“Cross-ministerial Strategic Innovation Promotion Program (SIP)
Phase 2 - Automated Driving (Expansion of Systems and Services)
A Study on V2X Communication for Achieving Use Cases of
Cooperative Driving Automation”

FY 2021 Results Report Overview

Apr. 2022 NEC Corporation



Summary

€ Based on the examination results of each communication technologies for f the communication

requirements for achieving the use cases, implementation items on wireless communication technology
for realizing use cases were formulated as a roadmap.
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Schedule
€ Based on the monthly report to the TF, the study was conducted.
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(c)(d)Broadband communication (V2N) compatibility evaluation (1/2)

® Arrangement of issues to consider for communication requirements for each use case

Item communication requirements Issues
Traffic - Up to about 1KB (Except for the following) - f-4 : Realization of communication traffic for required
f-4 : Distribution of dynamic map information functions and performance
h-1: Communication traffic between the vehicle and the - h-1: Realization of communication traffic for required
center during remote control functions and performance

Area - Communication areas in public networks -

- Use V2l in combination in areas where overcrowded

communication is expected
d-1,5; (Unexpected)
d-2 : Around approach
d-3 : congestion hot spot
d-4 : around junction, approach
e-1,f-1 : Around intersections

Delay - Unexpected (Except for the following) - h-1: Realization of communication traffic for required

h-1: Communication delay between the vehicle and the center | functions and performance

during remote control

Acceptable - Up to about 600 - The feasibility of communication technologies required for

Number achieving the use cases.

Frequency - Minimum Lsec - The feasibility of the acceptable number of units
corresponding to communication technologies, and of the
communication frequency. Other than that, the communication
technologies are necessary to consider implementation
constraints by the public network.




(c)(d)Broadband communication (V2N) compatibility evaluation (2/2)

& Study of issues and countermeasures

Issue 1 - Reduced - Priority control of wireless communications
Communication delay during remote communication - Securing dedicated frequency bands
control delays(VeN) - Securing dedicated bandwidth at end-to-end (slicing, etc.)
Issue 2 - Reduced - Priority control of wireless communications
Communication volume during remote communication - Secure uplink (V—N) communication capacity
monitoring and operation (peripheral delays(V—N) - Securing dedicated frequency bands
images, etc.) - Securing dedicated bandwidth at end-to-end (slicing, etc.)
Issue 3 - Reduced - Feasibility study for each communication technologies (unicast, multicast,
Frequency of communication of location communication broadcast)
information for information transmission  frequency(V—N)
vehicle judgment Management server
Issue 4 - Reduced traffic o 5|
Feasibility of communication (N—V) =l
technologies depending on the use case, — A S
: Vehicle MNO MNO Vehicle
acceptable number of units Network(*) - Network(*)

corresponding to communication
technologies, feasibility of
communication frequency
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(c)(d)Narrowband communication (V21/V2V) compatibility evaluation

@ |ssues to consider for communication requirements for use cases

Iltem communication requirements Issues to consider
Traffic - Up to about 3KB -
Area - Up to about 300m -
Delay - Up to about 100msec - Effect of communication congestion on
Acceptable “Up to about 350 .communlcatlon delays when the number of capacity
increases
Number
Frequency - Up to about 100msec

& Choosing use cases

« Use cases where two-way communication occurs frequently

— a-1-3

« Use cases are congested

— c-2-2, etc.




(e)Verification of countermeasure (Narrowband communication)

(1/3)

& Execution

B Conducted a factor analysis on the realization of communication requirements (number of
vehicles, communication area, communication contents, communication sequences, and so on)
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~__ V2l arealbs from the confluence)

1 Vehicle position in main line (100ms cycle)

= Roadside
vehicle ? TR
A A info(100ms cycle)
2 Control request (9s before the confluence) . =
4 Mediation request/7 Update request(100ms cycle) |
. \ oy " . Signal info(100ms cycle)
L}
nse |

A=
3 Mediation request

\ Main line
/ vehicle Vehicle info(100ms cycle)

. 6 Update request(100ms cycle)

8 - D OB — (B ——
| ‘ h
|

device

Main line |EE———
vehicle ——m
1 -
| ll 5 Mediation response

Vehicle info(100ms cycle)

vehicle

Vehicle info{100ms cycle)

Vehicle info(urgency)

g 1
V2l area (8s from the confluence) V2l area (250m) V2l area (50m)




(e)Verification of countermeasure (Narrowband communication)

(2/3)

