control. Otherwise, NTCIP Object spatStatus Bit 5 is disabled (0).

One of NTCIP Object spatStatus Bit 5 and Bit 6 is always enabled and the bits are mutually exclusive.

NTCIP Object spatStatus Bit 5 and Bit 6 represent the general programming of the TSC infrastructure.
These bits are not dynamic changing cycle by cycle or by a preemption operation.
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4.3.2.2.7.2 TSC Infrastructure Fixed Time Indication ( TSCBM)

There is no TSCBM element for a fixed time indication.

4.3.2.2.7.3 TSC Infrastructure Fixed Time Indication (SAE J2735)

When sending SAE J2735_202007 SPaT messages, DE_IntersectionStatusObject Bit 5 is set to 1 when
the TSC infrastructure is operating in fixed time control. Otherwise, DE_ IntersectionStatusObject Bit 1 is
set to 0. See also Section 4.3.3.3.2.6.

One of DE_ IntersectionStatusObiject Bit 5 and Bit 6 is always 1 and the bits are mutually exclusive.

DE_ IntersectionStatusObject Bit 5 and Bit 6 represent the general programming of the TSC infrastructure.
These bits are not dynamic changing cycle by cycle or by a preemption operation.

4.3.2.2.8 TSC Infrastructure Non -Fixed Time Control

The design for the TSC Infrastructure Non-Fixed Time Control Indication depends on what format is used
to exchange SPaT information from the TSC infrastructure to the RSU. Non-fixed time control is called
trafficDependentOperation in the SAE J2735 202007 SPaT message. Semi-actuated control, which is a
legacy term, is considered non-fixed time.

4.3.2.2.8.1 TSC Infrastructure Non -Fixed Time Indication (NTCIP 1202 v03A)

When sending NTCIP 1202 vO3A data, NTCIP Object spatStatus Bit 6 is enabled (1) when the TSC
infrastructure is operating in non-fixed time control. Otherwise, NTCIP Object spatStatus Bit 6 is disabled

(0).
One of NTCIP Object spatStatus Bit 5 and Bit 6 is always enabled and the bits are mutually exclusive.

NTCIP Object spatStatus Bit 5 and Bit 6 represent the general programming of the TSC infrastructure.
These bits are not dynamic changing cycle by cycle or by a preemption operation.

4.3.2.2.8.2 TSC Infrastructure Non -Fixed Time Indication ( TSCBM)

There is no TSCBM element for a non-fixed time indication.

4.3.2.2.8.3 TSC Infrastructure Non -Fixed Time Indication (SAE J2735)

When sending SAE J2735 202007 SPaT messages, DE_ IntersectionStatusObject Bit 6 is set to 1 when
the TSC infrastructure is operating in non-fixed time control. Otherwise, DE_ IntersectionStatusObject Bit
6 is set to 0. See also Section 4.3.3.3.2.7.

One of DE_ IntersectionStatusObiject Bit 5 and Bit 6 is always 1 and the bits are mutually exclusive.

4.3.2.3 TSC Infrastructure RLVW Design Details

The design details to fulfill the requirements for a TSC infrastructure to provide support for the RLVW
application follow. These requirements are defined in Section 3.3.2.3. The scenario describing the
operation is in Section 2.6.1.

4.3.2.31 TSC Infrastructure Assured Green End Time (AGET) Design
The design details to provide an AGET follow.
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4.3.2.3.1.1 TSC Infrast ructure AGET (NTCIP 1202 v03A)

When sending NTCIP 1202 vO3A data, if the TSC infrastructure has determined a specific termination
time for a green signal indication for a channel representing a through traffic movement, the TSC
infrastructure shall set the NTCIP SignalStatusEntry objects signalStateMinEndTick and
signalStateMaxEndTick for the channel to the termination time. The termination time shall be equal to or
greater than the original signalStateMinEndTick.

Note: Signal status information is arranged by channels in NTCIP 1202 v0O3A.

4.3.2.3.1.2 TSC Infrastructure AGET ( TSCBM)

When sending TSCBMs, if the TSC infrastructure has determined a specific termination time for a green
signal indication for a channel representing a through traffic movement, the TSC infrastructure shall set
the TSCBM elements spatVehMinTimeToChange and spatVehMaxTimeToChange for the associated
phase to the duration of time until the termination time. This duration shall be equal to or greater than the
original spatVehMinTimeToChange.

Note: The TSCBM provides signal indication end times organized by phases in Bytes 2-209 and provides
time-to-change values instead of the time-of-change values used by NTCIP 1202 vO3A and SAE
J2735 202007 SPaT messages. The RSU is required to convert these to time-of-change.

4.3.2.3.1.3 TSC Infrastructure AGET ( SAE J2735)

When sending SAE J2735_ 202007 SPaT messages, if the TSC infrastructure has determined a specific
termination time for a green signal indication for a channel representing a through traffic movement, the
TSC infrastructure shall set the SAE J2735 202007 DF_TimeChangeDetails elements MinEndTime and
MaxEndTime for the movement to the termination time. The termination time shall be equal to or greater
than the original MinEndTime.

Note: Time change details are arranged by movements in SAE J2735_202007.
4.3.2.3.2 TSC Infrastructure Assured Green Period (AGP) Design Details
The AGP is calculated based on the following design.

The section provides the calculations for the design elements used by the TSC infrastructure to support
the RLVW application. All values used to calculate the Assured Green Period, such as the yellow and red

change interval durations, should be baraffic€onwoti ng engin
Devices Handbooka n d i nMahual Bf@ mffic Signal Design. Annex B contains examples of using the
calculations.
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Figure 15. Distance and Time Elements of the TSC Infrastructure RLVW Design.

Variables and constants used in the RLVW calculations are as follows:

f

=A =4 =4 4 4 A -4

il

Vapproach IS the approach speed of the vehicle which is the 85™ percentile speed or the posted
speed plus 7 mph converted to: a) feet per second (f/s) by multiplying by 1.47 or b) meters per
second (m/s) by multiplying by 0.447

RDZ is the RLVW Detection Zone which has a width equal to that of the lane and a length equal
to time to detect vehicles (tRDZ) multiplied by the approach speed

Xsp is the distance required to bring the vehicle to a stop
Xciear is the distance to clear the intersection

troz is the time required to traverse the RDZ at the approach speed (0.5 seconds is used to
assure that at least one BSM message from an OBU/MU will be received by the TSC)

tsp is the time to traverse the stopping distance

tciear is the time to traverse the clear distance to clear the intersection

truvw is the RLVW Ciritical Time which is the total time to be used by the RLVW application
tveiiow IS the duration of the yellow change interval

ter is the perception/reaction time (1.0 second is used)

G is the acceleration due to gravity which is 32.2 f/s?0or 9.81 m/s?

g is the grade which is feet per feet (assumed level) where g is positive for an uphill grade
approaching the signal, which allows faster deceleration

ais | TE6s decel er atar®ddimslonst ant of 10 ft/ s

The RLVW calculations are as follows:

a) Length of the RLVW Detection Zone (RDZ)

YOO o 26

b) Stopping Distance (Basic Kinematic Equation)
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@ W 0 —
T ¢& 0Q
c) Time to Clear Intersection at Approach Speed
(0] ;
W

d) Time to Travel Through Stopping Distance at Approach Speed

. w
0 ;
w
e) Red Light Violation Warning Critical Time
0 0 0 0
f) Assured Green Period (AGP)
00u o 0

4.3.2.3.3 TSC Infrastructure Min imum End Time with AGP Design Details

The design details to provide an increase in the minimum end time by the AGP follow.

NOTE: It is assumed that the TSC infrastructure will actually use the minimum end time by the AGP.

4.3.2.3.3.1 TSC Infrastructure Minimum End Time with AGP (NTCI/P 1202 vO3A)

When sending NTCIP 1202 vO3A data, check the MAP message for signal groups that are identified as
through movements then check the associated channels in NTCIP Object channelStatusGroupGreens to
determine if the signal is green. If the signal is green, a vehicle is detected in the associated RDZ, and an
AGET has not been set; then the TSC infrastructure shall set the NTCIP SignalStatusEntry object
signalStateMinEndTick for the channel to the current time plus the AGP, unless the
signalStateMinEndTick is already greater than the AGP. The signalStateMinEndTick shall never exceed
the maximum green time for the phase.

Note: Signal status information is arranged by channels in NTCP 1202 vO3A.

4.3.2.3.3.2 TSC Infrastructure Minimum End Time with AGP (TSCBM)

When sending TSCBMs, check the MAP message for signal groups that are identified as through
movements then check the associated channels in NTCIP Object channelStatusGroupGreens to
determine if the signal is green. If the signal is green, a vehicle is detected in the associated RDZ, and an
AGET has not been set, then the TSC infrastructure shall set the TSCBM element
spatVehMinTimeToChange for the phase to the duration of the previous spatVehMinTimeToChange plus
the AGP, unless the spatVehMinTimeToChange is already greater than the AGP. The
spatVehMinTimeToChange shall never exceed the maximum green time for the phase.

Note: The TSCBM provides signal indication end times organized by phases in Bytes 2-209 and provides
time-to-change values (durations in tenths of a second) instead of the time-of-change values used by
NTCIP 1202 vO3A and SAE J2735_202007 SPaT messages.

4.3.2.3.3.3 TSC Infrastructure Minimum End Time with AGP (SAE J2735)

When sending SAE J2735 202007 SPaT messages, check the MAP message for signal groups that are
identified as through movements then check the associated channels in NTCIP Object
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channelStatusGroupGreens to determine if the signal is green. If a signal is green, a vehicle is detected in
the associated RDZ, and an AGET has not been set, then the TSC infrastructure shall set the SAE

J2735 202007 DF_TimeChangeDetails element MinEndTime for the movement to the current time plus
the AGP, unless the minEndTime is already greater than the AGP. The minEndTime shall never exceed
the maximum green time for the phase.

Note: Time change details are arranged by movements in SAE J2735_202007.

4.3.3 Message Design Details

The design details to fulfill the requirements for a connected intersection broadcasting messages to
OBUs/MUs follow. These requirements are defined in Section 3.3.3.

4.3.3.1 Message Performance Design Details

The design details to fulfill the performance requirements for a connected intersection broadcasting
messages to OBUs/MUs follow. These requirements are defined in Section 3.3.3.1.

4.3.3.1.1  Uniform Message Design Details

The design details to fulfill requirements to provide a consistent representation of the situation and
operating conditions at a connected intersection follow. These requirements are defined in Section
3.3.3.1.1.

4.3.3.1.1.1 SPaT Message - SAE J2735 Design Details
See MSG_SignalPhaseAndTiming Message (SPAT) in SAE J2735_202007.

NOTE: This CI Implementation Guide references SAE J2735_202007. At the time of publication, most
implementations use the SAE J2735_201603 version. There are some differences between the March
2016 version and the July 2020 version - implementers should be aware of the changes, such as the
change in definition for DE_TimeMark.

4.3.3.1.1.2 SPaT Message - Mandatory Data Element s Design Detail s
See MSG_SignalPhaseAndTiming Message (SPAT) in SAE J2735_202007.

4.3.3.1.1.3 SPaT Message - Cl Mandatory Data Element Design Detail s

Table 7 lists the data frames (begins with DF_) and the data elements (begins with DE_) in the
MSG_SignalPhaseAndTiming Message (SPaT) message of SAE J2735 202007 that are mandatory to
be supported by a connected intersection to conform to the Cl Implementation Guide. The data frames
and data elements are listed in the order it appears in the SPaT message. Note that all data frames and
data elements listed in Table 7 shall be supported by a connected intersection, however, several data
frames and data elements do not have to be included in every broadcasted message under certain
conditions.

The "SAE J2735 Mandatory" column indicates if the data frame or data element is mandatory to describe
signal phase and timing data as defined in SAE J2735_202007. A value of M indicates that the data
frame or data element is mandatory, while a value of O indicates that the data frame or data element is
optional.

The "CI Implementation” column indicates if the data frame or data element is mandatory to be included
in every broadcast SPaT message as defined by the Cl Implementation Guide. A value of M indicates the
data frame or data element must be included in every SPaT message broadcasted. A value of C indicates
the data frame or data element is conditionally mandatory, meaning that the data frame or data element
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shall be broadcasted if certain conditions are met. Those conditions can be found in the referenced

section in parentheses.

For example, if there are no revocable lanes associated with an intersection, the data frame
DF_EnabledLanelList is never transmitted in the SPaT message for that intersection. However, if a
revocable lane is associated with that intersection (as defined in the MAP message for that intersection)
and the revocable lane is active ("enabled"), then the data frame DF_EnabledLaneList shall be included

in the SPaT message. These conditions are found

in Section 4.3.3.3.7.

Similarly, if the TSC infrastructure provides a startTime for a signalGroupID, then startTime
(DE_TimeMark) shall be included in the SPaT message. If the TSC infrastructure does not provide a
startTime for a signalGroup, then startTime (DE_TimeMark) is not included in the SPaT message. These
conditions are found in Sections 4.3.3.3.5.7 and 4.3.3.3.5.8.

Table 7. SPaT Mess

age - Required Elements

SAE J2735 Data Frames and Data Elements

SAE J2735
Mandatory

Cl Implementation

messageld=DE_DSRC_ MessagelD=19 (SPaT UPER)

timeStamp=DE_MinuteOfTheYear

intersections=DF IntersectionStateList

id=DF _IntersectionReferencelD

region=DE_RoadRegulatorID

id=DE_ IntersectionID

revision=DE_MsgCount

status=DE_ IntersectionStatusObject

timeStamp=DE_Dsecond

<NEEEENEEEE

DE_LanelD

enabledLanes=DF_EnabledLaneList=1 to 16 x

o000

C (if a revocable lane is
active ("enabled") -
See Section 4.3.3.3.7)

states=DF MovementList=1 to 255 x DF MovementState

signalGroup=DE_SignalGroupID

state-time-speed=DF MovementEventList

eventState=DE MovementPhaseState

timing=DF_TimeChangeDetails

startTime=DE TimeMark

minEndTime=DE TimeMark

maxEndTime=DE TimeMark

nextTime=DE_TimeMark

O|I0IZ|0|I0IZIEIEIE

<NEENENENENEEE

*DE = Data Element, DF = Data Frame

The source for each of the data frames and data elements that comprise the SPaT message broadcasted
by the RSU will vary based on how the connected intersection is configured and also what SPaT
information message is used between the TSC infrastructure and the RSU. Table 8 contains links to the
specific sections in this Cl Implementation Guide with the design details for generating that data element
value, based on SPaT information message used between the TSC infrastructure and the RSU; whether
it is the UPER-encoded SPaT Message or NTCIP 1202 vO3A. Table 15 shows how a TSCBM may be

used to generate a SPaT Message.

Table 8. SPaT M

essage Data Sources

SAE J2735 Data Element SAE J2735 SPaT NTCIP 1202 vO3A
Message Object Definition

timeStamp (DE_MinuteOfTheYear) See 4.3.3.2.3 Provided by RSU

id=DF _IntersectionReferencelD See 4.3.3.3.1

region=DE_RoadRegulatorID See 4.3.3.3.1.2 Unsupported

CTI 4501 v01.01
Cl Implementation Guide

Page 130



SAE J2735 Data Element SAE J2735 SPaT NTCIP 1202 vO3A
Message Object Definition

id=DE_IntersectionID See 4.3.3.3.1.3 rsuAscSpatld

revision=DE_MsgCount See 4.3.3.2.2.1 rsuAscSpatMsgCount

status=DE_ IntersectionStatusObject See 4.3.3.3.2 spatStatus

timeStamp=DE_Dsecond See 4.3.3.2.3.2 Provided by RSU

enabledLanes=DF EnabledLaneList See 4.3.3.3.7 rsuAscSpatEnabledLanes

states=DF _MovementList See 4.3.3.3.3

signalGroup=DE_SignalGroupID See 4.3.3.3.3.1 channelNumber

state-time-

speed=DF_MovementEventList

eventState=DE_MovementPhaseState See 4.3.3.3.3 signalState

(Current Movement)

eventState=DE_MovementPhaseState See 4.3.3.34 Unsupported

(Next Movement)

timing=DF TimeChangeDetails See 4.3.3.3.5

startTime=DE_TimeMark See 4.3.3.3.5.7,4.3.3.3.5.8 Unsupported

minEndTime=DE_TimeMark See 4.3.3.35.3 signalStateMinEndTick.
Provided as ticks to the RSU

maxEndTime=DE_TimeMark See 4.3.3.354 signalStateMaxEndTick.
Provided as ticks to the RSU

nextTime=DE_TimeMark See 4.3.3.3.6.1 signalNextTick.
Provided as ticks to the RSU

4.3.3.1.1.4 SPaT Message PSID
The PSID for the SPaT message shall be 0x82 (0p80-02). The PSID is used for the destination address
in broadcast WSM and in the app Permissions Field in the SPaT signing certificate.

See https://standards.ieee.org/products-programs/regauth/psid/public/.

4.3.3.1.1.5 MAP Message - SAE J2735
See MSG_MapData (MAP) in SAE J2735_202007.

NOTE: This CI Implementation Guide references SAE J2735 202007. At the time of publication, most
implementations use the SAE J2735 201603 version. There are some differences between the March
2016 version and the July 2020 version;implementers should be aware of the changes.

4.3.3.1.1.6 MAP Message - Mandatory Data Elements
See MSG_MapData (MAP) in SAE J2735_202007.

4.3.3.1.1.7 MAP Message - Required Data Elements

Table 9 lists the data frames (begins with DF_) and the data elements (begins with DE_) in the
MSG_MapData (MAP) message of SAE J2735_202007 are required to be supported to conform to the ClI
Implementation Guide. The data frames and data elements are nested and listed in the order they appear
in the MAP message. All data frames and data elements listed in Table 9 shall be supported by a
connected intersection, however, several data frames and data elements do not have to be included in
every broadcasted message under certain conditions.

The "SAE J2735 Mandatory" column indicates if the data frame or data element is mandatory to describe
the roadway geometry for an intersection as defined in SAE J2735 202007. A value of M indicates that
the data frame or data element is mandatory, while a value of O indicates that the data frame or data
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element is optional. O.# (range) notation indicates that the data frame/element is part of an option group

(#), and is used to show a set of selectable options. Support of the number of items indicated by the

6(range)d is required fr om umérdl# Ayalua obQidicdteatheedate d wi t h t h
frame or data element is conditionally mandatory, meaning that the data frame or data element shall be

broadcasted if certain conditions are met. The condition is also included in parentheses after the "C."

For example, 0.1 (1..*) indicates that one or more of the option group 1 options shall be implemented.
Each node point (nodes) must be described by a choice of node-XY1, node-XY2, node-XY3, node-XY4,
node-XY5, or node-XY6. The (1..*) indicates that different node points may be described by more than
one of the choices (i.e., it doesn't have to be the same choice to describe all the node points).

The "CI Implementation” column indicates which data frames and data elements must be included in the
broadcasted MAP message. A value of M indicates the data frame or data element must be included in
every MAP message broadcasted. A value of O indicates the data frame or data element does not have
to be included in every MAP message broadcasted. A value of C indicates the data frame or data element
is conditionally mandatory, meaning that the data frame or data element shall be broadcasted if certain
conditions are met.

For example, computed lanes (DF_ComputedLane) may not be needed or applicable to describe a lane
associated with an intersection in a MAP message. In those situations, the data frames and data
elements describing a computed lane may not be included in the MAP message, even though the
connected intersection is capable of providing those data frames and data elements. However, if a
computed lane is necessary, then it can be included in the MAP message. If the computed lane data
frame (DF_ComputedLane) is included in the MAP message, then the data elements referenceLaneld,
offsetXaxis, and offsetYaxis become mandatory and should also be included in the MAP message.

