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1.1.2 Enhanced C-ITS
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SAE(Society of Automotive Engineer) International2 DSRC 7|& IS #4610 20144
ASH ETSI TS WG12H [EEE1609 WG 2f2] g2ds Sofl DSRC 7[8te] V2X S8 BE&S JHdoll ATt
“Crosscutting TF”, “V2V Safety Awareness TF”, “V2V Cooperative Automation TF”, “V2I 12V TF”,
“V20ther TF" Q| 571Q| EfAT BAE E5H| OIS (B 1-3)2t 22 11719 B&E T2 HMEE ZXIGIRACE

I 1-3) SAE DSRC & IZHE
J2735  Message Set Dictionary(BAM, Map, SPaT, PSM, TIM) Published

12945/0 Systems Engineer.ing Process Guidance for J2945/x Documents Published
and Common Design Concepts

J2945/1  On-Board System Requirements for V2V Safety Communications Published

J2945/2  Performance Requirements for V2V Safety Awareness In Process
J2945/3  Requirements for V2| Weather Applications In Process
J2945/4 V2| Road Safety Applications In Process
J2945/6  CACC/Platooning Performance Requirements In Process
J2945/9 V2P Safety Message Minimum Performance Requirements Published
J2945/10  Map/Spat Message In Process
J2945/11  Signal Preemption In Process
J2945/12  Traffic Probe Use and Operation In Process

A =3l 200 BAGID Qe LTE 2 5G C-V2X 71&0| tHE3H0, SAE International 20174
6e C-V2X 7|5 QIESIZ 6Tt C-V2X 71& Y3l LTE V2XO| thet 22 2 M5 QARSI
st H7E 28l5H= “C-V2X Direct Communication TF”, 5G-V2X 20| 5t HFRE $8H51=
‘C-V2X Advanced Application TF”, 2& 2 AtAt HEON BEES ¢SSt
Operators TF” 59| 3719 EjAT EAS Eof TS (B 1-4)2 Z2 F 9| &
3GPP RAN WG % ITU-R WGbARF & gi=] AHIE RAlotd QUCH.
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H 1-4) SAE C-V2X BE&E Z2NHE

On-Board System Requirements for LTE V2X V2V Safety
J3161 In Process

Communications

J3186 Maneuver Sharing and Coordinating Service In Process

C-V2X 7|& Y¥3l= PCHAOIA Full Featured IEEE 1609.38 X|@&t £ U= 0|00 S A (Media
Independence)2 Hl&5tl, PCHE 7|82 DSRC2 20| BSM(Basic Safety Message),
SPAT(Signal Phase and Timing), MAP(MapData), PSM(Personal Safety Message)S ™&8t &

UEZ 5= (13 1-3]0| DRES TXS SH2 BESIS ZW6HT UL

Current: SAE J3161 (On—-Board  Future: SAE J3161/0 to define
Requirements...L.TE-V2X) profiles to use SAE J2945/3,4,

IEEE 1609.2 UbP /TCP IEEE 1609.3 (WSMP)
(Security IEEE 1609.12 (PSID)
Services) IEEE 1609.0 (Architecture)

Reuse and adapt
other standards

V2X Protocol

3GPP scope

[72 1-3] SAE C-V2X BRES 71X

Xeadnt 7HUEIS 71 2019 718 7Y, g5 i, YA ZE, BES 715 S2 SR HEE
0|2 HEtgE oI Msks27|2el ACM(American Center for Mobility)2 OJA[ZH3E CIEZ0|E0)|
4G/5G C-V2X 84 &dg Z&E NExd o+ Qlmatet MiE /Y = MY 52 MSoh=s 6181

TEO HAHX| HE TZHEES 201998 SHZ FX6t1 k. Qualcomm Technologies
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Inc.= 20174 1€ 3GPP Release142] PC5 2™ E4I(Direct Communication)E 7|HIO 2 &t
C-V2X £2M9l Qualcomm® 9150 C-V2X &ME HHSIFHLH Qualcomm 9150 C-V2X
2 2 SAln HET 78 S HAS| £ 7HX| TS ZES RE5H O A H2|(H)l 2,
S E QHEM, HIZIA| 2HE80IM e B RXl, SIM(Subscriber Identity Module)0] 22 ¢k
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(& 1-5) 0= C-V2X A= Al

