ETS| TR 103 299 V2.1.1 (2019-06)

. —

TECHNICAL REPORT

Intelligent Transport Systems (ITS);
Cooperative Adaptive Cruise Control (CACC);
Pre-standardization study



2 ETSI TR 103 299 V2.1.1 (2019-06)

Reference
DTR/ITS-00164

Keywords
autonomic networking, ITS

ETSI

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

Tel.: +334 9294 42 00 Fax: +33 493 65 47 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 2019.
All rights reserved.

DECT™, PLUGTESTS™, UMTS™ and the ETSI logo are trademarks of ETSI registered for the benefit of its Members.
3GPP™and LTE™ are trademarks of ETSI registered for the benefit of its Members and
of the 3GPP Organizational Partners.
oneM2M™ |ogo 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 TR 103 299 V2.1.1 (2019-06)

Contents

Intellectual Property RIGNES.... ..ottt b e b e s 6
0 (<1170 (o R 6
MoOdal VErDS TEMINOIOGY .......ccveieeiieceeie sttt sttt e e s re s be e b e sbeeaeesbesreentesaeenseseesneenseseeeseensesseas 6
100 [0 (o] I 6
1 o0 o< TP PP PR TRPRIN 7
2 R S (10 7
21 INOIMBLIVE FTEFEIEINCES .......vviee et e ettt e e ettt e e ettt e e ettt eeeeateesseaaeessaabeeesassaessssesesesabesssanseesssassaesssnbenesssensssansneas 7
2.2 (0 (0 0= AV SR L= (= [0 T 7
3 Definition of terms, symbols and abbreviations...........cccoveeceriieere e s 8
31 L= 0PSRNt 8
3.2 Y 1210 9
33 FN o] o[ ( <Y/ L= (L0 ISR 9
4 LOF X (O T 911 (oo (101 o [F O 10
4.1 BACKGIOUNG ...ttt b et h bbbt et b bbbt seae bt s e bt e e e e bt e ens 10
4.2 (@7 N @ O o 11 a1 o] [P 11
4.3 (OF Y O O =T T=. (0.1 = o USSR 11
4.4 (O N OO 010 =181 (0] g0 7= 1 T0] g W =YL= F- 12
5 CACC USE CASES AN OPENELIONS. .....cueeueeieeieeieetistessesse st e et st sbesse b se e s e e e e se e s e sbesbeabene e s e s enesseenenreanas 13
5.1 UCQ01: Follow the TV &t CONfIQUIEH Attarget «..v .vrvevrereereerieieiericeiesie s s 13
511 g Lu0 0 (8011 o] o USRI 13
512 PrE-CONTITIONS. ... .eeiei ettt e e ettt e e ettt e e s ettt e e sesaeeessaeeesesbeessassaeessasesesssbeeasssenessassnessssenessnes 13
513 YN o (0] £ TN 13
514 THIQYENING CONAITION ...ttt bbbt b et b b et b et b bbb 13
515 Lo T gF= I [0 TR 13
516 LI (00T (] gl we) T (1o o T 14
5.1.7 Use case diagram and USE Case HTUSLIAliON .........cueieeieeiieie et 14
5.1.8 F AN L= = YL 0 15
5.1.9 s o0 10 [ (0] YR 16
5.2 UCO002: Follow the TV at automati Cally 80jUSIEA Altarget...««-«eververrerrererieereenieniestesiesieeie e s sre e e snens 16
521 g Lu0 o (8011 ] o USRI ORRR 16
522 PrE-CONMITIONS. ... .eeiei ettt e e et e e et e e e s et e e e seaaeeessbaeesessbeessassaeessabesesssbeeasssensssassnesssnsenessnes 16
523 YA o (0] £ TR 16
524 THIQYENING CONAITION ...ttt bbbt b et b e b et b et b bbb 16
525 TErMINGLTON CONTITION. .....eeiee ittt et e e e e e et e e s etee e s s beeessssteessassaeessbenesssstesssessseessassenesssenessanes 17
526 Use case diagram and USe CaSE HTTUSIIALiON ........coeiiiiiiieeeierieeee et 17
5.2.7 Lo gF= I [0 O 18
5.2.8 F AN L= = YL 0 18
5.2.9 s oo 10 [ (0] YRR 18
53 UCO003: SINGIE 1aNE CACC SITNG....uieiuieireiieeeesteesieesee e e e estesaeseesseesseesse e te e tesssesssesseesseesseasessseesssesseesseensenns 18
531 Lo 0 (1 Tox 1o TR 18
532 PrE-CONTITIONS. ... ..ttt e et e e et e e e e eab e e e sesaeeessaaeeseasbeessassaeessasesesssbeeasssensssassnesssnsenessnes 18
533 F AN o (0] £ TN 18
534 THIQYENING CONAITION ...ttt bbbt bbb et b bbb 18
535 TEIMINGLTION CONTITION. ...ttt et e et e e e et e e e s et e e e s s beeessasteessassaeessbeeessssbeesssssseessassenssssenessanes 19
5.3.6 Use case diagram and USe CaSE HTTUSIIALiON ........cooiuiiiiieeeieere et 19
537 INOTIMIBI FIOW ...ttt ettt e e et e e et e e s ettt e e s eaae e e s sbaeasssbeessassaeessaseeessabeeassaseseesassenesanseenssanes 19
5.3.8 F N L= = YL 0 R 19
5.3.9 s o0 10 [ (0] YRR 20
54 UCQ04: Single lane CACC string support service provided by road side.........cccecvveeveeceesiececsece e 20
54.1 Lo 0 (1 Tox 1] TR 20
54.2 L L0 01 [ o] R 20
54.3 F Aol (0] £ TSROt 20
544 THIOYENING CONAITION ...ttt b et b et b e bt b et b e bbb 21

ETSI



545
5.4.6
54.7
5.4.8
5.4.9
55

551
552
553
554
555
5.5.6
55.7
5.5.8
5.6

5.6.1
56.2
56.3
564
5.6.5
5.6.6
5.6.7
5.6.8
5.7

571
572
5.7.3
574
5.7.5
5.7.6
5.7.7
5.7.8
579

6

6.1
6.2
6.3

7
7.1
7.2
7.3
7.4
7.5

8

8.1
8.2
8.3
8.4

9

9.1
911
9.12
9121
9122
9123
9124
9.1.25
9.1.26
9.1.2.6

4 ETSI TR 103 299 V2.1.1 (2019-06)

Termination CONAITION. ........c.ocouiiiicie ettt ettt e et et e e s be et e sabesaeesaeesaeebeenseenseeneesseesreesanas 21
Use case diagram and USe CaSE HTTUSIIALiON ........coiiuiiiiiieeeiereesese et 21
INOIMIBE FIOW ...ttt st sb e st e et e e e e e ae e eae e e be e beenbeeaeeebeesteesbeesteeseensesnrennns 21
AREINBLHVE TIOW ...ttt ettt e s e s he e s be e beeatesaeesaeesbeenbeenbeenteersesaeesanas 22
POSE-CONITIONS .......cviitieiectece ettt et st e e st e e eae e e e e aeesaeeebeesbe e beesseebeesteesbeesbeeseensesnrennns 22
UCO005: Co-operation of lane keeping assistance system and CACC ........oocvveeveereenieee e ses e eeeens 22
110 o (0o (o] o FOO ST U U PRURTURURPRRIN 22
PIE-CONAITIONS. ...ttt b e bt b e h e h e et et e re e eb e s bt eheehesae e s e e e e s e sbesbeebe e e ennennens 22
o1 (0 £ TP PR PROPRORRP 22

QLI oo 1 e ]l o £ o o USSR 22
Termination CONAITION. ........c.ociuiiiicie ettt ettt e et e et e e s be et e s abesaeesaeesaeebeenseensesasesseesteesanas 22
INOIMIBE FIOW ...ttt st sb e st e et e e e e e ae e eae e e be e beenbeeaeeebeesteesbeesteeseensesnrennns 22
AREINBLVE TIOW ...ttt ettt st e s e s be e s be e beeatesaeesaeesbeenbeenbeenteeseesaeesaeas 23
POSE-CONITIONS .......cviitieiectece ettt et st e e st e e eae e e e e aeesaeeebeesbe e beesseebeesteesbeesbeeseensesnrennns 23
UCO006: Co-operation of lane change assistance system and CACC.........ooeerenene e 23
INEFOTUCTION. ...ttt ettt et ettt e et e s be e sbe e sbeebeeseeaseeaseebeeebe e beeaeesbeesbaesbeenteensesnnesnnesans 23
PIE-CONAITIONS. ...ttt b e bt b e h e h e et et e re e eb e s bt eheehesae e s e e e e s e sbesbeebe e e ennennens 23
o1 (0 £ TP PR PROPRORRP 23

QLI oo 1 e ] o o £ o o ISR 23
TermMiNatiON CONAITION. ........eiuiiuieteeee ettt b ettt se bbb e e e e e et sbenbesreene e e ennees 24
INOFNB] FIOW ...ttt bbbt h ekt ese e bt s bt eh e e bt e heeae e e e b e besbeebe e e enteneeas 24
AEINAIIVE TIOW ...t b e bt b et b e e e e e b b e nbe s st ene e e e b s 24
POSE-CONITIONS .......ouiitieiecece ettt et st s b e e st e e te e e e e aeeeaeeebeeebe e beeseesbeesbeesbeesteeseensesnreenns 24
UCO007: CACC pair passing through 12V equipped traffic IghtS.........ccoieirinee e 24
INEFOTUCTION. ...ttt ettt et ettt e et e s be e sbe e sbeebeeseeaseeaseebeeebe e beeaeesbeesbaesbeenteensesnnesnnesans 24
PrE-CONITIONS... ...ttt e e st sbe e st e e be e ee e aeeeaeeebe e beenbeeaseebeesbeebaebeensesnnesnnesans 24
o (0 =T SRR 24
THIOYENING CONAITION ...ttt bbbt bbb et b et b bbb 25
TermMiNatiON CONAITION. ........eiuiieietiee ettt b ettt e b et eb e bt b et e e et sb e nbesaeene e e enne e 25
Use case diagram and USE Case HTUSLIAliON ..........ueieeiieieiie et e st 25
INOFNE] FIOW ...t b e bt bt h ek e et se e bt bt eh e e b e s he e s e et e sbenbesbesbe e e ennennea 25
AEINAIIVE TLOW ...ttt bt bbbt et e e et e bt b s aeene e e enre s 25
POSE-CONAITIONS ...ttt ettt b e bt a s e et et s et e bt s bt ehe e st e st ese et e ebenbesbeebe e e entenrea 26
07 N OO o 1 (=0t (U] = S 26
FUNCLIONEI @ICIITECIUNE ... ...ttt sttt e et e s sae e s aeebeeabeeasesbeesbeesteesbeeaseensesanennns 26
INfOrMALioN AICHITECIUIE .......e ittt e st e st e e b e s e sae e s be e beenbeeaseeseesbeesteesbeesreenseennennns 27
COMMUNICATON AICHITECIUNE .....veeuiecie ettt ettt ettt e et e st e ste e sbe e sbeeateeaeesaeesteenseenseenteeaeeeneesaeesrnas 28
FUNCLIONEI FEUITEIMENES......otiiiie ettt ettt st e e s b e eae e tesae e s e sbeeaeensesreennenrenreas 30
N ool o= (0] o I = Y S SS 30
L O LTS = Y SR 30
NEtWOrKing & TranNSPOM TAYEN .......oeieeieieeiert ettt bbb bt b et b b eb e e ens 30
AACCESS [N ...ttt b et b e et b e e h bt sE e R e bt 4R e R e bt SRR £ Rt SR e R e b e e e e R e R e e bt R et eb e e bt eRe e b nnene s 31
MBNBGEMENE & SECUNTLY ....vieeiiiteeeeeeieeeeste ettt e et e e e et e teseestesaeeseesee e eneeseesbesaeeseeseeneeneeseenseseeseessesneeneeneenseses 31
(@] o1c r (ol gr= I = 0 (V= 101 1 £ TR 31
N ool o= (0] o I = Y SR 31
L O LTS = Y SR 31
N0 g T g To R I =0 oo T B = Y 32
oot ] = USSR 32
Standards reCOMMIENABLIONS..........c.coiieiieiie e s e e e e e e s e e sreeete e beesteesteesaeesaseenseesseessesssessnnens 32
s o L=y = Y= TSROSO PSPPSR 32
Options for CACC datainclusion in facilities layer PDU ... 32
CA DBSIC SEIVICE ...ttt ettt ettt ettt e s bt e be e be et e saeesheesbeesaeeabeeasesaeeeaeeebeesesseasteesbeesbaesseenseenrennns 32
FNEFOOUCTION. ...t e bbb h et s e ekt s a e eb e st e e et e se e e e b e eeeebeeneebe e e eneees 32