Table 9. MAP Message - Required Elements

SAE J2735 Data Frames and Data Elements SAE J2735 Cl Implementation
Mandatory
messageld=DE_DSRCmsgID=18 (MAP UPER) M M
msglssueRevision=DE_MsgCount
intersections=DF _IntersectionGeometryList=1 to
32 X DF _IntersectionGeometry O M
id=DF IntersectionReferencelD M M
region=DE_RoadRegulatorID @) M
id=DE_ IntersectionID M M
revision=DE_MsgCount M M
refPoint=DF Position3D M M
lat=DE_Latitude M M
long=DE_Longitude M M
elevation=DE_Elevation @) M
laneWidth=DE_LaneWidth @) M
speedLimits=DF_SpeedLimitList=1 to 9 x
DF RegulatorySpeedLimit (®) M
C (if speedLimits is
type=DE_SpeedLimitType included) M
C (if speedLimits is
speed=DE_Velocity included) M
laneSet=DF_LaneList=1 to 255 X
DF GenericLane M M
lanelD=DE_LanelD M M
laneAttributes=DF _LaneAttributes M M
directionalUse=DE_LaneDirection M M
sharedWith=DE_LaneSharing M M
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SAE J2735 Data Frames and Data Elements SAE J2735 Cl Implementation
Mandatory
laneType=DF_LaneTypeAttributes
(revocable) M M
maneuvers=DE_AllowedManeuvers O M
nodeList=DF _NodeListXY=Choice of
DF NodeSetXY OR DF_ComputedLane M M
nodes= DF_NodeSetXY=2 to 63 X
DF_NodeXY M M
delta=DF NodeOffsetPointXY M M
node-XY1=DF Node XY 20b 0.1(1.% 0.4 (1..%
C (if node-XY1is C (if node-XY1 is included -
x=DE_Offset B10 included) See Section 4.3.3.4.1.15)
C (if node-XY1is C (if node-XY1 is included -
y=DE Offset B10 included) See Section 4.3.3.4.1.15)
node-XY2=DF Node XY 22b 0.1(1.% 0.4 (1..%
C (if node-XY2 is C (if node-XY2 is included -
x=DE_Offset B11 included) See Section 4.3.3.4.1.15)
C (if node-XY2 is C (if node-XY2 is included -
y=DE_Offset B11 included) See Section 4.3.3.4.1.15)
node-XY3=DF Node XY 24b 0.1(1.% 0.4(1.%
C (if node-XY3 is C (if node-XY3 is included -
x=DE_Offset B12 included) See Section 4.3.3.4.1.15)
C (if node-XY3 is C (if node-XY3 is included -
y=DE_Offset B12 included) See Section 4.3.3.4.1.15)
node-XY4=DF_Node XY 26b 0.1 (1.% 0.4 (1.%
C (if node-XY4 is C (if node-XY4 is included -
x=DE_Offset B13 included) See Section 4.3.3.4.1.15)
C (if node-XY4 is C (if node-XY4 is included -
y=DE_Offset B13 included) See Section 4.3.3.4.1.15)
node-XY5=DF_Node_XY_28b 0.1(1.% 0.4(1.%
C (if node-XY5 is C (if node-XY5 is included -
x=DE_Offset B14 included) See Section 4.3.3.4.1.15)
C (if node-XY5 is C (if node-XY5 is included -
y=DE_Offset B14 included) See Section 4.3.3.4.1.15)
node-XY6=DF_Node XY _32b 0.1(1.% 0.4(1.%
C (if node-XY6 is C (if node-XY6 is included -
x=DE_Offset B16 included) See Section 4.3.3.4.1.15)
C (if node-XY®6 is C (if node-XY6 is included -
y=DE Offset B16 included) See Section 4.3.3.4.1.15)
attributes=DF NodeAttributeSetXY @) O]
data=DF_LaneDataAttributeList=1 to 8
x DF_LaneDataAttribute @) O]
C (if data is included - See
DF LaneDataAttribute=Choice (®) Section 4.3.3.4.5.2)
speedLimits=DF_SpeedLimitList=1 to C (if data is included - See
9 X DF_RegulatorySpeedLimit (®) Section 4.3.3.4.5.2)
C (if speedLimits is C (if data is included - See
type=DE_SpeedLimitType included) Section 4.3.3.4.5.2)
C (if speedLimits is C (if data is included - See
speed=DE_\Velocity included) Section 4.3.3.4.5.2)
C (for differences in lane
widths - See Section
dwWidth=DE_Offset_B10 0 4.3.3.4.1.22)
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SAE J2735 Data Frames and Data Elements SAE J2735 Cl Implementation
Mandatory
C (for differences in
elevations - See Section
dElevation=DE_Offset B10 (0] 4.3.3.4.1.16)
C (For computed lanes - See
computed=DF Computed Lane 0] Section 4.3.3.1.3.2.2)
C (if computed is | C (For computed lanes - See
referenceLaneld=DE_LanelD selected) Section 4.3.3.1.3.2.2.1)
C (if computed is | C (For computed lanes - See
offsetXaxis=Choice selected) Section 4.3.3.1.3.2.2.2)
0.2 (1..*) (if computed | O.7 (1) (For computed lanes
small=DE_DrivenLineOffsetSmall is selected) - See Section 4.3.3.1.3.2.2.2)
0.2 (1..*) (if computed | O.7 (1) (For computed lanes
large=DE_DrivenLineOffsetLarge is selected) - See Section 4.3.3.1.3.2.2.2)
C (if computed is | C (For computed lanes - See
offsetYaxis=Choice selected) Section 4.3.3.1.3.2.2.3)
0.3 (1..*) (if computed | O.8 (1) (For computed lanes
small=DE_DrivenLineOffsetSmall is selected) - See Section 4.3.3.1.3.2.2.3)
0.3 (1..*) (if computed | O.8 (1) (For computed lanes
large=DE_DrivenLineOffsetLarge is selected) - See Section 4.3.3.1.3.2.2.3)
O (For computed lanes - See
rotateXY=DE_Angle 0] Section 4.3.3.1.3.2.2.4)
connectsTo=DF_ConnectsToList=1to 16 X
DF_Connection @) M
C (if connectsTo is
connectingLane=DF_ConnectingLane selected) M
C (if connectsTo is
lane=DE_LanelD selected) M
maneuvers=DE_AllowedManeuver @) M
signalGroup=DE_SignalGroupID @) M

Table 10 contains links to the specific sections in this Cl Implementation Guide with the design details for
generating that data element value.

Table 10. MAP Message Design Details
SAE J2735 Data Frames and Data Elements
messageld=DE_DSRCmsgID=18 (MAP UPER)
msglssueRevision=DE_MsgCount
intersections=DF _IntersectionGeometryList=1 to 32 X

Cl Implementation
See Section 4.3.3.1.1.5
See Sections 4.3.3.2.2.3 and 4.3.3.2.2.4

DF IntersectionGeometry

See Section 4.3.3.4.1.1

id=DF IntersectionReferencelD

region=DE_RoadRegulatorID

See Section 4.3.3.4.1.2

id=DE IntersectionID

See Section 4.3.3.4.1.3

revision=DE_MsgCount

See Sections 4.3.3.2.2.5 and 4.3.3.2.2.6

refPoint=DF Position3D

See Section 4.3.3.4.1.4

lat=DE_Latitude

See Section 4.3.3.4.1.4

long=DE_Longitude

See Section 4.3.3.4.1.4

elevation=DE _Elevation

See Section 4.3.3.4.1.4

laneWidth=DE LaneWidth

See Section 4.3.3.4.1.5

speedLimits=DF_SpeedLimitList=1 to 9 x
DF RegulatorySpeedLimit

See Section 4.3.3.4.5.1

type=DE_SpeedLimitType

See Section 4.3.3.4.5.1

speed=DE_Velocity

See Section 4.3.3.4.5.1
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SAE J2735 Data Frames and Data Elements

Cl Implementation

laneSet=DF LaneList=1 to 255 X DF GenericLane

lanelD=DE LanelD

See Section 4.3.3.4.1.6

laneAttributes=DF LaneAttributes

directionalUse=DE LaneDirection

See Section 4.3.3.4.2.1

sharedWith=DE_LaneSharing

See Section 4.3.3.4.2.2

laneType=DF LaneTypeAttributes (revocable)

See Section 4.3.3.4.2.3

maneuvers=DE AllowedManeuvers

See Section 4.3.3.4.3

nodeList=DF_NodeListXY=Choice of DF_NodeSetXY OR
DF ComputedLane

nodes= DF NodeSetXY=2 to 63 X DF_NodeXY

See Section 4.3.3.4.1.21

delta=DF NodeOffsetPointXY

node-XY1=DF Node XY 20b

See Section 4.3.3.4.1.15

x=DE_Offset B10

See Section 4.3.3.4.1.15

y=DE_Offset B10

See Section 4.3.3.4.1.15

node-XY2=DF Node XY 22b

See Section 4.3.3.4.1.15

x=DE_Offset B11

See Section 4.3.3.4.1.15

y=DE_Offset B11

See Section 4.3.3.4.1.15

node-XY3=DF Node XY 24b

See Section 4.3.3.4.1.15

x=DE_Offset B12

See Section 4.3.3.4.1.15

y=DE_Offset B12

See Section 4.3.3.4.1.15

node-XY4=DF Node XY 26b

See Section 4.3.3.4.1.15

x=DE_Offset B13

See Section 4.3.3.4.1.15

y=DE_Offset B13

See Section 4.3.3.4.1.15

node-XY5=DF Node XY 28b

See Section 4.3.3.4.1.15

x=DE_Offset B14

See Section 4.3.3.4.1.15

y=DE_Offset B14

See Section 4.3.3.4.1.15

node-XY6=DF Node XY 32b

See Section 4.3.3.4.1.15

x=DE_Offset B16

See Section 4.3.3.4.1.15

y=DE_Offset B16

See Section 4.3.3.4.1.15

attributes=DF NodeAttributeSetXY

data=DF |LaneDataAttributelist=1 to 8 x DF LaneDataAttribute

DF LaneDataAttribute=Choice

speedLimits=DF_SpeedLimitList=1 to 9 X
DF RegulatorySpeedLimit

See Section 4.3.3.4.5.2

type=DE_SpeedLimitType

See Section 4.3.3.4.5.2

speed=DE_Velocity

See Section 4.3.3.4.5.2

dwidth=DE_Offset_B10

See Section 4.3.3.4.1.22

dElevation=DE Offset B10

See Section 4.3.3.4.1.16

computed=DF Computed Lane

See Section 4.3.3.1.3.2.2

referenceLaneld=DE LanelD

See Section 4.3.3.1.3.2.2.1

offsetXaxis=Choice

See Section 4.3.3.1.3.2.2.2

small=DE DrivenLineOffsetSmall

See Section 4.3.3.1.3.2.2.2

large=DE_DrivenLineOffsetLarge

See Section 4.3.3.1.3.2.2.2

offsetYaxis=Choice

See Section 4.3.3.1.3.2.2.3

small=DE DrivenLineOffsetSmall

See Section 4.3.3.1.3.2.2.3

large=DE_DrivenLineOffsetLarge

See Section 4.3.3.1.3.2.2.3

rotateXY=DE_Angle

See Section 4.3.3.1.3.2.2.4

connectsTo=DF ConnectsToList=1 to 16 X DF Connection

See Section 4.3.3.4.4.1

connectingLane=DF_ConnectingLane

See Section 4.3.3.4.4.1

lane=DE LanelD

See Section 4.3.3.4.4.2

maneuvers=DE_AllowedManeuver

See Section 4.3.3.4.4.3

signalGroup=DE_SignalGroupID

See Section 4.3.3.4.4.4
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4.3.3.1.1.8 MAP Message PSID
The PSID for the MAP message shall be 0x20-40-97 (OpE0-00-00-17). The PSID is used for the
destination address in broadcast WSM and in the app Permissions Field in the MAP signing certificate.

See https://standards.ieee.org/products-programs/regauth/psid/public/.

4.3.3.1.1.9 RTCMcorrections Message - SAE J2735
See MSG_RTCMcorrections (RTCM) in SAE J2735 202007.

4.3.3.1.1.10 RTCMcorrections Message - Mandatory Data Elements
See MSG_RTCMcorrections (RTCM) in SAE J2735_202007.

4.3.3.1.1.11 RTCMcorrections Message - Required Data Elements

Table 11 lists the data frames (begins with DF_) and the data elements (begins with DE_) in the
MSG_RTCMcorrections (RTCM) of SAE J2735_202007 are mandatory to be supported to conform to the
Cl Implementation Guide. The data frames and data elements are listed in the order it appears in the
RTCMcorrections message.

The "SAE J2735 Mandatory" column indicates if the data frame or data element is mandatory as defined
in SAE J2735 202007. A value of M indicates that the data frame or data element is mandatory, while a
value of O indicates that the data frame or data element is optional.

The "CI Implementation” column indicates which data frames and data elements shall be included in the
broadcasted RTCMcorrections message. A value of M indicates the data frame or data element shall be
included in every RTCMcorrections message broadcasted. All other data frames and data elements
available in SAE J2735 shall not be be included in RTCMcorrections.

Table 11. RTCMcorrections Message - Required Elements

SAE J2735 Data Frames and Data Elements SAE J2735 Cl
Mandatory Implementation

messageld=DE_DSRCmsglD=28 (RTCM UPER) M M

msgCnt = DE_MsgCount M M

rev=RTCM-Revision M M

anchorPoint=DF _FullPositionVector ®) M

msgs=DF RTCMmessageList M M

Design details for the data frames and data elements for the RTCMcorrections Message can be found in
Section 4.3.3.5.1.

4.3.3.1.1.12 RTCMcorrections Message PSID

The PSID for the RTCMcorrections message shall be 0x80 (Op80-00). The PSID is used for the
destination address in broadcast WSM and in the app Permissions Field in the RTCMcorrections signing
certificate.

See https://standards.ieee.org/products-programs/regauth/psid/public/.
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4.3.3.1.2 Robustness Design Details

The design details to fulfill the requirements for a connected intersection to operate under different
degraded conditions follow. These requirements are defined in Section 3.3.3.1.2.

4.3.3.1.2.1 Broadcast SPaT Messag e Design Details

Multiple elements in the SPaT message are mandatory to be broadcasted according to SAE
J2735 202007 and to conform to this Cl Implementation Guide. Table 7 indicates which data frames and
elements are mandatory.

A SPaT message shall be broadcasted for an intersection if ALL the following conditions are met:

1 The SPaT message contains a valid Intersection reference identifier (DE_RoadRegulatorID +

DE_IntersectionID)

The SPaT message contains a valid revision object (DE_MsgCount)

The SPaT message contains a valid intersection status object (DE_ IntersectionStatusObject)

The SPaT message contains a valid timeStamp (DE_Dsecond and DE_MinuteOfTheYear)

The SPaT message is protected based on the IEEE Std 1609.2-2016 security profile for SPaT

messages (See Section 3.3.4.6.3, Interface between an RSU and the OBU/MU)

1 The requirements for Sections 3.3.3.4.8.1, Matching Intersection Reference Identifier and
3.3.3.4.8.2, Matching SPaT and MAP Version are fulfilled.

E ]

All other data elements required to be included in the SPaT message by the Cl Implementation Guide
may use a value of unavailable, unknown, or not known as appropriate.

4.3.3.1.3 Concise Messages Design Details

The design details to fulfill the requirements to provide complete data describing the situation within the
maximum message size supported by the communications stack follow. The requirements are defined in
Section 3.3.3.1.3.

4.3.3.1.3.1 Transport Message Size - WAVE

The default maximum transport message in IEEE Std 1609.3-2020 for a WAVE Short Message (WSM)
payload is 1400 bytes; however a maximum of 2302 bytes is supported. SPaT and MAP messages sent
over a DSRC V2X interface must be less than 2302, including security overhead (signature, certificate
and header). Note that the maximum value of the WSM payload may need to be configured / set to 2302
to support larger MAP messages if the implementer is using the IEEE Std 1609.3 MIB.

For C-V2X, 8000 bytes is the maximum payload including security overhead, but implementers are
encouraged to keep SPaT and MAP messages as small as possible for both CV2X and DSRC to
maximize reliability of reception.

4.3.3.1.3.2 Concise MAP Message Design Details

The design details to fulfill the requirements for concise MAP messages follow. The requirements are
defined in Section 3.3.3.1.3.2.

4.3.3.1.3.2.1 Nodes by Offsets

Although SAE J2735_ 202007 allows describing the location of a node point of a lane using absolute
latitude or longitude values, using offsets results in a more compact MAP message size. Using only
offsets from an intersection reference point or a previous node point also simplifies the processing an
OBU/MU must perform to understand the MAP message.
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4.3.3.1.3.2.2 Computed Lane Design Details

The design details for requirements for a computed lane follow. The requirements are defined in Section
3.3.3.1.3.2.2.

4.3.3.1.3.2.2.1 Computed Lane - Lane Identifier

The lane identifier of the reference lane for a computed lane is represented as referenceLaneld
(DE_Laneld) and can be found under the data frame DF_ComputedLane in the MSG_MapData message
in SAE J2735 202007. All node attributes defined for the reference lane are also inherited by the
computed lane.

Generally, computed lanes are used at intersections where adjacent lanes of the same width are entering
or exiting the intersection. The left-most lane in the direction of traffic is recommended as the reference
lane. The right-most lane (in the direction of traffic) generally has to consider permitted parking.

Be aware of potential issues with defining an adjacent lane as a computed lane when the referenced lane
includes a change in the lane width. It is not clear how the lanes would contract or expand in width with
adjacent lanes. Also, no guidance is provided at this time when the referenced lane includes sharp
curves.

4.3.3.1.3.2.2.2 Computed Lane - X-Offset

The X-offset describes the difference, in centimeters, along the east-west axis between the first node
point of the referenced lane to the first node point of the computed lane. Positive X offsets are to the east.
The x-offset for a computed lane from a referenced lane is represented as offsetXaxis and can be found
under the data frame DF_ComputedLane in the MSG_MapData message in SAE J2735 202007.
offsetXaxis is a choice between DE_DrivenLineOffsetSmall or DE_DrivenLineOffsetLarge, the difference
between the data elements is the size of the data elements. DE_DrivenLineOffsetSmall requires 12 bits of
data and supports offsets up to 2047 centimeters to the east or west. DE_DrivenLineOffsetLarge requires
16 bits of data and supports offsets up to 32,767 centimeters.

If the x-offset between the computed lane and the reference lane is less than 2047 centimeters,
DE_DrivenLineOffsetSmall should be used.

Figure 16 illustrates an example of computed lanes for intersection mapping. In Figure 16, lanes #5, #15,
#17 and #21 are computed from a reference (source) lane #3. The first node point for the computed lane
is represented as X and Y offsets in centimeters as a green square from the first node point of the
reference lane #3. In this example, the lane width is assumed as 360 centimeters and the width of the
intersection as 1500 centimeters.

The node attributes associated with the reference lane cannot be changed for the computed (target)
lanes.
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Lane #15: Computed Lane
Reference Lane #3

15*Node offset:
X offset =-1080
Y offset = 1500

XY Node Atve
Offset =)
i

<--Ed----- > +ve

-~ 1 Xoffset
]

Lane #21: Computed Lane
Reference Lane #3

15t Node offset:

X offset =-2100

Y offset = 570 /

15t Node point of
the reference
lane #3

Lane #5: Computed Lane
Reference Lane #3

15t Node offset:

X offset = 360

Y offset=0

Figure 16. Computed Lane.

The computed lane representation for lanes 5, 15 and 17 (The lane attributes are not shown) using JSON
encoding are the following:

{"lanelD":5,"laneAttributes"{...},"maneuvers":"8000","nodeList":{"computed":[{"referenceL
anelD":3,"offsetXaxis":360,"offsetYaxis":0}]}}

{"lanelD":15,"laneAttributes"{...},"maneuvers":"8000","nodeList":{"computed":[{"reference
LanelD":3,"offsetXaxis":-1080,"offsetYaxis":1500,"rotate XY":14400}]}}

{"lanelD":21,"laneAttributes™"{...},"maneuvers™":"8000","nodeList":{"computed":[{"reference
LanelD":3,"offsetXaxis":-2100,"offsetYaxis":570,"rotate XY":7200}]}}

4.3.3.1.3.2.2.3 Computed Lane - Y-Offset

The y-offset describes the difference, in centimeters, along the north-south axis between the first node
point of the referenced lane to the first node point of the computed lane. Positive Y offsets are to the
north. The y-offset for a computed lane from a referenced lane is represented as offsetYaxis and can be
found under the data frame DF_ComputedLane in the MSG_MapData message in SAE J2735_202007.
offsetYaxis is a choice between DE_DrivenLineOffsetSmall or DE_DrivenLineOffsetLarge, the difference
between the data elements is the size of the data elements. DE_DrivenLineOffsetSmall requires 12 bits of
data and supports offsets up to 2047 centimeters to the east or west. DE_DrivenLineOffsetLarge requires
16 bits of data and supports offsets up to 32,767 centimeters.

If the y-offset between the computed lane and the reference lane is less than 2047 centimeters,
DE_DrivenLineOffsetSmall should be used.
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See Figure 16 for an example illustration of a computed lane, including a sequence using JSON
encoding.

4.3.3.1.3.2.2.4 Computed Lane - Angle

If the computed lane is oriented at a different angle from the referenced lane, the angle of the rotation
value is represented as rotateXY (DE_Angle) and can be found under the data frame DF_ComputedLane
in the MSG_MapData message in SAE J2735_202007. The rotation value is expressed as unsigned units
of 0.0125 degrees (from 0 to 359.9875 degrees), with positive values to the "East" if the orientation of the
lane is to the North (or to the right in the direction the traveler is facing).

