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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

Preventing death and serious injury in road traffic crashes is a global priority. With the advent of
vehicular data communications, road vehicles become connected vehicles, and safety is one of the key
issues in the development of such road vehicles. ISO 26262-1 defines the vehicle safety as the absence
of unreasonable risks that arise from malfunctions of the E/E system. The absence of unreasonable
risk due to these potentially hazardous behaviours related to specific limitations (identified in
ISO/PAS 2144871} is defined as the safety of the intended functionality (SOTIF). Functional safety
(addressed by the ISO 26262 series) and SOTIF are distinct and complementary aspects of safety.
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Road vehicles — Extended Vehicle (ExVe) time critical
applications — General requirements, definitions and
classification methodology of time-constrained situations
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road and ExVe safety
RExVeS

set of means (e.g. use cases), conditions and requirements to be considered by the “ExVe time-critical
interfaces” described in ISO 20077-1, including time-constrained and safety-critical situations (3.4)

Note 1 to entry: The intent is to minimise risk of harm (as described in ISO 26262-1) in road safety-related
situations.

Note 2 to entry: In the context of RExVeS, a use case is a set of scenarios (3.2) that have a common goal.
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<RExVeS> sequence of connected vehicle (3.11) actions, events, reactions, and interactions, in a road
safety setting

3.3
time-const

rained situation

<RExVeS> combination of a road safety-related connected vehicle (3.11) scenario (3.2) and RExVeS-
related time constraints, in which lack of communication capability or excessive (communication)

latency can

3.4
safety-criti
<RExVeS>

unacceptable risk of harm

3.5

situation p1
<RExVeS> o

severity, th
constrained

3.6
safety-criti
<RExVeS> o

severity, thq
situation (3.

3.7

time-constrained safety-related function

<RExVeS> function under strict time constraints that contributes to the achievement of safety objed
EXAMPLE "CAM generation" (see ETSI EN 302 637-2[11) and "BSM generation" (see SAE J2735[2land
J2945([3]). "DENM generation" (see ETSI EN 302(637-3[4]) is another example of time-constrained safety-rg
function.

3.8
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<RExVeS> n|
3.9

peri-vehicu

<RExVeS>v
3.10

safety-criticalsituation reaction time interval
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lead to malfunctions or other injurious consequences

Lal situation
fombination of a road safety-related connected vehicle (3.11) scenario (3.2Z)y'an

riority class

ne of six situation priority classes (P1, P2, P3, P4, P5 or P6) determined according t
b probability of exposure, and the controllability associated with an evaluated
situation (3.3)

cal situation priority class
ne of the four situation priority classes (3.5) (P3, P4, P5-or P6) determined according t
probability of exposure, and the controllability associated with an evaluated safety-cn

t)

lar
par or around a vehicle

lar data communication
bhicular ddta-communications in the geographic vicinity of a vehicle

d an

b the
time-

D the
itical

tives

SAE
lated

ine-interval from the detection of a safety-critical situation (3.4) to the broadca

st to

neighbouring road users at risk of an appropriate safety-critical message via time-constrained safety-
related functions (3.7) and peri-vehicular data communications (3.9)

3.11

connected vehicle
<RExVeS> road vehicle using peri-vehicular data communications (3.9)
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4 Symbols and abbreviated terms

ADAS Advanced Driver-Assistance Systems

BSM Basic Safety Message

CAM Cooperative Awareness Message

DENM Decentralized Environmental Notification Message
ExVe Extended Vehicle

RExVeS Road and ExVe safety

TAI International Atomic Time

UTC Coordinated Universal Time

5 Conventions and guidelines for specifying RExVeS-related requirements

In thjs document, requirements are formalized as follow:

REQ  |Number |RExVeS - Natiie
Description

“Number” represents the individual requirement number.
“Nanpe” is the name of requirement, if needed.
“Destription” is the requirement itself.

Reqyirements in this document are generic and technology agnostic. No actual testing i§ to be done
against them, but they should be usedas'a guide to define the technology-dependent requifjements.

Som¢ technology-dependent requirements may not enable to address all priority classeq of RExVeS-
related time-constrained situdtions (see 6.3.5).

Unless otherwise stated, the requirements in this document apply to all priority classes.