QLI [0 = o e g Vo 1110 = 33

M ESSAgE CONLENT EXLENSION. .....eieeieeieeiesee st e st e st e e e te et e e e ree s e e s teesteesesseesseesseesseeseenseensesseesseessaessnns 33
DisSSEMiNGLiON FEQUITEIMENTS. ......eeitieieeceseecee st e st e e eteesteeseessaesteesteesteessesneesseesseesseesseenseessesseessenssenssns 33
DisSemMiNalion PrOLOCOI ..........eieeiieieiie ettt e e e e e te et e s eesseesneesaeesseenseenseenaesneesseesneas 33
SECUNTY FEOUITEIMENES. ... eeitieieeieeieeeteseesee st e steerte et e sseesaeesseesteestesseesseesseesseesseenesansesseenseanseensesnenssenssnns 34

A [TS AID MEBNGGEIMENL.......oitiiririiireieee ettt st sr e sr e b st ese e e e resaeer e b e sreene e e ennees 34

ETSI



5 ETSI TR 103 299 V2.1.1 (2019-06)

9.1.26.2 S TSSO S 34
9.2 NEtWOrKing & TranNSPOM TAYEN .......oeiueieiieiert ettt bbbt b et b bbb eb e ens 34
9.3 AACCESS [N ...ttt b et b e et b e e h e bt s e R e bR oAb e E R £ Rt SRR e b e e e e Rt R e e bt R et eb e bt ebe e b nnene s 34
931 CRANNEL USAOE....... ettt ettt bbbt b e s b e e bt s b et e bt s b e e eb e sb e e eb e s b e neebesbeneeneebennenea 34
932 OVEI-tNE-BIT UPUALE.........cveeeeeeteieeeet ettt sttt et b e st b e et b e s e st b e se e e eb e sb e e ebesbeseebeebeneenea 35
94 MaNAQEMENE & SECUNITY ...eeuveeeveeieesiiesee st et este et ese e s e e e ebees e saeesseesseesaeeaseeneeaseeeseasseanseenseeseesseesseesseenseensenneennns 35
94.1 Communication Profile 8N SAM .......c..ciii e e e 35
9.4.2 SECUILY BN PIIVACY ..vevviirieeiiitese ettt st s e r e et r e se et e r e ne st r e e er e sre e erenreseerenrennenen 35
Annex A: Recommendationson CACC DESanNd DFS........ccviiiinininesi e 36
A.1 DESsand DFSt0 SUPPOIT CACC USE CBSES.......couemrerrerreeeeeiessessessessessessessessesssessessessessessessessensensssessensens 36
A.2 DE and DF dafa SEliNG FUIES.......cueieiieiiieeii sttt s s en b n e nr e 38
A.21 o Tole= L= = 0] (@ a1 1 o) PSSR 38
A.2.2 tiIMETOPrECEdINGV ENICIE ... .ottt b e bt et b e et b e b e b s b neene s 38
A.2.3 automatedV ehicleContaiNErL OWFTEQUENCY ..........ccierieerierieiesieneeiesieeste sttt sse et se et st se st st se st sse e sresnene s 38
A.24 roadSideSuppOrtedAULOMEIEADIIVIIIG ......civirveiriiieieriieeieri ettt bttt b st sb e et 39
A.25 = (0] g (='0 (@00 g1 (| TSP TSP 39
A.2.6 BBIGEISIEEU ... .ottt bR R R bR R e Rt E bt e Rt r e 39
A.27 targetLoNgitUdiNAl ACCEIEIELION ...........ccieciieeee et e este et e e e e s e e sae e seenteeneeeneesseesrnas 39
A.2.8 o1 ] 10 [0 = o1 Y SR 39
A.29 target TimeET OPreCEdiNGV ENICIE..........eeceeeeeece et sre e s ae e teete e eenaesreesreas 39
A.210 targetTimETOFOHOWINGV ENICIE ..o bbb e 40
A201  PAINPIEAICTION. ...ceieiii bbbt b bRt bRt b e 40
AL2.02  GIOUPID e e R R R R Rt R R Rt e R et e e n e r e renr e r e e ennenren 40
A 213 GFOUPSPEEM. ...ttt ettt ettt s bt h b s b b s e b £ e s h £ e e R b e E e R R £ e Rt R e e Rt R bRt b R e Rt b e Rt b n e 40
A28 TIMITEALENGIN ..ot b bbbt b et bt b et b et ne b et b e 40
A.215  StriNGLEAdV EhiCIEPOSITION ......c.iiiiieiiiiie bbbt bbb 40
A.216  [imitedLengthlNNUMDEN .......occi e e e re e te e te et e eseessaesseesseenteensesneesneesneesaeenseansenns 41
Nt A o) (1= 1 05 1 o SR 41
A218 €AV ENICIE. ... b bRt r s 41
A.219  rOB0SIAECACCCONLAINES ........eoeeeireireeerriseeerresr et sr et r et a e et r e st R e e et R e et r e e st nr e n e nrenne e e 41
A.2.20  recOmMMENdedT argETIMEGEAD ... cciieieeeeeeeieeeetees e e e e e eteseeseesaeesseesteesteesteeseessaesseesseesseessesneesneesaeesseensennsenns 41
A R - (1 0|0 1 oo SR 41
A.2.22  CACCLANEPOSIION. ......eeieiieeee ettt ettt ettt et e s e e be et ebe e st eneeeeseeebesaeebeeneeaeebeeneensenseasesbesaeeseeneensensens 41
A.2.23  rECOMMENAEASPERM. ......ccuieieeitit ittt bbb bt b e h b b e st b b et e b e b et b e b e st eb e bt et b e 42
A.2.24  recOMMENAEAY BNICIETYPE. ...ttt bbb bt b st b e bbb 42
Annex B: Application state Machin@tranSItioN .........ccoeierirereie e 43
Annex C: BiBliOGr @Y ..o 44
11 (TP P PRSP PRTPRPRPRORN 45

ETSI



6 ETSI TR 103 299 V2.1.1 (2019-06)

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 |PRs, if any, ispublicly available for ETSI member s and non-member s, and can be found
in ETSI SR 000 314: "Intellectual Property Rights (IPRs); Essential, or potentially Essential, IPRs notified to ETS in
respect of ETS standards', which is available from the ETSI Secretariat. Latest updates are available on the ETSI Web
server (https://ipr.etsi.org/).

Pursuant to the ETSI IPR Policy, no investigation, including I PR searches, has been carried out by ETSI. No guarantee
can be given asto the existence of other IPRs not referenced in ETSI SR 000 314 (or the updates on the ETSI Web
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 for any which 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 organizations associated with those trademarks.

Foreword

This Technical Report (TR) has been produced by ETSI Technical Committee Intelligent Transport Systems (ITS).

Modal verbs terminology

In the present document “should", "should not", "may", "need not", "will", "will not", "can" and "cannot" areto be
interpreted as described in clause 3.2 of the ETS| Drafting Rules (Verbal forms for the expression of provisions).

"must” and "must not" are NOT allowed in ETSI deliverables except when used in direct citation.

Introduction

The CACC application is an extension of the in-vehicle Adaptive Cruise Control (ACC) system. It enables further
reduction of the time gap with preceding vehicles compared to the ACC system, thanks to Vehicular communications.

ETSI
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1 Scope

The present document describes the outputs of a pre-standardization study of the Cooperative Adaptive Cruise Control
(CACC) application. It consists of:

. Definition of the CACC use cases;
. Definition of CACC architecture;
. Requirement analysis of the application and the communication systems;

. Recommendations on the standardization needs for the communication layers (including facilities layer,
Networking & Transport layer and access layer) in support of the CACC application;

. Recommendation on the CACC application standardization.

2 References

2.1 Normative references

Normative references are not applicable in the present document.

2.2 Informative references

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

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 not necessary for the application of the present document but they assist the
user with regard to a particular subject area.

[i.1] "G7 declaration on automated and connected driving" (09/2015).

NOTE: Also available at https://ec.europa.eu/commission/commissi oners/2014-2019/bul c/announcements/g7-
declaration-automated-and-connected-driving_en.

[i.2] ETSI EN 302 665 (V1.1.1): "Intelligent Transport Systems (ITS); Communications Architecture”.

[i.3] SAE J3016: "Taxonomy and Definitions for Terms Related to On-Road Motor V ehicle Automated
Driving Systems'.

[i.4] ETSI TS 101 539-3: "Intelligent Transport Systems (ITS); V2X Applications; Part 3: Longitudinal
Coallision Risk Warning (LCRW) application requirements specification”.

[i.5] ETSI TS 101 539-2: "Intelligent Transport Systems (ITS); V2X Applications; Part 2: Intersection
Collision Risk Warning (ICRW) application requirements specification".