The JSON encoding sequence for lane numbers 15 and 17 that follow Figure 16 are examples of how
angle is presented in a computed lane.

4.3.3.1.4 Advanced Notification Design Details

The design details to fulfill the requirements to provide data far enough in advance of the intersection so
the application on an OBU/MU can process the data in time to react to a situation follow. The
requirements are defined in Section 3.3.3.1.4.

4.3.3.1.4.1 Data Coverage - Every Lane

This requirement requires that an OBU/MU in any lane approaching the intersection can receive the
messages broadcasted by the connected intersection. Also see the next design detail section, 4.3.3.1.4.2.

4.3.3.1.4.2 Advanced Notif ication - Time

This requirement is verified (tested) by demonstration.

4.3.3.1.5 Timeline ss Design Details

The design details to fulfill the requirements for indicating changes in state, timing, and physical
indications follow. The requirements are defined in Section 3.3.3.1.5.

4.3.3.1.5.1 SPaT Message - Broadcast Periodicity

No design details provided at this time.

4.3.3.1.5.2 SPaT Message - Broadcast Latency

The latency is defined as from the time when the signals are commanded to change is asserted by the
traffic signal controller to change the signal head indication, to when the SPaT message with the change
in signal indication (movement state) is received by the OBU/MU.

The verification is performed by test.

For verification testing, the epoch of the OBU when the message is received will be compared to the
timestamp in the SPaT message, but this test only verifies the latency between the RSU and OBU.

4.3.3.1.5.3 MAP Message - Broadcast Periodicity

No design details provided at this time.
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4.3.3.1.6 Quality Assurance Design Details

The design details to fulfill the requirements to provide quality information follow. These requirements are
defined in Section 3.3.3.1.6.

4.3.3.1.6.1 Completeness - SPaT Message

This requirement is fulfilled all movements controlled by the TSC infrastructure and included in the
associated MAP message is represented in the SPaT message. This is defined as when every allowed
movement in every ingress lane into the intersection is controlled and may have one or more movement
state, as represented by DE_MovementPhaseState. This includes pedestrian movements, bicycle
movements, and tracked vehicle movements that are controlled by the TSC infrastructure.

This requirement is verified by inspection.

4.3.3.1.6.2 Completeness - MAP Message

For a connected intersection, this requirement is fulfilled when the ingress lane and egress lane for every
allowed movement through the intersection and controlled by the TSC infrastructure is represented in the
MAP message. This includes all pedestrian crosswalks, bicycle lanes, and tracked vehicle lanes whose
movements are controlled by the TSC infrastructure.

This requirement is verified by inspection.

4.3.3.2 Generic Message Design Details

The design details to fulfill requirements for a connected intersection transmitting data follow. These
requirements are defined in Section 3.3.3.2.

4.3.3.21 Time Accuracy

This requirement is verified by testing.

4.3.3.2.2 Message Revision Counter Design Details

The design details to fulfill the requirements to see if the data transmitted by a connected intersection is
new follow. These requirements are defined in Section 3.3.3.2.2.

4.3.3.2.2.1 SPaT Message - Revision Counter Incremen t
The revision counter for a SPaT message is represented by revision (DE_MsgCount) and found under
the data frame DF_IntersectionState in MSG_SignalPhaseAndTiming Message in SAE J2735_202007.

The revision counter shall remain the same during a stream of messages when the content within each
message has not changed except the timestamp from the prior message sent. The OBU/MU may ignore
processing a new message in the stream if the revision count has not changed from the prior message.

This requirement is verified by inspection.

4.3.3.2.2.2 SPaT Message - Revision Counter Not Increment

This requirement is tested by inspection.
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4.3.3.2.2.3 MAP Message - Revision Counter Increment
The revision counter for a MAP message is represented by msglssueRevision (DE_MsgCount) and found
in the MSG_MapData message in SAE J2735_202007.

This requirement is verified by inspection.

4.3.3.2.2.4 MAP Message - Revision Counter Not Increment

This requirement is verified by inspection.

4.3.3.2.2.5 MAP Message - Intersection Revision Counter Increment

The revision counter for the geometric description of an intersection is represented by revision
(DE_MsgCount) and found under the data frame DF_IntersectionGeometry in the MSG_MapData
message in SAE J2735 202007.

This requirement is verified by inspection.

4.3.3.2.2.6 MAP Message - Intersection Revision Counter Not Increment

This requirement is verified by inspection.

4.3.3.2.2.7 RTCMcorrections Message - Sequence Number Increment

The sequence number of a RTCMcorrections message is provided by msgCnt (DE_MsgCount) and found
in the MSG_ RTCMcorrections message in SAE J2735_202007. MsgCount shall be incremented when
the contents of RTCMmessageList changes.

This requirement is verified by inspection.

Note: RTCMmessagelList is a sequence of RTCMmessage containers. If any information within any those
containers changes, MsgCount is incremented. RTCM corrections information changes rapidly, and as a
result, so does MsgCount.

4.3.3.2.2.8 RTCMcorrections Message - Sequence Number Not Increment

This requirement is verified by inspection.

4.3.3.2.3 Timestamp Design Details

The design details to fulfill the requirements for a timestamp in messages transmitted by a connected
intersection follow. These requirements are defined in Section 3.3.3.2.3.

4.3.3.2.3.1 SPaT Message - Message Time Stamp

The timestamp indicating the minute of the year when the SPaT message was created is represented by
timestamp (DE_MinuteOfTheYear) and found in the MSG_SignalPhaseAndTiming Message fulfill in SAE
J2735_202007.

4.3.3.2.3.2 SPaT Message - Intersection Time Stamp

The timestamp indicating the milliseconds within the current minute when the SPaT message was
created is represented by timestamp (DE_DSecond) and found under the data frame
DF _IntersectionState in the MSG_SignalPhaseAndTiming Message Dedekind in SAE J2735_202007.
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4.3.3.3 Signal Timing Data Design Details

The design details to fulfill the requirements for signal timing data broadcasted by a connected
intersection follow. The requirements are defined in Section 3.3.3.3.

4.3.3.3.1 Intersection Identification  Design Details

The design to provide a unique identifier for an intersection follow. These requirements are defined in
Section 3.3.3.3.1.

4.3.3.3.1.1 Intersection Signal Timing Information

Signal phase and timing information for an intersection is represented by intersections
(DF_IntersectionStateList) in the MSG_SignalPhaseAndTiming Message in SAE J2735_202007.

4.3.3.3.1.2 Road Regulator Identifier

The road regulator identifier is represented as region (DE_RoadRegulatorID) and found under the data
frame DF_IntersectionReferencelD in MSG_SignalPhaseAndTiming Message in SAE J2735_202007.

The following is a recommendation until a standards development organization agrees to create and
maintain a registry for road regulator identifiers. The Cl Committee considered various proposals to
assign road regulator identifiers, including a proposal by ISO TC 204, but none of the viable proposals
were able to fit within the value range currently allowed by SAE J2735 202007 for road regulator
identifiers. A comment has been forwarded to the SAE Core Technical Committee responsible for SAE
J2735_202007 to provide a road regulator identifier field with a sufficient range to support existing
jurisdiction codes (See Annex H.1.5).

From SAE J2735_ 202007, road regulator identifiers are values from 0 to 65535, with the value of O
reserved for testing. These values need to support road regulator identifiers for all of the contiguous North
America. The recommendation is as follows:

0 = Value for testing

17 99 = Reserved for future special values

1007 19,999 = To be assigned by Canada at its discretion

20,0007 36,800 = Assigned as per formula below for US states and District of Columbia
36,8011 39,999 = Reserved for future designation in the US

40,0001 59,999 = To be assigned by Mexico and Central American countries at their discretion
60,0001 65,534 = Reserved for future designation

65,535 = Reserved for future special value

For the United States, each state and District of Columbia gets one statewide road regulator ID and 299
additional road regulator IDs to designate at their discretion (Note that Texas has 254 counties).

Each state department of transportation is assigned a road regulator ID = 19,700 + (300 *
STATE_NUMERIC code from Geographic Names Information System (GNIS) [formerly called the Federal
Information Processing Standard (FIPS) code]).

Each state is also assigned an additional 299 sequential road regulator ID codes following the state
department of transportation road regulator ID. An agency should reach out to their state DOT to be
assigned a road regulator ID at this time.

Note that STATE_NUMERIC (FIPS) codes 03, 07, 14, 43, and 52 are not assigned to states or the District
of Columbia. The 300 road regulator IDs that would correspond to each of those codes are reserved for
future designation in the United States.
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NOTE: At the time of publication, SAE is revisiting the DE_RoadRegulatorID concept using an object
identifier (OID) based data structure based on GNIS but the solution has not been approved yet.

4.3.3.3.1.3 Intersection Reference Identifier

The intersection reference identifier is represented as id (DE_IntersectionID) and found under the data
frame DF_IntersectionReferencelD in MSG_SignalPhaseAndTiming Message in SAE J2735_202007.

The intersection reference identifier is assigned by the 100 represented by the road regulator identifier
and is unique within the road regulator identifier.

4.3.3.3.2 Intersection Status Design Details

The design details to fulfill the requirements to provide the status of a connected intersection follow.
These requirements are defined in Section 3.3.3.3.2.

4.3.3.3.2.1 Manual Control

Whether the intersection is operating under manual control is represented by Bit 0 in the
DE_ IntersectionStatusObject and found under the data frame DF_IntersectionState in
MSG_SignalPhaseAndTiming Message in SAE J2735_202007.

A value of 1 for Bit O indicates that the intersection is operating under manual control. Those conditions
are defined in Section 4.3.2.2.1.

4.3.3.3.2.2 Stop Time

Whether a signalized intersection has stopped timing for traffic operations is represented by Bit 1 in the
DE_ IntersectionStatusObject and found under the data frame DF_IntersectionState in
MSG_SignalPhaseAndTiming Message in SAE J2735_202007.

A value of 1 for Bit 1 indicates that timing has stopped for the signalized intersection. The conditions for
stop time are defined in Section 4.3.2.2.2.

4.3.3.3.2.3 Failure Flash

Whether a signalized intersection is in exception (failure) flash is represented by Bit 2 in the
DE_ IntersectionStatusObject and found under the data frame DF_IntersectionState in
MSG_SignalPhaseAndTiming Message in SAE J2735 202007.

A value of 1 for Bit 2 indicates that the signalized intersection is in exception flash. The conditions for
exception flash are defined in Section 4.3.2.2.3.

While the TSC infrastructure may be aware of several forms of failure flash, it may not be aware of all
forms of failure flash, depending on how the connected intersection is wired. For example, the TSC
infrastructure may not be aware of a cabinet flash or a conflict flash. Separate wiring may be needed so
that the RSU or the TSC infrastructure is aware of a cabinet/conflict/failure flash, depending on where the
UPER-encoded SPaT message is generated. This may be addressed in a future version of the ClI
Implementation Guide.

Note: This may not be possible in an unmodified TS-1 cabinet. It may be possible for this to work for a TS2
controller in a TS1 cabinet.
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4.3.3.3.2.4 Preemption

Whether a signalized intersection is in preemption mode is represented by Bit 3 in the
DE_IntersectionStatusObject and found under the data frame DF_IntersectionState in
MSG_SignalPhaseAndTiming Message in SAE J2735_202007.

A value of 1 for Bit 3 indicates that the traffic signal controller is in preemption mode. The definition for
preemption mode is in Section 4.3.2.2.5.

4.3.3.3.2.5 Priority

Whether a signalized intersection is servicing a priority request is represented by Bit 4 in the
DE_ IntersectionStatusObject and found under the data frame DF_IntersectionState in
MSG_SignalPhaseAndTiming Message in SAE J2735 202007.

A value of 1 for Bit 4 indicates that the traffic signal controller is servicing a priority request, as defined in
Section 4.3.2.2.6.

4.3.3.3.2.6 Fixed Time

Whether a signalized intersection is operating in fixed time mode is represented by Bit 5 in the
DE_ IntersectionStatusObject and found under the data frame DF_IntersectionState in
MSG_SignalPhaseAndTiming Message in SAE J2735 202007.

A value of 1 for Bit 5 indicates that the traffic signal controller is operating in fixed time, as defined in
Section 4.3.2.2.7.

4.3.3.3.2.7 Traffic Dependent Mode

Whether a signalized intersection that is operating in a traffic dependent mode is represented by Bit 6 in
the DE_ IntersectionStatusObject and found under the data frame DF _IntersectionState in
MSG_SignalPhaseAndTiming Message in SAE J2735_202007.

A value of 1 for Bit 6 indicates that the traffic signal controller is operating in a non-fixed time mode, as
defined in Section 4.3.2.2.8.

Note that the traffic signal controller cannot operate in Traffic Dependent Mode and Fixed Time (Section
4.3.3.3.2.6) at the same time.

4.3.3.3.2.8 Standby Mode

Whether a signalized intersection that is operating in operational flash (standby mode) is represented by
Bit 7 in the DE_ IntersectionStatusObject and found under the data frame DF _IntersectionState in
MSG_SignalPhaseAndTiming Message in SAE J2735 202007.

A value of 1 for Bit 7 indicates that the traffic signal controller is in operational flash, as defined in Section
43.2.24.

4.3.3.3.2.9 Failure Mode

Whether a signalized intersection is in a failure mode is represented by Bit 8 in the
DE_ IntersectionStatusObject and found under the data frame DF_IntersectionState in
MSG_SignalPhaseAndTiming Message in SAE J2735 202007.

A value of 1 for Bit 8 indicates that the TSC infrastructure is in failure mode.
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A signalized intersection may be considered in a failure mode when the intersection is in a hard flash
condition. See Annex A.2.1.6, Hard Flashing Operation and A.2.1.7, Tech Flash.

4.3.3.3.2.10 Controller Off

Whether an RSU is receiving valid data from the TSC infrastructure is represented by Bit 9 in the
DE_ IntersectionStatusObject and found under the data frame DF_IntersectionState in
MSG_SignalPhaseAndTiming Message in SAE J2735_202007.

A value of 1 for Bit 9 indicates that the RSU is not receiving valid SPaT information messages from the
TSC infrastructure within the last 0.3 seconds.

Note: if the TSC infrastructure generates the UPER-encoded SAE J2735 202007 SPaT message, and
the controller is off, no SPaT message will be generated.

4.3.3.3.2.11 Recent MAP Update

Whether an RSU is broadcasting a new MAP message is represented by Bit 10 in the
DE_ IntersectionStatusObject and found under the data frame DF_IntersectionState in
MSG_SignalPhaseAndTiming Message in SAE J2735_202007.

A value of 1 for Bit 10 indicates that the MAP message transmitted by the RSU has recently been
updated. However, in practice this bit is not expected to be used by RLVW applications on OBUs. RLVW
applications are expected to use the revision counter in the MAP message to determine if there are
changes in the MAP messages.

Bit 10 shall be set to a value of 1.

Note: the MAP message can be broadcasted without a SPaT message, but the SPaT message must be
sent with a MAP message describing the intersection associated with the SPaT message.

4.3.3.3.2.12 New Lane IDs

Whether an RSU is broadcasting a MAP message with changes in lane assignments or which lanes are
enabled in the SPaT message is represented by Bit 11 in the DE_IntersectionStatusObject and found
under the data frame DF_IntersectionState in MSG_SignalPhaseAndTiming Message in SAE
J2735_202007.

A value of 1 for Bit 11 indicates that the lane definitions in the MAP message or the enabled lanes in the
SPaT message transmitted by the RSU has recently been updated. However, in practice this bit is not
expected to be used by RLVW applications on OBUs. RLVW applications are expected to use the
revision counter in the SPaT and MAP message to determine if there are changes in either message.

Bit 11 shall be set to a value of 1.

4.3.3.3.2.13 No MAP Available

Whether an RSU is broadcasting a valid MAP message is represented by Bit 12 in the
DE_ IntersectionStatusObject and found under the data frame DF_IntersectionState in
MSG_SignalPhaseAndTiming Message in SAE J2735 202007.

A value of 0 for Bit 12 indicates that the RSU is broadcasting a properly formatted MAP message with a
PSID of Opx20-40-97, and a valid IEEE Std 1609.2-2016 certificate. A value of 1 for Bit 12 indicates that
either the MAP is unavailable, or it is invalid. Situations when a MAP may be invalid include temporary
lane closures, when the RSU may still be transmitting the MAP message since the IOO may not have
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been notified by the contractor for lane closure or time lags. This applies when contractor is setting up
cones/barrels for lane closures, presence of flaggers, etc.

A MAP message can be broadcasted without a SPaT message, but the SPaT message must be sent with
a valid MAP message describing the intersection associated with the SPaT message. However, there are
scenarios when the intersection is operating properly, but the |00 decides not to generate MAP
message, maybe for operational or maintenance purposes or the MAP message doesn't have a valid
IEEE Std 1609.2-2016 certificate.

Note: If the UPER-encoded SAE J2735 202007 SPaT message is generated by the TSC infrastructure
and the MAP message is generated elsewhere, the TSC infrastructure must be informed if the RSU is
broadcasting a MAP message to properly set Bit 12. Note the Cl Implementation Guide does not define a
requirement for the TSC infrastructure to be informed if a new MAP message is being broadcasted.

4.3.3.3.2.14 No SPaT Available

Whether an RSU is broadcasting a valid SPaT message is represented by Bit 13 in the
DE_ IntersectionStatusObject and found under the data frame DF_IntersectionState in
MSG_SignalPhaseAndTiming Message in SAE J2735_202007.

An RSU (or the TSC infrastructure) may set Bit 13 to 1 if the signalized intersection is under test and is
not broadcasting a valid SPaT message. An RSU may also set Bit 13 to 1 if the RSU is not receiving valid
SPaT information messages from the TSC infrastructure within the last 300 milliseconds.

Note: If the TSC infrastructure generates the UPER-encoded SAE J2735 202007 SPaT message and if
the controller is off, no SPaT message will be generated.

4.3.3.3.3 Current Movement State Design Details

The design details to fulfill the requirements for the current movement state of a signal group follow.
These requirements are defined in Section 3.3.3.3.3.

4.3.3.3.3.1 Current Movement State for a Signal Group

The state of a movement through an intersection is represented as eventState
(DE_MovementPhaseState) and found under data frame DF_MovementEvent in
MSG_SignalPhaseAndTiming Message in SAE J2735 202007.

Each movement is tied to an identifier called the signalGroup (DE_SignalGroupID), which represents a
collection of movements of a common type through the intersection.

If the signal group does not correspond to an actual signal head and therefore is not in the MAP
message, then sending information about that fictitious signal group is prohibited.

If the signal group does correspond to an actual signal head and is in the MAP message, then the current
movement state has to be sent, even if the current movement state is dark (1). An application will be
expecting a state for signal group since it is in the MAP message.

4.3.3.3.3.2 Unknown Current Movement State for a Signal Group

If the current state of a movement through an intersection is unknown, it is represented by a value of
unavailable (0) for the eventState (DE_MovementPhaseState), found under data frame
DF_MovementEvent in MSG_SignalPhaseAndTiming Message as defined in SAE J2735_202007.
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4.3.3.3.3.3 Flashing Yellow Arrow Permissive Movement

A flashing yellow arrow for a permissive movement is represented by a value of permissive-Movement-
Allowed (5) for the eventState (DE_MovementPhaseState), found under data frame DF_MovementEvent
in MSG_SignalPhaseAndTiming Message as defined in SAE J2735_202007.

4.3.3.3.3.4 Protected and Permissive Clearance

A clearance state immediately following a protected-Movement-Allowed is represented by a value of
protected-clearance (8) for the eventState (DE_MovementPhaseState), found under data frame
DF_MovementEvent in MSG_ SignalPhaseAndTiming Message as defined in SAE J2735 202007.

A clearance state immediately following a permissive-Movement-Allowed is represented by a value of
permissive-clearance (7) for the eventState (DE_MovementPhaseState), found under data frame
DF_MovementEvent in MSG_SignalPhaseAndTiming Message as defined in SAE J2735_202007.

4.3.3.3.3.5 Resolve Protected Versus Permissive Movement

An allowed movement that is in conflict with another movement is represented by a value of permissive-
Movement-Allowed (5) for the eventState (DE_MovementPhaseState), as defined in SAE J2735_202007;
and represented by a value of protected-Movement-Allowed (6) when the same allowed movement is not
in conflict with another movement.