6 The RExVeS'methodology

6.1 | General

The RExVeS methodology brings forward means to identify and classify time-constrained situations
(safetty=eritical or not) thatare addressed by the “ExVe time critical interfaces” described in SO 20077-1.
The methodology provides an automotive-specific risk-based approach to determine the priority class
of a RExVeS-related time-constrained situation. It is adapted from ISO 26262-3[5] hazard analysis and
risk assessment (HARA) and enriched with systems-theoretic process analysis (STPA) insights. The
major difference is that in ISO 26262-3[2], the results of the analysis are ASILs while in this document
the results are time-constrained situation priority classes.

NOTE1 The appropriate use of the RExVeS methodology is intended to fulfil RExVeS-related requirements
and a set of connected vehicle design prerequisites (see Clause 7).

NOTE 2  Unless otherwise stated, in this document, connected vehicle means connected vehicle taking into
account ISO 20077-1 and ISO 20077-2.

The RExVeS methodology starts with the analysis of road safety-related connected vehicle scenarios
in which time-constrained situations (safety-critical or not) may occur. Then, a systematic evaluation

© IS0 2020 - All rights reserved 3
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of each identified time-constrained situation is performed to determine the RExVeS-related situation
priority class to which it pertains. The RExVeS-related situation priority class is determined by

considering

severity, probability of exposure and controllability criteria.

Figure 1 provides an example of use of the RExVeS methodology in the context of the ExVe design

methodolog
r

(from ISO 20077-1:2018)

y.

Typical interfaces of an extended vehicle Il Schematic of the ExVe design methodology context (from ISO 20077-2:2018)
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1 — The RExVeS methodology in the ExVe design‘tnethodology context (example

methodology complements ISO 20077-1 andISO 20077-2 guidelines for the design
hicle, from which a vehicle manufacturer;cdan derive its own methods and procedur
tended vehicle that addresses a specific.set of use cases and scenarios. These method
remain part of the know-how of each yvehicle manufacturer.

[SO 20077-2, any ExVe functionality request is described through use cases and scen
77-2 template for technical request), in order to support a precise description of the }
criptions of relevant RExVeS:related scenarios are important in this respect.

b [SO 20077-2, for a given use case and scenario, the ExVe manufacturer is respor
b the appropriate ektended vehicle’s interfaces for the considered functionality
). When an ExVetime critical interface is considered, the identified time-constrg
in be analysed with the RExVeS methodology. As a result, the criticality of the situatig
everity, probability of exposure, controllability) and, along with any applicable regulat
dication ofirelevance and priority to the vehicle manufacturer considering the develop
onality with an ExVe time-critical interface.

RExVeS-related scenarios with safety-critical situations give the biggest causes for concern
d-first in the methodology description and dealt with in more detail.
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6.2 Analysis of RExVeS-related scenarios

Complex and dynamic processes and interactions are often involved in road accidents. RExVeS-related
safety-critical situations may occur when processes or interactions do not meet safety objectives, e.g.
because appropriate objectives have not been selected.

The goal of the analysis of RExVeS-related scenarios is to identify time-constrained situations (safety-
critical or not) that are to be addressed by the “ExVe time critical interfaces” described in ISO 20077-1.
This requires accumulating information about how such situations can occur.

A RExVeS-related time-constrained situation is a combination of a road safety-related connected vehicle
scenario and RExVeS-related time constraints, in which a lack of communication capability or excessive

© IS0 2020 - All rights reserved
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(communication) latency can lead to malfunctions or other injurious consequences. In a RExVeS-related
safety-critical situation, there is additionally an unacceptable risk of harm.

NOTE1 There is not necessarily an unacceptable risk of harm in all time-constrained situations.

Rapidly changing environments where there is a potential for safety-critical situations are examples of
RExVeS-related scenarios. "Imminent collision" is a characteristic of many RExVeS-related problematic
scenarios. "Loss of vehicle control” is a less recurring one, but it is important to take it into account.

An imminent front collision with another vehicle at high speed on a country road is an example of a
RExVeS-related safety-critical situation.

Even| when the vehicle is stationary, a RExVeS-related safety-critical situation can be present if it is
stopped in an unsafe location.

RExVeS-related use cases and scenarios where safety-critical situations can lappen, and where a

worgt-case set of environmental conditions may lead to "loss of vehicle control',00"imminent collision",
should be analysed before taking action.

NOTHE 2  RExVeS-related use cases encompass all connected vehicle use cases (including cooperdtive collision
avoidance use cases) where at least one RExVeS-related problematic scenarie_ exists. As a result, RExVeS-related
use cpses are not limited to already identified and standardized connected vehicle and road safety|use cases (in
ISO, JAE, ETSI etc.). The potential applicability of RExVeS-related requifenients is much broader.