[i.6] ETSI EN 302 637-2 (V1.4.1): "Intelligent Transport Systems (ITS); Vehicular Communications;
Basic Set of Applications; Part 2: Specification of Cooperative Awareness Basic Service".

[i.7] ETSI EN 302 637-3 (V1.3.1): "Intelligent Transport Systems (ITS); Vehicular Communications;
Basic Set of Applications; Part 3: Specifications of Decentralized Environmental Notification
Basic Service".

[i.8] 1SO 15622: "Intelligent Transport Systems - Adaptive Cruise Control Systems (ACC) -

Performance requirements and test procedures’.
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[i.9]
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"Using Cooperative Adaptive Cruise Control (CACC) to Form High-Performance Vehicle
Streams; Definitions, Literature Review and Operational Concept Alternatives'.

NOTE: Available at: https://escholarship.org/uc/item/3m89p611.

[i.10] ETSI TS 103 301 (V1.1.1): "Intelligent Transport Systems (ITS); Vehicular Communications,
Basic Set of Applications; Facilities layer protocols and communication requirements for
infrastructure services'.

[i.11] ETSI TS 102 894-1 (V1.1.1): "Intelligent Transport Systems (ITS); Users and applications
requirements; Part 1: Facility layer structure, functional requirements and specifications'.

[1.12] ISO/DI1S/20035: "Intelligent Transport Systems - Cooperative Adaptive Cruise Control Systems
(CACC) - Performance requirements and test procedures’.

[1.13] ETSI TS102 894-2 (V1.3.1): "Intelligent Transport Systems (ITS); Users and applications
requirements; Part 2: Applications and facilities layer common data dictionary”.

[i.14] Result of C-ITS Platform Phase || Release 1 (12/2017): " Security Policy & Governance
Framework for Deployment and Operation of European Cooperative Intelligent Transport Systems
(CIT9".

NOTE: Available at: https.//ec.europa.eu/transport/sites/transport/files/c-its security policy release 1.pdf.

[i.15] ETSI TS103 097 (V1.3.1): "Intelligent Transport Systems (ITS); Security; Security header and
certificate formats".

[i.16] AUTONET 2030 D3.2: " Specifications for the enhancement to existing LDM and cooperative
communication protocol standards’.

NOTE: Available at: http://www.autonet2030.eu/wp-content/upl oads/2015/02/D 3.2-Specifications-cooperative-

communi cation-protocol -standards-draft-for-approval .pdf.

[1.17] DATEX Il release 3.0.

NOTE: Awvailable at: https.//datex2.eu/support/getting_started.

[1.18] OCIT®-C: "Open Communication Interface for Road Traffic Control Systems - Center to Center".

NOTE: Available at: https.//www.ocit.org/en/ocit/interfaces/ocit-c/.

3 Definition of terms, symbols and abbreviations
3.1 Terms

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

active CACC vehicle: CACC vehicle with CACC at active state

CACC: V2X capablein-vehicle driving assistance system that adjusts automatically the vehicle speed to keep atarget
time gap with target vehicle while keeping a minimum safety distance, making use of information communicated from
other vehicles and/or from the roadside infrastructure

CACC application: application layer entity that implements the CACC functionalities and application logic

CACC pair: subject vehicle and itstarget vehicle

CACC string: two or more CACC pairsin sequence

NOTE:

1% active CACC vehicle is the target vehicle of the 2" active CACC vehicle, and so forth.
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CACC vehicle: vehicle equipped with the system in question

NOTE 1: A CACC vehicle may or may not activate CACC at apoint in time.

NOTE 2: A CACC vehicleisV2X capable.
lead vehicle: first vehicle in the upstream end of CACC string or a CACC pair

NOTE 1: Thelead vehicle may not be CACC vehicle.

NOTE 2: InaCACC pair, the lead vehicle and target vehicle may be identical.

NOTE 3: Lead vehicle of a CACC string isthe target vehicle of the 1% active CACC vehicle.
measur ed time gap: time gap between a subject vehicle and its preceding vehicle, measured at one point in time
subject vehicle: CACC vehicle with the role to follow atarget vehicle
target time gap: time gap targeted by the subject vehicle for CACC operation
target vehicle: V2X capable vehicle and counterpart of the subject vehicle for the CACC application

NOTE: Thetarget vehicleis not necessarily a CACC vehicle.

time gap: time interval between when a preceding vehicle's rear end and a following vehicle's front end passes the same
location on the road surface, assuming that the following vehicle speed remains constant

V2X capable: capable of transmitting and/or receiving facilities and application layer message (e.g. CAM) with other
ITS-S using wireless communications

3.2 Symbols

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

Atmin Minimun safety time gap

Vs Instant speed of subject vehicle
Vi Instant speed of TV

3 Maximum deceleration of SV
Altarget Target time gap

At Time gap between two vehicles

3.3 Abbreviations

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

ACC Adaptive Cruise Control

BTP Basic Transport Protocol

CA Cooperative Awareness

CACC Cooperative ACC

CAM Cooperative Awareness Message

CcC Cruise Control

DATEX Il DATaEXchangell

DATEX DATaEXchange standard for exchanging traffic information
DCC Decentralized Congestion Control

DE Data Element

DEN Decentralized Environmental Notification

DENM Decentralized Environmental Notification Message
DF Data Frame

GDPR General Data Protection Regulation

GN GeoNetworking

GN/BTP GeoNetworking/Basic Transport Prototol

HMI Human Machine Interface

HW/SW Hardware/Software
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12v Infrastructure to Vehicle

ITS Intelligent Transport System

ITSS ITS Station

LDM Local Dynamic Map

MAPEM MAP (topology) Extended Message
OCIT-C Open Communication InTerface for road traffic Control systems
OTA Over-The-Air

PDU Packet Data Unit

POTI POsition and TIming

SAE Society of Automotive Engineers
SAM Service Advertisement Message
SPATEM Signal Phase And Timing Extended Message
SRM Signa Request Message

SSM Signal Status Message

SSP Service Specific Permission

SV Subject Vehicle

SW SoftWare

TPEG Transport Protocol Experts Group
TS Technical Specification

TV Target Vehicle

ucC Use Case

V2V Vehicleto Vehicle

V2X Vehicle to Everything

VDP Vehicle Data Provider

4 CACC introduction

4.1 Background

In September 2015, the Transport Ministers of the G7 States and the European Commissioner for Transport agreed on a
declaration on automated and connected driving [i.1] with the objective of making a significant contribution towards
increasing road safety and improved mobility worldwide. The Declaration underlined the need to take appropriate steps
to establish a harmonised regulatory framework. In EU, deploying vehicles without a human driver is an option only for
restricted and well-defined areas. Several Member States already allow or have announced the adoption of legal actsto
make the testing of automated vehicles legal, e.g. on an approved test route or in an urban environment, where the
vehicle, the infrastructure and the environment are controlled.

The main motivation of CACC isto further reduce the time gap between vehicles compared to Adaptive Cruise Control
(ACC) system as defined in [i.8] and to improve the response to the speed variation of the target vehicle. This would
bring benefits to driver, road operator and potentially to society.

For the driver, the main benefit of CACC is related to gain the feeling of comfort, with a reduced and automatically
maintained (but safe) time gap, and to the better response to the speed variation of the target vehicle. In addition,
reduction of fuel consumption may be gained, thanks to the reduction of traffic jam.

For road operators, the main benefit of CACC may be related to increased road capacity and traffic efficiency. Study
has shown that highway lane capacity improvement may aready be observed even with low penetration rate[i.9].

The socia benefits of CACC may be related to increased road safety, reduced traffic jam and or environmental benefits.
Even though safety is not the primary goal of CACC, CACC can make ACC more attractive and convenient to drivers
by providing behaviour that is more responsive to preceding vehicle speed changes, that gives an enhanced sense of
safety because of its quicker response [i.9].
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Nevertheless, special traffic management means may be needed, to optimize the traffic benefits of CACC on highway
or at urban environment. For example, some simulation studies have shown CACC may even bring negative effects on
lane capacity or even create traffic jams, until appropriate infrastructure support is provided. Example infrastructure
support may be specific lanes assigned for CACC pair and CACC string, where road side ITS-S may provide optimized
time gap and driving speed for CACC vehicles for maximizing lane capacity and traffic flow fluency.

4.2 CACC definition

CACC isanin-vehicle driving assistance system that adjusts automatically the vehicle speed to keep atarget time gap
Atarger With atarget vehicle (TV) while keeping a minimum safety distance with it. CACC makes use of data received
from other vehicle ITS-Ssand/or from road side ITS-Ssvial TS network. The CACC includes at least one ITS-S
application (denoted as CACC application) that implements the application logic with the services provided by the
lower layers (Facilities, Networking & Transport layer, Access layer) as specified in ETSI EN 302 665 [i.2], and a set
of hardware components. The CACC application processes data received from other I TS-Ss and/or from on board
sensors, automatically determines vehicle speed and acceleration, and accordingly transmits control commands to
longitudinal control systems (e.g. brake, accelerator). In addition, the CACC application may be operating
simultaneously with other in-vehicle assistance systems or with other I TS-S applications such as pre-crash system,
lateral control system, etc. CACC is connected to the in-vehicle network and has access to in-vehicle sensor data. The
CACC can send control commands to accel eration/decel eration systems.

Multiple active CACC vehicles may follow each other, to form a vehicle group, denoted as CACC string in the present
document. A CACC string operational environment may change dynamically e.g. a CACC string may be divided into
two groups. A CACC string may be combined with another CACC string to form a new CACC string, or a CACC string
may be dismissed when al vehicles leave the string.

CACC may be operated in expressway or in urban/suburban environment.

Figure 1 illustrates an example functional overview of the CACC. The dotted red rectangle illustrates the focuses of the
present pre-standardization study scope. In general, the implementation of the hardware componentsis at the discretion
of implementers. Nevertheless, the requirements defined in the present document may impact on the HW/SW
implementation, for example, the compliance to the communication protocol standard is required to be considered in the
development of the communication systems.

Scope of the document

Communication
device

Perception Throttle

sensors

Lateral control
(OPTIONAL)

Kinematics
sensors

CACC

Brake/

HMI
accelerator

Precrash or other
applications

Figure 1: Scope of the document

4.3 CACC target time gap

CACC target time gap Atarge IS the time gap set by CACC to follow a Target Vehicle (TV). The CACC adjusts the
acceleration, speed and/or brake to maintain the time gap At with TV to the Atarger. Time gap is the time interval between
when a preceding vehicle's rear end and a following vehicle's front end passes the same location on the road surface,
assuming that the following vehicle's speed remains constant. The CACC target time gap isillustrated in Figure 2.
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d

| N
[ il

Subject Vehicle Target Vehicle
At=d/v,

Figure 2: CACC target time gap

The Atwargee May be set according to different rules. In one possible setting, the Atwarget IS proportional to vehicle speed
when the vehicle speed is equal or higher than a predefined value. When vsis below that value, a minimum distance dpin
isrequired to be maintained. This setting rule is specified in 1SO/DIS/20035 [i.12].

