G WESESIYS| WA Y3

C-V2X Use Case
‘ S5Ghw  2019.04.03

KT
JEE



=

—
3GPP V2X Use Case
HGAA Use Case




= 30| 71

2.1 3GPP V2X Use Case

G
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2.1 3GPP V2X Use Case

2.1.1 LTE-V2X Use Case
- 3GPP TR 22.885 (Release 14)
= Vehicle-to-Vehicle
= Vehicle-to-Infrastructure
= Vehicle-to-Pedestrian
= Vehicle-to-Network

2.1.2 5G-V2X Use Case
- 3GPP TR 22.886 (Release 15)*
= Platooning
= Advanced Driving
= Extended Sensors
= Remote Driving

* TR 22.886 Rel 16: Vehicle QoS Support F=7}=!

SGRrum
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2.1.1 LTE-V2X Use Case
V2X Interfaces

Direct communications

V2V, V2], and V2P on “PC5” Interface,
operating in ITS bands (e.g. ITS 5.9 GHz)
independent of cellular network

PC5 interface
e.g. location, speed

V2l V2l
(PC5) (PC5)

RSU
ﬁ V2V . i )
\ (PC5) /
V2P V2P
(PC5) (PC5/)

1 PCS operates on 5.9GHz, whereas, Uu operates on commercial celluiar licensed spactrum

SG‘}\DFU"\

Network communications

V2N on “Uu” interface operates in traditional
mobile broadband licensed spectrum

Uu interface
e.g. accident 2 kilometer ahead
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2.1.1 LTE-V2X Use Case

Vehicle—to—Vehicle

= XI2F7F PCS interfaceE 0| &3 4

Warning

ohute: 'm
7 e
AHES 2 2 1) @13 24 A1)
12 2-1] LHEACI V2V Use Case
CACC Operation
(Network coverage )



2.1.1 LTE-V2X Use Case
Vehicle—to—Vehicle

—_

\Y o0 oF K wil S [T ol =)
—t — BN -l -
SR u GlENC' ENERC T
K I T ¥ g K P T
Rl & g © 0 Bl @ om oHoo
g ] i o = ol o+ %0 =
I /oofn Mo —
11 = QW = o I W0
e _ 2 W g Kog W g
o W oK X 95 F = 3 N
o X o 3 T a8
- Hl ~ od = ol jo
g f gy wm ER [ W o
r i) HOKO X R -
fo W = O R e
TR [ oy ™ N TRE |
K = —_ 1) LH mujn = <4k
1) B e » W5 Db wipo WO
= Kb o ®o ©oF o ROE I o Hmo
_on Mz N e Wy K NIRO =U
00 b= = Wn ol 21 1o o
= b o I 0 ™ wor < Ul S ol @E_E
U sk & on e A omw R o
= =0 7 N O - T Klo Jo il
Ropn® 8w SEE X, 0 82
Vo oW g1 8 N g Kk Qoo BFU
oK Jof K ol T @l . > 1 Ko =
ool Mo 2 @ ol ¥ op <7 WS
T ol E o, Ka oy 27 40 &5
KT pokk wo®l U — Bor &, Y
Sl Wy - 2o Fok =4 g°° 2w
ol Rlpl Rop o Kie — = ..<{F Tdo
Suio o= o™ o K X300 —T =
K &< ~NH 5z, WRD ok =X 1 =©
WK &< MM & ob mo. Mo ROE —
.. 10 L RO Tl | Ve S = oou
Ao CW Mo KUl R Ky x> K tons
ROy KO3 RO ZOF Kim Hay 5% Ny digo
Hu Kjo < o - RO kg ROz o UUTr £ W
_.:_ R _|_|_ TO T < e <
._A_.o ra) A._._ - K KO & =T F0Io _.__._o o_=._ ._A_.o R o2 |
Wi S5 M0° fn-F AT Kedo wool RIS DR
g T° NR NP Bl 8&l ok <® Wn
= o S
@) P (@)
O S M
(0] — [
(@)] ()
o) £ m £ = = m
£ = = |E |5 |E |5
o IS g © 15 (2 |E |2
Y kS o 2 g 2 Q g ©
w = = () = o 2] =)
olcs - © = = S =2 %
Y ® = Q = S i = =
=l 7 = o = < = > 2 o
o " > > > > © 7 G
° — o o 88 |3 3 E <
s |2 |2 |2 |gx |2 |E°|f |=
= |5 |2 |2 [ s [xE|& [|xY
o o S £ o~ | N Pt N3
L O L] L] Oo |2 > o > 0

