ETS| EN 302 890-2 V2.1.1 (2020-10)

& =

EUROPEAN STANDARD

Intelligent Transport Systems (ITS);
Facilities Layer function;
Part 2: Position and Time management (PoTi);
Release 2



2 ETSI EN 302 890-2 V2.1.1 (2020-10)

Reference
DEN/ITS-00182

Keywords
facility, ITS, time-stamping

ETSI

650 Route des Lucioles
F-06921 Sophia Antipolis Cedex - FRANCE

Tel.: +334 9294 42 00 Fax: +334 936547 16

Siret N° 348 623 562 00017 - NAF 742 C
Association a but non lucratif enregistrée a la
Sous-Préfecture de Grasse (06) N° 7803/88

Important notice

The present document can be downloaded from:
http://www.etsi.org/standards-search

The present document may be made available in electronic versions and/or in print. The content of any electronic and/or
print versions of the present document shall not be modified without the prior written authorization of ETSI. In case of any
existing or perceived difference in contents between such versions and/or in print, the prevailing version of an ETSI
deliverable is the one made publicly available in PDF format at www.etsi.org/deliver.

Users of the present document should be aware that the document may be subject to revision or change of status.
Information on the current status of this and other ETSI documents is available at
https://portal.etsi.org/TB/ETSIDeliverableStatus.aspx

If you find errors in the present document, please send your comment to one of the following services:
https://portal.etsi.org/People/CommiteeSupportStaff.aspx

Copyright Notification

No part may be reproduced or utilized in any form or by any means, electronic or mechanical, including photocopying
and microfilm except as authorized by written permission of ETSI.
The content of the PDF version shall not be modified without the written authorization of ETSI.
The copyright and the foregoing restriction extend to reproduction in all media.

© ETSI 2020.
All rights reserved.

DECT,PL UGT E S TUBMET S End the ETSI logo are trademarks of ETSI registered for the benefit of its Members.
3 GP P#&nd L T E Bre trademarks of ETSI registered for the benefit of its Members and
of the 3GPP Organizational Partners.
o n e M2 MHo is a trademark of ETSI registered for the benefit of its Members and
of the oneM2M Partners.
GSM® and the GSM logo are trademarks registered and owned by the GSM Association.

ETSI


http://www.etsi.org/standards-search
http://www.etsi.org/deliver
https://portal.etsi.org/TB/ETSIDeliverableStatus.aspx
https://portal.etsi.org/People/CommiteeSupportStaff.aspx

3 ETSI EN 302 890-2 V2.1.1 (2020-10)

Contents

Intellectual Property RIGNIS........ooiiiiii e emmr e e e e s 5.
0 =110 (o SRS 5.
Modal VErbS tEIMINOIOOY........ccc i i mmmr e e e e e e e e e e et e e e e e e e e s s eeees s s s s aassaaeseaaeeaaaeeesanns 5
1 0o [0 [ ({0 o F PR PPPPPPPPPPPR 6
1 Yo 0] o= PP 7
2 [ ET (=T =] o [ = PSPPSR T PP PRSPPI 7
21 NOIMALIVE FEFEIEINCES. ...ceeiiiiiiiii et ee e s e et e e e e nenannas 7
2.2 INFOIMALIVE TEIEIENCES ... eiii ittt e e et e e e s s e e s e e nanes 8
3 Definition of terms, symbols and abbreviatiQns.............cooevviiieemiiii e 0]
3.1 L= 115 PP 9
3.2 3] 010 O 9
3.3 Y o] o1 (=Y T= LT o 3SR 10
4 Position and Time entity iNtroOAUCTIORN.........uuuuuuiiiime e eeee e e e 11
4.1 g (oo 0T34 o 1SS 11
4.2 Service provided by the POTi @NLLY.......uu i erer s e e et 12
5 POTi fUNCLIONAI AESCIIPLION. ......eiiiiiiie et ree et e e e e e st enense e e e e ee s 12
51 POTiIN thE ITS DOMAINL.....eeiiiiiiitieiee e et e e e e e s e e e e e e e e e e e e e e e e s e snre e e e e e ennes 12
5.2 [ IS 0] 11 (=1 | = 1T o PRSPPSO 12
5.3 PoTiin the ITS Station (ITSS) ArChitECUIE........ccoiiiiiiiie e 13
54 PoTientity fuNCtional arChitECIUIE. .........oi ittt e e e e e 14
541 LCT=T 0= - | SRR 14
54.2 Position information ManagemeINL...........cooiuiiiiiiiice e roee e e smnee e 14
543 POSItION AUGMENTALION. ......eiiiiiiiiiiii ettt ee et e e s bbb e e e e e s s mee s s be et e e e s annabreeee s 15
5.4.4 Reference coordinate System CONVEISION..........uuuuuuuiiiiieeciiie s s e s e e e e e e e eeeeeeseeneeeeeaeaaeran e e eeeeean 15
5.4.5 Time information ManagEMENL. .......ccooiiiiiiiie e e e e e eree e e e e e e e e e s enema e s e e eaeeaas 15
5.4.6 TIME SYNCRIONIZALION. ... ..ottt e e e e e s e e e e et et e et ste e s e e e eeaeeaeeeanne 15
5.4.7 Time reference SYStem CONVEISIBRIVICE ...........oouuuuiiiii it ceeeiiie e e e e e e e e e e e aeaaeeaees 15
55 POTH INEEITACES ...ttt e et e et e s et e e s e e e enmr e e e 16
55.1 Interface to ITS apPliCAtIONEA-SAP).......u it eeeeer e e e e e e e e e et mnnes 16
5.5.2 Interfaces to the Networkingnd Transport Layer (NFSAP).......cuvviiii e 17
5.5.3 Interfaces to thianagement entity (MFSAP) .......uuiii i 17
554 Interfaces to th&ecurity eNtity (SFSAP) .....ooii e 17
555 Interfaces to other FacCility lay@NtitieS..........oouuiiiiiiiii e 18
6 POSItion and tiMe FEQUITEMENILS. .. ..uuuuriiiiiiiiiiiiimmne e e e e e e e ee et ee et ee et e e e e e eeeeaae s smmmeeeeeeeees 18
6.1 Requirements related to POTi fUNCHIONS...........cooiiiiiiieeeee e erees e e 18
6.2 ITS-S refErENCE POSITIONL. . .uuuii i e e eeeee e e e e e e eee et e s e e e e e e et e e eaete et rms et e e seeeeeaeeeeenserns 20
6.2.1 g o o 18 Lot o] o P PRSPPI 20
6.2.2 ITS-S reference position fOr PASSENQEN CALS..........uuuuiiie e cceeiiiei e i e e e e e ee e e eeee et mmar e e e e eeaeaeeeen 20
6.2.3 ITS-S reference position fOr TIUCKS........coiiiiiiii e 22
6.2.4 ITS-S reference POSItioN fOr BUSSES .. ...ciiiiiiiiiiiiii ittt eee et e e e e e e smee e e e 28
6.2.5 ITS-S reference position for Motorcycles, mopeds and bicyCles..........ccccooviiiinii i 29
6.2.6 ITS-S reference positiofdr PEAESIHANS...........ccoiiiiiiiii e eree e eeees 31
6.2.7 ITS-S reference position for Special VEhICIES ... 31
6.2.8 ITS-S reference position fOr CHYFAM..........oiiiiiiii et eneeas 31
6.2.9 ITS-S reference position for Roadside ITS StationSTB-SS).......uuuurriiiiiiiiiiiiiie e 32
6.3 Position and tiMe CONFIAENCE ........eiiiiiiie et 32
6.3.1 Generakequirements related to CONfIABNCE. ... 32
6.3.2 Confidences related to Position Information Management................vviceciiiiiiiiiiiiieieee e 33
6.3.2.1 Horizontal POSition CONfIAENCE.........ooi it e e e e e e e eeer e 33
6.3.2.2 Vertical POSItioN CONfIENCE..........cciiiiieees e erres e e e e e e e e e e eeereeraneeeeees 33
6.3.2.3 Horizontal Speed CONFIAENCE. ........ooiiiiiiiii e 33
6.3.2.4 Heading CONFIAENCE. ... it e st e e e e e nneee 33