NOTE: Inthissetting rule, it isup to driver to ensure that the safety distance with TV iskept in order to avoid
potential collision risk.

In another possible setting, a minimum safety time gap is required to be maintained by CACC Atnin, this minimum
safety time gap should be equal or higher than the time required for collision avoidance. When the A4t falls below Atgin,
the CACC application may be taken over by collision risk warning applications (automatic or manual), for example the
Longitudinal Collision Risk Warning [i.4] or Intersection Collision Risk warning applications [i.5].

Atmin = VS = th/asv
Where:
e Atnin denotes minimum safety time gap.
e  Vvsdenotesinstant speed of SV.
. Vi denotes instant speed of TV.

. as, denotes maximum deceleration of SV.

4.4 CACC and automation levels

Depending on implementation strategy, the CACC system may be used to support different automated driving modes
(automation levels). In the scope of the present document, the following automation levels are used, as defined in SAE
J3016 [i.3]:

e  Automation level 0 asdefined in SAE J3016 [i.3]. Thislevel corresponds to the manual driving mode. CACC
does not participate in this automation level.

. Automation Level 1: asdefined in SAE J3016 [i.3]. The level 1 system assists driver for the
accel eration/decel eration control in specific driving situations to maintain the target time gap with TV. The
driver triggers, configures the Atarger, terminates the CACC via specific Human Machine Interface (HMI) and
when necessary, takes over the acceleration/decel eration control. A standalone CACC systemisalevel 1
system.

. Automation level 2: asdefined in SAE J3016 [i.3]. The CACC is operating simultaneously with lateral control
assistance systems such as lane keeping system, lane change assistance system. In this automation level, the
CACC istriggered, configured and terminated by the human driver. Optionally, and thanks to the interaction
between longitudinal and lateral assistance systems, the CACC may be temporally adjusted to support other
driving assistance system e.g. the CACC configuration may be adjusted to support the automatic lane change.
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e  Automation level 3: as defined in SAE J3016 [i.3]. In thislevel, automated functions are integrated to monitor
the driving environment conditions. The CACC isintegrated into the automated driving system as sub
component. The CACC is managed by the automated driving system without human intervention, in order to
perform the automated driving task in some specific driving modes. Nevertheless, when necessary, human
driver needs to take over fully or partially the driving task within a short period of time. In this case, the
CACC would be switched off and taken over by the human driver.

e  Automation level 4: as defined in SAE J3016 [i.3]. The CACC isintegrated into the automated driving system
as sub component. The CACC is managed by the automated driving system without human intervention to
perform the automated driving task in some specific driving modes.

. Automation level 5: as defined in SAE J3016 [i.3]. The CACC isintegrated into the automated driving system
as sub component and can operate in all driving modes without direct human intervention.

The present document focuses on automation level 1 and level 2.

5 CACC use cases and operations

5.1 UCO001: Follow the TV at configured Atarget

51.1 Introduction

This use case consists of a basic operational scenario for the CACC. The CACC is configured to follow a TV with pre-
configured Atiarger, Set by driver of the SV via specific HMI.

51.2 Pre-conditions

e  TheCACC vehicleand TV arelongitudinally aligned.

NOTE: Definition and description of longitudinal alignment is provided by ETSI TS 101 539-3 [i.4]. It describes
that two vehicles are considered longitudinally aligned when their trajectories may lead to a forward or
frontal collision whatever surface portion of the vehicles being in contact at collision time, including in
curve.

. The TV iswithin the communication range of the CACC vehicle.

5.1.3 Actors
. Driver of the CACC vehicle.
. In vehicle sensors, including perception sensors and kinematic state sensors.

. In vehicle actuators, including throttle and/or brake.

514 Triggering condition

The use case is triggered when driver of the SV switches on the CACC via specific HMI.

515 Normal Flow
1) Driver switches on CACC.

2)  Driver configures the target time gap Atwarger. The Atiarger VAl ue range may be set according to one of the setting
rules asintroduced in clause 4.3.

3) CACC receives position and kinematic state data from the vehiclesin the proximity.

4) CACC receivesin-vehicle sensor data from in vehicle network.
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5) CACC application processes the received data and checks the relevance of the received data with regards to
SV'sitinerary, e.g. driving direction, upstream/downstream relevance, etc.

6) CACC application identifiesthe TV.

7)  Optionally, CACC estimates the kinematic state of the TV using Collective Perception Service. If additional
perception sensor datais available, data fusion functionality is used for data processing from different sources
about the TV.

8) CACC caculates periodically the measured time gap with the target vehicle. Thetime gap calculation is
realized by comparing the kinematic data of the target vehicle and the subject vehicle.

9) If necessary, CACC engages the brake or accelerator to adjust to the target time gap. Maximum brake value is
defined in ISO/D1S/20035 [i.12].

Termination of use case:
1) Driver of the SV switches off CACC via specific HMI.

2) CACC system is switched to stop state or to CC state (cruise control).

5.1.6 Termination condition
The use case is terminated when driver of the SV switches off CACC via specific HMI.

Alternatively, the use case may be terminated when, e.g. if no TV isidentified when a predefined timer is expired. In
such case, the termination of the CACC should be informed to driver via specific HMI, or a Cruise control is triggered
and informed to driver to maintain the vehicle at a set speed.

5.1.7 Use case diagram and use case illustration

This CACC use case corresponds to the automation level 1 as described in clause 4.4 of the present document. The use
case diagram isillustrated in Figure 3. An example use case scenario is given in Figure 4.
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Figure 3: Use case diagram: follow TV with configured time gap
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Positioning and Kinematics data

erception sensor
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Subject Vehicle | ‘ Target Vehicle
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Figure 4: Example use case scenario

5.1.8 Alternative flow
Interfering vehicle detected (cut in vehicle detected):

1) CACC detects another vehicle that may enter between the SV and the TV e.g. by changing the lane. A cut-in
vehicleis detected.

2) CACC application processes the data, checks the relevance of the cut-in vehicle with regards to the SV.

3) If theinterferenceis confirmed and the relevance is false (for example the cut-in vehicle will leave the road in
short time), CACC should be switched to standby mode and keep safety distance with the cut-in vehicle, until
the interference disappears.

4) If theinterferenceis confirmed and the relevance is true, the CACC should re-identify the cut-in vehicle as the
TV and processes the data as normal flow.

NOTE 1: Incasethecut in vehicleis V2X equipped.
5) If the standby mode istriggered for a pre-defined time period, CACC may be switched to stop mode.
6) If the standby mode and/or stop mode istriggered, the driver should be informed.
No TV detected:
1) IfnoTV isidentified for a pre-defined time period, CACC may be switched to standby mode or CC mode.
NOTE 2: Theno TV detection may happen in case of communication failure.

NOTE 3: Communication failure may represent safety risk to CACC, exception handling of this failure is out of
scope of the present document.

2)  If the standby mode istriggered for a pre-defined time period, CACC may be switched to stop mode.

3) CACC system is switched to standby mode or stop mode, the driver should be informed to take over the
accel eration/decel eration control.

TV lost:

1) IftheTV islost, CACC may be switched to standby mode/ACC/CC. The TV lost may happen if the TV has
changed theitinerary, changed the lane, or the SV has changed the itinerary or changed the lane. In addition,
the TV lost may happen in case of communication failure.

2)  During the standby mode, the CACC application continues to process the received data and/or sensor data, to
identify potential new TV.

3) If new TV isidentified, back to normal flow.

4) If the standby mode persists for a predefined time period, CACC may be switched to the stop mode.
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5) If CACCisswitched to or standby mode or stop mode, the driver should be informed to take over the
accel eration/decel eration control.

Collision risk detected:

1) If the TV brakes hardly, CACC vehicle detects a potential collision risk.

2) Thecollisionrisk application at CACC vehicle requires automatic braking, or driver's intervention to avoid
collision risk e.g. hard brake or change the lane, or precrash application istriggered in case collision cannot be
avoided. The Atarger cannot be kept any more.

3) The CACCisswitched off temporarily to standby mode.

4)  If the standby mode persists for a predefined time period, CACC may be switched to the stop mode.

5) If CACC isswitched to either standby mode or stop mode, the driver should be informed to take over the
accel eration/decel eration control or that automatic collision risk avoidance system may take over CACC.

519 Post-conditions

The time gap with TV is maintained as configured by driver.

5.2 UCO002: Follow the TV at automatically adjusted Attarget

5.2.1 Introduction
In this use case, a bottleneck such as traffic jam or bad weather conditionsis located in the downstream traffic of the

subject vehicle, the traffic flow capacity drops. CACC dynamically adjusts the Atarge With the TV to further reduce the
inter vehicle distance to contribute to the traffic flow efficiency.

5.2.2 Pre-conditions
e  The CACC vehicle and the TV arelongitudinally aligned.
NOTE: Definition and description of longitudinal alignment is provided by ETSI TS 101 539-3 [i.4].
. The TV iswithin the communication range of the CACC vehicle.

e  Theaverage traffic flow speed in the downstream traffic of SV isreduced.

5.2.3 Actors
o Driver of the CACC vehicle.
. ITS-Simplemented in the surrounding vehicles.
e  Traffic information provider (may be avehicle ITS-S, aroad side ITS-S or acentra ITS-S).
. In vehicle sensors, including perception sensors and kinematic state sensors.

. In vehicle actuators, including throttle and/or brake.

5.2.4  Triggering condition
The use case is triggered when:
1) driver of the SV switches on CACC via specific HMI; and

2) optionaly, the CACC vehicle receives downstream traffic information from traffic information provider.
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5.25 Termination condition
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The use case is terminated when driver of the SV switches off CACC via specific HMI.

Alternatively, the use case may also be terminated based on specific

system configuration parameters, e.g. whenno TV

isidentified when a predefined timer is expired. In such case, the termination of the CACC system should be informed

to driver via specific HMI.

5.2.6

Use case diagram and use case illustration

This CACC use case corresponds to the automation level 1 as described in clause 4.4 of the present document. The use
case diagram for the normal flow isillustrated in Figure 5. An example use case scenario is given in Figure 6.
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5.2.7 Normal Flow
1) Driver switcheson CACC and sets a default Atiarge.

2) The CACC vehicle receives traffic information from traffic information provider, informing it about a
bottleneck in the downstream traffic with areduced advisory traffic speed.

3) The CACC dynamically configures Atirge according to the received traffic information.
4)  Idem of step 3) to 9) in use case 001.
5) The CACC informsthe currently set Atiarge to driver with specific HMI.

Termination of use case:

1) Idemto use case 001.

5.2.8  Alternative flow

In addition to the ones identified in UC001, the following alternative flow applies.