Note that there is some question if NTCIP 1202 vO3A currently addresses protected and permissive
movements correctly as stated. The question has been posed to the NTCIP Actuated Signal Controllers
Working Group. See Annex H.2.1, Protected / Permissive Movements. In the mean time, the RSU could
be configured to resolve the protected permissive state of a protected permissive signal group in the
same way that it does not for TSCBM. The controller could send the state of the protected movement
channel and the permissive movement channel/overlap and the RSU could resolve it using a custom
configured table.

Also, while the TSCBM can indicate if the current movement state is green, yellow or red, it does not
indicate if the movement allowed or the clearance state is a protected movement/clearance or a
permissive movement/clearance. The RSU receiving the TSCBM has to be configured to determine when
a phase or overlap movement is protected or permissive. There is currently no standardized interface to
configure this information.

4.3.3.3.3.6 Conflict Causes Permissive

An allowed movement that is in potential conflict with another movement is represented by a value of
permissive-Movement-Allowed (5) for the eventState (DE_MovementPhaseState), found under data
frame DF_MovementEvent in MSG_SignalPhaseAndTiming Message as defined in SAE J2735_202007.

4.3.3.3.3.7 No Conflict Causes Protected

An allowed movement that does not conflict with another movement is represented by a value of
protected-Movement-Allowed (6) for the eventState (DE_MovementPhaseState), found under data frame
DF_MovementEvent in MSG_SignalPhaseAndTiming Message as defined in SAE J2735 202007.

4.3.3.3.3.8 WALK State Enumeration (No Conflict)

A pedestrian WALK interval that has no conflict with a vehicle movement is represented by a value of
protected-Movement-Allowed (6) for the eventState (DE_MovementPhaseState), found under data frame
DF_MovementEvent in MSG_SignalPhaseAndTiming Message as defined in SAE J2735_202007.
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NOTE: A WALK may have no conflict for part of its duration and change to having a conflict. For example,
a leading pedestrian interval brings up the WALK indication for a few seconds before the parallel vehicle
movements gets a permissive green that includes turning movements in conflict with the WALK.

4.3.3.3.3.9 WALK State Enumeration (Potential Conflict)

A pedestrian WALK interval that is in conflict with a vehicle movement is represented by a value of
permissive-Movement-Allowed (5) for the eventState (DE_MovementPhaseState), found under data
frame DF_MovementEvent in MSG_SignalPhaseAndTiming Message as defined in SAE J2735 202007.

43333 10Fl ashing DON6T WALK State Enumerati on

A pedestrian Flashing DON'T WALK interval that may be in conflict with another movement is
represented by a value of permissive-clearance (7) for the eventState (DE_MovementPhaseState), found
under data frame DF_MovementEvent in MSG_SignalPhaseAndTiming Message as defined in SAE
J2735_202007.

A pedestrian Flashing DON'T WALK interval that has no conflict with another movement is represented
by a value of protected-clearance (8) for the eventState (DE_MovementPhaseState), found under data
frame DF_MovementEvent in MSG_SignalPhaseAndTiming Message as defined in SAE J2735_202007.

4.3.3.3.3.11 Steady DON6 T WALK State Enumerati on

A pedestrian Steady DON'T WALK interval is represented by a value of stop-And-Remain (3) for the
eventState (DE_MovementPhaseState), found under data frame DF_MovementEvent in
MSG_SignalPhaseAndTiming Message as defined in SAE J2735 202007.

4.3.3.3.4 Next Movement State Design Details

The design details to fulfill the requirements for the next movement state of a signal group follow. These
requirements are defined in Section 3.3.3.3.4.

4.3.3.3.4.1 Next Movement State

MSG_SignalPhaseAndTiming Message provides a data frame, DF_MovementEventList, that contains 1
to 16 entries for the same movement at an intersection. Each entry (represented by DF_MovementEvent)
represents a movement state for that movement over a period of time.

1 The first entry describes the current movement state (i.e., DE_MovementPhaseState) and the
time change details for the current movement (minEndTime, maxEndTime, and nextTime).

1 The second entry describes the movement state immediately after the current movement state
terminates; and the start, minimum end, and maximum end times (i.e., startTime, minEndTime,
and maxEndTime) for the next movement state.

If the TSC infrastructure knows the next movement state, the TSC infrastructure shall provide the next
movement state in the second entry of DF_MovementEventList, as eventState
(DE_MovementPhaseState), found under data frame DF_MovementEvent in
MSG_SignalPhaseAndTiming Message as defined in SAE J2735 202007.

If the next movement state, as represented by DE_MovementPhaseState, is unknown, a second entry for
the movement (DF_MovementEvent) shall be sent in DF_MovementEventList as unknown. Note that
during an AGP, the next movement state is known and is broadcasted.

For example, in Figure 17, lane #1 is tied to signal group #2 and currently a permitted left turn (FY
(Flashing Yellow) in Figure 17). The minimum end time for signal group 2 is currently 34675 deciseconds
and the maximum end time is 35244 deciseconds from the top of the hour. At this point in time, the TSC
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infrastructure has not determined if the next movement state is a clearance interval or a protected left
turn. So, the SPaT message for this movement would be the following:

{"signalGroup":2,"state-time-speed":[{"eventState":"permissive-Movement-
Allowed","timing":{"minEndTime":34675,"maxEndTime":35244}},{"eventState":"unavailabl
e"timing{ist ar t Ti fmEn&ndBirGel.:36111,"maxEndTime":36111}}]}

A

Figure 17. Example Next Movement State.

Several seconds later, two different scenarios may occur. In the first scenario, the TSC infrastructure
does not detect any more demand for the left turn, so the TSC infrastructure decides to terminate the
permissive left at 34675 deci-seconds after the top of the hours and the next movement interval will be a
clearance interval of 4 seconds (SY (Steady Yellow) in Figure 17). So, the SPaT message for this
movement is now:

{"signalGroup":2,"state-time-speed":[{"eventState":"permissive-Movement-
Allowed","timing":{"minEndTime":34675,"maxEndTime":34675}},{"eventState":"permissiv
e-clearance”,"timing":{"startTime":34675,"minEndTime":34715,"maxEndTime":34715}}]}

However, in the second scenario, if the TSC infrastructure detects additional demand for the left turn, the
TSC infrastructure may decide the next movement interval is a minimum 6-second protected left turn (G
(Green) in Figure 17) with a maximum 24-second duration, in which case the SPaT message for this
movement is:

{"signalGroup":2,"state-time-speed":[{"eventState":"permissive-Movement-
Allowed","timing":{"minEndTime":34675,"maxEndTime":34675}},{"eventState":"protected-
Movement-
Allowed,™timing":{"startTime":34675,"minEndTime":34735,"maxEndTime":34915}}]}
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4.3.3.3.4.2 Unknown Next Movement State

MSG_SignalPhaseAndTiming Message provides a data frame, DF_MovementEventList, that contains 1
to 16 entries for the same movement at an intersection. Each entry (represented by DF_MovementEvent)
represents a movement state for that movement over a period of time.

1 The first entry describes the current movement state (i.e., DE_MovementPhaseState) and the
time change details for the current movement (minEndTime, maxEndTime, and nextTime (if
known))

1 The second entry describes the movement state immediately after the current movement state
terminates; and the start, minimum end, and maximum end times for the next movement state

If the next movement state, as represented by DE_MovementPhaseState, is unknown, a second entry for
the movement (DF_MovementEvent) shall be sent in DF_MovementEventList as unknown.

For example, in Figure 17, lane #1 is tied to signal group #2 and currently a permissive left turn. The

minimum end time for signal group 2 is currently 34675 deciseconds and the maximum end time is 35244

deciseconds from the top of the hour. At this point in time, the TSC infrastructure has not determined if

the next movement state is a clearance interval or a protected left turn. So, the SPaT message for this

movement would be the following:
{"signalGroup":2,"state-time-speed":[{"eventState":"permissive-Movement-
Allowed","timing":{"minEndTime":34675,"maxEndTime":35244}} {"eventState":"unavailabl
e""timing"{ist ar t Ti fMmankndBirGel:36111,"maxEndTime":36111}}]}

4.3.3.3.4.3 No Past State

No design details provided at this time.

4.3.3.3.5 Time Change Details Design Details

The design details to fulfill the requirements for when the current signal interval state for a signal group
may change follow. These requirements are defined in Section 3.3.3.3.5.

4.3.3.3.5.1 Time Change Details

The details on when the current movement state of a movement through an intersection will change is
represented as timing (DF_TimeChangeDetails) and found under data frame DF_MovementEvent in
MSG_SignalPhaseAndTiming Message in SAE J2735_202007.

Each movement is tied to an identifier called the signalGroup (DE_SignalGroupID), which represents a
collection of movements of a common type through the intersection.

Note, the signalGroup identifier is not necessarily equal to the phase number. For example, overlaps
movements also have to be assigned a signalGroup identifier.

4.3.3.3.5.2 Unknown Time Change Detall

If any time change detail for a movement is required to be transmitted in the SPaT message, but the
value is unknown, then that time change detail is represented by a value of 36111 for DE_TimeMark,
found under data frame DF_TimeChangeDetails in MSG_SignalPhaseAndTiming Message as defined in
SAE J2735_202007.

This CI Implementation Guide requires that the following time change details for each allowed movement
be included in all SPaT messages transmitted:
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1 Minimum End Time. The earliest time when the current movement state is expected to end.
1 Maximum End Time. The latest time when the current movement state is expected to end.

If the minimum end time or maximum end time is not known by the TSC infrastructure, then a value of

unknown is used.

If the next time that the movement will be allowed is not known (See Section 4.3.3.3.6.1, Time of Next
Allowed Movement), then the nextTime data element is not included in the SPaT message.

This CI Implementation Guide references the July 2020 version of SAE J2735 (SAE J2735_202007). The
March 2016 version of SAE J2735 (SAE J2735_201603) uses a value of 36001 to represent unknown.
The change was made to DE_TimeMark in the July 2020 version to properly address leap seconds.

4.3.3.3.5.3 Minimum End Time

The earliest time that the current and any future interval could end is represented by minEndTime
(DE_TimeMark), found under the data frame DF_TimeChangeDetails in MSG_SignalPhaseAndTiming
Message in SAE J2735 202007.

The earliest time that a green interval could end may be constrained by the minimum green time setting,

pedestrian WALK and flashin g

DONG6T WALK

ti

me s ,or vehicle extensiorss.tYellown

hol

interval durations are generally fixed. The earliest time does not consider that the interval could abruptly
change due to unpredictable events such as signal preemptions, or failures such as a watchdog failure or

a conflict monitor.

Figure 18 is an example of minimum end times for an actuated intersection that includes Rest in Green.
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® Main street: minEndTime rests at 0.1s. Upon vehicle detection on main street, minEndTime jumps to 2.8s and then goes down to 0.1s

« Side street: When actuated by vehicle, main street green phase ends in 0.1s

* Side street: When actuated by ped crosswalk (“rest in walk” or button pressed),
minEndTime jumps to 12s, maxEndTime = minEndTime, main street green phase ends after 12s

Figure 18. Example Minimum End Time, Rest in Green.

4.3.3.3.5.4 Maximum End Time

The latest time that the current and any future interval could end is represented by maxEndTime
(DE_TimeMark), found under the data frame DF_TimeChangeDetails in MSG_SignalPhaseAndTiming
Message in SAE J2735_202007.
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The latest time that an interval could end may be constrained by the maximum green time settings or
coordination force-offs. When the interval duration is fixed, such as when the TSC infrastructure is
operating in fixed time or the yellow interval duration, the minimum end time will equal the maximum end
time.

4.3.3.3.5.5 Unknown Maximum End Time
See Section 4.3.3.3.5.2.

4.3.3.3.5.6 No Current Movement State Start Time

No design details provided at this time.

4.3.3.3.5.7 Next Movement State Start Time

MSG_SignalPhaseAndTiming Message provides a data frame, DF_MovementEventList, that contains 1
to 16 entries for the same movement at an intersection. Each entry (represented by DF_MovementEvent)
represents a movement state for that movement over a period of time.

1 The first entry describes the current movement state (i.e., DE_MovementPhaseState) and the
time change details for the current movement (minEndTime, maxEndTime, and nextTime (if
known)).

1 The second entry describes the movement state immediately after the current movement state
terminates; and the start, minimum end, and maximum end times for the next movement state.

The start time for the next movement state, represented by startTime (DE_TimeMark) and found under
the data frame DF_TimeChangeDetails in MSG_SignalPhaseAndTiming Message in SAE

J2735 202007, shall also be included in the second entry, even if the value is unknown. Note that the
minEndTime and maxEndTime for the second entry shall also be included in the second entry, even if the
value is unknown.

If the next movement state, as represented by DE_MovementPhaseState, is unknown, a second entry for
the movement (DF_MovementEvent) shall be sent in DF_MovementEventList as unknown.

This CI Implementation Guide references the July 2020 version of SAE J2735 (SAE J2735_202007). The
March 2016 version of SAE J2735 (SAE J2735_201603) uses a value of 36001 to represent unknown.
The change was made to DE_TimeMark in the July 2020 version to properly address leap seconds.

See the example in Section 4.3.3.3.4.1, Next Movement State.

4.3.3.3.5.8 Next State Time Start Equals Current State Minimum End Time

If the TSC infrastructure knows the next movement state, the start time of the next movement state,
represented by startTime (DE_TimeMark) in the second entry of data frame DF_MovementEventList,
shall be the same time point as the minimum end time of the current movement state, as represented by
minEndTime (DE_TimeMark) in the first entry of data frame, DF_MovementEventList.

4.3.3.3.6 Next Green Design Details

The design details to fulfill the requirements for when a movement at an intersection is next allowed to
proceed (e.g., permissive or protected movement allowed) follow. These requirements are defined in
Section 3.3.3.3.6.
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4.3.3.3.6.1 Time of Next Allowed Movement

The next time that the current movement is allowed to move is represented by nextTime (DE_TimeMark),
found under the data frame DF_TimeChangeDetails in MSG_SignalPhaseAndTiming Message in SAE
J2735 _202007. A movement is "allowed to move" when the signal indication for that movement is green
or a flashing yellow arrow for a vehicle movement; or a "WALK" signal for a pedestrian movement; or,
more precisely, the movement state, as represented by DE_MovementPhaseState, is permissive-
Movement-Allowed or protected-Movement-Allowed.

Next time may be used by ECO (environmental) applications on an OBU/MU to determine when the
vehicle or pedestrian is estimated to be allowed to move again. This may affect if a driver is advised to
travel faster or slower to improve overall fuel consumption.

For fixed time and coordinated signals (and possibly others), next time can be estimated by the TSC
infrastructure, subject to unpredictable events such as signal preemptions, or failures such as a watchdog
failure or a conflict monitor. If next time cannot be estimated with a high level of confidence, a value of
unknown is used, represented by a value of 36111 for DE_TimeMark.

Otherwise, a nextTime other than unknown is provided and only in the first entry (DF_MovementEvent) of
DF_MovementEventList, which represents the current movement state. If the next time is unknown (or
known but not with a high level of confidence), nextTime shall not be sent in DF_MovementEvent.

Note: The value of DE_TimeMark indicating undefined or unknown changed from a value of 36001 in
SAE J2735_ 201603 to a value of 36111 in SAE J2735_202007.

For example, Figure 19 is a mid-block pedestrian crossing with a pedestrian pushbutton for the cross
walk. The signal indication for the vehicle movement (signal group 1) is currently green with a minimum
end time of 34675 deciseconds and the maximum end time is 35244 deciseconds from the top of the
hour. At this point in time, the TSC infrastructure does not know when the movement will end, so it does
not know the next time the movement will be allowed again. So, the SPaT message for this movement
would be the following:

{"signalGroup":1,"state-time-speed":[{"eventState":"protected-Movement-
Allowed","timing":{"minEndTime":34675,"maxEndTime":35244}} {"eventState":"unavailabl
e""timng"{i st ar t Ti fMan&ndBirGel:36111,"maxEndTime":36111}}]}

Figure 19. Example Next Time.

Several seconds later, a pedestrian depresses the pushbutton and the TSC infrastructure decides to
terminate the green at 34675 deci-seconds after the top of the hour, with a clearance interval of 4
seconds. The pedestrian WALK pl useid2bsesohds. Tlge ndt@mMeiSTNnoWVAL K t i m
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known to be 34975 deci-seconds after the top of the hour. So, the SPaT message for this movement is
now the following:

{"signalGroup":1,"state-time-speed":[{"eventState":"protected-Movement-
Allowed,™timing":{"minEndTime":34675,"maxEndTime":34675,"nextTime":34975}},{"even
tState":"protected-
clearance,"timing":{"startTime":34675,"minEndTime":34715,"maxEndTime":34715}}]}

4.3.3.3.7 Enabled Lanes Indication

Active (‘enabled’) revocable lanes for an intersection are represented by the lane identifier (DE_Laneld) in
enabledLanes (DF_EnabledLanelList), found under data frame DF _IntersectionState in
MSG_SignalPhaseAndTiming Message as defined in SAE J2735 202007.

This requirement is conditional, if the intersection does not have a revocable lane defined in the MAP
message for the same intersection (See 4.3.3.4.6, Revocable Lanes), OR no revocable lane is currently
active (‘enabled’) then the data frame DF_EnabledLaneList is not transmitted in the SPaT message.

However, if the MAP message for the intersection defines a revocable lane for the intersection AND a
revocable lane is currently active (‘enabled'), then the data frame DF_EnabledList shall be transmitted as
part of the SPaT message for the intersection.

This is an example:

{"messageld":19,"value":{"intersections":[{"id":{"id":173},"revision":89,"status":"0000","mo
y":19230,"timeStamp™:45484,"states":[{"signalGroup":2,"state-time-
speed":[{"eventState":"protected-Movement-
Allowed","timing":{"minEndTime":34654,"maxEndTime":35244}}]},{"signalGroup":4,"state-
time-speed":[{"eventState":"stop-And-

Remain”,"timing":{"minEndTime":34711,"maxEndTime":35301}}]}}1}}

{"messageld":19,"value":{"intersections":[{"id":{"id":173},"revision":89,"status":"0000","mo
y":19230,"timeStamp":45484,"enabledLanes":5,["states":[{"signalGroup":2,"state-time-
speed":[{"eventState":"protected-Movement-
Allowed","timing":{"minEndTime":34654,"maxEndTime":35244}}]},{"signalGroup":4,"state-
time-speed":[{"eventState":"stop-And-
Remain”,"timing":{"minEndTime":34711,"maxEndTime":35301}}]}}1}}

An implementation should provide a check that a SPaT message does not assert mutually exclusive
enabled lanes simultaneously. Note: NTCIP 1202 vO3A defines a table,
spatEnabledLanesConcurrencyTable, which indicates which lanes may be active concurrently and serves
as a check that mutually exclusive enabled lanes are not enabled simultaneously.

4.3.3.3.8 SPaT Message Accuracy

No design details provided at this time.

4.3.3.4 Roadway Geometry Data Design Details

The design details to fulfill the requirements to provide information about travel lanes follow. These
requirements are defined in Section 3.3.3.4.

4.3.3.41 Intersection Geometry Design Details

The design details to fulfill the requirements to provide information about the lanes in and around an
intersection follow. These requirements are defined in Section 3.3.3.4.1.
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4.3.3.4.1.1 Intersection Geometry Information
See intersections (DF_IntersectionGeometryList) for MSG_MapData in SAE J2735_202007.

4.3.3.4.1.2 Intersection Geometry - Road Regulator Identifier

The road regulator identifier is represented as region (DE_RoadRegulatorID) and found under the data
frame DF_IntersectionReferencelD in the MSG_MapData message in SAE J2735_202007.

See Section 4.3.3.3.1.2, Road Regulator Identifier, for a discussion on how road regulator identifiers may
be assigned. A comment to the SAE Technical Committee responsible for maintaining SAE
J2735_202007. The comment can be found in Annex H.1.5, DE_RoadRegulatorID.

4.3.3.4.1.3 Intersection Geometry - Intersection Identifier

The intersection reference identifier is represented as id (DE_IntersectionID) and found under the data
frame DF_IntersectionReferencelD in the MSG_MapData message in SAE J2735 202007.

The intersection reference identifier is assigned by the 100 represented by the road regulator identifier
and is unique within the road regulator identifier.

4.3.3.4.1.4 Intersection Reference Point Design Details

The design details to fulfill the requirements for the location of an intersection reference point follow.
These requirements are defined in Section 3.3.3.4.1.4.

4.3.3.4.1.4.1 Intersection Reference Point - Position

Although the requirement states that the first node point should be within 327.67 meters of the
intersection reference point, the preference is that the selected intersection reference point should be
located such that the first node point of all lanes associated with the intersection can be represented by
DE_Offset_B13 (within 40.95 meters) to allow the vehicle application to properly identify the intersection
that is relevant as opposed to the other intersections that are in close proximity within the RF range.