ETSI



4 ETSI EN 302 890-2 V2.1.1 (2020-10)

6.3.2.5 Confidence of Other QUANTIHIES........eiiiiiiii e 34
6.3.2.6 Other aCCUracy EStMALIONS. ......ouuiiiiee et ieeet et e et e e e et eneerre e e e e e e nnees 34
6.3.3 Confidences related to Reference Coordinate System Conversion Management.................c..... 34
6.3.3.1 Relative BSItion CONfIAENCE. ..ot e e e e e e e e e eere e eeee s 34
6.3.4 Confidences related fiime InformationManagemMENt............eviieiiiiiiiiieeree e 34
7 AUGMENTALION SEIVICES ... .cci i i et e e e e e e e et e e et e e e s e e e e s s e s e e e s e e e e aeeaaeeas 35
7.1 1o To [0 ox o] o PO U PR PRRRT PRSPPI 35
7.2 GNSS Positiaing Correction (GPC) Augmentation SEIVICE.........ccueiiiiiii i eeceeee s 35
7.2.1 T a1 0T [T 1o o I PP PRSPPI 35
7.2.2 L1 O =To U IT7=T 0 0T o] £ S PP PP PP OPPPPPPP ORI 36
7.2.3 GPC Dategrocessing by the ¥TS-S during transitiobetween RTS-S service areas...........cc.eee.... 36
7.3 R-ITS-S ranging augmMeNtatidBEIVICE .......cceeeiiiiieiiee e ieeert et e e ettt e e e e e e e e e e e e e st e e e e e e e aeeeannnees 37
7.3.1 T a1 o T [T i o) o I PP PRSP 37
7.3.2 Ranging ServiCe annNOUNCEIMENLS. .......cccuiiiiriiiie et e e ettt e e e ettt e e eeme e e e st b e e e e e e aabb e e e e e same e e e annres 38
7321 [ o To [0 ox 1o o TP PP PPPPTPP 38
7.3.2.2 Ranging Service ApPliCation Dala...............ccoioiiiiieeeeee i e s e s e e e s e s e e eeeeeeseennrans 39
7.3.3 (LY LT LT UL =T0 0= o TP UOPTRRRPRRY” |0
7.3.4 L LT 1] o T = L= P SPSRPPPRPRRI {0
7.3.5 ST o U 1Y/ SRR 40
Annex A (normative): ASN.1 specification Of MESSAGES.........uuuuriiiiiiiiiiiinee e 41
A.1 ASN.1 specification of ranging service application data...............ccccevveeemeeeeeeeniisiciiiieeeeeeeeeee 41
L 11 (0] V2SR 42

ETSI



5 ETSI EN 302 890-2 V2.1.1 (2020-10)

Intellectual Property Rights

Essential patents

IPRs essential or potentially essential to normative deliverables may have been declared to ETSI. The information
pertaining to these essential IPRs, if any, is publicly availablET& members and nonmembers and can be found

in ETSISR000314:"Intellectual Property Rights (IPRs); Essential, or potentially Essential, IPRs notified to ETSI in
respect of ETSI standardsihich is available from the ETSI Secretariat. Latest updates are available on the ETSI Web
server fittps://ipr.etsi.org/

Pursuant to the ETSI IPR Policy, no investigation, including IPR searches, has been carried out by ETSI. No guarantee
can be given as to the existence of other IPRs not referenced irRDBD 314 (or the updates on the ETSEW
server) which are, or may be, or may become, essential to the present document.

Trademarks

The present document may include trademarks and/or tradenames which are asserted and/or registered by their owners.
ETSI claims no ownership of these except fay ahich are indicated as being the property of ETSI, and conveys no

right to use or reproduce any trademark and/or tradename. Mention of those trademarks in the present document does
not constitute an endorsement by ETSI of products, services or orgamszassociated with those trademarks.

Foreword

This European Standard (EN) has been produced by ETSI Technical Committee Intelligent Transport Systems (ITS).
The present document is parbf a multipart deliverableoveringFacilities Layer functionasidentified below

Part 1. "Services Announcement (SA) specificatipn”

Part 2: "Position and Time management (PoTi) Release 2

The present documeist based on inputs providdéy various European projects including AutoNegncorda,
EnsembleHights PROPART ,Dutch-GermanyAustiia Corridor, Scope@F, A58 (NLPRE-DRIVE C2X, DRIVE
C2X, SafeSpot, CVIS, CoVelL, SCOR@F, sim;Té&c.

National transposition dates

Date of adoption of this EN: 19 October 2020
Date of latest announcement of this Eda): 31 January 2021
Date of latest publication of new National Standard

or endorsement of this EN (dop/e): 31 July 2021
Date of withdrawal of any conflicting National Standard (dow): 31 July 2021

Modal verbs terminology

In the presenlocument shall", "shall not', "should', "should not', "may”, "need not, "will ", "will not", "can" and
"cannot' are to be interpreted as described in clause 3.2 &Tis Drafting RulegVerbal forms for the expression of
provisions).

"must" and 'must not' areNOT allowed in ETSI deliverables except when used in direct citation.
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Introduction

Intelligent TransportationystemsCooperative, Connectethd Automatd Mobility (CCAM) relateduse casem the

ITS environment as specified in the ETSI ITS architectifeS| EN 302 6651 1]) can be digibuted over multiple ITS
stations (ITSSs). ITSSs interact in the ITS system to exchange sensor data and traffic related information to make each
other aware ofraffic safety or traffic efficiency circumstances and situations by which eacl$ l@@uiped road user,

whether automated or not, can improve their safety and efficiency related decisions.

ETSI
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1 Scope

The present document provides the specificabiotihe PositionandTime (PoTi) services. It includes functional and
operational requirements for tpesition and time data to support ITS Applications. In addition, it includes the
definition of syntax and semantics of messages exchanged betweStatiBs(ITS-Ss)to augment the position and
time accuracy. Finally, it specifies tfeilities layer protocol in support of such message exchanges.

2 References

2.1 Normative references

References are either specific (identified by date of publication and/or edition number or version humber) or
non-specific. For specific references, only theediversion applies. For napecific references, the latest version of the
referenced document (including any amendments) applies.

Referenced documents which are not found to be publicly available in the expected location might be found at
https://docbox.etsi.org/Reference/

NOTE: While any hyperlinks included in this clause were valid at the time of publication, ETSI cannot guarantee
their long term validity.

The following referenced documents are neagska the application of the present document.