Non-reception of traffic information:
1) CACC estimatesthelocal traffic average speed based on received kinematics state data from other vehicles.
2) CACC estimates the Atirger according to its estimation or use the default Atiarge as set by driver.

3) CACCinformsthe currently set Atiarger to driver with specific HMI.

529 Post-conditions

Theinter distance with preceding vehicleis dynamically adjusted according to the local traffic environment.

5.3 UCO003: Single lane CACC string

531 Introduction

In this use case, more than two active CACC vehicles are following with each other to form asingle lane CACC string.

5.3.2 Pre-conditions
. More than two active CACC vehicles are longitudinally aligned.

e  CACC vehicles are within the communication range with its direct neighbour CACC vehicles.

5.3.3 Actors

o Driver of the CACC equipped vehicles.
o ITS-S implemented in the preceding vehicle of the first CACC equipped vehicle.

5.34 Triggering condition

The use case istriggered when CACC identifiesa TV and discovers (viareceiving message) that the TV isin CACC
active state.
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5.35 Termination condition

The use case is terminated when the CACC vehicle leaves the single lane CACC string by switching off the CACC or
changesitsitinerary or lane.

Alternatively, the use case may be terminated when SV discovers (via receiving messages) that its TV is not any more
ina CACC active state.

NOTE 1: Non-reception of such message may indicate that the CACC string has been dissolved.
NOTE 2: CACC may switch to UC001 or UC002 in case that CACC string is dissolved.

5.3.6 Use case diagram and use case illustration

This CACC use case corresponds to the automation level 1 as described in clause 4.4 of the present document.
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Figure 7. Example use case scenario

5.3.7 Normal Flow
1) Driver of the SV switches on CACC.
2) SV receives message from vehicles nearby, it discovers that one of vehiclesis at CACC active mode.
3) CACC informsdriver the possibility of a CACC string and indicate the vehicle to follow.
4)  Driver of the SV position the SV after the TV.
5)  The Atiarge IS Set either by driver or by CACC. Atiarge SEtting may take the Atiarge Set by the TV into account.
6) The SV includesthe CACC active mode information in the message and transmitsiit.
7)  Thevehicle operates CACC as defined in use case 001 or in use case 002.
Termination of use case:

1) CACC application checks the messages received from TV, then discovers that the TV is not any more at active
mode.

2) CACC switchto UC001 or UC002.

5.3.8  Alternative flow
In addition to the ones identified in UC001 and in UCQ02, the following alternative flow applies.

Limited length may be needed, when the average speed of the string is lower than the free flow speed. Thiswould
potentially become a new traffic flow bottleneck, and in addition would become less stable in terms of "cut in" case and
for frequent "join" and "leave" case.
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In addition, length management is also needed for the stability of the CACC string. The measured time gap between
vehiclesin a CACC string is inevitably fluctuated due to the practical difficulties even though the amount of fluctuation
can be reduced by CACC compared to ACC. The fluctuation of the measured time gap requires that a subject vehicle
performs more aggressive accel eration/decel eration control than its target vehicle to keep atarget time gap constantly,
and this effect is accumulatively increased as the length of a CACC string is increased. For example, the required
braking at the end of the string would be accumulated increase, in case lead vehicle does a hard brake, so this would
result in safety issue for too long CACC strings.

In case of CACC string with limited length:

1) The CACC vehicle receives a message indicating the maximum length allowed from CACC vehicle(s) of a
CACC string or road side ITS-S(s).

NOTE: The CACC string length limit can be the maximum allowed number of vehiclesin a CACC string, or the
maximum allowed distance of a CACC string, i.e. the geometrical distance between the 1% vehicle (lead
vehicle) and the last vehicle of a CACC string.

2) The CACC system estimates the total length of CACC string if it would join the string.
3) Incasethetota length exceeds the maximum value, CACC should refrain from joining the CACC string.
4)  CACC should inform driver of unsuccessful joining to the CACC string.

In case string is divided:

1) Onevehiclein CACC string stop following its TV and leaves the CACC string, aholeis created in CACC
string.

2) Thefollow up vehicle may follow the leaving vehicle, a CACC string is divided.

3) Orthefollow up vehiclesreidentifiesa TV and staysin the string.

5.3.9 Post-conditions

A one lane string is formed and operated.

54 UCO004: Single lane CACC string support service provided
by road side

541 Introduction

In this use case, road side ITS-S operates aroad side CACC string support service and transmits information to CACC
vehicles to manage the CACC string operation.

The benefits of this use case are that a CACC vehicle is encouraged to use a prioritized lane reserved for a CACC string
or for automated driving (like car pool lane or reserved lane for public transport).

542 Pre-conditions

. More than one active CACC vehicles are driving in the same lane.

CACC vehicles are within the communication range with its direct neighbour CACC vehicles.

o Road side ITS-Sisauthorized to provide CACC string support service.

The area covered by road side service is appropriate to operate CACC string.

54.3 Actors

. Driver of the CACC equipped vehicles.
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. Road side CACC string support service provider.

. Traffic info provider (optional).

5.4.4  Triggering condition

The use caseistriggered by the driver of the CACC vehicle confirming that he/she will join the CACC string support
service provided by the road side service provider.

5.4.5 Termination condition

The use case is terminated when the CACC vehicle leaves the single lane CACC string by e.g. switching off the CACC
or changesitsitinerary/lane.

Alternatively, the use case may also be terminated when the CACC vehicle |eaves the service area provided by road
side service provider.

5.4.6 Use case diagram and use case illustration

This CACC use case corresponds to the automation level 1 as described in clause 4.4 of the present document.

Kinematics data, C-ACC engaged Kinematics data

S —— ISy \‘ —
Il ,,,———"Perception sensor .[ ]
Tt 1
—— — ---.area ;
!

Vj-1 Vj
ATj']-: ATtarget 1j-1

Figure 8: Example use case scenario

54.7 Normal Flow

1) CACC vehiclereceives the service announcement from aroad side ITS-S, announcing the availability of the
road side CACC string service.

2) CACC application informs driver of the service availability.

3)  Driver confirmsthejoining of CACC string via specific HMI.

4) SV joinsthe CACC string as described in UC003.
Termination of use case:

1) CACC leavethe service area.

2) CACC applicationinformsdriver.

3)  Driver switches off CACC.
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5.4.8  Alternative flow
In case of CACC string with limited length:
1) The CACC vehicle receives a message indicating the maximum length allowed.
2) The CACC system estimates the total length of CACC string.
3) Incasethetotal length exceeds the maximum value, CACC should refrain from joining the CACC string.
4)  The CACC system should inform the driver when joining to the CACC string is not successful.

549 Post-conditions

A one lane string is formed and operated within the service areain which road side CACC string service is provided.

5.5 UCO005: Co-operation of lane keeping assistance system
and CACC

551 Introduction

In this use case, the CACC and latera control assistance system is working simultaneously. This provides alevel 2
automation function.

5.5.2 Pre-conditions
The CACC vehicle and the TV arelongitudinally aligned.
The TV iswithin the communication range of the CACC vehicle.

SV is equipped with lane keeping assistance system.

5.5.3 Actors
Driver of the CACC vehicle.
In vehicle sensors, including perception sensors and kinematic state sensors.

In vehicle actuators, including throttle and/or brake.

554 Triggering condition

This use case istriggered, when driver switches on the lane keeping assistance system and CACC.

555 Termination condition
The use case is terminated when driver of the ego vehicle switches off the CACC system via specific HMI.

Alternatively, the use case may also be terminated based on specific system configuration parameters, e.g. when no
target vehicle isidentified when a predefined timer is expired. In such case the driver will be informed via a specific
HMI.

556 Normal Flow

1) CACCdriver switches on the level 2 assistance system, including CACC and lane keeping assistance.
2)  Normal flow asone of the UC001, UC002, UC003 or UC004.
3) TheTV identification step should identify a TV within the same lane of SV.
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4)  Thelane keeping assistance system enables SV follows TV with automatic lane keeping function.
Termination of the use case:

1) Driver of CACC system switch off the level 2 assistance system.

55.7 Alternative flow
In case the driver wishes to take over the lateral control:

1) CACC application recalculates the Atiage, NOrmally the Atarger Should be increased with an estimated driver take
over time.

2) CACC adjusts the Atager and informs driver that take-over may be done.

3) After take-over, if driver starts the lane change, the CACC is switched to standby mode and identifies the
potential TV in another lane.

4)  After lane changeisfinalized and if aTV isidentified, CACC is switched to operation mode with new TV.

In case TV changes the lane, the lane keeping system of SV will maintain the vehicle is the same lane, CACC may be
switched to standby mode.

NOTE: IncaseTV isalso equipped with lane keeping assistance system, this use case may bring higher comfort
to driver at SV, since this will avoid frequent lane change of TV.

5.5.8 Post-conditions

Automatic driving and following of TV in one lane.

5.6 UCO006: Co-operation of lane change assistance system
and CACC

56.1 Introduction

In this use case, the SV and TV may realize lane change manoeuvring together, CACC is used for following the TV.
This provides alevel 2 automation function.

5.6.2 Pre-conditions
The CACC vehicle and the TV arelongitudinally aligned.
The TV iswithin the communication range of the CACC vehicle.

SV and TV are both equipped with lane change assistance system.

5.6.3 Actors
Driver of the CACC vehicle.
In vehicle sensors, including perception sensors and kinematic state sensors.

In vehicle actuators, including throttle and/or brake.

5.6.4 Triggering condition

The TV engages lane change assistance system.
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5.6.5 Termination condition

The use case is terminated when both SV and TV finalize the lane change.

5.6.6 Normal Flow

1) CACC driver switches on the level 2 assistance system, including CACC and lane change assistance system.
2) SV receives amessage and discoversthat TV has engaged the lane change assi stance system for lane change.

3) CACC application processes the data received from TV, such asits predicted path, and the data received from
SeNnsors.

4)  Lane change assistance system of SV estimates that space at the target lane is sufficient to realize lane change
by following TV.

5) CACC calculates the Aturger to follow the TV for lane change.

6) SV followsthe TV until the lane changeisfinalized.
Termination of the use case:

1) SV findlize the lane change.

2) SV continuesto follow TV asin UC 001.

5.6.7 Alternative flow

In case the lane change assistance system determines there is no sufficient space at target lane for SV to realize lane
change:

1) Driverisinformed to take over the lateral control.
2) CACC application recal cul ates the Atiarge. (it should be increased to cover the take-over time).

3) After take-over, if TV has changed the lane, the CACC is switched to standby mode.

5.6.8 Post-conditions

Both TV and SV have changed the lane, SV continuesto follow TV using CACC.

5.7 UCO007: CACC pair passing through 12V equipped traffic
lights

57.1 Introduction

In this use case, a 1% vehicle passes through intersections equipped with traffic lights, by making use of data transmitted
fromroad side ITS-S. A second vehicle sets the 1% vehicle as TV and follows it to pass the intersection as CACC pair.

