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3. ABBREVIATIONS AND ACRONYMS

The terms, abbreviations, and acronyms cited below shall be a part of the terms of this information report unless specifically
cited otherwise.

ADS Automated Driving System

ADS-DV ADS-Dedicated Vehicle

C-ADS Cooperative-Automated Driving System

CACC Cooperative Adaptive Cruise Control

CARMA Cooperative Automation Research Mobility Applications

CDA Cooperative Driving Automation

CSP Communication Service Provider

DDT Dynpmic Driving Task

ITS Intelligent Transportation System

M2M Maghine-to-Machine

ODD Opegrational Design Domain

RSE Roadside Equipment

SPaT Signal Phase and Timing

TSMO Transportation Systems Management'and Operations

4. DEFINITIONS

4.1 AUTOMATED|DRIVING SYSTEM (ADS)

The hardware and spftware that are collectively capable of performing the entire DDT on a sustained basis, regardless of
whether it is limited tp a specific operational design domain (ODD); this term is used specifically to dedcribe a Level 3, 4, or
5 driving automation|system. (FOr up-to-date definitions, notes, and examples, refer to the latest versipn of SAE J3016.)
4.2 ADS-DEDICATED VEHICLE (ADS-DV)

A vehicle designed fobe operated exclusively by a Level 4 or 5 ADS for all trips within its given QDD limitations (if any).

(For up-to-date definitions, notes, and examples, refer to the latest version of SAE J3016.)
4.3 COOPERATIVE DRIVING AUTOMATION (CDA)

Automation that uses M2M communication to enable cooperation among two or more entities with capable communications
technology and is intended to facilitate the safer, more efficient movement of road users, including enhacing performance
of the DDT for a vehicle with driving automation feature(s) engaged.

NOTE 1: For C-ADS-equipped vehicles (see 4.3.1) engaged in cooperative automation, the M2M communications may
enhance the performance of the DDT for the subject vehicle (e.g., object and event detection (OEDR) and
response, operational, and tactical maneuvers).

NOTE 2: For road operators engaged in cooperative automation, the M2M communications may provide situational
awareness and influence performance of traffic management (e.g., signal phase and timing (SPaT), dynamic
speed limits, and emergency response).
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4.3.1 COOPERATIVE AUTOMATED DRIVING SYSTEM (C-ADS)
An ADS capable of utilizing CDA.

4.3.1.1 COOPERATIVE AUTOMATED DRIVING SYSTEM (C-ADS)-EQUIPPED VEHICLE

A vehicle equipped with Level 3, 4, or 5 driving automation and capable of utilizing CDA. Note that Level 3 systems require
human driver intervention upon ADS request. (Refer to SAE J3016 for additional information about driving automation
systems.)

43.2 CDADRIVER SUPPORT FEATURE

A Level 1 or 2 driving automation system capable of utilizing CDA. (Refer to SAE J3016 for additional information about

driving automation s
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vehicle receives the information, which it may use along with information provided by the ADS’s sensors to
plan the DDT performance near the crosswalk.

442

INTENT-SHARING COOPERATION (CLASS B)

Information about planned future actions of the sending entity provided by that entity for potential utilization by receiving
entities. (“This is what | plan to do.”)

NOTE 1: Intent-sharing cooperation does not require the ability or consent of receiving entities to employ the information
provided via M2M communication, which may originate from any nearby traffic participant. Receiving entities do
not necessarily need to act on the shared intent, and all entities are expected to conduct competent operations
regardless of others’ actions.

NOTE 2:

future actions of the sending entity.

Intent-sharing cooperation may be used to augment prediction of future states to enhance models of the planned
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NOTE 3: Intent-sharing cooperation may augment status-sharing cooperation by providing information that relates to a
future state (rather than just the current state) of a sending entity.

NOTE 4:

In some cases, intent information may be shared without M2M communication (e.g., turn signals), but in many

cases (e.g., occlusion of tail lights), this information could not otherwise be determined at all or as soon by a
receiving entity that is not participating in CDA. These non-CDA forms of intent sharing (e.g., turn signals, human
gestures, etc.) are beyond the scope of this document.