[1] ETSI TS 103 301: "Intelligent Transport Systems (ITS); Vehicular Communications; Basic Set of
Applications; Facilities layer protocols and communication requirements for infrastructure
services!

[2] RTCM 10402.3: "Recommended Standards for Differential GNSS (Global Navigation Satellite
Systems) Service".

[3] RTCM 10403.3: "Differential GNSS (Global Navigation Satellite Systems) Servi¢ession 3".

[4] ETSI EN 302663 (V1.3.1) (012020): "Intelligent Transport Systems (ITS); FG5 Access layer
specification for Intelligent Transport Systems operating in the 5 GHz frequency band".

[5] ETSI EN 302 894l (V1.2.1) (072019): "Intelligent Transport Systemd 8); Facilities layer
function; Partl: Services Announcement (SA) specification”.

[6] World Geodetic Systerh984 (WGS84).

NOTE: Available athttp://earthinfo.nga.mil/GandG/update/index.php?dir=wgs84&action=wgs84#tab_wgs84

res

[7] ISO 8855 (2011): "Road VehiclesVehicle dynamis and roa¢holding ability-- Vocabulary".

[8] ETSI TS 103 248: "Intelligent Transport Systems (ITS); GeoNetworking; Port Numbers for the
Basic Transport Protocol (BTP)".

[9] ISO 57251 (1994): "Accuracy (trueness and precision) of meament methods and resuits
Part 1: General principles and definitions".

[10] ETSI TS 102 894: "Intelligent Transport Systems (ITS); Users and applications requirements;
Part 2: Applications and facilities layer common data dictionary".

[17] ETSI EN 302 931 (V1.1.1): "Intelligent Transport Systems (ITS); Vehicular Communications;
Geographical Area Definition".

[12] ISO/TS 16460:2016: "Intelligent transport system@ommunications access for land mobiles

(CALM) -- Communtation protocol messages for global usage".

ETSI


https://docbox.etsi.org/Reference/
http://earth-info.nga.mil/GandG/update/index.php?dir=wgs84&action=wgs84#tab_wgs84-res
http://earth-info.nga.mil/GandG/update/index.php?dir=wgs84&action=wgs84#tab_wgs84-res

8 ETSI EN 302 890-2 V2.1.1 (2020-10)

[13] Recommendation ITI X.691/ISO/IEC 8825:2015: "Information technologyASN.1 encoding
rules: Specification of Packed Encoding Rules (PER)".

2.2 Informative references

References are eithspecific (identified by date of publication and/or edition number or version number) or
non-specific. For specific references, only the cited version applies. Fespeaific references, the latest version of the
referenced document (including any amendisgapplies.

NOTE: While any hyperlinks included in this clause were valid at the time of publication, ETSI cannot guarantee
their long term validity.

The following referenced documents a necessary for the application of the present document lyuashest the
user with regard to a particular subject area

[i.1 ETSI EN 302 665: "Intelligent Transport Systems (ITS); Communications Architecture”.

[i.2] ETSI TR 102 638 (V1.1.1): "Intelligent Transport Systems (ITS); Vehicularr@anications;
Basic Set of Applications; Definitions".

[i.3] ETSI EN 302 6372: "Intelligent Transport Systems (ITS); Vehicular Communications; Basic Set
of Applications; Part 2: Specification of Cooperative Awareness Basic Service".

[i.4] ETSI EN 302 6373: "Intelligent Transport Systems (ITS); Vehicular Communications; Basic Set
of Applications; Part 3: Specifications of Decentralized Environmental Notification Basic
Service".

[i.9] ETSI TS 102 894 (V1.1.1): "IntelligentTransport Systems (ITS); Users and applications
requirements; Part 1: Facility layer structure, functional requirements and specifications".

[i.6] ETSI TR 103 299: "Intelligent Transport System (ITS); Cooperative Adaptive Cruise Control
(CACCQC); Presstandardization study".

[i.7] ETSI TS 103 324: "Intelligent Transport Systems (ITS); Cooperative Perception Services".

[i.8] ETSI TS 103 244 (V1.2.1) (032017): "Satellite Earth Stations and Systems (SES); GNSS based

location sytems; Part 1: Functional requirements”.
[i.9] EUREF:"European Terrestrial Reference Sys&3{ETRS89).

NOTE: Available athttp://etrs89.ensg.ign.fr

[i.10] ETSI TR 101 607V1.1.1) (052013): "Intelligent Transport Systems (ITS); Cooperative ITS
(C-ITS); Release 1".

[i.17 ISO 35341 (10-2009): "Statistics Vocabulary and symbolsPart 1: General statistical terms and
terms".

[i.12] ETSI TS 136 30%§V11.2.0): "LTE; Evolved Universal Terrestrial Radio Access Network

(E-UTRAN); Stage 2 functional specification of User Equipment (UE) positioningWTRAN
(3GPP TS 36.305 version 11.2.0 Release 11)".

[i.13] IETF RFC 5905 (June 2010): "Networkme Protocol Version 4: Protocol and Algorithms
Specification".
[i.14] IEC 60050: "International Electrotechnical Vocabulary", D308 (instant), 1131-10 (time

interval), 11301-13 (duration).

[i.15] IS-QZSSL6-001: '"QuasiZenith Satellite System Interface Specification Centimeter Level
Augmentation Service

NOTE: Available athttps://qzss.go.jp/en/technical/dolwad/pdf/psis-qzss/isqzss|6-001.pdf

[i.16] IETF RFC 8173 (June 2017): "Precision Time Protocol Version 2 (PTPv2) Management
Information Base".
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[i.17] EN ISO 22418:"Intelligenttransportsystems- Fast service announcement pratiog-SAP) for
general purposein ITS' (produced by CEN).

[i.18] IEEE™ 1609.3 "IEEE Standard for Wireless Access in Vehicular Environments (WAVE)
Networking Servicées

3 Definition of terms, symbols and abbreviations

3.1 Terms

For thepurposes of the present document, the following terms apply:
accuracy: closeness of a measured value to a standard or known value

heading: orientation of the horizontal velocity vector with respect to the WG8BHMorth (clockwise), unless
otherwise noted

horizontal speed:magnitude of horizontal velocityector of the reference position point
horizontal velocity vector: projection of the8D velocity vector on the WGS84#] ellipsoid

integrity risk : probability, per unit of time, of having a Paramdtailure without issuing an alert within the
Time-to-Alert

ITS constellation: group of ITSSs which are exchanging ITS data among themselves
ITS time: time based on TAI
NOTE: Epoch of this time is set to 20@1-01T00:00:00Z, that is 0 seconds ¢hot Jaruary 2004 UTC.

parameter failure: failure occurring when the position and time entity is unable to estimate parameters with an error
less than the maximum tolerable error (err > err_max)

position integrity: measure of the trust that can be placed irctireectness of the estimated Parameters supplied by the
Position and Time entity

NOTE: Integrity includes the ability of the equipment (at the Position and Time entity and/or User level) to
compute timely and valid alerts when the estimated Parameterst deed to be used for the operation of
interest.

protection level estimated bound on the Parameter Error from the Position and Time entity at a defined confidence
level such as 50 %, 75 %, 95 %, 99 %, etc., delivered with the Parameters

station clock: clock representing ITS time in an ITSation

Time-to-Alert: maximum allowable elapsed time from the onset of a Parameter Failure until the equipment annunciates
the alert

velocity: vector indicating speed in a particular direction

vertical velocity vector: projection of the8D velocity vector on the normal vectof the WGS846] Ellipsoid