5.7.2 Pre-conditions
A CACC pair isformed.

5.7.3 Actors
Driver of the CACC vehicle.
In vehicle sensors, including perception sensors and kinematic state sensors.

In vehicle actuators, including throttle and/or brake.
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Triggering condition

The CACC pair is approaching to atraffic light equipped intersection.

5.7.5

Termination condition

The use case is terminated after the CACC pair has passed the intersection. It may go to UC001 or UC002.

5.7.6

Use case diagram and use case illustration

S.7.7
1)
2)
3)
4)

Kinematics data, turning
intention

SPAT/MAP

Figure 9: Example use case scenario

Normal Flow
CACC receives SPATEM/MAPEM fromroad side ITS-S.
CACC receives crossing intention information of the TV at intersection.
CACC application determines whether or not the crossing intention of SV isthe sameasTV.

If yes, CACC determines the Atwrget.to pass through the intersection, based on the remaining traffic signal phase
and timing.

Termination of the use case:

1)

5.7.8

The CACC pair passes through the intersection.

Alternative flow

In casethe TV needsto stop in front of traffic light:

1)
2)

CACC reduces the SV speed and stop behindsthe TV.

The use case is resumed when the traffic light authorization isgivento TV.

In case the TV crossing intention is different from SV:

1)

CACC system is switched to off mode and driver isinformed.
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2)  Driver takes over the control.
In case remaining time does not allow SV to pass by following the TV:
1) CACC systemis switched to standby mode and driver isinformed.

2)  Driver takes over the control and stopsin front of traffic light.

579 Post-conditions

The CACC pair passes through the intersection.

6 CACC architecture

6.1 Functional architecture

The functional architecture of the CACC isillustrated in Figure 10. The main functional blocks of the CACC are the
following:

. Message handler: it manages the generation, encode/decode, reception and transmission of C-ITS messages for
the usage of CACC application.

. TV identifier: it identifies the TV based on data available from message handler, vehicle status monitor and
environment monitoring.

e  Vehicle status monitor: it monitors the vehicle kinematics status and status of other in vehicle systems
e.g. lateral control assistance systems.

. Environment monitor: it monitors the vehicle surrounding environment e.g. traffic status, road topology, other
vehicles status, etc.

. CACC logic manger: it manages the CACC logic, e.g. transition between different CACC application machine
state, joining/leaving decision to CACC string, set up CACC parameters (e.g. target time gap), etc.

. Motion planner: based on CACC parameters set by CACC logic manager, this function makes decision of
vehicle motion and potentially vehicle trajectory or vehicle manoeuvring e.g. acceleration value, planned
Speed, etc.

e  Actuator control manager: it manages and generates control command to corresponding vehicle actuators
according to the motion planner results.
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Communication

device
Perception Throttle
sensors
C-ACC
‘ Msg. Handler ‘ ‘ TV identifier ‘
Kinematics | Vehicle status monitor ‘ Lateral control
sensors (OPTIONAL)

‘ Environment monitor ‘

‘ CACC logic manager ‘

HMI handler

I Motion planner ‘ Brake/

HMI
accelerator

Control logic manager

Precrash or other
applications

Figure 10: CACC Functional architecture

Information architecture

Figure 11 illustrates an example of CACC information architecture. At each subject vehicle, CACC receives
information of other vehicles from ITS access layer (OTA: Over the Air) interface. SV also processits own sensor data
received from in vehicle network, such as perception sensor data, or viaVehicle Data Provider (VDP). The output
results of CACC application is translated to certain control command and transmitted to corresponding vehicle
actuators. Asresult, the subject vehicle maintains the time gap to TV according to the set target time gap.

M essages are exchanged between vehicles (V2V messages including subject vehicle and target vehicle). The content
and message exchange protocols are described in clause 9.1 of the present document.

Optionally, vehicle ITS-S and road side I TS-S may exchange the following information to support the use cases
described in clause 5:

Traffic information (e.g. traffic jam, speed limit, average speed, advisory speed, etc.) transmitted from road
side ITS-Sto vehicle ITS-Sin the surrounding area. CACC logic manger may take such information into
account in its application operation, e.g. to determine the Atwrger. and/or vehicle target speed according to the
surrounding traffic.

Road topology information (e.g. curve, intersection topology) transmitted from road side ITS-Sto vehicle
ITS-Sinthe surrounding area. CACC motion planner may take such information into account to determine the
vehicle trgjectory. The road topology message and protocols are specified in ETSI TS 103 301 [i.10].

Traffic light status and timing information transmitted from road side ITS-Sto vehicle ITS-Sin the
surrounding area. CACC application at the subject vehicle may take such information into account in its
application logic, e.g. to determine the Atwrget and/or vehicle manoeuvring; The SPATEM message and
protocols are specified in [i.10].

SSM (Signal Status Message) and SRM (Signal Request Message) (as specified in ETSI TS 103 301 [i.10]) so
that traffic light controller can support CACC passing through the intersection without dissolving.

CACC parameter information transmitted from road side ITS-S to vehicle ITS-S in the surrounding area. This
may happen in case road operator provides services to manage the CACC string on a certain road segment as
described in UC004 (see clause 5.4).
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A road side ITS-S may provide the above-mentioned services standalone, or supported by acentral ITS-S. The centra
ITS-S may either receive vehicle probe information collected by road side ITS-S or directly from vehicle ITS-Sfor the
purpose of traffic monitoring, or provide traffic information, road topology information, service information, etc. to
road side ITS-S within the relevant area or directly to vehicle ITS-S. Examples of these messages and exchange
protocols from and to the central ITS-Sare DATEX |1 as specified in [i.17], OCIT-C as specified in[i.18], and in

SO 21219 [i.12] multi-parts standards series.

NOTE: Extensionsof DATEX Il and OCIT®-C are out of scope of the present document.
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Figure 11: CACC information architecture

6.3 Communication architecture

Figure 12 illustrates the CACC positioning in the I TS reference communication architecture as specified in ETS
EN 302 665 [i.2] for asubject vehicle and/or aroad side ITS-S. CACC is supported by componentsin different ITS
layers, described as following:

. Application layer: the CACC application is the application layer entity that manages the CACC logic. In the
present document, CACC application functionalities are classified into CACC transmission mode and CACC
receiving mode. This application entity will be present in aroad side ITS-S, only when thisroad side ITS-S
provide road side servicesto CACC.

. Facilities layer: multiple facilities components may be needed to support the CACC application, including the
application support facilities, information support facilities and communication support facilities as defined in
ETSI TS 102 894-1 [i.11]:

- CA basic service: it manages the transmission and reception of Cooperative Awareness Message (CAM)

fromand to vehicle ITS-S. The CA basic serviceis specified in ETSI EN 302 637-2 [i.6]. The present
document describes the extension required to support CACC application.
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- DEN basic service: it manages the transmission and reception of Decentralized Environmental
Notification Message (DENM) from and to vehicle ITS-S or road side ITS-S. The DEN basic serviceis
specified in ETSI EN 302 637-3 [i.7]. The present document describes the extension required to support
CACC application.

- Other messages: It may refer to one or more than one facilities entities that manage the transmission and
reception of messages other than CAM and DENM and as described in clause 9.1 of the present
document.

- POTI: The Position and Time facility provides the position and time information in real time for CACC
application.

- LDM: The Local Dynamic Map is database that stores/updates the facilities layer data and delete the
outdated/invalid facilities layer data. It provides a database to be accessible to application layer for
application running.

- VDP: The Vehicle Data Provider receivesin vehicle sensor datain real time from in vehicle networks to
support CACC application. The data provided by VDP may be stored in LDM.

- Vehicle control: this facilities layer entity supports CACC application by transmitting control command
directly to vehicle actuators or to other in vehicle assistance system viain-vehicle network.

Networking & Transport layer: including GN/BTP protocol stack and/or 1pv6 protocol stack.

Access layer: including one or more than one access layer technologies such as ITS G5, LTE, LTE V2X, 3G,
etc.

Management entity: including mainly Decentralized Congestion Control (for ITS G5), and/or multi-channel
management for access layer technologies.

Security entity: including mainly C-1TS security and vehicle internal network security.
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Figure 12: CACC communication architecture
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7 Functional requirements

7.1 Application layer

The following potential functional requirements may apply to CACC applications.

ID Description UCO |UCO |UCO [UCO |ucCOo [uco |uco
01 02 03 04 05 06 07

FR1. |CACC should be able to identify a TV X X X X X X X

FR2. |CACC should estimate time gap to the TV X X X X X X X

FR3. |CACC should calculate the Atarget value X X X X X X

FR4. |CACC should be able to send control command to longitudinal X X X X X X X
control

FR5. |CACC should monitor lane change intention of SV X X X X X

FR6. |CACC should monitor lane change intention of TV X X X X X X X

FR7. |CACC should set the minimum safety distance X X X X X X X

FR8. |The CACC should process SPAT/MAP/IVI messages X

FR9. |The CACC should estimate the path relevance of TV with its X X X X X X
own predicted path

FR10. |The CACC should estimate if remaining traffic light phase and X
timing allows itself to pass through the interaction

FR11. |The CACC should judge if driver takeover is necessary X X X X X X X

FR12. |The CACC should provide interface to HMI X X X X X X X

FR13. |The CACC-HMI interface should include "warning" and X X X X X X X
"information” type of message

FR14. |The CACC should inform driver of CACC on/off state X X X X X X X

FR15. |The CACC may inform driver of other states (ACC, Cruise, X X X X X X X
etc.)

7.2 Facilities layer

FR16. |The CACC should implement CA basic service X X X X X X X

FR17. |The CACC may implement DEN basic service X X

FR18. |The CACC should implement POTI service X X X X X X X

FR19. |The CACC should implement VDP basic service X X X X X X X

FR20. |The CACC may implement collective perception service X X X X X X X

FR21. |The CACC should implement Infrastructure Message service X X

FR22. |The CACC may implement LDM service X X X X X X X

7.3 Networking & Transport layer

FR23. |ITS-S should implement Single Hop Broadcasting GN protocol X X X X X X X

FR24. |The GN packet life time should be setto 1 s X X X X X X X
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7.4 Access layer

FR25. |The SV and TV should use the same access technologies for X X X X X X X
C-ITS message exchange

FR26. |The SV and TV should support DCC functionalities to manage X X X X X X X
network load, if ITS-G5 is used

7.5 Management & security

FR27. |The SV should block the pseudonym change as long as the X X X
use case is not terminated

8 Operational requirements

8.1 Application layer

OR1. |The maximum deacceleration value of the vehicle may be X X X X X X X
dynamically set according to driving environment and vehicle
type, vehicle load, etc. This value should not be lower than the
value used by the collision avoidance function

OR2. |The SV and TV should be longitudinally in line with each other X X X X X X X
i.e. their lateral offset should be equal or lower than 2 m

OR3. |Driver should be informed on the current CACC on/off, standby X X X X X X X
and active state transition

OR4. |Driver may be informed of current Attarget value X X X X X X

ORS5. |Driver may be informed of nearby CACC string X X

ORG6. |In case of unknown trailer length, Attarget Should include safety X X X X X X X
margin to cover the trailer length

8.2 Facilities layer

Recommended requirements, numbers are subjected to change in the future after validation.