NOTE 5:

CDA devices that do not have direct control over the actions of the CDA device agent, e.g., pedestrians or

conventional vehicles in which a human directly controls actions, may engage in intent-sharing communication.

EXAMPLE 1: A C-ADS-equipped vehicle using a Level 3 automation highway feature acts as the sending entity to share a
planned lane change with proximal traffic participants to facilitate safer and more efficient traffic flow in the

EXAMPLE 2:

443 AGREEME

vers.

NT-SEEKING COOPERATION [AMONG CDA DEVICE AGENTS] (CLASS C)

A sequence of collgborative messages among specific CDA devices intended to influence local

DDT-related actions

NOTE 1: Agreemen
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NOTE 2:
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ic participant.
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ent does noet-consider planning for CDA devices that do not have direct control o
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trols/actions, instead focusing on planning for systems with driving automation.

5 the receiving entity
pped vehicle merges

anned signal phase
uipped vehicle using
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sudden emergency

planning of specific

nvolved to cooperate
y originate from any

may include plans,
plan. Depending on

ces, CDA device agents~may not follow a planned future action, and all eftities must conduct

ver the actions of the
5 in which a human

-séeking cooperation includes proposing plans for other traffic participants (i.e.,

“What | want you to

do”). In contrast, intent-sharing includes only sharing a plan for the sending entity (i.e., “What | plan to do”).

EXAMPLE 1: Cooperative merging (see Figure 1) of Vehicle 1 between Vehicles 2 and 3 that currently occupy an adjacent
lane (all vehicles are C-ADS-equipped), may be conducted in the following steps: (1) Vehicle 1 indicates a
plan to merge via intent-sharing cooperation with Vehicles 2 and 3; (2) Vehicle 1 shares a proposed action
that would enable a merging maneuver, e.g., specified longitudinal spacing between Vehicles 2 and 3 so that
Vehicle 1 may change lanes; (3) Vehicles 2 and 3 indicate willingness to engage in agreement-seeking

coope

ration. This may result in multiple outcomes:

Scenario A: Vehicles 2 and 3 acknowledge consent to allow the proposed action, and all entities conduct
competent operations while executing the intended maneuvers (i.e., Vehicle 3 slows down, and/or Vehicle 2
speeds up, and Vehicle 1 changes lanes).

Scenario B: Vehicle 2 and/or Vehicle 3 share intent not to allow the proposed action or goal, and Vehicle 1
does not execute the intended maneuver.
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Figure 1 - Cooperative merging example

EXAMPLE 2: Cooperative intersection departure whereby: (1) a CDA device representing the traffic management authority
provides SPaT information to nearby road users; (2) C-ADS-equipped vehicles stoppdd at the intersection

EXAMPLE 3:
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Cooperative stop sign intersection management for two C-ADS~equipped vehicles arriving coincidentally from
opposjng directions may be conducted in the following steps: (1) Vehicle 1 indicateq intent to engage in
agreenent-seeking cooperation; (2) Vehicle 2 agrees to engage in agreement-sgeking cooperation;

(3) Vehicle 1 shares intent to perform a left-hand turn.maneuver and Vehicle 2 share
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(5) Ve
(i.e., \
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oad operator (e.g., changing traffic signal phase), provided by a prescribing CDA
iving CDA device agent(s). (‘| will do as directed.”)

es that do not havée control over the actions of their corresponding CDA Agents
al vehicles and driver support features in which a human directly controls action
ive cooperation-based CDA features.

performanice, under particular circumstances.

5 intent to perform a

t forward maneuver; (4) Vehicle 1 provides a plan that Vehicle 1 goes first and Vehicle 2 goes second;
hicle 2 agrees to the plan; and (6) both vehigcles conduct competent operations wh
ehicle 1 makes the left-hand turn and then Vehicle 2 drives straight). This coo
r overall time for both vehicles to navigate the intersection and avoids potential cgnflicts.

e executing the plan
dination results in a

or performance of a

device agent(s) and

e.g., pedestrians or
s, cannot participate

erate. It relies on a
ific aspect of DDT

NOTE 3: Prescriptive cooperation may be performed by transportation authorities and/or fleet operations centers
communicating with fleet vehicles under their control.