3.2 Symbols

For the purposes of the present document, the following symbols apply:

Tsys ITS Station Time

ETSI
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3.3 Abbreviations

For the purposes of the present document, the following abbreviatiphs

3D

ACC
ACK
ASN
BSA
CA
CACC
CAM
CCAM
CDD
CP
CVIS
DEN
DENM
D-GNSS
ECU
EDAS
EGNOS
EU
FA-SAP
GLONASS
GNSS
GPC
GPS
GRM
IEC
IETF
ISO
ITRF
ITS
ITS-C
ITS-S
ITU-T
MAC
NA
NF-SAP
NGA
NRTK
NTP
PDU
PoTi
PPP
PSID
RAN

RF

RFC
R-ITS-S
RTCM
RTCMEM
RTK

SA
SAM
SFSAP
Sl

SIFS
SLR
SPATEM

3 Dimensional

Automatic Crouse Control

Acknowledgement

Abstract Syntax Notation

Basic Set of Applications

Cooperative Awareness (service)

Cooperative Adaptive Cruise Control
Cooperative Awareness Message

Cooperative, Connected and Automated Mobility
Common Data Dictionary

Collective Perception (service)

Cooperative Vehickénfrastructure Systems
Decentralized Environmental Notification
Decentralized Environmental Notification Message
Differential Global Navigation Satellite System
Electronic Control Unit
EGNOSDataAccessService

European Geostationary Navigation Ovgr&ervice
European Union

Facilities to Applications Service Access Point
GLObal NAvigation Satellite System

Global Navigation Satellite Systems

GNSS Positioning Correction

Global Positioning System

GPSRaw dataMessage

International Electrotechnical Commission
Internet Engineering Task Force

International Organization for Standardization
International Terrestrial Reference Frame
Intelligent Transport Systesn

ITS Constellation

ITS Station

International Telecommunication Uniefelecommunication standardization sector
Media Access Control

Not Applicable

Network to Facilities Service Access Point
National Geospatiahtelligence Agency
NetworkReal Time Kinematic

Network Time Protocol

Protocol Data Unit

Position and Time

Precise Point Positioning

Provider Service Identifier

Radio Access Network

Radio Frequency

Request For Comment

Roadside ITSStation

Radio Technical Commission for Maritime services
Radio Technical Commission for Maritinservices Environmental Message
Real Time Kinematic

Service Announcement

Service Announcement Message

Securityto Facilities Service Access b

Standard International

Short InterFrame Space

Satellite Laser Ranging

Signal Phasé&nd TimingExtendedMessage

ETSI
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SSR Sirius Satellite Radio
TAI International Atomic Time scale
TCU Transmission Control Unit
ToF Time-of-Flight
UE User Equipment
UPER Unaligned Packet Encoding Rules
uTC Coordinated Universal Time
uwB Ultra Wide Band
VLBI Very-Long-Baseline Interferometry
VRU Vulnerable Road User
WGS World Geodetic System
WGS84 World Geodetic System 1984
4 Position and Time entity introduction
4.1 Introduction

ITS applications such as specified in Besic &t of Applicatiors specification BSA) ETSI TR 102 63§i.2] require

the exchange of position and time information as part of the information exchange amégAEitial ITS

location based servicgthe Cooperative Awarenes€A) basic servic&TSI EN 302 6372 [i.3] and #milar, the road
traffic eventDecentralizedEnvironmentaNotification (DEN) basic servic&TSI EN 302 6373 [i.4] are developed.
These serviceand their data exchanges are dependent on position and time information. In this and the following
clausest is understood thatpositior’ meanskinematic and attitude stateas defined irclauses.4.1 which includes
attitude and movement parameters including velocity, headargontal speednd optionally othets

In order to realize roald’ S safetyrelatedapplications)TS-Ss need to have an absolute knowledge about puosition
and have a common synchronized knowledge aboutttirbe able to value information received framothed TS-Ss
To realize this absolute knowledge about position and time, a$ M@y be equipped with a Global Navigation
Satellite System(GNSS) making use of Galileo or GRd/orothersatellite navigation technologigsoviding
satellite positioning information to tHeoTientity.

Depending on the applications supported by an$T 8 e qualitive requirements on the accurauggrity and
reliability of the position and time referenaaay vary.As the CA basic serviogeTSI EN 302 6372 [i.3]) specifies,
road safety applications may require th&IJ to transmit position and time information at intenaflabout10times a
secondwhile new applications such as Platooning requires intervédl®0ftimes a second.

ITS applicatios are based on the exchange of information among33 &nd therefore ITS applicat®operating in

one ITSS aredependhg on the information provided by other 1785, a set of minimum requirements to be supported
by all ITSSsneeds to bagreed. As newTlS applications are constantigingdeveloped these minimum requirements
need to be sdor aselective sedf (grouped) ITS applicationst the current state an ETSI Release 1 set of ITS
standardsETSITR 101 607i.10Q]) is the reference for the Release 1 equipment and theriefoovides the
requirements for the Releas®aTirequirements.

Based on the current developments of new services and related analysepioyeEts further optional requirements
are included.

The position and tim@PoTi) service asdentifiedin ETSI TS 102 894 [i.5] residing in the facility layer is an essential
part of the ITSit provides time and positioimformationto all ITS applicationgndservices.

In order to satisfy the application requiremeand different Releases of application setsPt#iE entity may include
various methods to ensure the accuracy, integrity and reliability of the position and time references as required by the
ITS applications supported by the F&S

ETSI
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4.2 Service provided by the PoTi entity

The facility layerPoTientity manages thgositionand timeinformationfor use by ITS applicatioss, facility, network,
management and security lagefor this purpose, it gets information from ssystem entities such as GNSS, sensors
and other susystem entities. Given the ITS application requirements in terms of position and time adeafacyay
use augmentatioresvices tamprovethe positionand time accuracy. Variowigmenation methods may be applied.
PoTimaysupport these augmentation services by providing messages sbro@dsastinqaugmentation dat&.or
instancearoadsiddTS-S may broadcast correction information @KNSSto oncaning vehicle ITSS; ITS-Ss may
exchangeaw GPS datar may exchange terrestrial raghositionand time relevant informatiofoTi maintains and
provides the position and time reference information according to the application and facility and otrsamiager
requirements in the ITS.

5 PoTi functional description

5.1 PoTi in the ITS Domain

ThelTS reference architecturedefined inETSIEN 302 665i[1]. It defines the ITSStation(ITS-S) architectureas

part of the ITS domairin the ITS domain, at a particular time an +8Snay be in a situation when no other 13§ are
active within its ommunication range, while at another moment it may be in a situation in which there are m&sy ITS
active within its communication rangenATS Constellation(ITS-C) is a group of ITSSsthat communicate with each
other.ITS-Csmayoverlap,and an ITSS may be active in severldlS-Csbut in general natecessary imll as not all
ITS-Cs need toverlap(seeFigurel).