Forum

N

S



N
2.1.1 5G-V2X Use Case

Vehicle—to—Infrastructure

= X}2FD}RSU 7t PC52 0|23 £ A

—

c

RS
()

=

S~ Warning
\F e — 912 X}2¥°| waming 215 Mg
— RSUZ} wamning 4l &

Service
— XHS =X} A|AEH

RSU Types
(@M 45 77) (RS FA A2 — UE type, eNodeB type

[13 2-2] LHEHQI V2| Use Case
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2.1.1 5G-V2X Use Case

Vehicle—to—Infrastructure

Use case

Emergency stop

Queue warning

Road safety service T2 Ot MH|A: E2H0 X2 RSUE E9|| V2IMH|AE X|JBo=2M E2 OHN
AbSE 41
oS O

Automated Parking System (APS) s =X A|AE: CHEA] X|Do| X2 AH FTAF AT UQ=X| 08, HE| E= 35
FAA[EL HA[ZH HE M. RSUS Sall A ofof=tel & X5 2t HiH|[ A 0[d K|

-

Curve speed warning

M &2 Z10:RSUE M 20| Cist Yot HESH A2

1
mjn

=& Hetots 82

rir
i

V2X by UE-type RSU UE-type RSUE 0|&3t V2X: 3GPP= UE-type RSUE 0| 2%t V2X MH|AE X| &l
UE-type RSU= dll'd SMUAIRALS| 7IXm2 22 AHAS & #OF AHE0| V2X A
HAE H 3

SGFurum ‘ 1 0



2.1.1 5G-V2X Use Case

Vehicle—to—Pedestrian

+ KF2HI} B} 2t PCSE 0|8

—
k KK'\-» .

Pedeslrian\

(HEiX &5 #0) (E|oFst =2 HEIRL QL)

1% 2-3] CHEXQI V2P Use Case

ZE
Pedestrian collision warning HAlXt =E 210 FUSt T2 SMX0|AH HENZ. EHXF E= XA AH MK}
of ADIEEO| Kol ZXE L2|D AT 40| BAHES 1 Z1 XS
Vulnerable road user safety F|okst T2 HMAF OFN: HSXIO| ADNIEEL2 K2HOZEHH AME|IHNEE A
S5tof fleot 4gS TSt 2lX0| 2|0 F2ots XEoe d10 HS

SGYu 11



2.1.1 b5G-V2X Use Case
Vehicle—to—Network

= X}2Fif eNodeB 7t UuE 0| ¢t &4

uE O/ MY 28 o4 I, ZH| 2™ S AMd|A
Coverage Extension

SG‘?DFUITI | 1 2
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2.1.1 LTE-V2X Use Case

Requirements (General)
ALY H| 1

Payload 50-400, max. 1200 [Byte] CAM, DENM
Tx rate 10 [Message/sec] Periodic, Event-triggered
Max end-to-end latency 100 [ms]
Cumulative Tx reliabilit >96 [%] 1 Transmission

y ° reliability >80%
Communication range >320 [m] 4sec Time to Collision
Relative speed <280 [km/h]

SGRrum 13
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2.1.2 5G-V2X Use Case

LTE-V2X Use Case 5G-V2X Use Case
» Interface, &4 =X Xt0| 0 = MH|AQ = L2
e 1=

= OHMEATEOfL|2 HO| 2t H
= Basic safety 2t Warning |
= Unicast, Multicast B2fAl 112 =
= Sidelink= Broadcasting© =
S8

Platooning
Advanced Driving
Extended Sensors

Remote Driving

SGYu 14



2.1.25G-V2X Use Case

Platooning

0| SHO0|=E5 X3

Atet £0] 710|

/|
o
S
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o
=
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X
1

|12 2-5] Platooning
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2.1.2 5G-V2X Use Case
Advanced Driving

= OFXf HO|E 2|5l LTE-V2X ELC} &M=l Use Case 42| (Automated Driving)