NOTE 4: Transportation authorities may have the ability to direct prescriptive cooperation to any relevant traffic participants.

NOTE 5: Prescriptive cooperation may utilize status-sharing, intent-sharing, and agreement-seeking cooperation to provide
context for the understanding to cede control over actions that relate to the DDT performance.

EXAMPLE 1: Cooperative incident scene management whereby a CDA device associated with incident response

communicates a geofenced area that is temporarily closed to traffic and a reduced speed limit that is not to
be exceeded. Surrounding C-ADS-equipped vehicles with CDA devices use this information to perform the
DDT in accordance with the reduced speed limit within that geo-fenced area.
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EXAMPLE 2: An emergency vehicle directs a C-ADS-equipped vehicle to vacate its lane to an unoccupied lane or road
shoulder, or to stop (or remain stopped) at an intersection on a green light in order to yield to the emergency
vehicle.

EXAMPLE 3: An emergency vehicle directs a traffic control signal to change phase to green in order to facilitate faster

arrival

45 CDA DEVICE

at a hospital emergency room.

A device equipped with requisite M2M communication technology that is used by traffic participants to perform CDA

features.
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AGENT

A traffic particpant th
in CDA, and authoriz

4.7

The design-specific
C-ADS engaging in

NOTE 1: Agiven C
with a part

NOTE 2: CDA featu

471 SUPPORTIN
A CDA feature capa
road users and road

EXAMPLE 1: A C-A
predic
had d
object
vehicl
emerg
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bt authorizes its CDA device to send and receive communications enabling traffic p
es CDA-related actions.

CDA.

DA device agent may employ multiple CDA features simultaneously, where each
icular data exchange, CDA device(s), and usage specification.

NG CDA FEATURE

ble of promoting cooperation among traffic participants intended to augment perfo
operators.

tion information with a second approaching C-ADS-equipped vehicle. The approa
ptected an object in the erosswalk, but had not yet determined classification or p

The CDA communication provides advance information about the pedestrian
b to proactively adjust vehicle operation for enhanced safety and efficiency by
ency maneuvers!

EXAMPLE 2: AC-A
facilit

ting proactively planning and optimization of approach and departure by th

congegtionand travel time and enhance efficiency.

4.7.2

briicipants to engage

functionality supported or enabled by M2M cooperation among CDA devices communicating with a

eature is associated

res may be referred to by generic names (e.g., cooperative merging) or manufacturer-specific names.

'mance of actions by

DS-equipped vehicle detectsca-pedestrian in a crosswalk and shares object classification and path

thing vehicle already
hth prediction for the
for the approaching

preventing sudden

DS-equipped vehicle conducts CDA with a cooperative intersection device, receivipg SPaT information,

b vehicle to reduce

ENABLING CDA FEATURE

A CDA feature capable of promoting cooperation among traffic participants intended to facilitate the performance of actions
by road users and road operators that they would otherwise not be able to perform.

NOTE: Unlike supporting CDA feature, enabling CDA features result in a different outcome (e.g., detect occluded object,

achieve targ

et lane position, expand ODD, etc.).

EXAMPLE 1. A C-ADS-equipped vehicle detects a pedestrian in a crosswalk and shares information with a second
approaching C-ADS-equipped vehicle about the location of a pedestrian in a crosswalk, where the second
vehicle may not have the capability to otherwise detect the pedestrian, due to line-of-sight blockage by
another vehicle on the road. Based on the shared pedestrian information, the second vehicle is able to plan
appropriate maneuvers to ensure all participants’ safety.
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EXAMPLE 2: A CDA feature enables coordinated intersection departure by means of an infrastructure device providing
C-ADS-equipped vehicles with SPaT information allowing nearby C-ADS-equipped vehicles to coordinate
their departure timing and velocity trajectory for enhanced safety and efficiency.

EXAMPLE 3:

desired velocity and headway among vehicles.