Constellation a Constellation a+1 Constellation a+2 Constellation a+n

Figure 1: Momentary ITS-Cs in the ITS domain

5.2 ITS Constellation

ITS servicesarebased on sharinigformationbetween ITSSs Applications inITS-Ssreceive messages containing
information fromneighbouring TS-Ss and use this to provide services in the receivingSTSis therefore essential
that receiving ITSSs can identify the time ambsitionrelevance ofhe content of eacmessage. ITSs inthe same
ITS-C shall have @&onsistentinderstanding of positioand timefor the services they suppovthenITS-C overlap,
only those in the overlapping arshall haveanunderstanding of position and tinad,both constellationbut other
ITS-Ss not(seeFigurel).

ITS applications and services mhagve different time angositionrequirements. Depending on tHeS services to be
supportedy anITS-S, thetime andpositionaccuracy requirementeward the facility servicoTimay differbut are
required to be commonly agreékb ensure that the existing T8 in @ ITS-C can support each otheactive ITS
services, ommon minimum requéments are agreed basedloal TS ReleaseCurrentlyRelease 1 and Release 2 ITS
services are distinguished. Minimum common requirementhé&Release 1 set of applicatiaredefinedin ETSI

TR 102638[i.2]. Minimum requirements for Release 2 nahbe set at this time

ThePoTientity of any ITS-S in a giverd TS-C should ensure thatsys,a T (T is the ITS Time) within thi$TS-C.
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Figure 2: Momentary ITS-C

5.3 PoTi in the ITS Station (ITS-S) architecture

PoTiis a facilities layer entity thahanages thBosition and Time information required by the application, facility,
network, management and security layers. It ensures ITS time synchronicity between$seiTiBe ITS system, it
maintains thelata quality (e.g. by monitoring time deviatipmndmanagesupdatesof thekinematicand attitude state

and time.The PoTientity may include augmentation services to improve the position and time accuracy, integrity, and
reliability. Among these methods, communication technologies may be used to provide positioning assistance from
mobileto mobile ITSSs and infrastructure to mobile 17.

The PoTientity interfaces with ITS applicatiomsd other facility layer entitieia order toprovide position and time
information, such as CA basic servidescribed irETSI EN 302 6372 [i.3] and DEN basic servicgescribed irETSI
EN 302 6373 [i.4], C-ACC described irETSI TR 103 299i.6] and CPdescribed irETSI TS 103 324i.7] basic
service Figure3 presentoTiin the ITSS architecturaccording taETSI EN 302665[i.1].

Applications
.
(™ )
Facilities
Ranging | RTCM basic
service | service
= / POTI \ %
_ N | | Facilities N
& services
£ TN =
: (V) .
% ~_ )
=
Network and Transport
Access

Figure 3: The PoTi entity its interfaces to other facilities entities via the FA-SAP,
and its interfaces in the ITS-S architecture according to ETSI EN 302 665 [i.1]
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54 PoTi entity functional architecture

54.1 General

Figure4 illustrates functions and interfaces of #aTi entity.

POTI E
& ] 2]

Position Information Management Time Information Management

>— —0

IFN&T
Position Augmentation E E

Time Synchronization

IF.App

Cooperative positioning E

.

IF.Mng

2]

E Time Reference System Conversion
Position Coordinate System Conversion

.

Relative positioning E

IF.Sec

Figure 4: PoTi entity functional architecture

The functionsaredescribed in the followinglausesThe interfacearedescribed irclause 5.5

5.4.2 Position information Management

1  The kinematic and attitudgtate of the rigid body contained in the ¥8Sncludedposition,velocity,
accelerationprientation, angular velocity and possible other motion ediaformation. The position

information at a specific moment in time is referred to akithematic and attitudstateincluding time,of the
rigid body:.

NOTE 1 If not otherwise stated all these quantities are provided in 3D.

| In addition to th&kinematt and attitude stat®oTishould also maintain information on the confidence of the
kinematic and attitude stat@riables.

An ITS-S should at least Hanctional wherthe systenof which it is part of is in operatiohe PoTi entity should be
functional when the ITS is operating.

NOTE 2 As for many implementations it takes time for the PoTi entity to provide proper information. The PoTi
entity may be functiondbr a period of tine when the systeof which it is part of is not operational
Once the system is reactivated, BeTi entity should validate thiinematic and attitude stasad
confidences whether it still meets the system requirements.

An ITS-S may usanultiple means bpositioring if they are availablée.g.GNSS, inertial sensors, odometer, cameras,
terrestrial radio ranging, map matchjmgc). Depending on the applications and services arR3T@&eds to support an
ITS-S could use single or multiple augmentationveees to improve its position and time accuracy.
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54.3 Position Augmentation

1  The Position augmentation functiases externally sourced assistance data or measurements in order to
improve positioning performance by eliminating system errors common to marydTS

1  Satellite based augmentation: in Europe, European Geostationary Navigation Overlay Service (EGNOS) is
provided to improve GNSS position accuraB®fK and SSR services are also augmentation services that can
be used by GNSS receivers; they may be digeibacross satellite channels or terrestrial communication
links including from other ITSSs.

1  Cooperative positioning: ITFSsmayexchange information to improve the relative positionfagound based
augmentation such as EGNOS, RTCM or SSR based PR services can bdistributed over terrestrial
communications channeis augment GNSS data-IRS-S could transmit RTCM or SSR correction
information to vehicle ITSSs, as specifieth ETSI TS 103 3011].

54.4 Reference coordinate System Conversion

ThereferencecoordinateSystemConversion function convesthekinematic and attitude stabetween different
reference systems, e.g. to and from local (vehicle) coordinate systéhiRFdd orETRS89 Relative positioning is a
sub function oReferenceoordinateSystemConversion and involves the conversion from the WGB34oordinate
system to local coordinates systems, as e.g. used in DENM traces.

The Reference coordinate System Conversion is used for instathesctite relevance areas

1  Where the relevance area is an ellipse or a rectangle, the Cartesian coordinates otémeeaaea of the
current positiorshallbe calculated as specified in tB&SIEN 302 931 11]. For this purpose, thkecal
tangent planemethod is recommended, or another method delivering the same accuracy.

5.4.5  Time information Management

ITS timeshall bedefined as a time based on IT&poch of ITS time is set to 20@841-01T00:00:00Z, that is 0 seconds
on F'of January 2004 UTATS time is the generaime basefor all ITS-Ss. An ITSS's representation of ITS Time is
referred to as thstation clock A moment in time, or instant, taf the epoch can be represented by a timestamp.

A timestamp is the duration of the time interval between the epoch and the, idstargid from the station clock
according tdEC 60050]i.14].

Time InformationManagement manages the quality of the station clock, handles updates of-gh&mESnformation
and provides the time information to other entities in the $TS

For thelTS-S time information the same activation requirements are valid as feéB [d&ition information as
identified inclause5.4.2

5.4.6  Time synchronization

The ITS Station should synchronize its station clock by means of one or more external time services (GNSS, NTP),
taking into account accuracy, integrity and reliability of the external service.

NOTE: ITS-Time is based on TAl, and therefore has no spé&@atments of leageconds that are introduced in
UTC at specific moments in time. UTC itself is based on counting S| seconds since an epoch, similar to
ITS-Time. However, several timg/nchronizatiorprotocols, like NTP, modify the clock that counts the
number of Sl seconds since the epoch, to facilitate easier conversion from clock counter values to UTC
date/time. Therefore, care should be taken when usingssachronizatiorservices to correctly¢at the
insertion of UTC leap seconds, specifically also during the insertion of the leap second.