NOTE 3  ISO 26262-3:2018[5], Annex B provides examples of REXVéS-related scenarios and of dafety-critical
situations.

Factgrs to be considered in the hazard analysis and’/risk assessment of RExVeS-relatdd scenarios
inclulde:

— YVehicle usage scenarios, for example high speéd driving, urban driving, parking, off-road;
— ¢nvironmental conditions, for example‘tain, snow, wind, road surface condition;
— 1easonably foreseeable driver use'and misuse;

— interactions between operatignal systems, particularly those implementing RExVeS-related time-
¢onstrained safety-relatedfunictions;

— (¢ybersecurity attacksleading to malicious communications or default of the vehicle ITY station. See
also ISO/SAE 21434614

— if there is an impdct, timing constraints resulting from functional safety, “safety of the intended
functionality’”and cybersecurity activities;

— 1{1 this analysis, the vehicle and its communication capabilities are considered by defaulft in working
rdersSee also ISO/PAS 21443871,

REQ—123132-01—RExVeS—01

The consequences of each evaluated RExVeS-related time-constrained situation shall be identified, focus-
ing on the harm to each person potentially at risk, including the driver and the passengers of the vehicle,
but also the other persons potentially at risk such as cyclists, pedestrians or occupants of other vehicles.

6.3 Classification of RExVeS-related time-constrained and safety-critical situations

6.3.1 Classification scheme

The classification scheme comprises the determination of the severity, the probability of exposure, and
the controllability associated with the RExVeS-related time-constrained situations (safety-critical or not).

1) Under preparation. Stage at the time of publication: ISO/SAE DIS 21434:2020.

© IS0 2020 - All rights reserved 5


https://standardsiso.com/api/?name=7f31d8326cb45c58f9f40feb4af91e17

IS0 23132:2020(E)

The severity represents an estimate of the potential harm in a particular situation, while the probability
of exposure depends on how frequently and for how long individuals find themselves in such a RExVeS-
related scenario. The controllability rates how easy or difficult it is for the driver or other road traffic
participant to avoid the considered accident type in the considered scenario. It is the intention that
severity, probability of exposure and controllability estimates are consistent with those coming from
functional safety activities.

NOTE Depending on the number of related hazardous events, the classification can result in one or more
combinations of severity, probability of exposure, and controllability.

6.3.2 Classes of severity

jated
e the

The potentij
for the driv
severity claj

] injuries that result from a time-constrained situation (safety-critical or not) are evaly
b1, passengers and people around the vehicle, or in surrounding vehicles to detérmin
S.

htion
), S2
with

The severity
and is assig
(severe and
survival ung

 of potential harm is estimated based on a defined rationale for each evaluated situ
ned to one of the severity classes: SO (no injuries), S1 (light and modérate injuries
life-threatening injuries with survival probable) or S3 (life-threatening injuries
ertain or fatal injuries).

NOTE IS
critical situat

D 26262-3:2018[2], Annex B presents examples of consequences which can occur for a given s
ion, together with the corresponding severity class for each consequence.

hfety-

h
)

For instanc
injuries wit]

a pedestrian accident with low speed, that can result in severe and life-threatg
1 survival probable, may be classified S2.

ening

6.3.3 Clagses of probability of exposure

The probab
for each evg
the probabi

lity of exposure to a RExVeS-related scenario is estimated based on a defined rati
luated situation (safety-critical or not){._The probability of exposure is assigned to o
ity classes: E1 (very low probabilityj-e.g. occurs less often than once a year for the

nale
ne of
breat

majority of dlrivers), E2 (low probability, e.g..o€eurs a few times a year for the great majority of driy
E3 (medium probability, e.g. occurs once a“month or more often for an average driver) or E4
probability, je.g. occurs during almost every drive on average).

rers),
high

NOTE ISP 26262-3:2018(5], Annex B, presents examples of scenarios classified by duration and frequ
together with typical exposure rankings.

ency,

For instancd d E3

(occurs oncg

, driving a vehicle.en a wet city street with heavy "stop and go" traffic may be classifie
b a month or moné often for an average driver).