EXAMPLE 4:

A CDA feature enables closely coordinated vehicle platooning movements by exchanging information about

A CDA feature enables cooperative merging whereby a subject C-ADS-equipped vehicle uses M2M

communication to request a desired lane position and maneuvers from nearby C-ADS-equipped vehicles,
such as slowing down to allow the subject vehicle to move from an on-ramp to a highway. Due to coordinated
maneuvers enabled by CDA, merging can be conducted smoothly, without negatively affecting traffic flow.

4.8 DRIVING AUTOMATION

The performance by
notes, and exampleg

4.9 DRIVING AUT

The hardware and s
is used generically t
and examples, refer

4.10 DYNAMIC DR
All of the real-time o
functions such as t
examples, refer to th
411 OPERATIONA
Operating conditions
including, but not lin
absence of certain t
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412 [A] PLAN

A sequence of tasks

hardware/software systems of part or all of the DDT on a sustained basis. (For'u
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OMATION SYSTEM OR TECHNOLOGY

bftware that are collectively capable of performing part or all of the DDT on a sust3
b describe any system capable of Levels 1 to 5 driving automation. (For up-to-dq
to the latest version of SAE J3016.)
IVING TASK (DDT)

berational and tactical functions required to operate*a vehicle in on-road traffic, ex
ip scheduling and selection of destinations and waypoints. (For up-to-date dg
e latest version of SAE J3016.)

L DESIGN DOMAIN (ODD)

under which a given driving automation system or feature thereof is specifically
hited to, environmental, geographical, and time-of-day restrictions, and/or the r

raffic or roadway characteristics. (For up-to-date definitions, notes, and examplg
6.)

defined to achieve or maintain a DDT-relevant goal during a trip.

NOTE 1: Planning

planning (g.g., selected route segments and strategies to achieve a given destination or w
goals) and behavior planning (e.g., trajectory—i.e., path and speed—of vehicles to compete
given a pdrticular driving situation).

ay occur.at strategic, tactical, and operational timescales. This may include @

p-to-date definitions,

ined basis; this term
te definitions, notes,

cluding the strategic
finitions, notes, and

jesigned to function,
bquisite presence or
s, refer to the latest

utputs from mission
hypoint given certain
ntly perform the DDT

NOTE 2:
such as th

e NIST 4D-RCS Framework provided in the references.

4.13 TRAFFIC PARTICIPANT

The terms task, goal, and trip are not further defined here. These concepts are discussed in other documents,

Entities whose actions influence travel in the transportation environment, which may include road users engaged in travel

upon or across publi

cly accessible roadways and road operators.

4.13.1 ROAD USERS

A traffic participant on or adjacent to an active roadway for the purpose of travelling from one location to another.
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NOTE 1: Road users may include motor vehicles (including emergency vehicles), vehicle occupants, pedestrians,
pedalcyclists, and users of motorized and non-motorized personal mobility devices, such as scooters,
wheelchairs, and mobility carts.

NOTE 2: Road user:

s are governed by local traffic laws.

4.13.2 ROAD OPERATOR

A traffic participant who provides, operates and maintains the roadways and supporting infrastructure that enable and
support the mobility needs of road users.

NOTE: Road operators may include infrastructure owner operators as public, public-private, or private sector entities that
operate in accordance with applicable laws at the federal, state, and/or local level.

4.13.3 CERTIFICA
An entity that issues
4.13.4 COMMUNIC

A traffic participant
communication M2M

NOTE: CSPs may i
at the federg

5. CDA TAXONOM

The terms defined in
intent-sharing, agre
functionality enhanc
within the context of
discussing classes 0
5.1  Aspects of Fu
CDA relates to the f
(e.g., vehicles using
signalized intersectic
of CDA device agen
to use a generic ref
noted that these cor
may serve as a helpf

'E AUTHORITY
digital certificates that confirm authenticity of the certificate owner.
ATIONS SERVICE PROVIDER (CSP)

who provides and maintains the hardware and software necessary to support
between and among traffic participants.

hclude public, public-private, or private sector entitiesythat operate in accordance
|, state, and/or local level.