It is customary and preferred to select a point in the middle of the intersection "crash box" or conflict area
as the intersection reference point. The intersection "crash box" is defined as the inside of the crosswalk
markings (or stop lines) along the outside boundary of the intersection; or between the first node of all the
lanes that ingress and egress the intersection (i.e., does not include internal storage lanes).

However, the intersection reference point shall be referenced to a surveyed point, i.e., the x-, y- axis
offset between the intersection reference point and a surveyed point shall be known. While it is preferred
that the surveyed point be in the middle of the intersection conflict area, it is not always practical. A
surveyed point can be outside the intersection conflict area, for example, signal controller cabinet or a
light pole; but it shall be at the same elevation as the intersection conflict area or the z- axis offset shall be
known. In such a case, an intersection reference point inside the intersection conflict area can be
computed using X and Y offset distance in centimeters from the surveyed point.

Figure 20 and Figure 21 illustrates three different scenarios where the following occur:
1) The surveyed point is inside the intersection as the reference point, such as a manhole,
2) The surveyed point is outside the intersection at the traffic signal controller, and

3) The surveyed point at the signal controller is outside the two intersections in proximity.

It is required that the surveyed point is within 0.2 meter radial accuracy and the intersection reference
point computed from the surveyed point is also within 0.2 meter accuracy.
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Figure 20. Intersection Reference Point Examples 1 and 2.
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Figure 21. Intersection Reference Point Example 3.

4.3.3.4.1.4.2 Intersection Reference Point - Description

An intersection& reference point is represented as refpoint (DF_Position3D) and found under the data
frame DF _IntersectionGeometry in MSG_MapData message in SAE J2735_202007.

DF_Position3D consists of three data elements to represent the position. Latitude is represented as lat
(DE_Latitude), longitude is represented as long (DE_Longitude), and elevation is represented as
elevation (DE_Elevation) in DF_Position3D. The reference ellipsoid for DE_Elevation is WGS-84.
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Unlike SAE J2735_202007, elevation is a mandatory element to conform with the CI Implementation
Guide.

4.3.3.4.1.4.3 Intersection Reference Point Accuracy

The circular error of the intersection reference point location must not exceed 0.2 meters from the true
location.

Because the intersection maps for connected intersections are generated using surveyed points that are
aligned with the WGS 84 datum, drift of the underlying continental plate will move the intersection away
from the GNSS locations of the originally surveyed node points. The North American Plate moves
generally in a southwest direction at a speed of around 2.3 centimeters per year. This would mean that a
node that is surveyed with centimeter accuracy could move out of that accuracy requirement within
between 10 years at the most and likely sooner.

Parts of the United States also are located on the Pacific Plate, which in California moves about 5
centimeters per year to the northwest. This means that intersections west of the San Andreas Fault might
have to be re-mapped more often than in other places in the country.

If the local plate movement vector is known, the MAP data could be corrected periodically and/or the
intersections could be resurveyed every couple of years. By using offsets for the lane nodes, rather than
absolute latitude and longitude, as required in this Cl guidance, the entire intersection geometry can be
corrected by simply correcting the reference point. All the other points then move to keep the same
relative location from the reference point.

4.3.3.4.1.5 Default Lane Width

An intersection's default lane width is represented as laneWidth (DE_LaneWidth) and found under the
data frame DF_IntersectionGeometry in MSG_MapData message in SAE J2735_202007. All lanes
associated with the intersection are assumed to be the default lane width unless otherwise indicated (See
4.3.3.4.1.22, Node Lane Width). Lane widths are represented in centimeter units.

4.3.3.4.1.6 Lane ldentifier

Each lane associated with an intersection is assigned a unique lane identifier within that intersection. The
lane identifier is represented as lanelD (DE_Laneld) and found under the data frame DF_GenericLane for
intersections in MSG_MapData message in SAE J2735_202007.

The CI Committee considered several schemes for assigning lane identifiers for an intersection, but how
each lane is assigned an identifier is inconsequential to an application on an OBU/MU, although there is a
preference that the assignment scheme be consistent.

Schemes that have been used include assigning the first identifier for an approach to the leftmost lane,
and assigning odd numbers to ingress lanes and even numbers to egress lanes, which work very well for
roundabouts.

4.3.3.4.1.7 Center of Vehicle Lane Geometry

Each lane associated with an intersection is represented by node points that are located along the
centerline of the lane. Each node point consists of an XY offset from a preceding node point, or the
intersection's reference point. For the connected intersections, absolute positions (i.e., latitude, longitude
points) are not permitted.

Read the guidance in Sections 4.3.3.4.1.11, First Node Point - Ingress Vehicle Lane Design Details to
4.3.3.4.1.23, Node Accuracy, for additional details.
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For a two-way road without lane striping and permitted parking, such as a residential street, it is
recommended that two overlapping lanes be defined, one in each direction. Each lane should include the
"parking" lane in case there are no parked cars to indicate that "area" where cars could be parked can be
used for travel. Each lane should also include the area that a vehicle can normally travel, even if it
overlaps with a travel lane in the opposite direction, as shown in Figure 22.

In Figure 22, the width of lane 1 (an ingress lane) is from the sidewalk curb to a distance away from the
opposite sidewalk curb, shown as a dashed line, to allow for parking on the opposite side. The width of
lane 2 (an egress lane), is from the sidewalk curb on the right side to a distance away from the opposite
sidewalk curb, also shown as a dashed line, to allow for parking on the opposite side. The area between
the dashed lines represents an overlap of two lanes, lane 1 and lane 2. This overlapping of two lanes is
represented by asserting bit 0 in sharedWith (DE_LaneSharing), which can be found under the data
frame DF_LaneTypeAttributes in the MSG_MapData message in SAE J2735_202007, to indicate
overlapping lanes. See 4.3.3.4.2.2, Lane Sharing.

Figure 22. Center of a Vehicle Lane.

4.3.3.4.1.8 Center of Crosswalk Lane Geometry

Each crosswalk (lane) associated with an intersection is represented by node points that are located
along the centerline of the crosswalk. Each node point consists of an XY offset from a preceding node
point, or the intersection's reference point. For the connected intersections, absolute positions (i.e.,
latitude, longitude points) is not permitted.

Read the guidance in Sections 4.3.3.4.1.13 t0 4.3.3.4.1.16, 4.3.3.4.1.18, and 4.3.3.4.1.20 t0 4.3.3.4.1.23,
for additional details.

4.3.3.4.1.9 Center of Pedestrian Landings Geometry

Each pedestrian landing associated with an intersection is represented by node points that are located
along the centerline of the landing. Each node point consists of an XY offset from a preceding node point,
or the intersection's reference point. For the connected intersections, absolute positions (i.e., latitude,
longitude points) is not permitted.

Read the guidance in Sections 4.3.3.4.1.10, 4.3.3.4.1.13t0 4.3.3.4.1.16, and 4.3.3.4.1.19 t0 4.3.3.4.1.23
for additional details.
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4.3.3.4.1.10 Lane Description
See Sections 4.3.3.4.1.13 to 4.3.3.4.1.16 for additional guidance.

4.3.3.4.1.11 First Node Point - Ingress Vehicle Lan e Design Details

The first node point of an ingress vehicle lane is located at the upstream edge of the stop line.

ConsistentwiththeConnect ed Vehi cl e PA/BHSECIeatibruohadGuiSanoe Bocudiment (
for MAP Preparation:

1 Inthe absence of a stop line, the first node point should be placed on the upstream edge of a
crosswalk marking

1 Inthe absence of a stop line and crosswalk marking, the first node point should be placed, using
engineering judgement, at the nearest point at the upstream edge of the intersection

The reason for the location of the first node point for an ingress lane is that the RLVW application needs
to know where the stop line is because if the vehicle crosses the stop line (or the crosswalk marking)
while the light is red, the vehicle is technically in violation, which the RLVW application tries to prevent.
The RLVW application therefore needs to determine the distance from the stop line and not the distance
to a location past the stop line. If the vehicle passes the stop line and stops in the crosswalk or at the
edge of the intersection box while the light is red, the vehicle could get ticketed and the application design
should not violate the law. Having the first node point at the location of the stop line also eliminates the
need for an extra data element for the stop line location and reduces message size.

Beyond the mapped lane (i.e., downstream of the first node point), the application may have a hysteresis
type design, where the lane the vehicle matched itself to is still maintained for a certain distance after
crossing the first node point of the lane.

If the lane is bi-directional, such as a driveway, the first node point should follow the guidelines for the
ingress direction, that is, located at the upstream edge of the stop line if present or the crosswalk
marking.

Figure 23 provides several examples of locations for the first node point of lanes associated with an
intersection. The first node point for most ingress lanes at this intersection are either at the upstream
edge of the stop line if exists, or at the upstream edge of the crosswalk marking. Similarly, the first node
point for all the egress lanes is at the downstream edge of the crosswalk, where crosswalk markings
exist. However, since there is no stop line or crosswalk for lanes 2, 4, 9, or 11, engineering judgement
was used to place the first node point of those lanes.
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Figure 23. First Node Point.

4.3.3.4.1.12 First Node Point - Egress Vehicl e Lane Design Details

The first node point of an egress vehicle lane is located at the downstream edge of the crosswalk
marking.

Consistent with CVPFS's Creation of a Guidance Document for MAP Preparation:

1 Inthe absence of crosswalk markings, the first node point should be determined with engineering
judgement to represent the point immediately outside the intersection and any path that
pedestrians might use to cross the intersection (with or without crosswalk lines). For example,
curbs or cross lanes of travel could be used as references to determine the boundary of the
intersection.

The reason for the location of the first node point for an egress lane is that the RLVW application needs to
know if the vehicle can clear an intersection, defined as the downstream edge of the crosswalk marking of
the lane the vehicle is leaving the intersection before the light turns red. If the vehicle cannot clear the
intersection, the vehicle is is not meeting the design goal of this Cl guidance, which the RLVW application
tries to prevent. The RLVW application therefore needs to determine the distance from the stop line of the
ingress lane to the downstream edge of the crosswalk marking of the egress lane. If the vehicle does not
clear the crosswalk marking while the light is red, the vehicle would not meet the design goal of clearing
the intersection.”

If a vehicle lane is reversible, the lane should be defined as two separate (revocable) lanes. So, when
traveling in the ingress direction, the location of the first node point should follow the guidelines for an
ingress lane, and when traveling in the egress direction, the first node point should follow the guidelines
for an egress lane.
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If the lane is bi-directional, such as a driveway, the first node point should follow the guidelines for the
ingress direction, that is, located at the upstream edge of the stop line if present or the crosswalk
marking. If there is no stop line or crosswalk marking, engineering judgement should be used.

See Figure 23 for several examples of locations for the first node point of egress lanes associated with an
intersection.

Notes on egress lanes. A RLVW application only needs one point to indicate the location of the egress
lane. So, an egress lane can be described with two node points 1 centimeter apart. Based on this, the
minimum length of the egress lane is 1 centimeter, represented by the first node point and a second node
point 1 centimeter downstream. For the purposes of RLVW application, there is no need to extend the
egress lane beyond 1 centimeter.

4.3.3.4.1.13 Node Offset from Intersection Reference Point

The first node point of all lanes at or associated with an intersection is described as a node offset from the
intersection’s reference point. Node offsets consists of an X value, followed by a Y value and all are in 1-
centimeter units. As indicated by SAE J2735_202007, the offset is positive to the east (X) and to the north

(Y).

The node offset is represented as a choice of different data frames (node-XY1, nodeXY-2, node-XY3,
node-XY4, node-XY5, or node-XY6, represented by DF_Node_ XY 20b, DF_Node_ XY_22b,

DF Node_ XY_24b, DF _Node_ XY_26b, DF_Node XY_28b, and DF_Node_ XY_32b, respectively) and
can be found under the data frame DF_NodeOffsetPointXY in the MSG_MapData message in SAE
J2735_202007.

The difference between the choices are the sizes of the offset data to be transmitted. Table 12
summarizes the differences between the choices, including the range of offsets supported for each choice
and the number of bits required to transmit the choice. Note the number of bits required are for the X-
offset and the Y-offset combined and each the same value.

Table 12. Node Offset Ranges

name Data Frame Range Number of bits needed
node-XY1 | DF Node XY 20b | +/-5.11 meters 20
node-XY2 | DF Node XY 22b | +/-10.23 meters 22
node-XY3 | DF Node XY 24b | +/- 20.47 meters 24
node-XY4 | DF Node XY 26b | +/- 40.96 meters 26
node-XY5 | DF Node XY 28b | +/- 81.91 meters 28
node-XY6 | DF Node XY 32b | +/- 327.67 meters 32

The guidance is to use the smallest data frame if possible if there is a MAP message size issue, even if
one lane uses different data frames (e.g., node-XY2 and node-XY4) to represent the node offsets for the
same lane.

It is recommended that Universal Transverse Mercator (UTM) coordinates NOT be used because it
introduces a rotation.

As shown in Figure 24, node offsets to the east are denoted by X offset and node offsets to the north by Y
offset.
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Figure 24. First Node Point Offsets.

For Figure 24, the first node point for lane id 5 and lane id 8 are the following:

{"lanelD":5,"laneAttributes":{€é },"nodeList":{"nodes":[{"delta":{"node-XY3":{"x":900,"y":-
10801} {"delta™:{é } } {'lan&ID":8,"laneAttributes":{é },"nodeList":{"nodes":[{"delta":{"nod
e-XY2"{"x":360,"y":1000}}} {"delta":{é } } 1 } }

Note that since the first node point for lane id 8 is within 10.23 meters of the intersection reference point
for X- and Y- offsets (the range of node-XY2), node-XY2 is used to describe the location of the first offset
node point lane 8. On the other hand, the first node point for lane id 5 is outside 10.23 meters for the Y-
offset, so node-XY3 is used to describe the location of the first offset node point lane 5.

4.3.3.4.1.14 Node Elevation Offset from Intersection Reference Point

The elevation of the first node point of all lanes at or associated with an intersection is described as an
offset from the intersection's reference point, in one centimeter units. The elevation offset is represented
as dElevation (DE_Offset-B10) and can be found under the data frame DF_NodeAttributeSetXY in the
MSG_MapData message in SAE J2735_202007.

If there is no change in elevation from the intersection reference point, this data element is not sent. A
positive value indicates an increase in elevation from the intersection reference point.

Figure 26 is an example of a first node point that is at a different elevation than the intersection reference
point.
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4.3.3.4.1.15 Offset from Previous Node

Each subsequent node point after the first node point of all lanes at or associated with an intersection is
described as a node offset from the previous node point. Node offsets consists of an X value, followed by
a Y value and all are in 1-centimeter units. As indicated by SAE J2735_ 202007, the offset is positive to
the east (X) and to the north (Y).

The node offset is represented as a choice of different data frames (node-XY1, nodeXY-2, node-XY3,
node-XY4, node-XY5, or node-XY6, represented by DF_Node_ XY 20b, DF_Node_ XY_22b,

DF Node_ XY_24b, DF_Node_ XY_26b, DF_Node XY_28b, and DF_Node_ XY_32b, respectively) and
can be found under the data frame DF_NodeOffsetPointXY in the MSG_MapData message in SAE
J2735_202007.

Table 12 in Section 4.3.3.4.1.13 describes the differences between the choices.

The guidance is to use the smallest data frame if possible if there is a MAP message size issue, even if
one lane uses different data frames (e.g., node-XY?2 and node-XY4) to represent the offsets between
node points for the same lane.

Figure 25 builds on Figure 24 and shows additional node points for lanes at the intersection, including two
turning bays at the same intersection. The light green lines indicate the centerline path for the vehicle in
each lane.

Vehicle path
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>°_ | X offset
]

X offset=0
Y offset =-1020

X offset=0

= Y offset = -960

X offset =360 -

Y offset =-400

X offset =-360
Y offset =-460

Figure 25. Node Offsets

In Figure 25, only two node points are used to define lane ids 3, 5, 15, and 17. The node points that
appear between the two end node points of each lane are only used to define the last node points for lane
ids 1, 7, 13, and 19. Using JSON encoding, the node points for lane ids 1, 3, 5 and 7 are the following:
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{"lanelD":1,"laneAttributes":{é },"nodeList":{"nodes":[{"delta":{"node-XY3":{"x":180,"y":-
1080311} {"delta":{"node-XY2":{"x":0,"y":-1020}}},{"delta":{"node-XY1":{"x":360,"y":-
400}}}31.{"lanelD":3,"laneAttributes":{é },"nodeList":{"nodes":[{"delta":{"node-
XY3":{"x":540,"y":-1080}}} {"delta":{"node-XY3":{"x":0,"y":-
184011}L{"lanelD":5,"laneAttributes":{é },"nodeList":{"nodes":[{"delta":{"node-
XY3":{"x":900,"y":-1080}}} {"delta":{"node-XY3":{"x":0,"y":-

184011111}, "lanelD":7,"laneAttributes™:{é },"nodeList":{"nodes":[{"delta":{"node-
XY3"{"x":1260,"y":-1080}}},{"delta":{"node-XY2":{"x":0,"y":-960}}} {"delta":{"node-
XY1":{"x":-360,"y":-460}}}1}}

4.3.3.4.1.16 Elevation Offset from Previous Node

The elevation offset of a node point of a lane at or associated with an intersection from a previous node
point is represented as dElevation (DE_Offset-B10) and can be found under the data frame
DF_NodeAttributeSetXY in the MSG_MapData message in SAE J2735_202007, in 1-centimeter units.

If there is no change in elevation from the previous node point, this data element is not sent. A positive
value indicates an increase in elevation from the previous node point.

Changes in elevation are assumed to be a linear taper between the node points (it is a straight line
between the two node points).

Note that SAE J2735 202007 states that changes to elevation offsets persist to subsequent nodes.

Also see Section 4.3.3.4.1.20, Maximum Distance between Nodes, for additional notes about vertical
curves.

Figure 26 is a profile of a lane entering an intersection. The elevation of the first node point is located 20
centimeters higher than the elevation of the intersection reference point, and the second node point is
also located 20 centimeters higher that the first node point. The third node point is at the same elevation
as the second node point, while the fourth node point is 10 centimeters lower from the third node point.

il >
Third Node Point Second Node Point o
Fourth Node Point (Elevation: 40 cm) (Elevation: 40 cm) First Node Point PY

(Elevation: 30 cm) (Elevation: 20 cm) Intersection

Reference
Point (Elevation: 0 cm)

Figure 26. Elevation Offsets.

The node point representation for this lane could be (JSON encoding) the following:

{"lanelD":3,"laneAttributes":{é },"nodeList":{"nodes":[{"delta":{"node-XY3":{"x":540,"y":-
1080}},"attributes":{"dElevation":20}},{"delta":{"node-XY3":{"x":0,"y":-
1420}},"attributes":{"dElevation":20}},{"delta":{"node-XY3":{"x":0,"y":-

142011} {"delta":{"node-XY1":{"x":0,"y":-700}},"attributes":{"dElevation":-10}}]}}

4.3.3.4.1.17 Advanced Notification - Ingress Vehicle Lane

The requirement this design detail traces to provide guidance on how far upstream should node points be
provided for an ingress lane into an intersection. In addition:

1 Whenever possible, the length of the ingress lanes should provide at least 10 seconds of vehicle
travel in the ingress lane before the stop line. This length may be computed by multiplying the
speed in mph by 4.469 to receive distance in meters. The recommendation is to use the 85th
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percentile speed in the calculation or the speed limit plus 7 mph if the 85th percentile speed is not
available. For 25 miles per hour, this is equivalent to an ingress lane 112 meters long.
Ingress lanes may or may not extend beyond the egress lanes of upstream intersections. This
allows an OBU application to determine where a vehicle leaves the upstream intersection without
having to process the ingress lane of the downstream intersection.
However, ingress lanes may NOT extend into or beyond the conflict area of an upstream
intersection. The rationale for this constraint is a concern that extending an ingress lane into an
upstream intersection may cause confusion. This driver confusion is demonstrated in the
scenarios below.
o Itis recommended that if Intersection A in Figure 28 is within 10 seconds of vehicle travel
in the ingress lane for Intersection B before the stop line; AND Intersection A is NOT a
connected intersection, i.e., is not broadcasting MAP and SPaT messages, that the MAP
content describing the intersection geometry for Intersection A be included in the RSU
broadcast for Intersection B. This could either be accomplished by a separate MAP
message for Intersection A being broadcast by the RSU at Intersection B (i.e.,
Intersection B RSU would broadcast two MAP messages one for each intersection) or
could be accomplished by one MAP message that includes content describing two
intersections (Intersections A and B). Including the adjoining non-Cl intersection would
allow the RLVW application to know not to provide warning/information before crossing
the non-Cl intersection.
If Intersection A in Figure 28 is within 10 seconds of vehicle travel in the ingress lane for
Intersection B before the stop line; and Intersection A IS a connected intersection, the MAP
content describing the intersection geometry of Intersection A may be included in the RSU
broadcast for Intersection B. This could either be accomplished by a separate MAP message for
Intersection A being broadcast by the RSU at Intersection B (i.e., Intersection B RSU would
broadcast two MAP messages one for each intersection) or could be accomplished by one MAP
message that includes content describing two intersections (Intersections A and B). This would
allow an approaching vehicle to still receive information about Intersection A in case Intersection
A stops broadcasting a MAP message for any reason.