5.4.7  Time reference system conversion Service
1  The time reference system conversion takes care of converting from ITS Time to other time reference systems.

PoTishould support the conversion between ITS Time and UTC and vice versa when required by applications.
Support for other time reference systems can also be supported.
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NOTE: UTC is used as the time basis for time information in several messages, like SRAEESI
TS103301[1].

55 PoTi Interfaces

55.1 Interface to ITS applications (FA-SAP)

PoTiprovides position and timeformationto ITS applications residing in the ITSvia the interface IRppl as
illustrated inFigure4. In one possible implementatiatine interface IFAppl maybeimplementecasSF-SAP as
illustratedin Figure3.

In one possible implementation of this interface, the position and time information (including confidence values) may
be provided by th®oTimodule upon request or automatically upon a given trigger, e.g. when the system receives an
update.

Via the FASAPinterface security and integrity information could be provided byPthiE service originating source
entity (such asn-boardsensors or GNSS).

AlthoughPoTispecifies checks for integrity and securlipweverthese checks are also donerbgbehaviour
detection functions.

Interfaces to local sensor in an ITS station may eRisticould provide an interface fonctionsharmonizinglocal
sensor data input.

An Application layer function may receive data from POTI using the parameters shdabléi.

The following minimum data set may be made available via IF.App. Additional data may be made available. All data
shall refer to reference point 0, sdause6.2 Data for other reference points may be provided. All data provided need
to fulfil thespecifications andequirements stipulated olauses.4 andclauseb.

Table 1: FA-SAP minimum data set

Category Data Data requirement Mandatory/Optional
Reference point  [Reference point identifier See clause 6.2 Conditional: mandatory only when
data for multiple reference points
are provided
Time Timestamp See clause 5.4.4 Mandatory
Position Latitude See clause 6.1 Mandatory
Longitude See clause 6.1 Mandatory
Altitude See clause 6.1 Optional
Motion Horizontal Speed See clause 6.1 Optional
Vertical Horizontal Speed See clause 6.1 Optional
Heading See clause 6.1 Optional
Confidence Horizontal position confidence See clause 6.3.2.1 |Optional, but if provided, then all
(semiMajorAxis, semiMinorAxis, data needs to be provided
semiMajorOrientation)
Vertical position confidence See clause 6.3.2.2 |Optional
Horizontal Speed confidence See clause 6.3.2.3 |Optional
Heading confidence See clause 6.3.2.4 |Optional

For position augmentation and tiragnchronizationlTS-S may receive position and time correction information via
the FASAP originating from an application having access to such information (e.g. via satellite communicafion). Po
processes the received position augmentation andsiimehronizatiorinformation and realizes the position
augmentation and timg/nchronization

Information received via this interface may include:
T EGNOS information;
1 EDAS data;

i GRM data;
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RTCM correcton data as specified RTCM STANDARBeeclause 7.2)
Compact SSR or PPRTK correction data similar to that specified irQZSSL6-001]i.15];
Network time protocol data (IETF RFC 59{i5L3));

Precision Time protml data (IETF RFC 8173.16));

= = =4 =4 =4

Other data for position augmentation and tegachronization

5.5.2

PoTimay exchange informatiomith the networking & transport layefa the functional interface management entity
via thefunctionalinterface IFN&T as illustrated irfFigure4. This interfacemay beimplementecasNF-SAP as
illustrated inFigure3. For example the Geonetworking uses this interface to receive position and time information
from thePoTientity.

Interfaces to the Networking and Transport Layer (NF-SAP)

A networking & transport layer function may receive data from POTI usingahemeters shown ifiable2.

Additional data may be made availabAdl. data shall refer to reference point O, dsuse6.2. Data for other reference
points may be provided. All data provided neefltl the specifications and requirements stipulateclanses.4 and
clauseb.

Table 2: NF-SAP minimum data set

Category Data Data requirement | Mandatory/Optional
Time Timestamp See clause 5.4.4 Mandatory
Position Latitude See clause 6.1 Mandatory
Longitude See clause 6.1 Mandatory
Confidence  [Horizontal position confidence (semiMajorAxis, See clause 6.3.2.1 |Mandatory
semiMinorAxis, semiMajorOrientation)
5.5.3 Interfaces to the Management entity (MF-SAP)

PoTimay provide position and timeformationto other layers of the ITS via the management entitia the interface
IF.Mng as illustrated irFigure4. The interface IlMng may beimplementedasSF-SAP as illustrated irFigure3.

ThePoTientity may be managed via IF.Mng to configure its internal functioning, or to configure the detxilsrofl
services to use. The functions are implementation specific, and out of scopgoéthntiocument.

5.5.4

PoTimay provide position and tinmieformationto the security entity of the I'TS via the inteface IFSecas illustrated

in Figure4. In one possible implementatipmhe interface IFSecmay beimplementecasSF-SAP as illustrated in

Figure3. ThePoTientity mayuse functions of the security entity to authenticate a given information provider (e.g.
GNSS).The Securityentity populatng the security header uses this interface to receive position and time information
from thePaoTi entity.

Interfaces to the Security entity (SF-SAP)

A Security layer function may receive data from POTI using the parameters shdaiolé3.

The following minimum data set may be made available via IF.Sec. Additional data may be made a#Hitiddke.
shall refer to reference point 0, sdause6.2. Data for other reference points may be provided. All data provided need
to fulfil the specifications and requirements stipulateclanses.4 andclauseb.

Table 3: SF-SAP minimum data set

Category Data Data requirement | Mandatory/Optional
Time Timestamp See clause 5.4.4 Mandatory
Position Latitude See clause 6.1 Mandatory
Longitude See clause 6.1 Mandatory
Altitude See clause 6.1 Optional
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555 Interfaces to other Facility layer entities

PoTiprovides position and timieformationto other entities and services residing in the Facility layer as illustrated in
Figure3 via the functional intdacelF.Ap as illustrated irfFigure4.

This interface may be realized as describedanses.5.1 For example, CA basic service triggers tfamsmission of
Cooperative Awareness Message (CAM) with a specific transmission interval. For vehi@e tHiS transmission
interval is defined based on the vehicle position change as defined in clause ETS3 &N 302 6372 [i.3]. In order

to ensure the data freshness of CAM, vehicle-8T&uld require tha@oTiprovides the position and time update with a
specific rate e.g. 1Bz for Release 1 applicationoFRelease 2 higher rates are being considered. For DEN basic
service operation as specified&TSI EN 302 6373[i.4], an ITS application could detect a traffic event and send a
request tdPoTiin order to obtain the current ITS position and time in order to estimate the event position and event
detection time.

The following data set shall be made available. Additiolaégd may be made availabkdl data shall refer to reference
point 0, seelause6.2. Data for other reference points may be provided. All data geovineed tdulfil the
specifications and requirements stipulatedlause5.4 andclauseb.