Y

Section 4 describe four discrete and mutdally exclusive CDA cooperation classesg
bment-seeking, and prescriptive). Section 4 also describes two discrete ley
ement (i.e., supporting and enabling). This section describes relationships betw
the transportation system more ‘broadly. Qualifications that are important to pro
f CDA are presented.

nctionality Related to CDA

inctionality of many types of traffic participants within the transportation system,
driving automation systems) and road operators (e.g., infrastructure owner
ns and temperary traffic patterns). Figure 2 shows the relationship between CDA
s in the transportation network. Functionality can be described many ways, and
erence_architecture that includes situational awareness, planning, and action el
structs ‘are non-normative and may not be representative of all technology impl
ul wayto describe functionality in the context of CDA. Situational awareness may

secure, low-latency

with applicable laws

(i.e., status-sharing,
els of CDA feature
ben the classes and
perly identifying and

including road users
pperators managing
and the functionality
pne of those ways is
ements. It should be
ementations, but still
nclude sensor signal

processing, object cl

assification, world modeling, prediction, and other forms of knowledge. Planning

nay include behavior

generation and value judgement. Action may include vehicle motion control and state changes (e.g., of signals and dynamic
speed limits). While CDA cooperation classes generally align to these three elements of control, each class of cooperation

can influence all asp

ects of functionality.
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Types of Functionality

:
|
Situational Awareness Planning Action |

____________________________________________________________________________

Road Users and
Road Operators

o

-~

CDA
Cooperation

b ———
~

Classes of Cooperation

”

_________________________

Increasing Amount of Cooperation

| 5

(Note: Each CDA cooperation level may influence all elements.of automated confrol systems)

Figure 2 - Relation of CDA and transportation system agents’ function
adapted from NIST 4D-RCS reference architecture (Albus et. al. 2002)

The following section describes examples of functionality for particular.EDA device agents within the transportation system.
5.1.1 Cooperative]| ADS DDT Performance

CDA may relate to aspects of DDT performance by a C-ADStequipped vehicle. Activities considered fo be part of the DDT
according to SAE J30016 are provided for reference below™

¢ Monitoring the dfiving environment via object-and event detection, recognition, classification, and response preparation
(operational and|tactical);

e Maneuver plann|ng (tactical);
o Object and event response execution (operational and tactical);
e Longitudinal vehicle motiofi"control via acceleration and deceleration (operational);

e Lateral vehicle motien<control via steering (operational);

o Enhancing conspittity vig fighting, signatingand gesturing, etc. (tacticat):
5.1.2 Cooperative Traffic Operations

CDA may relate to aspects of traffic operations, both by collecting and sharing information and by improving management
practices. Some examples of aspects of traffic operations that may relate to CDA include:

e Detecting and providing information about road and ambient weather;
e Determining and providing information about signal phase and timing;

e Determining and providing information about dynamic speed limits;

1 SAE J3016 indicates that the listed activities are not exhaustive.
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¢ Implementing ramp metering;

e Emergency response management;

e Detecting and providing information on traffic conditions;

e Implementing temporary traffic patterns (e.g., workzones, incident management).
5.2 Classes of CDA Cooperation and Levels of Automation

The nature of cooperation differs based on the level of driving automation. The levels of driving automation describe varying
roles of a human driver (if any) and a driving automation system, as described in SAE J3016. Table 1 describes the
relationship between cooperation and automation. For driver support features (SAE driving automation Levels 1 and 2),
only limited cooperation may be achieved due to the fact that the automation does not perform comiplete object and event
detection and respopse, relying on the human driver to do at least some of these functions, as well ps supervise feature
performance in real ffme. For C-ADS (Levels 3 through 5), more substantial cooperation may berachieved, where the C-ADS
performs the complgte DDT under defined conditions.