& Result
Ha-1-3

100
90
80 o °

70

PAR[%]

60

50

40

Message 2

‘ 50Distance[m]

LoS

Message 2
100 o

90

80

PAR[%]

Revalidation 70

60

>0 50 100 1167
‘ istance[m] ‘

LoS | NLoS |

Factor analysis
- Conflict in the timing of sending and receiving of roadside machines
- Packet collisions




(e)Verification of countermeasure (Narrowband communication)
(3/3)

® Result
Wmc-2-2,b-1-1,c-3
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(f)Demonstration of countermeasure (Narrowband communication)

(1/2)

& Execution

B \alidate of factor analysis in validation

1) Effects of shadowing
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(f)Demonstration of countermeasure (Narrowband communication)

(2/2)
& Result

B Effects of shadowing on shielding vehicles
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[Evaluation results]
sender side or near the receiver side.

decreases small, but the variation increases.

environment is required.

Communication control corresponding to the communication

- The received level decreases when the shielding car is on the

- If the shielding car is at intermediate distance, the received level

[Evaluation results]

- As wireless resource occupancy increases, the fluctuation range
of received level increases
- Packet arrivals decrease as wireless resource occupancy
increases

Communication control corresponding to the communication
environment is required.
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Formulation of roadmap (1/4

& Assumption: Zero traffic deaths by 2050

& Results of organizing based on discussions at TF.

BEATA7BOEI1-AT—AOEHLAEENZIEEEM : V2I BEATA7BOEL-Ar—AORHLEEEINIEEEMHS : V2V BEATA7BOEL-AT—ADBRHLIEEEINZ@EEEMS : V2N
V2! | pmreesmrasssresssresss| V2 | ieesreeesresssresssressss | V2N | sns e re—mrr— rr—

1-27 mnaﬂ%m 1951
0

[v: 1-20-2patars RIS B

[v: 125 2BtarsH8I RIS 187

BIBY 51> I5EORMEBIAE : BT 31275 ORMEBIRE
(AF=BREFO—FIYIEORBHSEE ifF=2itHE) KIYTEORBOSEE 7=
VEHFY - EXDIRGURIRN SIRE (RFEEEE) 2 ABE

VEFY-CADRGRRNSEE (REEEE)
SIERICLSETER (V21)
1-2—~Z0—HHRITS connectic kDY !

c-2-1. REAOBBCLIETER (V2V)

1-25-2O—EHLITS connectic kDY —ERRHBALEH (HIFGERRE)
VEHFY - CADIRERRN SITE (BFEEIAE)

el (1) . RRSEMOWRCLIETEE (V2V) %1

125~ 2O—EHLITS connectickNY—ERRHiBAAES (REMBWEHLERN)

Safe driving
support

CISBMIETL, -t
SIPOFFBIFBIANS, 2025FAFISINE (RFTEME)

b-1-2. (ESHERICLBEITZE (V2N)
VV2ITOY—ERICHEATE/CHEK i ENSY —CABULEAETE (
SeERa B | EITIEZE (V2N) %1
d-1,d-2, d-3, d-4, d-5
VSIPOFFBIFBIANS, 2025FAFIEAE (RFEEE)
o1 (2) . REMBEOBALSETZIR (V2N) %2

7Y - CADRERTN ST (FFEEIE)
. ZEROERCLIETHIE (V21)
125~ 2O—EHLITS connectic DY —ERRBBAMES (HIFFHERINE)

c-1. A TORPLL, REEFOBREESZE (V2V)

3. )\ FERICLSERELEE (V2V) W EHFY - ERDIRGURRASIE (25

f-1. FUBEH(e-Call) (V2N)

VESEHOLDORFY -EADRMPRRNSETE (RFEEELE)

. VEEI 40NFRLL
AL 2 = R D -1-1- ¢ -2-2H BT CRISRE (RFEEIE Pt o ST
C o o p e ra t I V e VIREM TS EA B IEEISE Y - EARROLDICE b-1-1- ¢ -2-20 B BEEEL. 2025FEICHSLEE (RESEE) -1, TEAOBBICLFETEE (V2V)
it B i el (1) . REFTEORRCBEFEE (V2V) 1
IFLRT Al &BY —ERBE

2. REROBWBICLSETER (V21)
SEEUF(Y—LAOMMERN @ ELUT(H |

[ vEED 7T
FIINSEHREM RIS RATS]
VERITSO-RyTOREERCANT. 108 -t ARREBIFTLEE (REAEE)