6.3.4 Clagses of controllability

The controllability class for a given time-constrained situation (safety-critical or not) is determined
by estimatipg-the likelihood that representative drivers, potentially assisted by advanced diiver-
assistance systems (ADAS]J, Will be able to retain or regain control of the vehicle if the situation were to

occur, or that individuals in the vicinity will contribute to the avoidance of the situation by their actions.

NOTE1 Controllability is influenced by a number of factors including use of ADAS, driver profiles for the
target market, individuals’ age, eye-hand coordination, driving experience, cultural background, etc.

NOTE 2  Estimations take into account local laws and regulations, as well as reasonably foreseeable misuse
(e.g. not keeping the required distance to the vehicle in front).

The controllability of each evaluated situation, by the driver or other persons involved in the situation,
is estimated based on a defined rationale for each situation. The controllability is assigned to one of
the controllability classes: CO (controllable in general), C1 (simply controllable, e.g. more than 99 %
of the average drivers or other traffic participants are able to avoid harm), C2 (normally controllable,
e.g. between 90 % an 99 % of the average drivers or other traffic participants are able to avoid harm)

© IS0 2020 - All rights reserved
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or C3 (difficult to control or uncontrollable, e.g. less than 90 % of the average drivers or other traffic
participants are able to avoid harm).

NOTE 3 Ifclass CO is assigned, there is no requirement to assign a priority class to the evaluated situation and
therefore, Table 1 does not take CO into account.

NOTE 4 SO 26262-3:2018[5], Annex B provides examples of driving situations and the assumptions about the
corresponding control behaviours that would avoid harm. These situations are mapped to the controllability
rankings, clarifying the 90 % and 99 % breakpoint levels for judging controllability.

For instance, maintaining intended driving path while being distracted may be classified C1 (simply
controllable).

6.3.§ Determination of the priority class of a RExVeS-related time-constrainedsituation

To clpssify the RExVeS-related time-constrained situations (safety-critical or nof)) six prigrity classes
(P1, P2, P3, P4, P5 and P6) are defined according to the risks of harm involved, with P6 reprgsenting the
most stringent class (i.e. used to protect against the highest risks).

To determine the priority class of an evaluated situation, the classification of the time-constrained
situation for the criteria of severity, probability of exposure and controllability is used, inf accordance
with|Table 1.

Table 1 — Priority class detérmination

Controllability class
Severity class Exposure class Simply Normally Difficult to
controllable (C1) | controllable (C2) corjtrol (C3)
Low probability

o (E1 or E2) P1 P1 P1

Nd injuries (S0) - —
High probability P2 P2 P2

(E3 or E4)

Very low probability (E1) P3 P3 P3
Light and moder- Low probability (E2) P3 P3 P3
ate injuries (S1) | Medium probability (E3) P3 P3 P4
High probability (E4) P3 P4 P4
Severe and Veryslow probability (E1) P4 P4 P4
life-threatening Low probability (EZ) P4 P4 P5
inj lries witll1 sur2_VMedium probability (E3) P4 P5 P5
vivall probable (§2) i 1 obability (E4) P5 PS5 P5
Lifp-thréatening Very low probability (E1) P5 P5 P5
lni rieswith sur- Low probability (EZ) P5 P5 P6
vivil_unmﬂnm_mm.pmbabnuﬂ.sz) PS5 P& P6
fatalinjuries (S3) ™ ot brobability (E4) P6 P6 P6

A priority class gives an indication of the criticality of a given RExVeS-related time-constrained
situation. The priority classes P3 to P6, also called the safety-critical situation priority classes, indicate
RExVeS-related safety-critical situations.

If classification of a given RExVeS-related situation with respect to severity, probability of exposure
or controllability is difficult to make, it should be classified conservatively, i.e. whenever there is a
reasonable doubt, a higher classification should be chosen.

Examples of priority class assignment are described in Annexes B, C, and D.

NOTE Annex E provides a non-exhaustive list of use cases and scenarios, which can be supported by an
"ExVe time critical interface".
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6.3.6 Template for the description and priority class assignment of a RExVeS-related situation

The template for the description and priority class assignment of RExVeS-related situations (including
safety-critical situations) can be found in Annex A.

REQ  [23132-02  |RExVeS- 02

The descrip
made using

tion and priority class assignment of a RExVeS-related time-constrained situation shall be
the appropriate template in Annex A.

NOTE Fo

r further information and examples of use of the RExVeS template, see Annexes B, C and D.

7 Connejcted vehicle design prerequisites

The appropriate use of the RExVeS methodology assumes the fulfilment of the following'Conng¢cted
vehicle design requirements. A vehicle manufacturer may impose additional requiréments, derived

from context-specific safety objectives.