Table 1 - Relationship between classes of CDA cooperation and levels of automation

SAE Driving Automation Levels

No Automation Driving Automation System Automated Driving System (ADS)
Level 0 Level 1 Level 2 Level 3 Leve 4 Level 5
No Driving Driver Assistance Partial Driving Conditional High Diiving Full Driving
Automation (human| (longitudinal OR Automation Driving Autométion Automation
does all driving) lateral vehicle (longitudinal AND Automation
motion control) lateral vehicle
mdtion control)
Ny TR (e.g., Signage Relies on driver to complete the DDT and | Relies on ADS to perforn] complete DDT under
P 9., Slgnage, to supervise feature performance in defined conditions (fallback condition
automation TCD) . )
real-time performance varies|between levels)
Limited coeperation: Human is driving and CaaD s LD it by 0 deelite arfens
Class A: Status-sharing | (e.g., Brake Lights, ml.JSt pervise CDA features (and_ may Improved C-ADS situatignal awareness beyond
o inteérvene at any time), and sensing - o )
Here | am and what | see Traffic Signal) e . on-board sensing capapilities and increased
c¢apabilities may be limited compared to .
awareness of C-ADS stagte by surrounding road

» C-ADS

g users and rodd operators

& Limi . Limited cooperation C-ADS has full authorify to decide actions

o imited cooperation (both longitudinal

. : (only longitudinal griu —

5|Class B: Intent-sharing | (e.g., Turn'Signal, z AND lateral intent Improved C-ADS situatiorjal awareness through

| This OR lateral intent that ) s B :

% | This is what | plan|to do Merge) . that may be increased prediction religbility, and increased

i may be overridden . .

o by human) overridden by awareness of C-ADS plarfs by surrounding road

§' y human) users and road operators

2 C-ADS has full authorify to decide actions

8 Class C: Agreement:

& kin A9 O (e.g., Hand N/A N/A Improved ability of C-AQS and transportation
see, g Signals, Merge) system to attai oals by accepting or
Let’s do this together - p » L ;

suggesting actions in coordination with
surrounding road users and road operators
(e.g., Hand C-ADS has full authority to decide actions,
Class D: Prescriptive Signals, Lane N/A N/A except for very specific circumstances in which it
I will do as directed Assignment by is designed to accept and adhere to a
Officials) prescriptive communication

CDA devices within a transportation network may be described by the class of CDA cooperation that they support. For
example, a C-ADS feature operating at Level 4 automation and capable of utilizing agreement-seeking CDA cooperation
may be described as a Class C C-ADS feature. This entails that the C-ADS is capable of engaging in coordinated planning
with other CDA devices in the transportation network. Similarly, a traffic signal CDA device capable of sharing signal phase
and timing information (i.e., engaging in status-sharing and intent-sharing cooperation) may be described as Class A and B
C-ADS features.
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5.3 Level of CDA Feature Functionality enhancement

The level of improved functionality resulting from CDA features can be described as a comparision to a baseline (i.e., without
CDA) state. Table 2 describes the supporting and enabling levels of CDA feature functionality enhancement in relation to
the CDA cooperation classes. In supporting CDA features, capability is enhanced, such as by improving the level of
accuracy and reliability of situational awareness. As the level of functionality enhancement moves from supporting to
enabling, CDA overcomes operating limitations, such as line of sight, field of view, and the ability to directly coordinate
specific decision making and control processes with other actors. Enabling CDA features may allow expanded ODDs and
detect objects that would otherwise be occluded. These supporting and enabling enhancements to automated driving are
dependent on the development and widespread application of CDA devices with very high reliability and low latency.

Table 2 - Relationship between CDA cooperation classes
and CDA feature functionality enhancement

CDA Feature Level of Functionality Enhance ment

Supporting A(\q/Enat ling
Class A: Status-sharing Enhanced functionality: Localization, New function: Antic|pate lane drop,
Here | am and what | see world modeling, perception see eceluded object, expand ODD

Class B: Intent-sharing
This is what | plan to do

Enhanced functionality: e.g., higher

fidelity mapping of future states

Vi

function: Predictive intersection
>\a ival and departure, lane change

Class C: Agreement-seeking

New function: Coor¢linated

()
(72}
K
(&]
c g q q
) N/A intersection arrival and departure

(o) 5 ;
= LES 0l BS (EeEiier coordinated merge,|join platoon
8 Q)\V New function: Traffic authorities can
8 \‘S\ direct operations arld management to
: $ improve safety and |operations
Q Class D: Prescriptive N/A A‘\Q’ New function: Vehigle directed

I will do as directed <O remotely by fleet oplerations center to

resolve operation issue or achieve
safe state in the event of incident
occurrence

6. CONSIDERATIQNS FOR CDA IN PRACTICE

There are practical [considerationsifor the development and deployment of CDA features that mpy be of interest to
practitioners, policy makers, andthe general traveling public. This section describes characteristics of CDA communication
and considerations fpr application of the taxonomy in practice.