ORY7. CACC should enable lane level positioning e.g. the position X X X X X X X
accuracy should be equal or less than 2 m at lateral
accuracy (difficult to achieve for longitudinal accuracy)

ORS. Time offset between data in the CAM high frequency X X X X X X X
container with regards to time stamp should not exceed 20
ms

OR9. Time stamp accuracy should be less than 1 ms X X X X X X X

OR10. |The position and time information in CAM should be updated | x X X X X X X
at minimum of 30 Hz (for option 2)
See note 2

OR11. Predicted path should cover the distance covered by at least X X X X X X X
2s

OR12. As long as CACC remains activated, the ITS Station ID X X X X X X X
should be blocked

OR13. CAM should provide path history of at least length of 2 s X X X X X X

NOTE 1: Setto maximum target time gap.
NOTE 2: Maximum CAM transmission rate is as defined in clause 9.1.1.
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8.3 Networking & Transport layer
NA

8.4 Access layer

OR14. |SCHO should be used for CACC data exchange, if ITS- G5 is X X X X X X X
used

9 Standards recommendations

9.1 Facilities layer

9.1.1 Options for CACC data inclusion in facilities layer PDU

The present clause defines data content to be exchanged between I TS-Ss to support CACC use cases as defined in the
clause 5. The DEs and DFs should be included in facilities layer PDU (Protocol Data Unit) using one of following
options:

. DEsand DFs are added in CAM as plain content. In this case, the DEs and DFs included in CAM will use the
security profile for CAM, as specified in ETSI TS 103 097 [i.15]. In case DEs and DFs are not compliant to
the GDPR and security policy specified in ETSI TS 102 894-2 [i.13] or in C-I1TS security as defined in [i.14],
those DEs and DFs should not be included in CAM as plain content.

. DEsand DFs are added in CAM as additional container. In this case, a new security profile should be defined.
For example, the additional container may be encrypted if it contains data with privacy concern.

NOTE 1. Further analysisis needed to support nesting of security data structures within PDUs.

. DEs and DFs are used to construct a new facilities layer PDU or application messages. |n this case, anew
security profile should be defined for this message.

Thelist of the DE and DFs to support CACC use cases should be as defined in annex A of the present document.

NOTE 2: The data exchange needs may vary depending on the control logic being used. The present document
includes the needs from stakehol ders such as from R&D project [i.16].

NOTE 3: Other control logics and corresponding data exchange needs are defined in | SO/DIS/20035 [i.12].

At the reception of PDUs or messages containing CACC data, the receiving ITS-S processes the messages. The CACC
application use the CACC data with data of received CAMs and DENMs to identify the TV and calculate the time gap
with TV.

9.1.2 CA basic service

9.1.2.1 Introduction

This clause defines standards recommendations for the extensions of the CA basic service as specified in
ETSI EN 302 637-2 [i.6].

By default, it is recommended that the ETSI EN 302 637-2 [i.6] requirements should remain, unless specified otherwise
in the present clause.
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9.1.2.2 Triggering conditions

For CACC application, the CA basic service should be used. The following triggering conditions for vehicle ITS-S
CAM generation are used.

OPTION 1: When the CACC isengaged, or when the corresponding bit of the caccEngaged value in areceived CAM
isset to 1, the T_GenCam should be set to 100ms. The low frequency container is transmitted every 5 messages.

OPTION 2:  When the CACC is engaged, the T_GenCam should be set according to the target distance value Attarget,
asillustrated in Figure 13. The low frequency container is transmitted every 5 messages. The following parameter
setting may be used:

e T _GenCamMin=30ms

. T_GenCamMax = 100 ms

e  AttargetMin=0,5s

. AttargetMax =2's

NOTE: Option 2 would probably require double transceiver because 30Hz CAM transmission would probably
result in a channel overload.

T_GenCamMax |

|
I
l
T_GenCamMin |
I
I
I

ATtargetMin ATtargetMax

Figure 13: T_GenCam value setting rule for CACC

When CACC isin engaged mode, a CAM should include DE and DF as specified in clause A.1 and should not include
special VehicleContainer.

For road side ITS-S CAM, the triggering conditions options are:
OPTION 1. Periodic transmission with fixed rate (e.g. 1 Hz).

OPTION 2:  Periodic transmission triggered by Road side ITS-S application, e.g. by receiving vehicle ITS-S CAM.

9.1.2.3 Message content extension

Asintroduced in clause 9.1.1, CAM may be extended with additional DE, DFs as specified in annex A of the present
document.

9.1.24 Dissemination requirements

Idem to the CA basic service asdefined in ETS| EN 302 637-2 [i.6] (one hop broadcast).

9.1.25 Dissemination protocol

Idem to the CA basic service as defined in ETS| EN 302 637-2 [i.6].
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Security requirements

ITS AID management

ITS AID should be set as specified in ETSI EN 302 637-2 [i.6].

9.1.2.6.2

SSP

ETSI TR 103 299 V2.1.1 (2019-06)

The following SSP definition should be used for CAM. One bit is used to indicate whether or not road side ITS-Sis
authorized to provide road side CACC service asintroduced in UC004 (see clause 5.4).

Octet Bit Permission Items Bit
Position | Position Value
1 0 (80h) CenDsrcTollingZone/ 0: certificate not allowed to sign
(MSBit) ProtectedCommunicationZonesRSU 1: certificate allowed to sign
1 1 (40h) publicTransport / 0: certificate not allowed to sign
publicTransportContainer 1: certificate allowed to sign
1 2 (20h) specialTransport / 0: certificate not allowed to sign
specialTransportContainer 1: certificate allowed to sign
1 3 (10h) dangerousGoods / 0: certificate not allowed to sign
dangerousGoodsContainer 1: certificate allowed to sign
1 4 (08h) roadwork / 0: certificate not allowed to sign
roadWorksContainerBasic 1: certificate allowed to sign
1 5 (04h) rescue / 0: certificate not allowed to sign
rescueContainer 1: certificate allowed to sign
1 6 (02h) emergency / 0: certificate not allowed to sign
emergencyContainer 1: certificate allowed to sign
1 7 (01h) safetyCar / 0: certificate not allowed to sign
(LSBiIt) safetyCarContainer 1: certificate allowed to sign
2 0 (80h) closedLanes / 0: certificate not allowed to sign
(MSBit) RoadworksContainerBasic 1: certificate allowed to sign
2 1 (40h) requestForRightOfway / 0: certificate not allowed to sign
EmergencyContainer: EmergencyPriority 1: certificate allowed to sign
2 2 (20h) requestForFreeCrossingAtATrafficLight / 0: certificate not allowed to sign
EmergencyContainer: EmergencyPriority 1: certificate allowed to sign
2 3 (10h) noPassing / 0: certificate not allowed to sign
SafetyCarContainer: TrafficRule 1: certificate allowed to sign
2 4 (08h) noPassingForTrucks / 0: certificate not allowed to sign
SafetyCarContainer: TrafficRule 1: certificate allowed to sign
2 5 (04h) speedLimit / 0: certificate not allowed to sign
SafetyCarContainer 1: certificate allowed to sign
2 6 (02h) roadSideCacc/roadSideCaccContainer 0: certificate not allowed to sign
1: certificate allowed to sign
2 7 (01h) reserved for future usage not used, set to 0.
(LSBit)
9.2 Networking & Transport layer
No additional requirements are defined for Networking & Transport layer.
9.3 Access layer
9.3.1 Channel usage

The CACC data should be transmitted over SCHO, if ITS G5 is used.
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9.3.2 Over-the-air update

The extension of CAM and DENM as proposed by the present document breaks backward compatibility. The required
SW update may be realized via Over-the-air update functionalities.

9.4 Management & security

9.4.1 Communication profile and SAM

In casetheroad side ITS-S provides road side CACC service for CACC string, the CACC string forming and
dissolution information isincluded in CAM transmitted from road side ITS-S. It is assumed that theroad side ITS-S
transmit CAM over a"aways on" communication channel. At the reception of this CAM, avehicle ITS-S does not need
to access to other communication channel or access technologies to receive CACC service related information,
therefore, SAM is not needed.

9.4.2 Security and privacy

A security and privacy analysis should be realized for recommendations of the present document and should provide
guidance for the options below, taking into account the European GDPR (EU General Data Protection Regulation)
regulation:

. If DE or DF as defined in the present document are added in CAM as plain content, CAM by vehicle ITS-S
and road side I TS-S should be signed with a valid certificate containing avalid SSP as defined in
clause9.1.2.6.2.

. If DE or DF as defined in the present document are added in CAM as container, such container may be
encrypted and attached to the CAM for transmission.

. If DE or DF as defined in the present document are transmitted as standal one messages, such messages may be
encrypted.

ETSI



36 ETSI TR 103 299 V2.1.1 (2019-06)

Annex A:
Recommendations on CACC DEs and DFs

A.1  DEs and DFs to support CACC use cases

The present clause defines additional DEs and DFs to be exchanged between I TS-Ss to support CACC use cases. It aso
defines recommendations on modifications on existing DEs and DFs as specified in ETSI TS 102 894-2 [i.13].