REQ |2

3132-03  |RExVeS- 03

In response

assignment

tions shall be prioritized on "ExVe Time critical interfaces" according tothe’result of the priority ¢lass

to a safety-critical situation, applications that implement releizant RExVeS-related flunc-

(see Table 1).

To be consid
safety-relatg
which are d

Appropriatg
related timd
with the asg

For RExVeS
time and lod

NOTE1 A

NOTE2 Inf

ered a safe and secure RExVeS-related function for a given safety-critical situation, a[road
bd connected vehicle function should implement RExVeS-related applicable requirenpents
psigned to avoid or to mitigate the risks of harm in¥olved in a given safety-critical situgtion.

RExVeS-related design safety objectives shouild be determined for each evaluated RExVeS-
p-constrained situation. The consistency of‘the RExVeS-related design safety objedtives
igned priority class and with the evaluated time-constrained situation should be verifjed.

a time-constrained safety-related function respects common rules for the specificatipn of
ation estimation including how such data are encoded in safety-critical messages.

cording to SAE standards, safety-related functions use UTC for time synchronisation.

2018, TAJ, the primary international time standard, is exactly 37 seconds ahead of UTC.

REQ |2

3132-04 RExVeS - 04

The safety-
nected veh
avoid or to

critical situationyreaction time interval shall enable to alert accurately and timely the [con-
cle driver afid-to broadcast appropriately accurate and timely safety-critical messaggs to
nitigate imminent collisions.

REQ  |23432-6

2199 _NC |nEvIL\C At~
J T [ACLAVCY \ L%

The communication system for peri-vehicular data communication shall be designed to ensure appro-
priate levels of availability and latency so that safety-critical messages can be received by neighbouring
road users at risk in a timely manner.
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(normative)

Template for the description and priority class assignment of
RExVeS-related situations (including safety-critical situations)

Name and source:
USE CASE
Drawing (if useful):
[ Loss of control [ Imminent collision [ Other
SCENARIO
Description (text + drawing):
TIME-CONSTRAINED SITUATION <'\‘O
Name |

Safely-critical situation (J YES [0 NO

Desg¢ription (text + drawing, including time constraints):

ASSIGNMENT OF PRIORITY CLASS N
Severity class (Sx) Rationale (including used assumptions):
Exposure class (Ex) Rationale (including used assumptions):
Controllability class (Cx) Rationale (including used assumptions):

Priority class (Px) =

Remfarks (including conclusions ontime constraints):

Congequences for the safety-critical situation reaction time interval (if relevant):

© IS0 2020 - All rights reserved 9
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Annex B
(informative)

Example 1 of use of the RExVeS template

Name and source: "Longitudinal Collision Risk Warning" (LCRW) (source ETSI TS 101 539-3

v1.1.12013-11(80

USE CASE

Drawing (if useful): Figure B.1 provides an ETSI overview of road safety applications.
DRIVING ASSISTANCE DIRECT CONTROL

Info , Awareness, Warning | Automatic, Pre-Post Crash
| | |

[( )] UFU LL—_LL) LL—_LL) Collision,

In Vehicule Collision
Signage Risk
Warning

LCRW,
Ivs ICRW

Primary road safety applications @ ™ Secondary ||

Tertiar

ncy

‘ <1s
.

Beetween 1st0 35 _| Time To Collision (1

Beetween 2s to 5s

examples

Beetween 5s to 30s

Figure B.1 — Overviéw of road safety applications (from ETSI TS 101 539-3:2013(8

'TC)

SCENARIO

O Loss of control Imminent collision [ Other
Description (text@drawing):

The objectiveofthe scenario is to warn of a collision risk by broadcasting a safety-critical mes
which signals‘the presence of the vehicle (speed, location, etc.) to the other road users.

ETSI TS-10T 539-3:2013(8! lists LCRW scenarios where a collision can occur (see Figures B.Z
B.3).The’scenario analysed here is part of the “safety relevant vehicle overtaking” use case in
TS 01 539-3:2013(8], Table 2.

According to ETSI TS 101 539-3:2013[£], the subject vehicle (SV) signals its intent to overtj

sage

and
ETSI

ke a

stow vetticteand detectsacottision riskwithramoncoming vehicte o the opposite trafficdirec
The oncoming vehicle may also be SV and may achieve an action to avoid the frontal collision

tion.
.The

objective of the LCRW application is to warn the SVs' drivers to stay in lane or to brake in order

to avoid a frontal collision.