To demonstrate the driver confusion if the ingress lanes extend into or beyond an upstream intersection,
two scenarios are presented below.

The following pre-conditions are assumed:

= =4 =4 =4 -4

Intersections A and B are signalized intersections

Speed limit is 45mph

Required MAP length (speed limit + 7mph) @230m from stop point
Distance between the intersection A and B is 150m

RF transmission range of RSU @500m

In Scenario 1, Intersections A and B in Figure 27 are signalized Connected Intersections (CI)
broadcasting required messages to support in-vehicle RLVW application. Figure 27 shows operation and
vehicle movements through the intersections.
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Figure 27. Overlapping Ingress Lanes - Scenario 1.

When the approaching Connected Vehicle (CV) is at position 1, it is outside the broadcast range
of RSU from intersection A, no messages are received.

When the CV reaches position 2, it is within the broadcast range of 500m from intersection A and
starts receiving messages from the intersection. At this location, the CV is 270m away from the
start of mapped lanes (map is up to 230m from the intersection). The in-vehicle RLVW application
can determine its lane position when the CV is in within mapped area. At this time however, the
reference point (from received MAP message) is known to establish relevance of approaching
intersection by the application.

When the CV reaches position 3, it is within mapped lane definition for intersection A and within
the broadcast range of intersection B. The CV now has messages from both intersections.

When the CV is at position 4, it is within defined map of intersections A and B.

In this scenario, the in-vehicle RLVW application would perform as intended for intersection A
(being the relevant intersection) followed by the intersection B after crossing the intersection A. It
is assumed that both connected intersections are operational, and broadcast required messages
for the RLVW application at the time of CV traveling through the corridor.

However, if Intersection A stops broadcasting MAP messages for any reason, such as an error
condition, Scenario 2 below would occur.

In Scenario 2, Intersection A and B in Figure 28 are signalized intersections; however, Intersection A is not
a Connected Intersection (CI) or not broadcasting required messages for RLVW application. Intersection B
is broadcasting required messages to support in-vehicle RLVW application. Figure 28 shows operation and
vehicle movements through the intersections.

Drive
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Figure 28. Overlapping Ingress Lanes - Scenario 2.

When the approaching CV is upstream of position 3, the CV is outside the broadcast range of
RSU from the intersection B and no messages are received by the CV.

When the CV is at the position 3, it is within the broadcast range of 500m from Intersection B.
From the received MAP message, for next 270 meters, the CV has the reference point location of
the Intersection B, but the CV is not yet within the defined lane level map node points (maximum

CTI 4501 v01.01
Cl Implementation Guide Page 167



230m from the intersection) for the intersection to determine its lane position to associate with
SPaT for RLVW application. The in-vehicle application, however, can establish the relevance of
approaching intersection based on the reference point of the intersection from the MAP message.
When the CV is downstream of position 4, it is within mapped lane definition for the Intersection B
for the in-vehicle application to determine its lane.

When the CV is between the downstream from position 4 and before the stop point of Intersection
A marked as ADriver Confusiono zone, the CV
intersection relevant to the in-vehicle application is intersection B. When the CV is in the driver
confusion zone and the signal phase is red or about to turn red for intersection A, the RLVW will
not warn the driver since the application warning is for intersection B and not A. This may confuse
the CV operator since the operator is not aware of intersection A not a ClI, thinking that the RLVW

system is not working.
4.3.3.4.1.18 End Nodes - Crosswalk Lane
The end nodes of a crosswalk shall be at the edge of a sidewalk curb, or a pedestrian landing. No

guidance is provided on which end is the first node since the crosswalk is bi-directional.

4.3.3.4.1.19 End Node s - Pedestrian Landing

The end nodes of a pedestrian landing shall be at the edge of the sidewalk curbs, or the crosswalk. No

guidance is provided on which end is the first node since the pedestrian landing is bi-directional.

4.3.3.4.1.20 Maximum Distance between Nodes

For roadways with horizontal curves, the OBU application needs a certain amount of accuracy for lane-
matching purposes. Based on calculations, the lateral accuracy of the nodes and the lane/road width
must be less than 0.5 meters. To fulfill this requirement, the following formula provides the maximum

distance between adjacent nodes based on the vertical curve:
Distance between adjacent nodes [m] = 0.058 x { (radius of the curve [m]) - 40m } + 12.5m
The curve geometry node points do not necessarily have to be placed equidistant to each other.

Figure 29 provides some background information related to how the above formula was derived.

Figure 29. Maximum Distance Between Node Points.

Figure 30 is an analysis graph. The ideal distance between nodes is highlighted by a dash line in the
graph. The bounded area of blue colored line and different colored square shows percentage error from

ideal value.
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Figure 30. Radius of Curvature vs Distance Between Nodes.
Table 13 contains a suggested range of distance between node points for a curved segment.

Table 13. Radius of Curvature vs Distance Between Nodes

Radius of Curvature (m) Distance (Range) Between
Nodes (m)

<100 157 20
101 to 200 221 30
201 to 300 2571 35
301 to 400 307 38
401 to 500 327 45
501 to 600 35171 52

Vertical curve information is only needed for vehicle dynamics and for deceleration. A balance is needed
when adding node points between the benefits of providing vertical curve information versus the cost of
the increase in message size to provide that information. A general guideline is that additional node
points are not needed when the changes in elevation are 20 centimeters or less between two consecutive
node points (not cumulative). Recalling that changes in elevation are assumed to be a linear taper
between the node points (it is a straight line between the two node points), be aware of sudden dips in
elevation, such as illustrated in Figure 31.

o __

Third Node Point
{Elevation: 37 cm)

First Node Point
(Elevation: 39 cm)

Second Node Point
(Elevation: 18 cm)

Figure 31. Vertical Curves.

No additional guidance is provided at this time for the maximum distance between nodes based on
vertical curves.

4.3.3.4.1.21 Maximum Number of Nodes

It is recommended to have as few node points as possible to describe a lane to minimize the size of the
MAP message, while still fulfilling requirements described in Sections 3.3.3.4.1.7 to 3.3.3.4.1.23.
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4.3.3.4.1.22 Node Lane Width

The difference in the width of a lane at or associated with an intersection from the intersection's default
lane width or from a previous node point is represented as dWidth (DE_Offset-B10) and can be found
under the data frame DF_NodeAttributeSetXY in the MSG_MapData message in SAE J2735_202007, in
one centimeter units.

If there is no change in the lane width from the previous node point, this data element is not sent.

If there is no change in the lane width at the first node point for the lane from the default lane width for the
intersection, this data element is not sent.

A positive value indicates an increase in the lane width from the previous node point.
Changes in lane widths are assumed to be a linear taper between the node points.
For example, Figure 32 is an intersection with a default lane width of 360 centimeters. However, at the

first node point of lane number 5, the lane width is 720 centimeters to the second node point, tapers down
to 360 centimeters at the third node point, then remains 360 centimeters in width.

Figure 32. Lane Widths.

The node points and lane widths for lane number 5 could be (JSON encoding):

{"lanelD":5,"laneAttributes":{é },"nodeList":{"nodes":[{"delta":{"node-XY3":{"x":1080,"y":-
1080}},"attributes™:{"dWidth":360}},{"delta":{"node-XY2":{"x":0,"y":-960}}},{"delta":{"node-
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XY1":{"x":-180,"y":-460}}, "attributes":{"dWidth":-360}},{"delta":{"node-XY 1":{"x":0,"y":-
7001}

See Figure 25 for an example on how to address tapering when a single lane becomes two lanes (or vice
versa).

4.3.3.4.1.23 Node Accuracy

For a vehicle to determine what lane it is in, for the worst case of a vehicle driving along the edge line the
total error cannot be more than half the vehicle width or 0.8 meters. GNSS without RTCM Corrections
allows the vehicle to determine its position within 0.6 meters. This difference leaves a requirement for 0.2
meters node accuracy. If augmentation (e.g., RTCM Corrections) is provided, then + 0.4/0.5 meters may
be sufficient.

The CVPFS' Creation of a Guidance Document for MAP Preparation document provides some guidance
on how to check for node accuracy.

4.3.3.4.2 Lane Attributes

The design details to fulfill the requirements to describe the allowed use of a lane at an intersection
follows. These requirements are defined in Section 3.3.3.4.2.

4.3.3.4.2.1 Direction of Travel

The allowable direction(s) of travel for a lane is represented as directionalUse (DE_LaneDirection) and
can be found under the data frame DF_LaneAttributes in the MSG_MapData message in SAE
J2735_202007.

DE_LaneDirection is a bit string. A value of 1 for Bit O indicates that the lane is an ingress lane (travel is
from the last node point for a lane to the first node point of the same lane). A value of 1 for Bit 1 indicates
that the lane is an egress lane (travel is from the first node point for a lane to the last node point of the
same lane). A value of 0 for both Bit O and Bit 1 indicates no travel is allowed. A value of 1 for both Bit O
and Bit 1 indicates travel in both directions are allowed, for example a pedestrian crosswalk.

For reversible vehicle lanes, separate lane identifiers should be assigned - one for each direction of
travel, AND each lane should be identified as revocable lane (See 4.3.3.4.6, Revocable Lanes).

4.3.3.4.2.2 Lane Sharing

A shared lane is a physical lane that can be shared by different types of travelers, each with a right to use
the lane. A shared lane is represented by sharedWith (DE_LaneSharing) and can be found under the
data frame DF_LaneAttributes in the MSG_MapData message in SAE J2735_202007.

Common examples of shared lanes are tracked trolleys that share a vehicle lane, a bicycle lane that is
shared with a vehicle lane, or a bicycle lane that is shared with a pedestrian pathway. For a connected
intersection, how the lanes are coded in DE_LaneSharing depends on how the TSC infrastructure
controls the different type of travelers.

For example, in Figure 33, the far left lane is defined as lane 1, and may be used by motorized vehicle
and the tracked vehicles. There is no separate signalGroupID to control different types of vehicles in this
lane.

In this example, there is no need to map the same physical lane twice, because there are no separate

signalGrouplD assigned for motorized vehicles or tracked vehicles. So, the MAP message would assign
Lane id 1 to this lane as a vehicle lane type (See 4.3.3.4.2.3, Lane Type Attributes). To indicate that the
lane is treated as one for motorized vehicle and tracked vehicles, the multipleLanesTreatedAsOnelLane
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bit is asserted to indicate "the lane object path and width details represents multiple lanes within it that are
not further described;" and trackedVehicleTraffic bit is asserted to indicate "various modes and (the) type
of traffic that may share this lane. The encoding for this example is as follows:

Bit #: 0123456789
Asserted bit: 0100000010

Figure 33. Example Shared Lane.

In Figure 34, the far right lane is a shared lane with motorized vehicles and tracked vehicles. However, at
the intersection, there are separate signal indications (signalGrouplID) for the same shared lane, one for
tracked vehicles and one for motorized vehicles.

For motorized vehicles, the lane is identified as Lane 5 and has a separate signalGrouplD (3), while for
tracked vehicles, the lane is identified as Lane 7, but has its own signalGrouplD just for tracked vehicles.
In this example, Lane 5 and 7, the overlapping bit should be asserted because the lane does overlap with

another defined lane (lane 5 overlaps lane 7), and are defined as separate lanes. The encoding for this
example is as follows:

Bit# 0123456789
Asserted bit: 1000000010

Figure 34. Shared Lane - Example 2.

As a third example, to indicate that the lane is overlapping and is also shared by taxi vehicle traffic which

may stop the vehicle to pickup and drop-off customers, the overlappingLaneDescriptionProvided bit is
asserted as:
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Bit #: 0123456789
Asserted bit: 1000010000

4.3.3.4.2.3 Lane Type Attributes

The lane type, and its attributes, of a lane associated with an intersection is represented by laneType
(DE_LaneTypeAttributes) and can be found under the data frame DF_LaneAttributes in the
MSG_MapData message in SAE J2735_202007.

The Lane Type Attributes data frame is used to hold attribute information specific to a given lane type
choice defined as the following:

LaneTypeAttributes ::= CHOICE {
vehicle
crosswalk
bikeLane
sidewalk
median
striping
trackedVehicle
parking
.}

Each defined lane type contains bit flags depending on its application.

The attributes of a lane type are described in the following sections (Sections 4.3.3.4.2.4 t0 4.3.3.4.2.8).

4.3.3.4.2.4 Lane Attributes - Vehicle

The attributes of a vehicle lane are described by vehicle (DE_LaneAttributes-Vehicle) and can be found
under the data frame (DF_LaneTypeAttributes) in the MSG_MapData message in SAE J2735 202007.

For example, to indicate a lane as a revocable vehicle lane but for HOV lane use only, the following bits
are asserted:

Bit #: 01234567
Asserted bit: 10100000

4.3.3.4.2.5 Lane Attributes - Crosswalk

The attributes of a pedestrian crosswalk lane are described by crosswalk (DE_LaneAttributes-Crosswalk)
and can be found under the data frame (DF_LaneTypeAttributes) in the MSG_MapData message in SAE
J2735_202007.

For example, to indicate a lane as a non-revocable crosswalk lane but the path allows bicycle traffic, the
following bits are asserted:

Bit #: 111111
0123456789012345
Asserted bit: 0010000000000000

4.3.3.4.2.6 Lane Attributes - Bicycle

The attributes of a bicycle lane are described by bikeLane (DE_LaneAttributes-Bike) and can be found
under the data frame (DF_LaneTypeAttributes) in the MSG_MapData message in SAE J2735_202007.
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For example, to indicate lane as bicycle lane (not revocable) and the path allows pedestrian traffic,
following bit is asserted:

Bit #: 111111
0123456789012345
Asserted bit: 0100000000000000

4.3.3.4.2.7 Lane Attributes - Tracked Vehicles

The attributes of a tracked vehicle lane are described by trackedVehicle (DE_LaneAttributes-
TrackedVehicle) and can be found under the data frame (DF_LaneTypeAttributes) in the MSG_MapData
message in SAE J2735_202007.

For example, to indicate the lane use restricted to certain vehicle types and restricted from public use,
following bit is asserted:

Bit #: 01234567
Asserted bit: 00000100

4.3.3.4.2.8 Lane Attributes - Parking

The attributes of a parking lane are described by parking (DE_LaneAttributes-Parking) and can be found
under the data frame (DF_LaneTypeAttributes) in the MSG_MapData message in SAE J2735_202007.

For example, to indicate the revocable parking lane for head-in parking in use, following bits are asserted:

Bit #: 111111
012345 6789012345
Asserted bit: 1010000000000000

4.3.3.4.3 Lane Maneuvers

The allowed lane maneuvers for a lane at an intersection is represented by maneuvers
(DE_AllowedManeuvers) and can be found under the data frame (DF_GenericLane) in the
MSG_MapData message in SAE J2735_202007.

For example, to indicate a lane that allows straight, right turn on green and right turn on red, following bits
are asserted:

Bit #: 11
012345678901
Asserted bit: 101001000000

4.3.3.4.4 Connections Between Lanes

The design details to fulfill the requirements to describe connections between a lane entering or within an
intersection; and the downstream lane at an intersection follow. These requirements are defined in
Section 3.3.3.4.4.

4.3.3.4.4.1 Lane Connections

A list of permitted connections between an ingress lane and each lane a traveler may connected to. This
list is represented by connectsTo (DF_ConnectsToList) and can be found under the data frame
(DF_GenericLane) in the MSG_MapData message in SAE J2735_202007.
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The DF_ConnectsTolList data frame is used to provide a sequence of other defined lanes to which an
ingress lane connects beyond its stop point.

For example, to indicate connection between lanes, LanelD and allowed maneuvers are specified as
follows (using JSON encoding):

"connectsTo":[{"connectingLane":{"lane":10,"maneuver":"2400"},"signalGroup™:4}]

Where
T Al aneo: 100 i ndi c atrertlarle aonredtso pase thenstop poiht t he ¢
f Amaneuvero: 024000 indicates following bits are asseée
proceed when safe to turn right (Right Turn On Red Allowed)
Bit #: 11
012345678901
Asserted bit: 001001000000

1 "signalGroup":4 indicates the SPaT signal group that controls the movements for that connection

4.3.3.4.4.2 Connection Egress Lane

The lane identifier of the egress lane from another lane at an intersection is represented by lane
(DE_LanelD) and can be found under the data frame (DF_ConnectingLane) in the MSG_MapData
message in SAE J2735 202007.

An example of how an egress lane of a connection is represented lane is found in Section 4.3.3.4.4.1.

Although SAE J2735_202007 allows the identifier of an egress lane to be the identifier of an ingress lane
for a downstream intersection (See remotelntersection (DF_IntersectionReferencelD) under the data
frame (DF_Connection) in the MSG_MapData message, this is not recommended. By using the lane
identifier of another intersection, the OBU application may need to process the MAP message for the both
intersections, and assumes that the OBU receive the MAP message describing the downstream
intersection. The guidance is to use the identifier of the egress lane at the intersection, then link the
egress lane to the ingress lane of the downstream intersection if connection to the downstream
intersection is desired. The egress lane can be defined by two node points 1 centimeter apart. See
Section 4.3.3.4.1.12, First Node Point - Egress Vehicle Lane Design Details for additional guidance on
egress lanes.

4.3.3.4.4.3 Connection Maneuvers

The permitted connection describes the type of maneuvers that are allowed to complete a connection
between an ingress lane and an egress lane (or the next connection). The type of maneuver is
represented as maneuver (DE_AllowedManeuvers) and can be found under the data frame
(DF_ConnectingLane) in the MSG_MapData message in SAE J2735_202007.

An example snippet of a MAP message (using JSON encoding) for a permitted connection between an
ingress lane and an egress lane is found in Section 4.3.3.4.4.1.

4.3.3.4.4.4 Connection Signal Group

If a permitted connection is controlled by a traffic signal indication (head), then the permitted connection is
tied to an identifier called the signal group. Each signal group represents a collection of connections (or
movements) that may be in an active state (e.g., permissive movement allowed or protected movement
allowed) at the same time at the intersection.

The signal group is represented as signalGroup (DE_SignalGrouplID) and can be found under the data
frame (DF_Connection) in the MSG_MapData message in SAE J2735 202007.
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An example of a representation of a signal group is found in Section 4.3.3.4.4.1.

For every allowed connection defined for the intersection, there should be a corresponding signal group
identifier for a movement state in the SPaT message, unless the connection is not controlled by the TSC
infrastructure (See 4.3.3.3.3.1, Current Movement State for a Signal Group), in which case signalGroup
data element is not sent.

4.3.3.4.4.5 Include Only Permitted Connections

Sending connections that are never permitted at an intersection can cause confusion and lead to errors.

For example, an agency may have a convention that identifies four pedestrian crossings at every
signalized intersection. However, if a signalized intersection only has three pedestrian crossings, the
connected intersection only includes the connections for those three pedestrian crossings.

If a connected intersection contains a connection that is permitted only under certain conditions, for
example during a specific time of day or during special events, the ingress lane or downstream lane shall
be defined as a revocable lane (See 3.3.3.4.6, Revocable Lanes). The connection would only apply if the
revocable lane is currently enabled in the SPaT message. The SPaT message also indicates if the
connection is in effect or not (by indicating the current movement state for the signal group associated
with that connection.

4.3.3.45 Speed Limit Information Design Details

The design details to fulfill the requirements to provide the speed limit for a lane at the intersection
follows. These requirements are defined in 3.3.3.4.5.

4.3.3.45.1 Default Speed Limit

An intersection's default regulatory speed limits are represented as speedlimits (DF_SpeedLimitList) and
found under the data frame DF_IntersectionGeometry in MSG_MapData message in SAE
J2735_202007. All lanes associated with the intersection are assumed to use these default speed limits
unless otherwise indicated.

Up to nine types of default speed limits can be defined for the intersection, along with a speed measured
in 0.02 meters per second. The type of speed limit is represented by DE_SpeedLimitType and speed is
represented as DE_Velocity. Minimally, vehicleMaxSpeed is provided for DE_SpeedLimitType.