VY- EXDIRPRRASIE
2. TEROBEEOLHOBBIRE (VZN)

Driving

IR @ ELY5 (L ADEBIMAH
18E) BBIHEA (BFEEIAE)

B IR HERESS - RS

-4
=
i 1
A u to ma tl on (BRITSIE-0-K297) 1. MATORMIL. MHRIOBEDHZ (V2V) 3 4. 943 200R5TIRMERAE (V2N)
i
YERITSHE-0— KTy 5 n VT EOSIEES S, -1 dDEENTRRIZHEE - VRIUEI RN LB THBRS, 01— 25— AEDENTRRTBALE (SEEEE)
VERITSHS —mmaﬁ;-ﬁmwr AREMLEOY—CARPEEISTLEE (HEHETE) (REEEE) g}j VESOUTRERIE | Wz
3. )\ - HIBHICS FERTIBELR (V2V) E ‘
RETSA(V2D) %l g
P v“miﬂna\MzZrh e
BB RE50%~ B T £ et
= VEREE (SHEGOLHO1—ZT AWV TR )
vamzEDN3sATA " b-12. (ESIRBLSETZIE (V2N)
ay33 A7
RK30%~ éﬁgi et SEEAEN  ETHEEE (V2N) %1
BTanni i d-1,d-2, d-3, d-4, d-5
1-3. I JLIS -
L VBBIERORAIL (REATROAD to the LAICTHE) .?fﬁ:ﬁgﬁfﬁﬂg I
P asniiiy 0 k¥yT. % BB 1 (s VSIPORFIRBENSTORREE (SEEEE)
© HENEEH(L3LL L)) e-1 (2) . BREWMOBMCLSETZE (V2N) %2
WREI0WIEECESE
(RFEEEE) BRUEST (V2V) %3 x4 f-1. $EEGH(e-Call) (V2N)
oLig2 £-2. SEBRORBHLOLSORIRRE (V2N)
. _ P OAIE
Z'M@Mmf';ff% — L >8R L —um [ F-4. 913 2/RITIRREAE (V2N)
fet) (ERE0E (@REET) .3, EEI- BB, (V2N)
AHOSHE 9IRS VERESEAULSRY- LA ORI (WESIROAD to the L4IIZTE)
1 RERERROREL RAL TR Ry THR: ml;ﬁ"iﬂkEIIlﬁ!n’—tlilﬂlSilEiL‘OMﬂJy\imJ
*2 a 14 iwtw%ﬁ Ja“ﬁ.ﬁdﬁz ‘;IZVW V!ﬁ”—tl@!m!!ﬁ
v = s
3 RO S AAASE (2% b R YR L
%3 q 1. BPFS|CSSM@EEMMABPIET (V2V) .
2. B ACR R T ARLE MBI ARSIEST (v2V) @ ELUF (Y —EADRBIMIPRAOMIFR @ EL)5(4—C XD 100077 (FFEHIE)
x4 REESFR (B0EENSYIS)
& %Tﬁﬁ (VZN) SBETER (V2N) | d-3. HHOBMCLBETZE (V2N) |
(v2 HRCSSEAE (V2N)
De e
X Ll %t"}/%ﬁ’ﬁ{b
%4 R Iﬁll"]ﬁ (FIRIRE)
12 81— 27— OMERIRS (., XEL 20 ZDRUSRSIL
K&
1 ERRORH S TRECVELE60THS 2 e e e 3 P CBUCRECREUL 0TS




(g)Formulation of roadmap (2/4)

& Results of organizing based on study result of 700MHz ITS/Cellular V2X.

Evaluation of 700MHz band ITS Evaluation of narrow band communication
(by KYOCERA Corp.) (5.9GHz band C-V2X (V2I/V)

« The following could be confirmed by the simulation. « The following could be confirmed by the simulation.

e In the case of V2I/V2N communication: « In order to realize a single use case, communication of various
UC d-1 to d-4 and f-2 meet communication requirements (latency: requirements is mixed, and mutual influence occurs.
within 1ms, PAR: 99% or less). « In order to realize multiple use cases in the same place,

Other UC's communication requirements (latency: within 100ms, PAR: communication of various requirements is mixed, and mutual
99% or less) due to interference are not reached. influence occurs.