Figure B.2 lists relevant use cases description for forward and forward / side collision risk warning

(ETSITS 101 539-3:2013I8], Table 1).

10
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Use case

Scenario illustration

Safety relevant lane change

Emergency electronic brake light /
Traffic condition

UED

EE] == (TED

— F——
Roadworks ) J:§ & - == J;ll
< _____ -
Stationary vehicle <--- TL@ 'i[l
O
Stability problem E :Tl

Collision risk warning from a third
party

(ED

warning (from ETSI TS 101 539-3:2013[8])

3:2013I[8], Table 2).

Figure B.2 — Relevant use cases description forforward and forward / side c¢llision risk

Figure B.3 lists relevant use cases description fo¥'frontal collision risk (ETSI TS 101

539-

Use case

Scenario illustration

Wrong way vehicle driving

D)

Safety relevant vehicle overtaking

ED

Collisionrisk warning from third party

a3l

TSITS 101

© IS0 2020 - All rights reserved
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TIME-CONSTRAINED SITUATION
Name |Unwanted delay in sending a DENM indicating a LCRW collision risk
Safety-critical situation ¥ YES [1NO

Description (text + drawing, including time constraints):

A DENM is sent too late after the detection of the LCRW safety-critical situation.

According to ETSI TS 101 539-3:2013[8], performance class A shall be used for LCRW. Performance class A shall
guarantee a TO to T1 less than 150 ms. TO - T1 reflects the freshness of in-vehicle data with regards to the
message time-stap

According td ETSITS 101 539-3:2013[8], 300 ms end to end latency time may be required for LCRW to avoid |false
decision due|to old data.

Figure B.4 illustrates ETSI views on end to end latency time for road safety applications.

“ o “GNSS
' )

APP | Decision
transfer

Network

T3 T4 T5

e
/

j+5)

B A

LB~ L

6 5
Key
1 datja acquisitionsfrom sensors 5 subject vehicle
2 time stamping 6 target vehicle
3 required‘\action a End to end latency time < e.g. 300 ms.
4 auqomatic action

Figure B.4 — Application end to end latency time (from ETSI TS 101 539-3:2013[8])

ASSIGNMENT OF PRIORITY CLASS

Life-threatening |Rationale (including used assumptions): Front collision

Severity class (Sx) injuries (S3) with another vehicle with medium speed.

Rationale (including used assumptions): Overtaking on
a country road occurs once a month or more often for an
average driver.

Medium

Exposure class (Ex) probability (E3)
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Rationale (including used assumptions): During driving
phases, the drivers shall apply the road safety rules and
therefore should be able to anticipate a collision. Between
90 % and 99 % of the average drivers or other traffic par-
ticipants are able to avoid harm.

Normally

Controllability class (Cx) controllable (C2)

Priority class (Px) = P6

Remarks (including conclusions on time constraints):
The proposer of the application shall be able to manage the situations of this type.

The vehicle manufacturer should check during the design phase the existence of a commitment of maximum
time latency between the detection of the safety-critical situation and the message emission.

Addiltionally, according to ETSI TS 101 539-1:2013[2], dealing with "Road Hazard Signalling" (RHS){to be able

to refspect a 300 ms end to end latency time, the total latency time between TO and T2 shall be\less fthan 220 ms
in 93 % of the cases during critical traffic safety situations. T2 is measured when the messages are|transmitted
over|the air while T0 is measured at the vehicle electronic sensors' level.

Figufre B.5 illustrates ETSI views on the age of the target vehicle data at consideration,in the subjecft vehicle
appljcation.

m APP |Decision \

transfer
Network
2 Packetlost 1P T4 TS T6
rate I J|

7 6
Key
1 position aCcuracy 1 meter 5 automatic action
2 timefstamping 6 subject vehicle
3 fault tolerant system 7 target vehicle
4 required action a End to end latency time < 300 ms.
Figure B.5 — Age of the target vehicle data at consideration in the subject vehicle application (from

ETSI TS 101 539-1:2013[2])

Consequences for the safety-critical situation reaction time interval (if relevant): In the evaluated LCRW
safety-critical situation, ETSI "TO - T2" corresponds to the safety-critical situation reaction time interval relat-
ed to RExVeS.