For example, the following MAP message segment in JSON indicates maximum speed limit of 25 miles
per hour in a school zone when children are present. The regulatory speed limit is specified using the
speedLimits data frame containing type (DE_SpeedLimitType) and speed (DE_Velocity) in 0.02
meter/second units.

é "
830473419,"elevation™;1890},"laneWidth":366,"speedLimits":{"type":"maxSpeedinSchool
ZoneWhenChildrenArePresent","speed™. 559} é

4.3.3.4.5.2 Change in Lane Speed Limit

If a lane has a speed limit that differs from the default speed limit for the intersection, the lane attribute
data shall include a lane speed limit. A lane's regulatory speed limits are represented as speedlimits
(DF_SpeedLimitList) and found under the data frame DF_LaneDataAttribute in MSG_MapData message
in SAE J2735_202007.

If the speed limit for the lane is the same as the default speed limit for the intersection, speedlimits
(DF_SpeedLimitList) is not sent.
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Up to nine types of default speed limits can be defined for the lane, along with a speed measured in 0.02
meters per second. The type of speed limit is represented by DE_SpeedLimitType and speed is
represented as DE_Velocity.

Any changes in the regulatory speed limits are asserted (apply) from the node point where the regulatory
speed limit is first defined for the lane as ordered in the MAP message until a different speed limit is
defined. For subsequent node points in the MAP message, if there is no change in the speed limit from
the previous node point, speedlimits (DF_SpeedLimitList) is not sent.

For example, in Figure 35, the default speed limit for the intersection is 40 miles per hour. However, for
lanes 9 and 11, the maximum speed limit is 35 miles per hour for the first 50 meters from the stop bar,
then 45 miles per hour upstream from that point. The maximum speed limit for lanes 10 and 12 is also 35
miles per hour until 35 meters.

Default Max speed limit for
intersection = 40mph

Approach Max speed limit = 35mph,
then 45 mph upstream of Node 2

Figure 35. Changes in Lane Speed Limits.

Using JSON encoding, the node points for lane ids 9, 10, 11 and 12 are the following:

{"l anel D" : 9, " | anodeldst{'noded):[{'dekas{"nodg-é } , "
XY3":{"x":1800,"y":180}}},
{"attributes":{"data":[{"speedLimits":[{"speed":782,"type":"vehicleMaxSpeed"}]}]}},{"delta":{
"node-
XY5":{"x":5000,"y":0}}},{"attributes":{"data":[{"'speedLimits":[{"speed":1008,"type":"vehicle

MaxSpeed"}]13}13}3r1333Yr,.{"l anel D": 10, "l aneAt-tributes":: {¢
XY3":{"x":-

1700,"y":180}}},{"attributes":{"data":[{"speedLimits":[{"speed":782,"type":"vehicleMaxSpee
dH.{"delta":{"node-XY4":{"X":-
3500,"y":0}}},{"attributes":{"data":[{"speedLimits":[{"speed":1008,"type":"vehicleMaxSpeed
"}173}1313Y1313r,.{"lanel D": 11, "1l aneAttri-butes":{é}, "nodel
XY3"{"x":1800,"y":540}}} {"attributes":{"data":[{"speedLimits":[{"speed":782,"type":"vehicle
MaxSpeed"}]}}}.{"delta":{"node-
XY5":{"x":5000,"y":0}}},{"attributes":{"data":[{"speedLimits":[{"speed":1008,"type":"vehicle
MaxSpeed"}13}13}3}1}},"lanelD":12, "1l aneAttri butes": {é}
XY3":{"x":-

1700,"y":180}}},{"attributes":{"data":[{"speedLimits":[{"speed":782,"type":"vehicleMaxSpee
d"Hi{"delta":{"node-XY4":.{"x":-
3500,"y":0}}}.{"attributes":{"data":[{"speedLimits":[{"speed":1008,"type":"vehicleMaxSpeed
BN
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4.3.3.4.6 Revocable Lanes

A revocable lane is a lane that is "active" only during certain periods of time. How a revocable lane is
represented is dependent on the lane type and its attributes, as represented by laneType
(DE_LaneTypeAttributes) in the data frame DF_LaneAttributes (See Section 4.3.3.4.2.3). For example,

1 Lane attributes for a vehicle lane are represented by vehicle (DE_LaneAttributes-Vehicle) in the
data frame DF_LaneTypeAttributes

1 Lane attributes for a crosswalk lane are represented by crosswalk (DE_LaneAttributes-
Crosswalk) in the data frame DF_LaneTypeAttributes

1 Lane attributes for a bicycle lane are represented by bikeLane (DE_LaneAttributes-Bike) in the
data frame DF_LaneTypeAttributes

1 Lane attributes for a tracked vehicle lane are represented by trackedVehicle (DE_LaneAttributes-
TrackedVehicle) in the data frame DF_LaneTypeAttributes

1 Lane attributes for a parking lane are represented by parking (DE_LaneAttributes-Parking) in the
data frame DF_LaneTypeAttributes

Regardless of the lane type, a revocable lane is represented by a value of 1 for Bit O of the
DE_LaneAttributes-xxxx, where xxxx is the type of lane.

Whether the lane for an intersection is "active" or "enabled" is defined by the Enabled Lanes indication in
the SPaT message for the same intersection (See Section 4.3.3.3.7, Enabled Lanes Indication).

4.3.3.4.7 Map Message i Accuracy

No design details provided at this time.

4.3.3.4.8 Signal Timing and Roadway Geometry Synchronization

The design details to fulfill the requirements to ensure that the roadway geometry information being
broadcast reflect the current operating state used to generate the signal timing data follow. These
requirements are defined in Section 3.3.3.4.8.

4.3.3.4.8.1 Matching Intersection Reference Identifier

No design details provided at this time.

4.3.3.4.8.2 Matching SPaT and MAP Version

The purpose of this requirement is that the contents of the SPaT message is consistent with the MAP
message being broadcasted. An example of consistency includes that the SPaT message provides state
and timing information for a left turn into a lane that is defined and allowed in the MAP message.

The intent of requirement 3.3.3.4.8.2, mMatching SPaT and MAP Version is NOT that a connected
intersection be able to "automatically" identify that the SPaT and MAP messages are consistent with each
other. Rather, the intent of this requirement is that the I0OO managing the connected intersection define
policies and guidelines to prevent situations where SPaT and MAP message may conflict with each other.
Polices and guidelines should address temporary situations, such as a temporary work zone; and
permanent situations, such as permanent changes to the intersection configuration.

For example, the traffic signal timing plan currently being implemented by a TSC infrastructure is
designed for a specific geometric configuration. However, what happens during the following scenarios:

1 There are changes to the lane striping - should the connected intersection stop broadcasting the
SPaT message and/or the MAP message while the striping work is underway?
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1 What if the egress lane for a left-turn lane movement is temporarily closed for a construction -
should the MAP allowing that left turn still be broadcasted?

1 After a re-striping project - should the SPaT and MAP message be checked and verified before
the messages are broadcasted again? This is particularly important if the source of the SPaT and
MAP messages are generated from different sources (e.g., a traffic engineering department for
the SPaT message and a street construction department for the MAP message).

Be aware that some OBUs may have the capability to store MAP information, so OBU applications may
reference its stored copy of the MAP data even if the MAP message is not broadcasted by the connected
intersection.

This requirement is verified (tested) by inspection and/or demonstration. The method of verification can
be decided by the 100.

Note: The standards can support different methods for verifying some form of consistency between the
SPaT and MAP messages. For example, NTCIP 1202 v0O3A allows a traffic signal controller to verify
against a checksum of the MAP message broadcasted before the SPaT data is generated. A SPaT
message can also be tied to a specific version of a MAP message, e.g., the revision counter increment
(See Section 4.3.3.2.2.3, MAP Message - Revision Counter Increment).

4.3.3.5 Positioning Messages

The design details to fulfill the requirements for positioning data broadcasted by a connected intersection
follow. These requirements are defined in Section 3.3.3.5.

4.3.3.5.1  Positioning Corrections
The SAE J2735 202007 RTCMcorrections message ASN.1 representation is as follows:

RTCMcorrections ::= SEQUENCE {

msgCnt MsgCount,

rev RTCM-Revision,

timestamp MinuteOfTheYear OPTIONAL,

anchorPoint FullPositionVector OPTIONAL,

rtcmHeader RTCMheader OPTIONAL,

msgs RTCMmessagelList,

regional SEQUENCE (SIZE(1..4)) OF RegionalExtension {{REGION.Reg-
RTCMcorrections}} OPTIONAL,

é

}

A connected intersection shall increment msgCnt (DE_MsgCount) by 1 each time the RTCMmessageList
contents change. Zero follows a value of 127.

A connected intersection shall use a value of rtcmRev3 for rev (DE_RTCM_Revision) to indicate that
RTCM corrections are per RTCM10403.3.

The OPTIONAL MinuteOfTheYear field shall not be included in the RTCMcorrections message.

The anchorPoint (DF_FullPositionVector) for a connection intersection shall include UTC, latitude,
longitude, and elevation. UTC is the time at which the ClI receives the corrections information included in
RTCMmessage list from the reference station. The latitude, longitude, and elevation are at the location of
the RTCM reference station antenna. All other fields in DF_FullPositionVector shall not be included.

CTI 4501 v01.01
Cl Implementation Guide Page 179



Note: The UTC timestamp within FullPositionVector is within +/- 10 ms of UTC as stated in the RSU
Standard vO1. If the RTCM corrections are being generated virtually from multiple sources, the latitude,
longitude, and elevation is the location of the virtual reference (usually the RSU location at Cl).

Note: The location of the reference station may be used by the OBU to check the proximity of the
reference station (source of the corrections). The UTC information may be used to check the age of the
information. Both the time and location information may not be the same as the generation location and
time information included in the security header of a signed RTCMcorrections message (i.e., it is likely
different if the RSU is not the source of the corrections).

The OPTIONAL RTCMheader field shall not be included in the RTCMcorrections message.

Support for RTCM MSM 4 messages (station location message numbers 1005 or 1006, GNSS antenna
and receiver location message 1033, system parameter message 1013) are mandatory and sufficient to
support the RLVW application. An implementation may also provide MSM 5, 6, or 7 to support other
corrections capabilities in addition to MSM 4.

Implementations shall minimally support GPS and at least one of the following constellations: GLONASS,
Galileo, and BeiDou.

A connected intersection shall include only one RTCM message received from the reference station in
DF_RTCMmessageList. The RSU shall broadcast an RTCMcorrections message for each message
received from the reference station.

Messages 1006 (1005 if applicable), 1013, 1033 shall be combined into a single SAE J2735
RTCMcorrections broadcast (all three in the RTCMmessageList data frame in one RTCMcorrections
message). MSM 4 messages (1074 plus 1084 and / or 1124) are sent together in a single
RTCMcorrections broadcast (no other content is included in RTCMmessagelList). If MSM 5, 6, or 7 are
also being transmitted, the same approach applies; e.g., MSM 5 messages 1075 and 1085 would be sent
together in the RTCMmessagelList if MSM 5 is being used and GPS and GLONASS corrections are
included in the J2735 RTCMcorrections message.

The regional (DF_RegionalExtension) field shall not be included in RTCMcorrections message.

4.3.3.5.2 Real-Time Kinematics Design Details

The design details to fulfill the requirements for to support real-time kinematics at a connected intersection
follow. These requirements are defined in Section 3.3.3.5.2.

4.3.3.5.2.1 RSU Proximity

This section specifies the maximum distance allowed between a real-time kinematic (RTK) reference

stat i on and an RSU at any connected intersection seeking
GNSS corrections formatted according to the RTCMv3.3 standard* (Note: the referenced link indicates

v3.2, but the text is for v3.3).

The varied range of the operational conditions seen by GNSS receivers across urban and rural
environments? and the unpredictability of atmospheric and space weather® events affect the acceptable
maximum distance.

! Radio Technical Commission for Maritime Services. RTCM 10403.3, Differential GNSS (Global
Navigation Satellite Systems).

2 National Geodetic Survey. Minimizing Errors during GNSS Data Collection.Video Library.NGS Training
and Testing Center.

3 NOAA / NWS Space Weather Prediction Center. Space Weather and GPS Systems.
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https://rtcm.myshopify.com/collections/differential-global-navigation-satellite-dgnss-standards/products/rtcm-10403-2-differential-gnss-global-navigation-satellite-systems-services-version-3-february-1-2013
https://rtcm.myshopify.com/collections/differential-global-navigation-satellite-dgnss-standards/products/rtcm-10403-2-differential-gnss-global-navigation-satellite-systems-services-version-3-february-1-2013
https://geodesy.noaa.gov/corbin/class_description/Reducing_Error_Sources/
https://geodesy.noaa.gov/corbin/class_description/Reducing_Error_Sources/
https://www.swpc.noaa.gov/impacts/space-weather-and-gps-systems

The following design requirements are recommended:

T Any RTK reference station which SABJI2A3® 208007 used as
RTCM Message shall be within 25 miles of the CI. This is based on engineering judgement,
combined with references**6 which indicate 20 km is the maximum distance to base station
where centimeter-level accuracy can be obtained.

1 The reference station shall be placed away from any sources of potential systematic errors, e.g.,
multi-path error; use the open sky definition in J2945/1 as a reference.

1 Itis recommended that the location of the reference station be reviewed and/or be configured by
a qualified subject matter expert.

1 Itis recommended that the RTK reference station be located as close as possible to the
connected intersection; the 25-mile requirement noted above is a maximum and locating the RTK
reference station closer is preferred.

The following must be noted as the distance between the reference station and its targeted receivers
grows:

1 The underlying assumptions behind the RTK error correction equations physically limit the
distance between the rover and reference station to approximately 25 miles.

1 Relative positioning error is induced between the position of the reference station and that of the
receiving rover. This distance induced relative positioning error is manufacturer and installation
dependent.

1 The availability of the relevant correction signals may be reduced due to differences in visible
satellites between rovers and the reference station.

1 Transfer of RTCM correction data from the reference station to the RSU for SAE J2735 202007
encoding and broadcast may become more challenging and/or less reliable depending on the
method of transport (LTE vs. Wire/Fiber vs. UHF radio modem).

1 Transfer of RTCM correction data and the integrity of the RTK reference station need to ensure
the security of this information and need to be subject to the same security as the balance of the
CV environment.

It is important to note that the CI Committee also considered whether to recommend that GNSS position
correction mechanisms other than RTK, such as precise point positioning (PPP) or other state-space
representation (SSR) methods be broadcast by RSUs at connected intersections. The current state of the
art SSR correction methods tend to use proprietary methods and message formats, proving to be even
more challenging to validate than RTCM formatted correction messages. Their reported time to providing
a receiver with a corrected solution under cold start conditions and following a system outage or rover
disturbance also tends to be longer than conventional, single reference station-based, RTK correction
methods. Finally, the business model of SSR correction providers leans on a per unit subscription model
which would further increase the cost of deployment for I00s. A single reference station within the
requirement specified distance to any RSU can be used to provide RTK RTCM formatted corrections to
many RSUs, only to be limited by the available communication bandwidth and the communication
network architecture.

4.3.3.5.2.2 Minimum RTCM Corrections Broadcast Frequency

The design requirements are as follows:

4 https://www.hindawi.com/journals/js/2019/3572605/
5 https://www.ardusimple.com/rtk-explained/
6 https://www.e-education.psu.edu/geog862/node/1845
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1 MSM 4 correction broadcast rate (messages 1074, and 1084 and / or 1124) is tunable between
10 Hz (maximum rate) and 1 Hz (minimum rate).

1 Messages 1005 or 1006, and 1013 and 1033 are combined into one J2735 RTCMcorrections
messages and sent no more frequently than once per second (1 Hz).

The assumptions and calculations that led to the above design requirements are provided in Annex
Annex C, Additional Information - Positioning [Informative].

4.3.3.5.2.3 RTK/RTCM Data Trustworthiness

This requirement is fulfilled by, for example, signing the RTCM data at the point of generation, or by
applying other data integrity and source authentication mechanisms to protect the RTCM between the
point of generation and the point of signing.

4.3.4 Security Design Details

The design details to fulfill the security requirements for a connected intersection follow. These
requirements are defined in Section 3.3.4.

4.3.4.1 Connected Intersection System Trustworthiness Design Details
The design details to fulfill the requirements for data trustworthiness for a connected intersection follow.

These requirements are defined in Section 3.3.4.1.

4.3.41.1 SPaT Information Message Trustworthiness - RSU

A connected intersection shall fulfill requirement 3.3.4.1.1 by any vendor-specific means and shall provide

documentation how this requirement is met, for example by the following:

1 Firmware and software updates shall be authenticated (e.qg., digitally signed) by the RSU vendor

and shall be installed only by a user with administrator privilege to the RSU

1 Configuration parameters that affect SPaT content shall be changeable only by an administrator
authorized to do so, and over a secure connection after being authenticated as per design in
Section 4.3.4.7.2.14, Access Control Policy.

1 The RSU shall decide whether valid SPaT data is available at this instance or not based on at
least the set frequency of the messages expected to be received from the TSC infrastructure
(See Section 3.3.2.1.1.1, 3.3.2.1.1.2, and 3.3.2.1.2).

4.3.41.2 SPaT Information Message Trustworthiness - TSC Infrastructure

A connected intersection shall fulfill the requirement 3.3.4.1.2 by any vendor-specific means and shall
provide documentation on how this requirement is met, for example such as the following:

1 Firmware and software updates shall be authenticated (e.qg., digitally signed) by the TSC
infrastructure el ementés vendor, and shall
to the TSC element.

1 Configuration parameters that affect SPaT content in such a way that the SPaT information might

not reflect the actual state and timing of the TSC, shall be changeable only by an administrator

authorized to do so, and over a secure connection after being authenticated similar to the design

details in Section 4.3.4.7.2.14, Access Control Policy.

be
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4.3.41.3 MAP Data Trustworthiness

The MAP message shall be signed centrally by the MAP server. The RSU shall verify the MAP messages
according to the IEEE Std 1609.2-2016 MAP security profile in Annex D.2, upon receipt by the RSU
before sending them on the V2X interface.

4.3.41.4 RTCM Corrections Data Trustworthiness

The (SAE J2735_202007) RTCM data can be obtained from the network via Internet Protocol (NTRIP),
from a Continuously Operating Reference Station (CORS), or from other sources of positioning
corrections. The connected intersection shall ensure the trustworthiness of the source of this data by
vendor-specific means and shall provide documentation how this requirement is met.

If the RTCM message is already signed by the source, then the RSU shall verify the RTCM message
according to the IEEE Std 1609.2-2016 RTCM security profile in Annex D.3, before sending them on the
V2X interface.

See also Section 4.3.4.6.3.

4.3.4.2 Connected Intersection System Security =~ Design Details

The design details to fulfill the requirements for network security of a connected intersection follow. These
requirements are defined in Section 3.3.4.2.

4.3.4.21 Secure Network

The center servers (TMS, Map Data Server, and any RTCM or External control system) shall employ
transport-level security in all of their interfaces.

A TMS shall implement SNMPv3 as required to support NTCIP 1218 v01 objects.

A TMS shall implement SSH 2.0, as specified in RFC 4253.

These servers shall support TLS 1.3 as specified in RSU Standard v1.0, Section 4.3.5.2 Local and Back-
Office Interface Security Design Details.

These servers shall not implement unsecured communication using HTTP.

NOTE: If DTLS is more appropriate than TLS and is consistent with other standards in use with the
system (for example, NTCIP standards), then DTLS may be used. At the time of writing (July 2021) only
DLTS 1.2 is standardized. This document permits the use of both DTLS 1.2 and, when it is standardized
by IETF, DTLS 1.3.

4.3.4.2.2 Assurance of Connection to Correct Network

The RSU shall ensure it is connected to the correct TMS and the TSC infrastructure by implementing the
design specified in Sections 4.3.4.6.1, Interface between RSU and TMS and 4.3.4.6.4, Interface between
an RSU and the TSC Infrastructure, respectively.

This requirement does not apply to the TMS (and MAP server if applicable), since they have assurance to
be connected to the correct network by being physically part of the IOO network.