AccelerationControl ::= BIT STRING { brakePedal Engaged (0), gasPedalEngaged (1), emergencyBrakeEngaged (2),
collisonWarningEngaged (3), accEngaged (4), cruiseControlEngaged (5), speedLimiterEngaged (6) ,
caccEnganged(7)} (SIZE(14))

TimeToPrecedingV ehicle DeltaTimeStamp,

AutomatedV ehicleContainerL owFreguency ::= SEQUENCE {
automatedControl AutomatedControl,

targetSpeed SpeedV alue,

targetL ongitudinal Accel eration Longitudinal AccelerationValue,
brakingCapacity Longitudinal AccelerationValue,

targetTimeT oPrecedingV ehicle DeltaTimeStamp OPTIONAL,
targetTimeT oFollowingVehicle DeltaTimeStamp OPTIONAL,
pathPrediction PathPrediction OPTIONAL,

grouplD GrouplD OPTIONAL,

groupSpeed SpeedVaue OPTIONAL,

limitedL ength RelevanceDistance OPTIONAL,
stringLeadV ehiclePosition ReferencePosition,
limitedLengthlnNumber INTEGER(0..255) OPTIONAL,
orderInString INTEGER(O..255),

leadV ehicle stationl D,

}
RoadSideSupportedAutomatedDriving::= SEQUENCE {
recommendedTargetTimeGap DeltaTimeStamp OPTIONAL,
startingPosition ReferencePosition OPTIONAL,
caccLanePosition LanePosition OPTIONAL,
recommendedSpeed SpeedVaue OPTIONAL,

limitedL ength Distance OPTIONAL,

stringLeadV ehiclePosition ReferencePosition,

limitedLengthlnNumber INTEGER(0..255) OPTIONAL,
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recommendedV ehicleType StationType OPTIONAL
}

AutomatedControl ::= BIT STRING {
automaticL aneChangeEngaged (0),
stringEngaged (1),
platooningEngaged (2),

laneK eepAssistEngaged (3),
caccEngaged (4),

} (SIZE (15))

PathPrediction ::= SEQUENCE SIZE (1..23) OF PredictedPathPoint
PredictedPathPoint ::= SEQUENCE {

predictedPathDeltaTime PredictedPathDeltaTime,
predictedPathDeltaPosition DeltaReferencePosition,

predi ctedPathDel taPositionConfidence DeltaPositionConfidenceEllipse,
predictedPathDel taSpeed DeltaSpeed OPTIONAL,

predictedPathDeltal ongitudinal Acceleration DeltaAccel eration OPTIONAL,
predictedPathDeltalateral Acceleration DeltaAccel eration OPTIONAL

}
PredictedPathDeltaTime ::= INTEGER {tenMilliSecondsinFuture(1)} (1..1024, ...)
DeltaPositionConfidenceEllipse ::= SEQUENCE {

deltaSemiM agjorConfidence DeltaSemiAxisLength,

deltaSemiMinorConfidence DeltaSemi AxisLength,

deltaSemiMgjorOrientation DeltaHeadingVa ue

}
DeltaSemiAxisLength ::= INTEGER { outOfMinimumRange(-512), plusOneCentimeter(1),
outOfMaximumRange(1534), unavailable(4095) } (-512..1534 | 4095)

DeltaHeadingValue ::= INTEGER{ plusDotOneDegrees(1), unavailable(3600) } (-511..511 | 3600)
DeltaSpeed ::= SEQUENCE {

deltaSpeedV a ue DeltaSpeedValue,

deltaSpeedConfidence DeltaSpeedConfidence

}
DeltaSpeedValue ::= INTEGER { minusDotOneM eterPerSec(-1), plusDotOneM eterPerSec(1), outOfMinimumRange(-
255), outOfMaximumRange(255), unavailable(16383) } (-255..255 | 16383)
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DeltaSpeedConfidence ::= INTEGER { outOfMinimumRange(-63), minusDotOneM eterPerSec(-1),
plusDotOneM eterPerSec(1), outOf M aximumRange(63), unavailable(127) } (-63..63 | 127)
DeltaAcceleration ::= SEQUENCE {

deltaAccelerationVa ue DeltaAccel erationValue,

deltaAccel erationConfidence DeltaAccel erationConfidence

}
DeltaAccelerationValue ::= INTEGER { minusDotOneM eterPerSecSquared(-1),
plusDotOneM eterPerSecSquared(1), unavailable(161) }(-63..63 | 161)
DeltaAccelerationConfidence ::= INTEGER { minusDotOneM eterPerSeqSquared(-1),
plusDotOneM eterPerSecSquared(1), unavailable(102) }(-63..63 | 102)

GrouplD ::= INTEGER (0..255)

A.2  DE and DF data setting rules

A.2.1 accelerationControl

Description This DE indicate if CACC application is engaged or not.
Data setting and This DE as defined in ETSI TS 102 894-2 [i.13] should be revised as specified
presentation in annex A. When CACC is engaged, the corresponding bit should be set to 1.
requirements The definition of other bits should be as defined in ETSI TS 102 894-2 [i.13].

A.2.2 timeToPrecedingVehicle

Description The measured time gap between ego vehicle (CACC engaged vehicle) and
preceding vehicle.
Data setting and This DE should be presented as DE GenerationDeltaTime as specified in
presentation ETSI EN 302 637-2 [i.6].
requirements

A.2.3 automatedVehicleContainerLowFrequency

Description A DF transmitted by vehicle ITS-S when automated driving function such as
CACC is engaged.
Data setting and This DF should be presented as specified in clause A.1.
presentation This DF should be transmitted at least at the same transmission rate as CAM
requirements basicVehicleContainerLowFrequency.
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roadSideSupportedAutomatedDriving

Description

The high frequency container transmitted by a road side ITS-S to support
UCO004 and other road side assisted automatic driving.

This container may be included in CAM rsuContainerHighFrequency, or in a
standalone CACC message.

Data setting and
presentation
reguirements

This DF should be presented as specified in annex A. When CACC is engaged,
this DF should include the DF roadSideCaccContainer.

A.2.5 automatedConrtrol

Description

The DE provides the automatedControl system being engaged by the vehicle.
For example, when a lane keeping assistance system is engaged, the
corresponding bit should be setto 1.

Data setting and
presentation
reguirements

This DE should be presented as specified in clause A.1.

A.2.6

targetSpeed

Description

Target speed set by the CACC application.

Data setting and
presentation
requirements

This DE should be presented as SpeedValue as specified in ETSI
TS 102 894-2 [i.13].

A.2.7

targetLongitudinalAcceleration

Description

Target longitudinal acceleration set by the CACC application.

Data setting and
presentation
requirements

This DE should be presented as DF LongitudinalAccelerationValue as specified
in ETSI TS 102 894-2 [i.13].

A.2.8 brakingCapacity

Description

Maximum braking capacity of the vehicle.

Data setting and
presentation
requirements

This DE should be presented as DE LongitudinalAccelerationValue as specified
in ETSI TS 102 894-2 [i.13].

A.2.9

targetTimeToPrecedingVehicle

Description

Target time gap set by the CACC application to the preceding vehicle.

Data setting and
presentation
requirements

This DE should be presented as DE GenerationDeltaTime as specified in
ETSI EN 302 637-2 [i.6].
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A.2.10 targetTimeToFollowingVehicle

Description

Target time gap set by the CACC application to the following vehicle.

Data setting and
presentation
requirements

This DE should be presented as DE GenerationDeltaTime as specified in ETSI
EN 302 637-2 [i.6].

A.2.11 pathPrediction

Description

Predicted path of the vehicle.

Data setting and
presentation
requirements

This DF should be presented as PathHistory as specified in ETSI
TS 102 894-2 [i.13].

A.2.12 grouplD

Description

ID the CACC string, as randomly generated by the vehicle at the CACC
engagement starts. If vehicle ITS-S receives a CAM from surrounding vehicle
ITS-S which includes already a group ID, and the vehicle ITS-S decides to join
the CACC string, it should set this DE as the same value as CACC string.
Otherwise, a new value should be generated.

Data setting and
presentation
requirements

This DE should be presented as specified in clause A.1.

A.2.13 groupSpeed

Description

Measured speed of the CACC string.

Data setting and
presentation
requirements

This DE should be presented as DE SpeedValue as specified in ETSI
TS 102 894-2 [i.13].

A.2.14 limitedLength

Description

Limited total length of the CACC string, if known.

Data setting and
presentation
requirements

This DE should be presented as RelevanceDistance DE as specified in ETSI
TS 102 894-2 [i.13].

A.2.15 stringLeadVehiclePosition

Description

Last known position of the string lead vehicle.

Data setting and
presentation
reguirements

This DF should be presented as ReferencePosition DF as specified in ETSI
TS 102 894-2 [i.13].
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A.2.16 limitedLengthInNumber

Description Limited length of CACC string in number of vehicle, if know.
Data setting and This DE should be presented as in annex A.

presentation

requirements

A.2.17 orderInString

Description Position of transmitting vehicle ITS-S in CACC string, counted from lead vehicle.
Data setting and This DE should be presented as in clause A.1.

presentation

requirements

A.2.18 leadVehicle

Description Station ID of the CACC string lead vehicle.
Data setting and This DE should be presented as DE StationID as specified in ETSI
presentation TS 102 894-2 [i.13].
reguirements

A.2.19 roadSideCaccContainer

Description CACC control information transmitted from road side ITS-S.
Data setting and This DF should be presented as specified in clause A.1.

presentation

reguirements

A.2.20 recommendedTargetTimeGap

Description Recommended target time gap for vehicles accepting road side CACC service.
Data setting and This DE should be set to DeltaTimeStamp as defined in ETSI
presentation TS 102 894-2 [i.13].
requirements

A.2.21 startingPosition

Description Position starting from which the road side CACC service is available.
Data setting and This DF should be presented as DF ReferencePosition as specified in
presentation ETSI TS 102 894-2 [i.13].
requirements

A.2.22 caccLanePosition

Description Lane at which the road side CACC service is available.
Data setting and This DE should be presented as DE LanePosition as specified in ETSI
presentation TS 102 894-2 [i.13].
requirements
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A.2.23 recommendedSpeed

Description Recommended speed limit for vehicles using the road side CACC service.
Data setting and This DE should be presented as DE SpeedLimit as specified in ETSI
presentation TS 102 894-2 [i.13].
requirements

A.2.24 recommendedVehicleType

Description Types of vehicles which may use the road side CACC service.
Data setting and This DE should be presented as DE StationType as specified in ETSI
presentation TS 102 894-2 [i.13].
requirements
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Annex B:
Application state machine transition

An example CACC application state machine diagram is described in Figure B.1 with the following machine states:

CACC on: this state is triggered when the CACC is switched on, either manually by driver or automatically;

ACC on: this state is triggered when the CACC is switched on, but no message is received from any vehiclein
the surrounding area;

ACC engaged: this state is switched from ACC on mode, and it istriggered when a TV isidentified using in
vehicle sensor information only;

CC on: in this state, the CC is switched on. It may be triggered from ACC engaged statewhenno TV is
identified;

CACC active: when the CACC isset to CACC _on and at least one valid message is received from vehiclesin
the surrounding area;

CACC engaged: when CACC isset to CACCidle, thenaTV isidentified and CACC parameters are set,
including target time gap;

CACC/ACC assisted: when control command is determined and sent to vehicle actuators or to other in vehicle
assistance system. The system may be switched to CACC idle mode when TV islogt;

CACC stand by: the CACC is at CACC on mode but no valid message is yet received;

CACC off: the CACC is switched to off mode when the predefined off conditions are met. The off conditions
definitions may be at the discretion of implementers.

Q

Mo message receved
ACC on CACC on

= Message_received
MNo_TV_ldentified -
Plrucers TV identified

ACC engaged

MNo_TV_ldentified
TV_identified / =5
e CACC_param Y josl
cters_set
- —

CACC engaged ] CACC stand by
TV_|dentified

Set_control_c
ommand

Set_control_com Off_Condition

mand _met
CACC_Switc

hedOff_or_f
- ailure
Lt i CACC/ACC assisted

Figure B.1: CACC application state machine diagram
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