The ETSI TS 101 539-1:2013[21 "T0 - T2" requirement mentioned above shall be respected, but a better perfor-
mance is expected. ETSI TR 102 638:2009[10], dealing with "Basic Set of Applications" (BSA), speaks of a max-
imum latency time of 100 ms with a relative positioning accuracy <1 m (see ETSI TR 102 638:2009[10] C.1.5.5,
dealing with cooperative forward collision warning).
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Annex C
(informative)

Example 2 of use of the RExVeS template

Name and source: Alert temporary slippery road (V2V - V2I)

fdescription based o Reference {111)
A vehicle detects that the road is slipping and broadcasts an alert message to other vehi¢lesgnd
to the infrastructure manager.

Depending on the cause of the slippery section, this use-case can concern both directions of
roads, even for dual carriageways. However, the vehicle might not be able to detectthe differg¢nce.
USE CASE

Causes: snow, ice, black ice, wet road, aquaplaning, mud, gravels, other “rolling” elements on the
road, oil, chemical products.

Description:

The sender is the vehicle detecting the slippery road.

End-receivers are all vehicles around and the infrastructuremianager.
The source is the vehicle and its equipment.

1. A vehicle detects a slippery section of the road“and broadcasts the information. [This
detection is done by analysing automatically.the different systems of the vehicle comlined
with contextual data: ABS, ASR, ESC, vehicle data, etc.

2. The information transmits the localization of the event, along with the identified cause (as
far as possible).

3. Thevehicles around and the infrastructure manager receive the information and display it to
their drivers.

Drawing (if useful): Figure C. shows the loss of control in a curve due to a slippery road.
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d
¥
AT
Key
V2V communication "slippery road warning"
slippery road associated to a specific p level
braking distance required to reach the adequate speed
AT time latency required to receive the info "slippery road warning" to have time to adjust

the speed at the right level
Figure C.1 — Loss of control in a curve'due to a slippery road (black ice, aquaplaning...)

SCE]

NARIO

[%] Loss of control [ Imminent collision ] Other
Description (text + drawing):

The impact of the loss of control*of'the vehicle or collision on a slippery road dependss on the fol-
lowing circumstances:

— density of the traffic (number of vehicles and inter-vehicle distance);
— average speed of the traffic (severity of the collision);
— type of infrastructure (severity of the collision):

— width/and number of lanes, sinuosity;

—~, double sense / central physical separation;

= road environment;

— type of road surface (track, asphalt, polished concrete, etc.).

— geographical location (latitude for type and occurrence of precipitation).

Thecombimationrof these tircunrstances generates different problematicscemarios:
We chose to quote 3 different criticalities (see below).
Description of the time constraints concerns:

Generally speaking, the state of adherence of the roadway varies slowly with a few exceptions as
punctual as aquaplaning, mud, fuel on the road, etc. There are at least two conditions for the infor-
mation "slippery road" to be treated in a relevant way by the vehicle:

— thelevel of grip of the road is actually a problem for the vehicle and its tires equipment,

— theinformation is received sufficiently in advance so that the vehicle has the time to adapt its
speed to the situation.

© IS0 2020 - All rights reserved 15
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adjust its speed to get safe in a slippery corner.

This is particularly the case in winter (icy road) and it takes between 1 s and 10 s for the vehicle to

If the information is not already available, depending on the distance between the vehicles, the
previous vehicle will have the time or not to warn the next vehicle in a relevant way. There is no

es can be m4
surprise but

SCENARIO |minimum latency in this case, since even if the information is sent and processed immediately, it
will not prevent an accidentin 100 % of cases: success depends on the speed of the vehicle, the state
of the road and the distance between vehicles.

To maximize the probability of success the information should be sent with the lowest latency
possible at that time.

TIME-CONS[TRAINED SITUATION (1) Qb

Name The signal is received too late or is not taken into account while driving on a highway at/high

speed and with a low traffic density (no other vehicle around).