Table 4: Internal Facility layer minimum data set

Category Data Data requirement Mandatory/Optional
Reference point  |Reference point identifier See clause 6.2 Conditional: mandatory only when
data for multiple reference points are
provided
Time Timestamp See clause 5.4.4 Mandatory
Position Latitude See clause 6.1 Mandatory
Longitude See clause 6.1 Mandatory
Altitude See clause 6.1 Optional
Motion Horizontal Speed See clause 6.1 Optional
Vertical Horizontal Speed See clause 6.1 Optional
Heading See clause 6.1 Optional
Confidence Horizontal position confidence See clause 6.3.2.1 |Optional, but if provided, then all data
(semiMajorAxis, semiMinorAxis, needs to be provided
semiMajorQOrientation)
Vertical position confidence See clause 6.3.2.2 |Optional
Horizontal Speed confidence See clause 6.3.2.3  |Optional
Heading confidence See clause 6.3.2.4 |Optional
6 Position and time requirements

6.1 Requirements related to PoTi functions

The PoTientity shall providkinematic and attitude staitgformation (seelauses.4.2. Thestate informatiorshall
include3D positionand2D velocity information andnay includeother information of one or more reference points.
Thekinematic and attitude staitgformationshall be consistent, i.elahformation that are part of the same stahall
refer to the sammoment intime.

NOTE1: Any inaccuracies that might result from timsdated effects, such as interpolation or extrapolation, effects
from using multiple internal clocks, etshould be taken into account in the confidence efthte
variables.

The World Geodetic System 84 (WGS®)) shall be used as the reference coordinate system as specHi€slin
TS 102 8942 [10]. Horizontal position information shall be interpreted as the latitude/longitude pdsétsatbn the
WGSB84 EllipsoidVertical position information (altitude) shall be interpreted as heigbhtve WGS84llipsoid.
Alternative altitude interpretatienusing Geoid definitions (e.g. relative to mean sea level) shall not be used.
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The PoTientity shallprovide velocity information. Velocity information refers to the velocity of the reference position
of the ITSS, unless otherwisaoted A 3D velocity vector shall be decomposieda 2D vectol(the horizontal velocity
vector)by projecting the 3D vectan the WGS84 Ellipsoid, and a vertical speed by projecting the velocity vector on
the normal vector on the WGS84 Ellipsoithehorizontal speedhall be the length of the horizontal velocity vector,
unless otherwise noted. The heading shall be the otimiaf the horizontal velocity vector with respect to WE S84
North (clockwise), unless otherwise noted.

NOTE 2: This definition ofhorizontalspeedandheadingdoes not consider possiblertical component of the
velocity vectorat this time.

NOTE 3: The vertical speed is positive when the reference position is moving upwards, away foamtéhnef the
earth, and negative when the reference position is moving downwards.

NOTE4: NGA and its predecessor organizations have ensured that W6]S84onsistent with the most recent
ITRF realization. The purpose of this alignment is to adhere to international standards aadhmurs
highest possible level of practical global reference frame accuracy. The ITRF incorporates multiple
methods to realize their series of reference systems such as Satellite Laser Ranging (SLR)}and Very
Long-Baseline Interferometry (VLBI) that NGA doest include. Constraining the WGS 84 reference
frame to align with ITRF as closely as possible allows the WG&34ference frameottake advantage
of those methods without directly incorporating them into the coordinate determination software. This
alignment is necessary for interoperability with other Global Navigation Satellite Systems (GNSS). While
GPS is currently the most widelised GNSS, there are other systems operating or being developed. The
USA bi-lateral agreement with the European Union states that W{@b&#d ITRF will be closely
aligned to support interoperability between GPS and Galileo.

Thevehicleorientation shall represent the orientatiorttivehicle coordinate system (1ISO 8853) in which the

ITS-S is contained relativi® the ground plane based on the WGS84 ellipdoithl havigation coordinate system). It
shall consist ofrehicleOrientationAngleyaw-angle,clockwise rotation w.r.t. North), pitchAngle (angle between the
ground plane and the vehideX axis, positive values fdnose dowh) and rollAngle (angle between the ground plane
and the vehicls Y axis, positive vales for'rolling to the right). The vehicleOrientationAngle is different from the
vehicle heading

NOTEDS: The ground plane based on the WGS84 ellipsoid is slightly different to the ground plane definition of
ISO 8855[7], which refers to a plane that is perpendicular to the gravity vector.

NOTE®6: In Figure5, pitchAngle and rollAngle are zero.

Figure 5: Vehicle Heading and Orientation Angle

NOTE 7: Based on the drift of European Terrestrial Reference System (ETIRSBvhich is fixed to the
continental plate of Europe, ofScm/year in WGS846] it needs to be noted that an FESheeds to be
aware what referencing system is used. When an augmentation service such as an RTK system is used,
differences may need to kempensated. Similar drifts of other continents also may need to be taken into
account.

Vehicle accelerations shall be in Vehicle Coordinate System and based@entkeeof Gravity of the empty load
vehicle. They may include LateralAcceleration, LongitadAcceleration and VerticalAcceleration.

Vehicle rotational velocities shall be in Vehicle Coordinate System and based©@anteeof Gravity of the empty
load vehicle. They may include YawRate, PitchRate and RollRate.
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Curvature shall represent the @érge of the radius of the current movement of the ITS reference point, projected on the
WGSB84[6] Ellipsoid, being positive for lefiurns.

The PoTientity shall implement functions to maintain its awareness of its position and othénfstiatation
irrespectively of the position provider service used (e.g. GNSS)Poheentity shall be able to estimate the confidence
of its stateinformation as well as detect if the information it possesses is unreliable.

An ITS-S shall estimate its time accuracy, i.e. the difference between the station clock dimdel TS

6.2 ITS-S reference position

6.2.1 Introduction
Road useequipmentnd Road Infrastructurequipmenimaybe equipped with an IS to realizd TS servicesFor
eachlTS equippediserthereferencepositionshallbe specified Currently reference positions fdhe followingtypes
of road user equipment and road infrastuuetequipmenare identified
i Passenger Cars amthallVans
Trucks.
Busses
Motorcycles.
Bicycles or mopais.
Pedestrian.

Special vehicls

Tram

=A =4 =4 =4 =4 -4 -4 -4

RoadsideEquipment
NOTE: For the reference position, the role is not important.

The ITSSreferenceositionfor each of these types are presented in the following claueegths and offsetshallbe
determinedased on ISO 889%].

The ITSS reference position is tlechor point of a bounding box. The bounding box extends from the (E€f&rence
position upwards (Height) and backwards (i.e. in the opposite direction of the vehicleOrientationAngle, Length) and
side wardgsymmetricallyto the left and right, Width).

6.2.2 ITS-S reference position for passenger cars

For a passenger car smallvane.g a vehicle with 2 axels, 2 wheels per axbeITS-Sreferencepositionshall refer to
ground position at theenterpoint of the front side of the bounding box of thehicle(with regards to théorward

driving direction) From the bounding box thairrors and possible similar extensions as illustratdeigure 6 are

excluded. Mirrors and other extensions may be described by a separate bounding box and positioned relative to the
reference position.

NOTE: The GNSS antenna may lestalled at anyositionin the vehicle includingother than theeference
positionof the vehiclelTS-S, as illustrated irrigure 6.
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Figure 6: Vehicle reference position

A passenger car or van includes 2 reference points identified as RefPoint ID 0 and RefPoint ID 1. RefPoint ID 0 is
identical to the reference position. RefPoint ID 1 is identified bysiteof the Vehicle Length away from the reference
position ID 0 in he opposite direction along the vehisllongitudinal axis x.