6.1  Characteristic$ of CDA Communication

For CDA features toeffectivety performmthe desired—functiomatity, COAcommunications ay need to consider certain
performance characteristics. This section describes a non-exhaustive set of characteristics that may be considered
important. Each CDA feature may only need to consider a subset of these characteristics. The description of these
characteristics is not meant to serve as a specification, but may be useful in developing specifications.

6.1.1 Sample Message content

Examples of the information types that may be exchanged, and whether that information applies to vehicles, infrastructure,

or other entities, are provided below. While not addressed in this document, harmonized data exchange may be achieved
through developing data definitions that are traceable, consistent, accurate, clear, complete, and concise.

The following sample message content descriptions are not intended to be prescriptive. Rather, message content is
expected to reflect the specific goals of one or more CDA features, as applicable. It should also be noted that message
content will be subject to applicable federal, state, and local laws governing privacy and security, which may disallow certain
message content and/or restrict the manner in which it is retained and used.
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Status-sharing

1. Object

a. Object classification (e.g., vehicle, pedestrian, pedal cyclist) and attributes (e.g., C-ADS-equipped,
acceleration capabilities, vehicle classification (FHWA Classes 1 to 13), vehicle dimension, signal arrival
information, number of vehicle occupants)

b. Object

pose (e.g., position, velocity, acceleration)

c. Indicators (e.g., turn signal, headlights) and braking status (applied/not applied, braking force)

2. Traffic participants and environment

a. Infrastr
(i) Fo

b.  Traffic

c. Events

Intent-sharing

icture state, ambient weather, and road surface conditions
example, friction, humidity, dew point, temperature of air, and road surface
Jensity, speed, or volume

(e.g., signal status, traffic incident, construction)

1. C-ADS’s intgnt

a. Predict

b. Maneu

2. Other traffic

a. Predict

b. Maneu

ed future state (e.g., kinematic state, projected-path)
ers (e.g., lane change)

participant’s intent

ed future state (e.g., kinematicstate, projected path)

ers (e.g., lane change)

c. Signal fiming

3. Perception ¢
a. Turnsi

Agreement-seekK

f intention
gnal of noh=cooperative vehicle

ing (note: only applicable to vehicular road users equipped with C-ADS)

1. Seeking and agreeing to engage in agreement-seeking cooperation

2. Proposed actions of relevant traffic participants (e.g., vehicle maneuvers, signal timing)

3. Acceptance of proposed actions, rejection of proposed actions, or alternative proposed action

Prescriptive (note: only applicable to vehicular road users equipped with C-ADS)

1. Vehicle motion control, including longitudinal and/or lateral control (maneuver-based or sustained)

2. Traffic rules

(e.g., speed limits, lane configuration)

3. Traffic control device state (e.g., signal phase)

4. Evacuation orders
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6.1.2 Transmission Modes

Transmission modes may include considerations for the directionality and access to information in cooperative automation
to determine what use cases can be enabled.

i. One-way information flow: information is transmitted by a CDA device and received by one or more other CDA devices,
but no information is shared reciprocally.

i. Two-way information flow: information is shared reciprocally between CDA devices.
6.1.3 Transmission Range

Transmission range may include considerations for the physical distance over which M2M communications are exchanged.

6.1.4 [Information] Privacy

Information privacy

and for what purpose
6.1.5 [Information
Information security

information, systemg
security (J. Kosseff,

may include considerations relating to an individual's ability to determine)for the
their personal information is handled by others (Office of the Victorian Information|

Security
may include considerations promoting the confidentiality, integrity, and availability

, and networks with the goal of protecting individual rightS@nd privacy, economic i
P018). Security may be described in terms of processes,or measures taken to safé

mselves when, how,
Commission, 2019).

of public and private
terests, and national
bguard data, such as

signing, encryption, fokenization, and key management.