Safety-criti¢al situation & YES [ NO

Description (text + drawing, including time constraints):

Not aware of the slippery road, the driver loses control of his vehicle at high speed and1eaves the road. The ¢aus-

ny: aquaplaning, diesel on the road, ice plate. The low density of the-traffic increases the effg
limits the severity of the impact.

ct of

“the road is {
sion conditid

ASSIGNMENT OF PRIORITY CLASS (1) n\\f'
A Rationale (including used@ssumptions): Side impact with a statiorfary
Severiity class (Sx) 53 object with high speed.
Rationale (includingtsed assumptions): Highways are generally wlell
Exposure class (Ex) E1l maintained specjfically on paying portions and the probability to have
to adapt the speed to enter a curve is low.
Controllability class (Cx) 3 Ra}tlonale (including used a}ssumptlf)ns): Professional pilots are in yitu-
ation to Control only (surprise and high speed).
Priority clafs (Px) = P5
Remarks (ifjcluding conclusions on time constraints):
Consequendes for the safety-critical'situation reaction time interval (if relevant): Having the information

lippery” before arriving.on the critical point is key to adapt the speed of the vehicle to the adh
ns.

TIME-CONS[TRAINED SITUATION (2)
Name The signal is received too late or is not taken into account while driving on a national twofway
road with dense but fluid traffic (average speed high).

Safety-criti

- - S zpo 1 ar
CAIl SITUAUIOITN AT TES LT INU

Description

accident. Ex:

(text + drawing, including time constraints):

Not aware of the slippery road, the driver loses control of his vehicle and collides with a car in the opposite
direction. The following vehicles do not have the possibility of stopping early enough and aggravate the first

N118 while snowing or RCEA in winter.

16
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ASSIGNMENT OF PRIORITY CLASS (2)

. Rationale (including used assumptions): Front collision with
Severity class (Sx) 53 another vehicle with high speed.
Rationale (including used assumptions): In northern Europe,
the road is slippery 50 % of the year. The probability of having
Exposure class (Ex) E2 to adapt the speed before entering a curve increases with ice
presence on old infrastructure portions (curvature not adapted
to speed limitation).
Controllability class c3 Rationale (including used assumptions): Difficult to manage the
(Cx) braking distance on a slippery road
Priqrity class (Px) = P6
Renjarks (including conclusions on time constraints): Inter-vehicular distance managemept is very
impertant in that case and should be adapted to road adhesion, vehicle speed andtire fitmpnt.
Conkequences for the safety-critical situation reaction time interval (if relevant): Seejabove.

TIME-CONSTRAINED SITUATION (3) «N
N The signal is received too late or is not taken into account while driving in the dity centre at
ame :
low speed and low traffic.
Safely-critical situation ¥ YES [ NO

Desq

The |
tool

ription (text + drawing, including time constraints):

oad is slippery (wet pavement for example), a pedestriancrosses unexpectedly, the uninformed v|
hte and too hard and slips. It hits the pedestrian or bumps in street furniture or in vehicles paf

chicle brakes
ked around.

ASSIGNMENT OF PRIORITY CLASS (3) r\l‘\
Severity class (Sx) 2 _Ratlonalg (_mcludmg used assumptions): A pedestrian mayf be involved
inthe collision.
Exposure class (Ex)| E2 o3 Rgtlonale (including used assumptions): In northern Europle, the road is
slippery 50 % of the year.
Confrollability class (Cx) 2 dR;iifIle(;rsleilrlleW(ilrrllt(:el:dlng used assumptions): Low speed, and sensitized

Priority class (Px) = P4jto 5

Remarks (including'eonclusions on time constraints): Having the information “the road is slipper

rivin

g on the critieal point is key to adapt the speed of the vehicle to the road grip conditions.

y” before ar-

Con{

equences.for the safety-critical situation reaction time interval (if relevant): See above.

© ISO

2020 - All rights reserved
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Annex D
(informative)

Example 3 of use of the RExVeS template

Name and source: GLOSA “Green Light Optimal Speed Advisory”

Theobjective of GEOSA TS to provide to the driver the optinmat Speed to Cross the Mext tersac-
tion with a green phase. The intersection sends data to the approaching vehicles such asthe
intersection topology, the location, the traffic lights current phases and their duration( The dn-
board system processes these data to calculate the optimal approaching speed of the vehicld to
reach the intersection.

GLOSA is included in the “Day 1” applications of the European C-ITS Directive.{tis important fo be
aware of its required implementation in case of C-ITS deployment in any European member state.

Drawing (if useful): Figure D.1 shows a comparison of GLOSA approaches:

Y 4

—

\l
\

1 L2

USE CASE

VA NV

X
S3
f
Key
X distance
Y time

——<=T1 - trajectory with single-segment GLOSA
T2 - trajectory with multi-segment GLOSA

L redphase
7////// yellow phase
m green phase

Figure D.1 — Comparison of GLOSA approaches (See Reference [12])
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