P e | us

AT&T, Ford, Nokia2te| 2= 0| Z|== ML

O AleH A|A
Qualcomm  Of=  2017.12 1 AR Ol =8 A|SIRIOIAN LTE C-V2X A& =8

2018.06 Ford, THIAUT} Q102 HIH{ -70 Mountain
| 0 A= TR
Qualcomm 01— 11919 FS M (ool C-vox 2t 7=
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0 Al Al
Ford = 201805 AMEAB o b o o covax i s Al

2017.06 Qualcomm %! Datangdto] O = DALt A

Ford 0 Al _
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22 S AIS MR % 71 27 AR NAY TE 2 24, 5T} HASHE, BE U A '5%1,

HIXL|A DEiDf AR

|0

TI= M2k S0l Ofet A5 Zltokr QUCH 5GAAE= 2016 118 O} i Sl

Q5 C-V2X 71£9| 2448 7|835t= YIME ARICZ, 2017 128 3GPP LTE V2X2 802.11p S

MY SUEAME -ITS AlA” 52 F2A 401 theh 8 ! C-V2X9 Atz ZAIH 00|

CHot HN 2ME 2 MME UYBIRICE 20181 220il= 2020E7EK|9] LTE V2X9| 71& T 2EUMS
SHBIAC [22) 1-4101M 5GAA LTE V2X 7|& T/l 2EMS BOELL

5G-PPP= V2X& Vehicle-as-Infrastructure g & 74 Q45 /&ol= 5G-PPP Z2HE

I

1o

—

=
0
o
rr
nu O

7to|l 25 EMES MEst7| flotof 20153 102 5G Automotive CommitteeS 74 SIRALCE 5G
Automotive WG VW, Volvo S92 XAHSAIHIZAL, Bosch S8 MEHZAL Vodafone 52 E4!
MH|AA, Qualcomm S2f A MIZAL o4 S T MZRAL ZH| Fa8t A7 |2, EIAH st
#H Kings College &2 30712] 2|3 7|20 &5t UM, ARZ At|Qt KPI, HIZLA S, ATHEH

EL 22 Lot NSt 24 FHE TR QUL 5G Automotive WG2
20154 10%01| 5G 7l AHEIE 7t & Akg =l T12| 10 M2 RAZ|E| MH|AC| Tt XASKE MIZEAL

= 0[01 2018 20l 5G V2X2Q| H|IZLA 2 3 HiX| H|&ut
FUTHAERE {15 0|AUZ A0 CHEt LIES 2 YWME L7 IR

- O 1

Deployment of LTE-V2X (V2V / V21)
@ 3GPP LTE Advanced Pro Release 14 @ 3GPP 5G Release 15 @ 3GPP 5G Release 16

H1/ H2/ H1/ H2/
2017 2017 2018 2018 2019 2020 2021 ff

Inter-operability ~ Commercial availability
tests of Mode 4 chips

Chipsets for test

C-V2X (R14) chipsets from various vendors *——o *—o *—oe

Integration, Validation and Testing with
OEMs (EU, China, US)

(EU, China, US)
China
(Spectrum for deployment)  (spectrum for deploymem

EU: Spectrum available EU: Final CEPT report ® 2020

China: Test spectrum available Start of vehicle deployment
C-V2Xis real and In-vehicle commercial
ready with commercial deployment (i.e type—approved
chipsets set for 2018. vehicles) is foreseen at the

latest by 2020 globally.

[T121-4] 5GAA LTE V2X 71& X7 2EH
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THIAIRAS] =S Solf TIAE QAT (B 1-6)01M FEUAC| C-V2X HF Al 0] CHoto] F2fRITt.

H1-6) 8 C-V2X 23 At

- e | ue

LTEV2X  Qualcommit BEO2 T2AMIA 59GHz 04

II2tA
PSAGroup  Ega 201808 o1 Gl LTE C-V2X 712 Al3

E=

=2 2AA0IA Huawei?t Qualcomm 7‘;!% pSEs

[TEV2X © ~
PSA Group == 2018.09 o2 Alof St XS Moz = OIFMI EiE S242
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2= Layerand Application Layer
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C-V2X Solution RoadMap

Huawei Balong Chipset C-V2XRSU
« MBB: downlink peak 1.6Gbps
« C-V2X: support Uu / PC-5

C-V2X .
. RSU (Trial)
Chipset  48() (Trial)
C-V2X
f C-V2X
Solution V1R1 ;
RSU (Commercial) Solution V1R2
2018.01
2018.03
2018.04 2019.04
C-V2X T-Box