6.1.6 [Cooperation] Latency

Cooperation latency desired cooperative

outcome. The lower

may include considerations for the time:delay from an event occurrence to the
the latency, the faster the CDA outconie’may be achieved.

6.1.7 [Information] Quality

Information quality may include considerations for.the fithess of use. This can include dimensions of a
accuracy, credibility,|timeliness, accessibility,-interpretability, coherence, and cost-efficiency (OECD 2

ailability, relevance,
D17).

7. EXAMPLES OF|CDA FEATURES

In order to demonstrate how the CBAtaxonomy may be applied in practice, this section provides exam
It discusses CDA dgvices and-CDA device agents, classes of cooperation and functionality, and ch

The feature names ised in_this’ section are non-normative, i.e., implementations may use different paming conventions.
Additional exampleg can<e-found through the Federal Highway Administration (FHWA)'s CARMA}M Program (refer to

CARMA reference, dlide\17) that has identified CDA features designed to improve transportation syst¢m safety, efficiency,
and reliability through a-variety of Transportation Systems Management and Operations (TSMO) stratEgies.

7.1

res of CDA features.
racteristics of CDA.

Features Relating to Cooperative Object Tracking

Cooperative object tracking describes the sharing of information about nearby objects in the environment. Traffic participants
may be concerned with many different relevant objects within the driving environment, such as vehicles, pedestrians, traffic
control devices (e.g., signals and signage), and lane markings. Many types of information may be associated with an object,
such as location, trajectory, classification, and other characteristics. Information about these characteristics can improve
transportation safety and/or efficiency through improved situational awareness. For example, C-ADS-equipped vehicles
may use this information to improve object and event detection and response accuracy, reliability, line of sight, and field of
view. Road operators may use this information to improve throughput, facilitate response and maintenance operations, and
to support infrastructure planning. For object tracking features, accuracy, security, and privacy can be important
considerations if the CDA feature is to effectively perform the desired functionality (e.g., refer to use cases in the 5G-PPP
2017 technical report). Another similar example would be an event tracking feature that shares changes in the state of the
nearby environment; e.g., signal changes.
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An example is descibed in Figure 3, in which two C-ADS vehicles exchange information about a pedestrian’s location in
order to improve situation awareness.

Table 3 - Examples of supporting and enabling cooperative object tracking features

CDA Device
Class of Transmission Mode Information
Feature CDA and Directionality Exchanged Level of Functionality

Supporting: C-ADS 2 can sense the

Object Tracking: pedestrian, and uses the information to

C-ADS 1 shares Object geospatial improve reliability and accuracy of

pedestrian A. Status- One-way: location, and pedestrian location and classification

location and ehgring C-ADS 1> C-ADS 2 classification E mo—Ped fan was occluded

classification with (“pedestrian”) from C-ADS 2-field of view (e.g., by

C-ADS 2 C-ADS 1), and-roy C-ADS 2 is aware
of pedestrian

NOTE: In practice, dne-way transmission will typically send the message to multiple CDAydevices in the vicinity.

D E - (Em_ -
A

artin
Enablin

Su

ADS 2
occluded
zone

Figure 3 - Depictions of (a) supporting, and
(b) enabling-cooperative object tracking features

7.2 Features Relating to Cooperative Traffic Signal

Cooperative traffic signals share messages that support navigation of intersections and control of signgl phase. CDA device
agents may be concerned with optimizing vehicle velocity profile and coordination of movement with gurrounding vehicles.
Types of informatior) that may be_exchanged include signal phase and timing with roadside equipmént (RSE), proposed
velocity profiles, and agreemént*to proposed velocity profiles. CDA device agents may use this information to improve
efficiency, travel timgs, andssafety.

An example is depicted'in Figures 4 and 5 showing an intersection approach and departure feqture at a signalized
intersection.
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