Any RefPoint on the vehicle other than RefPoint IDO is derived from the geometric extension relative to RefPoint ID 0.
These ar@ot expressed in terms of a WGS84 Position.

In case of a traileattached to the end of a vehicle, as depictdeigare?, the RefPoint ID X of the trailer may be
offset from the RefPoint ID 1 from the towing vehiee indicated by hitchOffset provided in the direction of thexis
of the coordinate system originating at RefPdihtl.

The reference position of a trailer (RefPoint ID X) shall refer to ground position at the centasfpb@front side of
the bounéhg box of the trailer as depicted kigure7. Extensions may be described by a separate bounding box and
positioned relative to this reference position.

In the followingcombinations the HitchOffset is not considered but in pradtitey be applicabland, in those cases,
it need to beincluded.RefPoint ID x may be shifted withdistance of thélitchOffset.

RefPoint ID X

|
Y Position Ref. IDX |

GNSS I
anlennz?qbr |
£ A [
|
|
|
|
|

~p X &

Trailer Length HitchOffset

Figure 7: Small and large trailer reference position
In most cases small trailers are not equipped with arS[Ti§ such case the leading vehicles may provide information

about the trailer. The vehicle may provide the total length of the traileRdfieoint ID 1 andhe angle the trailer
makes as defineoly RefPointAngle ID 1 ifFigure8. The vehicle may be equipped to detect such angle.
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Figure 8: Vehicle/small trailers combination

6.2.3 ITS-S reference position for Trucks

Trucks can have different configuratioi@andard rigid truck or basic truckrailers andcombinations can be extended
in different ways as shown Figure9 andFigure10.

—
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—
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Figure 9: European Truck configurations
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Figure 10: Other Truck configurations

For thestandard rigid truclor tractor truck the ITSS reference positioshall refer to ground position at the center
point of the front side of the bounding box of the trieakth regards to the forward driving direction). From the
bounding box the mirrors and possible similar extensions as illustaegezicluded. Mirrors and other extensions may
be described by a separate bounding box and positioned relative to the reference pasifimsentation of the
standard rigid trucland theractor truckare depicted ifrigure11landFigurel2. For both the RefPoint ID 0 shall have
the same position as thefererce positionOnly the RefPoint ID 1 position is different. Fos@ndard rigidruck, it is
located at the center point of the back side of the bounding box of the truck. Eaictbetruckit is located at the
overhanging turning point

Mirror bounded box

GNSS antenna
Position example

| X
RefPaint ID 1 (l L i RefPoint ID 0 and
_—1’,2-_.J Position Ref. ID 0

Vehicle Lenghth = HitchPointOffset ID 1

Figure 11: Standard rigid truck reference position
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-\ Mirror bounded box

RefPoint ID 1 |
e GNSS anten Il

Position s
™
’ X
Overhanging | | RefPoint ID 0 and
Turning point 1 ’ I Position Ref. 1D 0

HitchPointOffset ID 0

Figure 12: Tractor truck reference position

NOTE: The GNSS antenna may be installed at any position itrdbk other than at theeferencepositionof the
vehicle ITSS.

Besides the small or basic trailer as defineBigure7, 3 types of larger trailers are identified. In case 4 or more
wheeled trailer are equipped with an +83as depicted iRigure13, the ITSS reference mgition is as specified for the

small trailer inFigure7.

©
H
52
24
<

Trailer Length

|
|
|
|
Q@ o <
\ RefPoint ID x+1 =g 1 RefPoint ID x and

Position Ref. ID x

Figure 13: 4 or more wheeled larger trailer reference position

For owerhanging trailers 2 configurations are identifeeddepicted ifrigure14. When ITSSsare implemented in these
trailers, the ITSS referencepositionshall refer tahe ground position of the overhanging turning reference point
(RefPoaint ID X). The relation with #gnbownding box shall be identified by the FrontOverhang ID X and the
RearOverhang ID >and when applicable ExtRearOverhang IDTXe sum of these length shall be equal tadked
trailer length.From the bounding possible extensions as illustrated ated®d.Theseextensions may be described by
a separate bounding box and positioned relative toefleeence positiarExtensions may be described by a separate
bounding box and positioned relative to the reference position.

A trailer maybe equipped witla capability to connect an additional overhanging trailer. In suchtlbad&SsS shall
provide information about the second overhanging turning point RefPoint ID X+1 and the ExtRearOverhang ID X.
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Figure 14: Overhanging trailer reference position

A trailer may include a turntable drawbar and thus an own front turning axle instead of a rigid drawbar. Such a trailer is
modelled as two trailers: ID X for the front turning axle and ID X+1 as overhanging tifider¢ 15).

FrontOverhang IDX RefPointAngle ID x+1

Lo/~ RefPoint IDx and

Position Ref. IDx

1
H

RefPoint IDx+1 and

ST A ane \ | FontOverhang IDX+1
Position Ref. IDx+1

Figure 15: Trailer with own front turning axle reference positions

In case there are no ITSin the trailer théruck ITSS may provide information about the type, length and overhang
distances to other I'TSs When angle sensors are implemented the truck3#ay provide the angles of each of the
RefPoints as well (e.g. RefPointAngle ID 1 and IDRifferent trailer combinations are depictedrigure 16,

Figurel7, Figure18 andFigure19. Angles shdlbe described in a reference frame originating at the corresponding
RefPoint expressing the rotation of this reference frame relative to a situation in whichxbe of the previous
RefPoint are aligned.
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Figure 18: Truck with single none overhanging trailer
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Figure 20: Truck with 2 trailers with own turning axes

ETSI



28 ETSI EN 302 890-2 V2.1.1 (2020-10)

6.2.4 ITS-S reference position for Busses

For busses the IFS reference position shall refer to ground position at the centergidh® front side of the

bounding box of the busvith regards to the forward driving direction). From the bounding box the mirrors and
possible similar extensions dlustrated are excluded. Mirrors and other extensions may be described by a separate
bounding box and positioned relative to the reference posiith.the aforementioned exception of mirrors, the
length of the bounding box may include fixed attachtmém the bus (such as a ski box at the rear of the bus, or a
permanent bicycle rack at the front of the bus). In case the bus includes a bending efdersitated bus)this
extension is handled the same as a trailer and the buS SR@ll provide bside the vehicle length also the trailer length
and the RefPointAngle ID 1 value. A bus may also pull a trailer. Such trailer may be equipped with its €&vinTS
case it does not have 8 S-S, the bus ITSS may additionally provide information suchths trailer length and
RefPointAngle ID 1 (seEigure22).
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Figure 22: Bus with trailer
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6.2.5 ITS-S reference position for Motorcycles, mopeds and bicycles

Motorcycles, mopeds and bicycles basically have similar shapes. When they are equipped witB,ahdTESS

reference position shall refer toogind position at the center powfta nontilted bounding box representing the

currently covered area of the Motorcycle, moped or bicycle in the best possible way. Possible solutions are shown in
Figure24for fixed bounding boxes arfdgure25 for dynamic bounding boxek case a motorcyclenoped or bicycle

pulls a trailer, the motorcycle, moped or bicycle 1$Shall provide beside the vehicle length also the trailer length and
the RedPointAngle ID 1 value (sE&ure26).

Motorcycle (Y
GNSSantenna 4\, ace SR
Position example S ( 7 S \

RefPoint ID1

Figure 23: Motorcycle, moped and bicycle reference position
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