[Z13 1-7] Huawei C-V2X 2EY
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7lemel ZE 3 7hY A FIRlet! QT 6G /s 27| Hois 2l 2dE Y= 5GMFL 5G
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2 O JHLUO| CHSE SRle SXO 2 SIG-V2X7t MAE|K, APT(Asia Pacific Telecommunication)

AWG(APT Wireless Group) ITS TGO| 5G-V2X 20| 70457 | I8t && Al2ls FEI5tD UL
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1.242 43 58
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1.3 C-V2X 3 S & Let
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=M= 2007 3R E ADLESIOQYOIAIR, ADIE AT Z2AA” I, C-ITS AIHA
SO HHZ ITS 71& /e, 28 & YR 48215 Mo 71 TA2 WAVES F= M8l 22,
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MHz2| & 70 MHz tiE= ITS 82 AIFoIRCH, £ 7|=5 AIH0IK| AT
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0|22 == 5.9 GHz Y2 DSRC 7| 7|8t9] ITS MH|A X2 SHSIFICE 20173 18 US DOT
(US Department Of Transportation)2 D& M MAE Light Vehicle2 V2V S48 2500} it
NPRM (Notice of Proposed Rule Making)2 Z7ZtSIICE 0] NPRM2 IEEE 802.11p 7|&2 LA
A2 MO T ZE RuleO| MEHEL 28 0| 2H MEsok= WS F1I UL} ofX|2H US DOT=
M ZIZ RuleO| HAZX|0f CHoli BA[SHX| %11 UACH, 0] NPRM2 FE7F AKX g5 A2
{IRETT QU0 012 BVH=Z US DOTOME des 5 E2 AJEE1 R 7F 415 X6 | et 7|sS
wE HAKE0| MESL & U= 710|= OtAZ 2IoH Federal Highway Administration Infrastructure
Deployment GuidelinesS L7 RICI7H FAch= 5 FMAQl 225 H0|11 QU0

1.3.3 98

2008 8& EC= Decision 2008/671/ECE Sl 5,875 - 5,905 MHzZ ITS ¢t &2 X|IH5H
ITS 25 SHE I8 ITS Action Plan (COM (2008) 886)2 AHEHSIRICE 2010E 7€ K& M9l ITS
ST 9|3t ¥2 A2 Directive 2010/40/ECS AMEHSIZICH 20145 119 2= Tigf 2AZt 3212
t C-ITS Deployment Platforms £H5t04 2014H5EH 201697HX| Phase 1 7|7t S0t 25 H|IXMS
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2|t

ST 7|=, BIE, Ag85) 0|42 2= HM HIS ISR 2016 1€ Expert Reports
UYISIRALE. Phase 12| 222 Y™A|IZ] Phase 2= 20173 98 &= QUL K8 L bG 72t AE35)
gl MA XM2S EXI5H7| 2o 2016 “BG for Europe: An Action Plan™S KEHSIZICE. Radio Spectrum

Committee= 20173 10& CEPTO|| 5.9 GHz O 2] ITS SHHE ot AHE QIR KH7|0=
5,905 - 5,925 MHzZE &35t CBTC (Communication-Based Train Control, Urban Rail0{] i)t
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=22 MIIT (Ministry of Industry and Information Technology)S 4192 5.9 GHz Y FM4E
ITS MH|A 222 &S| ot &S 2k, 20183 10204 5,905 - 5,925 MHz2| 20 MHzE LTE-
V2X 718H TS MH|A X2 SHSIRICE 20163 118€0= 5,905 - 5,925 MHzS| 20MHzE 67H
ZAIRSGOIML C-V2X Trial 82 o{&%t Hf ULt 0|F FIlE U2 HE AKE HEC= 20194
ofgt7| o= MIA 2|=2| C-V2X 7|8t C-ITS MH|AQ| 827t ZIlE £ s Ao=Z HISE UL
Q=2 5.8 GHz Y2 ETC(Electronic Tolling Collection)0|2t= 115 7|&0] AF2ot1 QIL}. Toyotas
127HAI041 “ITS Connect’2t= 117 7|&5 HE0IRCH, 760 MHz tHHUM OMHZE AE5I0 V2Vt
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2.C-V2X Use Case <y
2. C-V2X Use Case