Cooperative Collision KIZFOI A Al 75 motsE skARDL 0|0 2 MASH XOE & & Q22 2HtX™ o] CAM/DEMN
Avoidance (CoCA) O O AIX| 2[0] MM CIOIE, H& X 7t% HH, M2/xe g HEE st g = US.
: . SAE g|&l 2/3 £=FO| XIS S EHzl. XI2EZF HE|7F A U 2R K2 E) AR 2k
Information sharing for v 1| T | Xt=F=Hof OHO_._ o_._ 12| |-_._EH |_Lo E_L H( |-_,C_> E)g 4/ off
. - CHot CHEFM QI HE QP 27 o|ALO| Cfoh ZHEhel HE w2to| Ee st 0.5Mbps(® & X[2f) + 0.05Mbps
limited automated driving o
(3% &80 2+&
: . SAE &'l 4/5 £=F0| At S| EH=l. K27 AHe|7F X &S o, 7 2}, St Ze o
information sharing for IATERARR AR L e R r e L =g R LR
v siAE GlOE|Q RbM3H A2 meto] TR 50Mbps (82 X|2f) + 3Mbps (HH S| HEE
full automated driving
ol g7
Emergency trajectory EtrA H{A|X| O] 8510 HHAQ XAtEFAS H2tel ErAS S0t 8T A2 2 28 dZ0M
Alignment (EtrA) DEQHE M S4 AL £ AZE ZAFT| 98 715Y
Intersection safety informati o o .
e S Xizo| RXRE SIY [ ASAIDE 0w n HAO AEFY 752 57| U A0 o4
on provisioning for urban X g2 XDt
driving e—="e=
Cooperative Lane Change (S IPNEa BEE-=X0 7S Bl i ko) Sk =R =25 BT PN So) i P2 5 =gl Site) s nd WP 4= id ol R =i | = fem o] =R =1 8
CLC) of automated vehicles oA (M HA2 K= 7 Y HEE nstsio X, 71E2/4E28 5= AlL2[e Y
. o EX™ XYM FTst= X2E0| 7H02 =g HC MHE A MESID, M= A=l
3D video composition for  TINK RN b LR L b e L Ll
Uox scenario H|C|2 HEE Maleto] STt A|o| 3D H|C|2S M. 3D H|L|E AP WA B4, IER FF

SGRrum



2.1.2 5G-V2X Use Case

Extended Sensors

SG.?CIPUITI

= Aol eIX|E R =S ?le A BIL|L, AN, K= §ES S+

—

\\‘YW

£y

{Sensor and State Map Sharing) {Video Data Sharing for Automated Driving)

P Truck B [
- ///

-
€=-=—""

Vehicle A

{Collective perception of environment) |

[12 2-7] LHEXQI Extended Sensors Use Case I
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2.1.2 5G-V2X Use Case

Remote Driving

= KI2FO| XtZFLHO| A7t Ot 1A ™KL} 221 E AREE
ol8ll &1Zzd o Z X0 =l

3GPP Network
D r T command }"
; Remote
(7 Vehicle § & Control
- i Center Cont:?-l-l'er
Gg o o .""-.............-......7-"'"."
j Outside 3GPP
| (Remote Driving) (Teleoperated Support)

[12! 2-8] tHEZ?l Remote Driving Use Case

Use case

eV2X support for remote

A
AKX} EE= SRR AZEOf o) /A XOE. X2
W2 AL K E AlHSI= duoh Y

A 2HS M MAMES A

=
Teleoperated support Fo| 2TAZL B2 A2t S o2 el Xig FHXEHESS &
(TeSo) A2 Mog = /US.

SGRrum 18
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2.1.2 5G-V2X Use Case

Requirements

Reliability

Position
accuracy

Communicati
on range

Data rate

Platooning <10ms

Advanced Driving

(Automated 10~100ms
Driving)
Driver:
Extended Sensor
50~100ms
(Automated ,
Driving) Full AutoDrv:
9 3~10 ms
Remote Driving 20ms

SGRrum

99.99%

99.99%
~99.999%

Driver:
90~99%
Full AutoDrv:
99.99~99.999%

99.999%

30cm

>500

500m

65Mbps

10~53Mbps

10~1000Mbps

UL: 25Mbps
DL: 1Mbps

19
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2.2 5GAA Use Case
2.2.1 5GAA Basic Safety Use Case =
- OFH 3 HO| 2hE Use Case S 2 5GAA
- Safe‘ty Automotive Association