« The negotiation part in the negotiation UC (a-1-4, a-2, a-3) and the « In actual operation, the wireless communication environment
mediation part in the mediation UC (a-1-3) have not met yet with (shadowing, multipath, etc.) and the traveling vehicle environment
requirement of communication. It is necessary to think about (number of vehicles, between vehicles) cannot be uniquely identified or
introducing a new communication technologies. limited. When communication occurs in an environment different from

« The impact on existing services has been met with communication the expected, communication is congested, and as a result,
requirements. communication delay and communication failure can occur.

« Since the allowable communication delay (within 20ms) in an
emergency has not been reached, g-1 cannot be handled.
«  The minimum requirement of communication technologies to realize the
service must be discussed (quality, distance, delay) .

- + V2I communication can be realized with 700MHz band ITS. » « Itis necessary to secure the communication bandwidth
+ V2I/V2N communication can be realized in the 700 MHz band ITS corresponding to the communication amount and to divide the
by partial review. communication channel corresponding to the communication
* Negotiation and mediation has not met communication content.
requirements in the 700MHz band ITS. « Communication congestion control at a higher level depending

on the wireless communication environment and the traveling
vehicle environment are required.
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(g)Formulation of roadmap (3/4)

@ Results of organizing based on discussions at TF/ITS Forum.

B o realize this use case deployment plan, we need to:

A) Activities to put use cases into
practical use

« Various issues have been pointed
out in ITS forums and TF in practical

Policy application of V2I/V/N use cases

« It is necessary to clarify the direction
of various issues by related parties
through examination and discussion
among related entities.

B) Activities to put communication technologies
(5 9GHz band) into practical use

It is assumed that use cases for mediation and
negotiation will start from 2040, when the spread
of autonomous vehicles is in full swing.

« With the current 10MHz bandwidth, it is difficult to
realize the use case of mediation and negotiation.

« On the other hand, the 5.9GHz band is the
mainstream internationally. It is necessary to put a
new communication system (5.9GHz band) into

> 2

A-1) Formulation of security and privacy measures

A-2) Formulation of policies for sharing in-vehicle
devices

Action A-3) Formulation of policies for generational

change of communication systems

A-4) Establishing a business model

A-5) Ensuring communication quality

A-6) Clarification of responsibilities

14

practical use.

B-1) Frequency utilization study

B-2) Standardization, specification

B-3) Equipment development and practical
application



(g)Formulation of roadmap (4/4)

® Assumption: The time when new communication technologies are required to realize
cooperative driving automation is around 2040.

® Organize implementation items in chronological order for realization.

International Trends in
CO m m u n i Cati O n 2022 (R4) i 2023 () i 2024 (R6)
technologies e s

A) Approach to the practical

application of the use cases Action item

>
|
S
bl'
A
D
ES
;|
1t
=
]
F
b=
Y
#H
7

B)Approach to the practical
application of the new
communication
technologies

D0 v ) HHTIES T @

FicEMS (HzH!

SBE I

15




Summary

¢

16

In this project, for the "use cases of cooperative driving automation"” that is expected to use V2X created at the study

by Task Force on V2X Communication for Cooperative Driving Automation in SIP Phase 2, we have formulated a

roadmap for the social implementation time of communication technology necessary for realizing an autonomous

driving society.

> The 700MHz BAND ITS is currently in practical use, and communication requirements cannot be met, at least for mediation and
negotiation. For this reason, a new communication method (5.9 GHz) is required to realize cooperative driving automation.

» The practical application period of use cases requiring mediation and negotiation is expected to be around 2040. In order to
achieve this, assuming that the practical application period of the new communication method will be around 2030, it will be
necessary to consider the use of frequencies, standardize and specification, and work on equipment development and practical
application.

» In the practical application of the use case, it is necessary to discuss and clarify the following issues.

>  Security and privacy measures / Policy on sharing in-vehicle equipment / Policy on generational change of equipment / Business Model / Ensuring communication
quality / Division of responsibilities

In the future, we hope that efforts to realize cooperative driving automation will be promoted by sharing and examining
the roles of stakeholders, including not only telecommunications but also vehicles and infrastructure, starting with the
roadmap and use cases formulated, and deepening discussions and collaboration across industries.

It is desirable that related entities continue to review this roadmap, taking into account future social trends,
technological progress, and the progress of implementation items in the roadmap.




This report documents the results of Cross-ministerial
Strategic Innovation Promotion Program (SIP) 2nd
Phase, Automated Driving for Universal Services (SIP-
adus, NEDO management number: JPNP18012) that
was implemented by the Cabinet Office and was served
by the New Energy and Industrial Technology
Development Organization (NEDO) as a secretariat.