V2X9| Use CaseS Hllot= HZESH HAl= 3GPP, 5GAA, SAE, ETSI § 042f 20| ULt C-V2X
7|40 WAVE 7|20| BIX BZ37t #1250 WAVE 712 7|8t V2V, V2| Use Case?t A
HO|Z|ULl, 0|F C-V2X 7|&0| EESHE0 M2t V2V, V2I #2t OtL|2t V2P, V2N A|Lt2|0| XE
7ks%t C-V2X Use CaseZt H= ULt 20 M= 3GPPRE 6GAA HE=2H HAOIAM Holok= C-V2X
Use CaseE 2.141t 2. 2H0|A 2t2F AJ4SHCE 2t o= Use CaseE S 710 W2k LTE-V2X2t
5G-V2XZ IA| L0 MEStLY.

2.1 3GPP V2X Use Case

3GPP= Release 14 TR22.885, Release 15 TR22.8860 V2X Use CaseE A5t UM,
2t2F LTE-V2X2}F 5G-V2X0| CHSECE 2.1. 180 A= LTE-V2X Use CaseE V2V, V2I, V2P 12|11
V2N Z 2Fot0] MG 2.1. 280 2&IF3 (Platooning), MY =3 (Advanced Driving), AIAf

2 (Extended Sensor), #4 27 (Remote Driving)22 275610 5G-V2X Use CaseE HsIC.

2.1.1 LTE-V2X Use Case

2.1.1.1 Vehicle-to—Vehicle

V2VE V2X MHIAE X|Hot= A1 7t2] 2 S4IS Ofstct tHEXNQI V2V Use Cases A7t
ZUOOAIX ME, " 32X HEES 215t YE wet0| ALt 3GPP Release 14 TR22.8850(A
HOlok= V2V Use Cases [ 2-1] & (& 2-1)01| M|t

(Y322 (32 32x 71ES)
(Hlof &4 1) MHSE 2K 81 13 X gy
[712) 2-1] THEXQI V2V Use Case
WESSS| uiy | 37



0 2. C-V2X Use Case

T 2-1) 3GPP V2V Use Case 4H

Use Case 49
Forward Collsion Warning 8 B 210 S8 2kl 9l 29 walol ol xiymel 24 &
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== 201 116t 52 X[t/ Lt &tetok=0 ==20| &
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U 2OKAE ok OMIE FEE A4S U RS S0 203
: . g X Z1: e oM Ralis 57| flol 9 7lg At
Emergency Vehicle Warning ol ol A _ I
Of: FEANS ||, K, Wt HHE 25§

R 07 XH0| =20 HE Z<2 1Y R 1 HAKIE
Emergency Stop
gy 32X ZHEE: 0 xFH7t CACC 1§ HEE SRol¢
CACC JE=F/012 AlLI2|R HE. 2XXte] oy, oYy St

= /fS HE
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Cooperative Adaptive Cruise
Control (CACC)
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w S i OFE 2 AR0IN Sfles T OIXIGHD 01 ZTsHs Al
rong wa rvin arnin
I WOy EIMNG TEINS X1z ov xpeol mastol obEist Fate REd
V2X Message Transfer Under  O|SEAIZ FHZ|X| LHOIAN V2V MHIAZS X|2I5H= RIHL 7|X|2
MINO Control CRSE| ST RIS S5 V2X AlHIA Kiieg

Pre—Crash Sensing Warni M SZ 2K B Og £ gl S=0| ZXE = A £40| &
eTHIES SensiNg WAMING 5| mwiz Datsiol Mutsim W3t 4 gi= £ 715N 203
_ _ E-UTRANZ Salf MH|AV} EX| b= XG0 SAS 2I5HH 2
V2X in Areas Outside Network A1 UL ARRIO| 317120 A1 262 0125101 V2X AJHIAZ 0|2 7}
Coverage .
SoHA &
2.1.1.2 Vehicle-to-Infrastructure
V2= V2X MHIAZE X|got= X RSU 7t 2E SAIZ Q|0|gtTt. MEA27t B2 V2Ve $HA|
=52, X0 | MEE Hloh RSUZL A &= Use CaseE V2| Use CaseZ 278t 3GPP
Release 14 TR22.8850{A 2|5k= V2| Use CaseZ [I& 2-2] L (F 2-2)01 H2|5tCt.