= Convenience
= Advanced Driving Assistance
= Vulnerable Road User

2.2.2 5GAA Advanced V2X Use Case

- 5G-V2X Use Case 2i=, Liaison 2AE E5|| 3GPPO]| X| €t
= Platooning

Advanced Driving

= Extended Sensors

= Remote Driving

SGYu | 21
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2.2 5GAA Use Case

O 5GAA 72
O H{&: Audi@t Qualcomm T2 23| A&l
O &4 20164 9& 274, 24

O 2X: K28 5G/C-V2X 7|20 22Y A &7
- 5G/C-V2X 7|% B, HHALZE E8 HAE, BES XY, AR U 2RY S

= A 3R &3
O HOEH: 10870 At £ 0{(2017E CHE| <F 48] S71)
~ 374 Tier2 3|9 TA: ZE|Y, 25, Ul
O =8 =28 As4t OEM, SUAHAL BM/HES T MZ=AZE C-V2X X[ X

MEMBERS" ASSEMBLY

EXECUTIVE COMMITTEE

BT TS T T

Use Cases System Evaluation, Standards Business
and Technical Architecture Testbeds and Spectrum Models and
Requirements and Solution and Pilots Go-To-Market

Development Strategies

SG | 22
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2.2.1 5GAA Basic Safety Use Case

Safety

<Left turn assist>

Use case

Left turn assist
o

Intersection collision warning (Inter
section Movement Assist

Emergency break warning 2= o] XX} AlOF7F AtEHE A2 HHO| 26& H
Traffic Jam Warning

SGRrum | 23

!




N\ .
2.2.1 5GAA Basic Safety Use Case

Advanced Driving Assistance

(Hazardous Location Warning)

[12! 2-11] Advanced Driving Assistance Use Case

Hazardous location warning T A2 Mol et Ao CHo /X0 =EE I Y 208 REXt|AH HE
f
[ |

Speed harmonization AE2Fd XA ne X = 42 A N FE S0 7[5t HE £ 8 #
f
[

High definition sensor sharing AEFH K22 7i0|2f 9 LIDARSF € REAN| MAQF CHE X[2ko| M MEE A}
510 etd2 QA5HY, Xt K HE S QHHSHA FaE = US

See through EZ, O, HA So| S S ALo| s X =2 AtZof ciet 7tof2t 0|0
XNE SFste 7IsLE AMDE EF

Cooperative line change(CLC) of a [l Erdly [kl PN b= SRl N 1= Jo A =Kol B PN R LSS =R — SRS S te] N ) P ko) 3 PN

utomated vehicles HZA0| 7lsstA &

SGYu | 24
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.2.1 5GAA Basic Safety Use Case

Convenience

Software update ASK M ZAISE 8102 o2 Xt K20 Cisl] Ao =2 ECUE Qo AT
EQIo YHOIEE & = AUA

Remote vehicle health monitoring [RNE=Ent 2N
ZTEE Q7Y

Vulnerable Road User

[713 2-12] Vulnerable Road User Discovery Use Case

SGRrum | 25
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2.2.2 5GAA Advanced V2X Use Case

= 3GPP Release 16 NR-V2X0{| X|CtSt7| 2| St Use caseE &t
» Liaisoni=A]S &5l Al advanced V2X Use case, requirements= 3GPPO]| X|| @F

Platooning
Advanced Driving
Extended Sensors
Remote Driving

NS NEE NN

SGRrum | 26
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2.3 =L C-ITS Use Case

THOME =EF L2 = 20141H 72 F B XpM|CH ITS (C-ITS) A| RAL RS 3T SHH 15C4
MB|IAS 712 SH0] THEA|, Al S0HM 255 Tldi 210 RUCE XEMLH ITS A H| A=
Ak sl S 2T A =H uSd2dd 587, Hot= S At [P EE dAHL =
Ml&Sot= Ml 7HE 2 2 vav, vai A[Lt2| 0] T oF Tt Use case S A[lStL QUL

[Z12! 2.3-1] XFA|CH ITS 1500 A H| A

SGYu 27