4.3.4.3 Verification of Connected Intersection System Security Design Details

The design details to fulfill the requirements to provide verification of a connected intersection's
compliance to system security requirements follow. These requirements are defined in Section 3.3.4.3.
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4.3.4.3.1 Security Compliance Assessment

To verify that the security compliance assessment documentation is complete and correct, the security
compliance assessment documentation is inspected, and this may be accomplished by self-declaration.
The compliance assessment documentation should include the following:

1 All known attack methodologies and mitigations that might lead to the RSU transmitting incorrect
SPaTs, and their mitigation, including:

1 All known attack methodologies that might lead to the TSC infrastructure outputting incorrect
SPaT information message, and their mitigation

1 All known attack methodologies and mitigations that might lead to the RSU transmitting incorrect
MAPSs, and their mitigation

1 All known attack methodologies and mitigations that might lead to the RSU transmitting incorrect
positioning corrections (e.g., RTCM corrections)

NOTE: These security documentation requirements are anticipated to change over time. While self-
declaration is currently acceptable, the security compliance assessment documentation requirements
themselves may change over time (for example, becoming more specific), and self-declaration may be
replaced by a certification process involving an external party. As such, the 100 shall identify which
version of the Cl Implementation Guide the security compliance assessment documentation conforms
with. Doing so may mitigate deployment delays associated with compliance security assessment
documentation that may not conform to later requirements. Annex E.2 provides an example process of
how an 100 may prepare its security compliance assessment documentation.

The document is expected to cover the following areas:

Auditing of devices for detection and treatment of security incidents
SPaT message trustworthiness of Sections 4.3.4.1.1 and 4.3.4.1.2
MAP data trustworthiness of Section 4.3.4.1.3

RTCM data trustworthiness of Section 4.3.4.1.4

Protection against TSC reconfiguration from the RSU, Section 4.3.4.6.4.3
MAP Data Integrity, Section 4.3.4.6.6.2

TMS Device protection, Section 4.3.4.7.1.2

TSC Infrastructure security standards, Section 4.3.4.4.5
Operational Logging- TSC Infrastructure, Section 4.3.4.7.2.9
Operational Logging i TMS, Section 4.3.4.7.2.8

RSU Protection, Section 4.3.4.7.1.1

= =4 =A-4-0_-0_9_9_49_°9_-°

4.3.4.3.2 Point of Certification

Requirement 3.3.4.3.2 is verified by inspection.

4.3.4.4 Certificate Issuing Design Details

The design details to fulfill the requirements for obtaining IEEE Std 1609.2-2016 certificates follow. These
requirements are defined in Section 3.3.4.4.

4.3.4.41 Certificate Issuance

While third party assessment is expected in the future, currently the organization responsible for signing
SPaT and MAP messages shall provide a self-declaration of having met the security requirements
contained in this document to the SCMS provider they have selected. The SCMS provider shall then
issue certificates.
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It is expected that in the future, the requirement will be to obtain one or more certifications from third
parties which will need to be submitted in addition to self-declarations for items not covered in those
certifications.

4.3.4.4.2 Certificate Nonissuance

It is the responsibility of the 100 to ensure that their system initially complies with the security
requirements and continues to do so in operation. The 100 asserts compliance to the SCMS provider by
providing a self-declaration that the Cl meets these requirements. If the IOO discovers that parts of the
system no longer comply with the security requirements, the 100 is required to notify the SCMS provider.
Devices affected by this non-compliance are no longer eligible for IEEE Std 1609.2-2016 certificates and
the SCMS provider is expected to no longer issue IEEE Std 1609.2-2016 certificates to those devices
until the non-compliance is addressed and the SCMS provider is notified that those parts of the system
are now back in compliance.

NOTE: In the future, it is expected that self-declaration will not be acceptable on its own, and that the I0O
will be required to acquire certifications from one or more third parties and present those certifications to
the SCMS in order to receive IEEE Std 1609.2-2016 certificates. Deployers are expected have access to
and comply with the most recent version of these security requirements.

4.3.44.3 Cl Operation Security Practices

The security policy shall document both the policies for the computer equipment and the human operators
of that equipment. The policy shall include information on how personnel are trained for security
operations and any audits or periodic reviews of policies and procedures that will be performed.

4.3.4.4.4 RSU Security Standards

The RSU shall comply with RSU Standard v1.0, Section 4.3.5.12 Secure Management of X.509
Credentials for TLS Design Details.

4.3.4.4.5 TSC Infrastructure Security Standards

A TSC infrastructure shall fulfill requirement 3.3.4.4.5 via I00-specific means and shall provide
documentation about the security standards met.

4.3.4.5 Security Against Cyber Attack Design Details

The design details to fulfill the requirements for security against cyber attacks follow. These requirements
are defined in Section 3.3.4.5.

4.3.451 Cyber-Attack Recovery Plan

A cyber-attack recovery plan recognizes and incorporates the principles identified in the CIS Controls
Implementation Guide for Industrial Control Systems. In addition, cyber-attack recovery plans require
frequent updates to ensure that the plan remains effective, as new attacks are developed and launched.

A connected intersection shall fulfill requirement 3.3.4.5.1 via I00-specific means based on principles
outlined in the CIS Controls Implementation Guide for Industrial Control Systems, Control 10 i Data
Recovery Capabilities and Control 19 7 Incident Response and Management.

4.3.45.2 Cyber-Attack Robustness

To maintain robustness, a connected intersection (and/or its operators) requires continuous vulnerability
management via provisions in CIS Controls Implementation Guide for Industrial Control Systems.
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A connected intersection shall fulfill requirement 3.3.4.5.2 via I00-specific means based on principles
outlined in the CIS Controls Implementation Guide for Industrial Control Systems, Control 3- Continuous
Vulnerability Management, Control 6 1 Maintenance, Monitoring, and Analysis of Audit Logs, and Control
81 Malware Defenses.

4.3.4.5.3 Network Protection

A connected intersection system shall implement network monitoring with continuous vulnerability
management according to requirement of 3.3.4.5.3 via |0O-specific means based on principles outlined
in the CIS Controls Implementation Guide for Industrial Control Systems, Control, Control 11- Secure
Configurations for Network Devices such as Firewalls, Routers, and Switches, and Control 12 i Boundary
Defense.

For example, the firewall policy should not accept incoming connections to the RSU from outside the
network, and only allow the RSU to initiate connections to SCMS domains in which it is of the SCMS it is
enrolled in.

4.3.4.6 Data Flow: Communications and Interface Security Design Details

The design details to fulfill the requirements for the security of data exchanges across each interface in
the CI system follow. These requirements are defined in Section 3.3.4.6.

4.3.4.6.1 Interface between RSU and TMS

The design details to fulfill the requirements for the security of data exchanges between an RSU and a
TMS follow. These requirements are defined in Section 3.3.4.6.1.

4.3.4.6.1.1 General RSU-TMS Interface Design Details

The design details to fulfill the general requirements for the security of data exchanges between an RSU
and a TMS follow. These requirements are defined in Section 3.3.4.6.1.1.

SNMPv3 is an application layer protocol that runs on top of security protocols like TLS or SSH.

4.3.4.6.1.1.1 Secure Transport of Use of SNMPv3
When using SNMPV3, the RSU shall use the Transport Layer Security Transport Model, as defined by
RFC 6353 or later.

NOTE - RFC 6353 is based on (D)TLS 1.2 and there are technical ambiguities as to how it should be
paired with (D)TLS 1.3. While RFC 6353 is expected to be updated to address these issues, RSU
implementations prior to the release of this update are allowed to use (D)TLS 1.2 for SNMPv3 operations.

The RSU shall comply with RSU Standard v1.0, Section 4.3.5.11.1.1 Secure Administration - SNMPv3
Design Details.

4.3.4.6.1.1.2 Use of (D)TLS for other Management Protocols

The RSU shall use TLS 1.3, as specified in RSU Standard v1.0, Section 4.3.5.2 Local and Back-Office
Interface Security Design Details, for interfaces implementing HTTPS or WebSocket protocols when the
RSU is acting as a TLS server. For example, this would apply to a REST APl implemented by the RSU.
The RSU may also support DTLS 1.3.

The RSU shall not implement unsecured communication using HTTP.
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4.3.4.6.1.1.3 Use of SSH
The RSU shall implement SSH 2.0, as specified in RFC 4253.
NOTE: In order to fully support NTCIP 1218, the RSU has to implement SFTP (or SCP) as a mechanism

to transfer files to and from the RSU. SFTP and SCP both use SSH 2.0 as the underlying secure
transport protocol.

The RSU may limit SSH 2.0 protocol access to SFTP (or SCP) only and prevent remote command line
access via SSH.

The RSU shall comply with RSU Standard v01, Section 4.3.5.11.1.3 Secure Administration T SSH Design
Details.

4.3.4.6.1.2 (D)TLS Certificate Design Details

The design details to fulfill the requirements for TLS and DTLS certificates (X.509 format) for an RSU
follow. These requirements are defined in Section 3.3.4.6.1.2.

4.3.4.6.1.2.1 (D)TLS Authentication - Installation

If the RSU acts as a TLS or DTLS server, the RSU shall support installation of a chain of trust for
validation of client certificates via a secure, vendor-specific mechanism, as defined in RSU Standard v1.0,
Section 4.3.5.12.1 Secure Interface for X.509 Credentials for TLS Design Details. For additional
information see also Section 4.3.4.6.1.2.3, RSU Certificate Security in this document.

If the RSU acts as a TLS or DTLS server, the RSU shall support installation or configuration of an 100-
specific naming pattern for certificates (see 4.4.4.6.1.2.2).

4.3.4.6.1.2.2 (D)TLS Authentication - Rejection

When the RSU acts as a TLS or DTLS server, the RSU is required to reject connection attempts from
clients presenting an invalid client certificate.

To do so, the RSU currentlyvalidat es a c¢l i entbés certificate based on the
a) The current date is within the client certificateod:s
b) The client certificate has been signed by a CA which is listed as part of an installed chain of trust,

and

¢c) The client certificate is contained RSUStandard t he cert
v1.0, Sections 4.3.5.9.1 Assurance of Correct Initial Network Connection Design Details, and
4.3.5.9.2 Assurance of Continued Correct Network Connection Design Details ).

However, 4 hsestidbadbew not accommodate the frequently cha
Therefore, the allow-list provision is deprecated (not recommended for new implementations). New

implementations should use, and existing implementations should migrate to, a SubjectAltName design

provision, as follows:

Replacement c) provision: The SubjectAltName field in the client certificate matches an |0O-specific
naming pattern (e.g., to distinguish between certs from the same root certificate authority but for
different I0OOs). The naming pattern shall support wildcards which can be used to allow all names
with a certain suffix,e.g.,i* . ci t yof ngc. gov

NOTE: The alternate design using SubjectAltName and naming pattern i s preferred, and tl
l i std pr act i andefforts arelumgemvaycoancoepdrate this change in RSU Standard v1.0.
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NOTE 2:-fiAltlsewstill exist for CA certificates by vir
of trust. However, CA certificates roll over much less frequently.

4.3.4.6.1.2.3 RSU Certificate Security

If the RSU acts as a TLS or DTLS server, the RSU shall support installation of a private key and
corresponding certificate containing the public key by an administrator. The RSU shall use those to
identify the server to Cl components it connects to.

The RSU server certificate shall have the X.509 standard format and shall be signed by a certificate
authority (CA) trusted by the 100.

NOTE: The I0OO may use a commercial CA service or operate its own public key infrastructure.

The RSU shall support installation of at least one chain of trust, containing at least one trusted CA

certificate, by an administrator. A chain of trust may also contain one or more intermediate CA certificates

and a trust anchor <certificate (aka root certificate).
been signed by the next higher CA, chaining all the way to the top CA, also known as the root CA.

If the RSU acts as a TLS or DTLS server, the RSU shall use the methods of Section 4.3.4.6.1.2.2, (D)TLS
Authentication - Rejection, to validate client certificates.

If the RSU acts as a TLS or DTLS client, the RSU shall use this chain of trust to validate server
certificates of TLS servers that it connects to.

4.3.4.6.1.2.4 RSU Client Certificate Security

The RSU shall support the configuration of a SubjectAltName pattern which is used to validate TLS client
certificates (see also section 4.3.4.6.1.2.2, (D)TLS Authentication - Rejection).

The 100 shall have assurance that the SubjectAltName entries in each of their issued certificates are
unigue under the CA that issued the certificates.

The RSU shall provide an interface to allow an administrator to install trust anchors for X.509 certificates
The RSU shall support trust anchor installation by one or more of the following methods and shall not
support other methods for installing trust anchors:

a) Alogged in administrator, using an administrator password, installing the trust anchor
interactively (see NOTE 1)

b) An authenticated SNMPv3 operation

c) An automated operation involving signatures that chain back to an existing trust anchor.

d) Via an authenticated operation using (D)TLS 1.3 with a protocol other than SNMPv3, e.g., HTTPS
(i.e., REST API) or WebSocket

NOTE 1: (a) May only be used to install an initial chain of trust, when no other is installed
After that, a method (b), (c) or (d) must be used, i.e., a (D)TLS-protected protocol will have to be used to
update.

NOTE 2: The above requirements are due to the fact that installation of trust anchors is a very sensitive
operation. These requirements are expected to be updated in future versions of this document and
deployments may need to adhere to these new requirements in order to continue to be issued new
certificates.

NOTE 3: RSU (D)TLS server certificates as well as (D)TLS client certificates are expected to be relatively
short-lived, having a validity period on the order of one week or two. With this approach it is possible to
omit usage of CRLs and/or Online Certificate Status Protocol (OCSP) calls to a CA server in order to
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check the revocation status of individual certificates, while still achieving a reasonable level of security
protection.

4.3.4.6.2 Interface between RSU and SCMS
The RSU shall comply with RSU Standard v1.0, Section 4.3.5.10.3.1 SCMS Connectivity Design - CAMP.

Alternatively (and preferred going forward, for new implementations), the RSU shall comply with RSU
Standard v1.0, Section 4.3.5.10.3.2 SCMS Connectivity Design i IEEE Std 1609.2.1.

The CI backend network shall require secure domain-name server lookup for IP addresses obtained from
outside their network, i.e., DNSSEC (according to RFC 4033, 4034 and 4035).

4.3.4.6.3 Interface between an RSU and the OBU/MU

The RSU shall ensure that the messages it sends across the RSU to OBU interface are secured as
follows:

1 SPaT messages are signed as per IEEE Std 1609.2-2016 and the SPaT security profile of Annex

D.1

1 MAP messages are signed as per IEEE Std 1609.2-2016 and the MAP security profile of Annex
D.2

1 RTCM messages are signed as per IEEE Std 1609.2-2016 and the RTCM security profile of
Annex D.3

SPaT messages are signed by the RSU. RTCM messages may be signed by the RSU or the RTCM
source. MAP messages are signed by the MAP data server.

The RSU shall comply with RSU Standard v1.0, Section 4.3.5.1.1 Security - Sending V2X Messages
Design Details.

The RSU shall comply with RSU Standard v1.0, Section 4.3.5.1.2 Security - Receiving and Forwarding
V2X Messages Design Details.

4.3.4.6.4 Interface between an RSU and the TSC Infrastructure

The design details to fulfill the requirements for the security of data exchanges between an RSU and a
TSC infrastructure follow. These requirements are defined in Section 3.3.4.6.4.

4.3.4.6.4.1 Use of Secure Transport Protocol
The RSU shall implement the NTCIP 1202 vO3A interface as specified in RSU Standard v1.0, Section
4.3.2.14.2 SPaT Processing Design Details - NTCIP 1202.

The RSU shall secure this interface, and any SNMPV3 interface, using SNMPv3 over TLS 1.3 or DTLS
1.3 (TLS 1.2 or DTLS 1.2 until version 1.3 is available for use with SNMP) with mutual authentication, with
the RSU acting as a (D)TLS server.

The TSC infrastructure shall use this interface to establish a secure connection with the RSU and send
SPaT information to the RSU.

4.3.4.6.4.2 Use of (D)TLS Protocol

The TSC infrastructure shall use its client certificate to authenticate itself to the RSU via SNMPv3 over
TLS 1.2.
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The TSC infrastructure shall support a vendor-specific and secure mechanism to install a client certificate
along with a private key.

The TSC infrastructure shall support a vendor-specific and secure mechanism to install a chain of trust for
val i dati on (D)TLS setver ceRifedled s

The (D)TLS certificate design details specified in Section 4.3.4.6.1.2, (D)TLS Certificate Design Details,
apply to the interface between the TSC infrastructure and the RSU.

4.3.4.6.4.3 Protection against TSC Infrastructure Reconfiguration from the RSU

The connected intersection shall fulfil the requirement of 3.3.4.6.4.3 by any vendor-specific means and
shall provide documentation how this requirement is met.

4.3.4.6.4.4 Validation of Forwarded V2X Messages

If the RSU is configured to forward the Basic Safety Messages it receives from OBUs/MUs over the V2X
interface to the TSC infrastructure, the RSU shall validate these messages in conformance with the
relevant design in the RSU Standard v1.0, Section 4.3.5.1.2 Security - Receiving and Forwarding
Messages Design Details.

4.3.4.6.5 Interface between the TMS and the TSC Infrastructure

The communication on this interface shall be secured using mutual authentication of both TMS and TSC
infrastructure identities, and at least integrity protection of all data exchanged. It is preferred to use
SNMPv3 over TLS or DTLS 1.3 or, if not yet available, over TLS or DTLS 1.2.

4.3.4.6.6 Interface between the MAP Server and the TMS

The design details to fulfill the requirements for the security of data exchanges between a MAP Server
and a TMS follow. These requirements are defined in Section 3.3.4.6.6.

4.3.4.6.6.1 Secure Connection to MAP Server

A TMS shall establish a connection to the MAP server that supports transport layer security via the TLS
1.3 protocol, with certificate-based mutual authentication and integrity and encryption of data exchanged.

4.3.4.6.6.2 MAP Data Integrity

A connected intersection shall fulfil the requirement of 3.3.6.6.2 by any vendor-specific means and shall
provide documentation how this requirement is met.

4.3.4.6.6.3 MAP Data Signature

The signature generated by the MAP server for the MAP message sent to the TMS shall follow the MAP
message security profile in Annex D.2, Security Profile for MAP Messages.

Note: the figeneration timeod is the time instance that

4.3.4.6.7 Interface between MAP Server and the SCMS

The MAP server shall be able to periodically connect to a SCMS Registration Authority server configured
in the MAP server, in order to obtain IEEE Std 1609.2-2016 certificates with appropriate permissions to
sign MAP messages.
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4.3.4.7 Correct Operations Design Details

The design details to fulfill requirements to provide correct operations for a connected intersection follow.
These requirements are defined in Section 3.3.4.7.

Device Protection Design Details

The design details to fulfill the requirements to protect field components of a connected intersection from
network attacks follow. These requirements are defined in Section 3.3.4.7.1.

4.3.4.7.1.1 RSU Protection

The RSU shall comply with RSU Standard v1.0, Section 4.3.5.8 RSU Operating System Security Design
Details. This includes support for disabling unused applications and services (see Section 4.3.5.8.1 RSU
OS Applications and Services Design Details therein). This includes temporarily blocking / closing unused
IP ports (see Section 4.3.5.8.2 RSU OS Ports and Protocols Design Details therein).

If the RSU provides additional protections, for example blocking individual source IP addresses as
described in Section 3.3.4.7.1.1, this shall be documented in the security documentation. See Section
4.3.4.3.1 for an overview of security documentation that the connected intersection operator is required to
prepare.

NOTE: If the RSU blocks individual source IP addresses, care should be taken that an attacker cannot
use this mechanism to trick the RSU into blocking communications from the TSC infrastructure or from
the TMS.

4.3.4.7.1.2 Device Protection

A connected intersection shall fulfil the requirement of 3.3.4.7.1.2 by any vendor-specific means and shall
provide documentation how this requirement is met, for example the TMS employs malware and intrusion
detection and protection, IP-level firewall (e.g., iptables) supporting at a minimum closing of all unused
ports by default and opening the NTCIP 1218 v01 port for outgoing connections only.

See 4.3.4.3.1 for an overview of security documentation that the connected intersection operator is
required to prepare.

Secure Administration of RSU

The design details to fulfill the requirements to provide secure administration of an RSU follow. These
requirements are defined in Section 3.3.4.7.2.

4.3.4.7.2.1 Secure RSU Administration Use r Interface
The RSU shall comply with RSU Standard v1.0, Section 4.3.5.11 Secure Administration Design Details.

4.3.4.7.2.2 Password Change Prompt

If the RSU provides a web-based administration user interface, the RSU shall comply with RSU Standard
v1.0, Section 4.3.5.11.1.2 Secure Administration - Web-Based Access Design Details.

Note: The referenced section requires that the password be changed from the default password.

If the RSU provides an SSH-based administration command line interface, the RSU shall comply with
RSU Standard v1.0, Section 4.3.5.11.1.3 Secure Administration i SSH Design Details.

Note: The referenced section requires that the password be changed from the default password.
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