38 I 5 Furum



(2 QM MH|A)

(2 o1 MH|A)

H 2-2) 3GPP V2| Use Case &Y

Emergency Stop

Queue Warning

Road Safety Service

Automated Parking System
(APS)

2. C-V2X Use Case Q

Vi cenz

oy}

RSU D

(UE-type RSUZ 0|28t V2X)

(UE-type RSUZ 0|25t V2X)

[T17 2-2] tHEAQI V2| Use Case

13
213 HI: AYL 215 MR St ZTHAXIS B2EHAES
T 0|2 445t RSUE 81 X0 712 B AZ0| YAHSS
U OHHISH FHS YT

RIS 274 AAR: TIEA] KISje] RZOI A BA7H Q=X o
2, 72| £ BB FAAMLY AARF Y2E MBI, RSUE S

SZHUHACIEE S
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Use Case oY
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UE-type RSUZ 0|28t V2X: 3GPP= UE-Type RSUE 0|25t
V2X by UE-Type RSU V2X MHIAZ X|ot1, UE-type RSUE ol SAIAIRIXIS| 7|
K=C2RH Xtpg &Y 2ot A0l V2X MH|A S HMZ gt

2.1.1.3 Vehicle—to—Pedestrian
V2P& V2X MHIAE X|5t= At Halikt 7to] &
TR22.88501X MO|ok= V2P Use CaseZE [1E 2-3] & (&

(Hdxt S= 210 (Flokst =2 H3lX} obH)

[12 2-3] CHEXQI V2P Use Case
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T 2-3) 3GPP V2P Use Case 8H

Use Case AH

HeliXt 2= A1 Fok6 =2 HAMRI0A HEMNE. 2t F=
Pedestrian Collision Warning ~ AFHH 2XALL| ADEE0| XfHQ| EME 21! f{ist 20|
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Vulnerable Road User Safety  HEE $AI510 et ofets THSGI0 H3Xto| L2 26t

= AU E ZUE HSE

NSG



2. C-V2X Use Case O

2.1.1.4 Vehicle-to—Network

V2NE V2X AMHIAS X|ote X ITSHH7ES] S41S QOjsitt. V2N RSULE 7|X|IZ22
0|88tz T2 V212t SYSHA|ZHV2NE ITSHHIRE] S410] 0|20 EICH= FOfA XH0|F0] UCt 3GPP
Release 14 TR22.88501M H2l5H= V2N Use CaseZ [ 2-4] & (H 2-4) Ha|5ict.

ki

(QITBIZ 0|83t £ OHH) (1S EY 52 Hxjah)

[T12! 2-4] CHEZAQI V2N Use Case

(& 2-4) 3GPP V2N Use Case AH

Use Case AH

Road Safety Service Via QIZ2tE 0[Zot T2 0N SAIAIRIKI= H|B[A0[M AH|ARL WE
Infrastructure MNHE 28510 X0 WS OF T2 HIAIXIS 4 & it
uE E2fl 58 z|&3k UXIR0| H2 B2 AHSQ e, £,
Traffic Flow Optimization Egi dEs J[He= IMXIZNA U2 HIAQ| HEHst £
(Virtue Traffic Lights) T2 MAloLL, SERS 4% Ee FXIE U1 EdY SES &
Aop7l 7St

Overview to Road Traffic 23 AlOF HiS: St MH|A AHZ|XIE HSok= 3GPP 0l
Participants and Interested ~ S419};

S 28511, 7|Z0| 0|SEAVIKIEE 018510} V2V A
Parties BIXIZ HOIME RIZOIE HAIKIS Hast
o EPTIEN9 B 42 SR RSUTE QIEMON BEE 4 U= 39
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q 2. C-V2X Use Case

2.1.1.5 LTE-V2X General
TEXOQIV2X Use Case QTLAISIS (H 2-5)0 X2|3Hct

H 2-5) 3GPP V2X General Use Case &H

Use Case AH

E|a MHIA FE: V2X HIAJX] HE XHH0| 259t 0= M
. =27t =2 R (O, 215 REHoll V2X HIAIX| @4 JE 7|82
V2X Minimum QoS - ;
NS, Lot X2 F4 MH|A RS UEAIZ 4= U= HY Lo
MBS K5 Hotet

2 A V2X "&: 22 S X|HoP| flah V2X ZHl= T2 MNO
V2X Access When Roaming  MH|Edt E41g 4= QU0{0F & 2/ A0|= XA, ME|E, HOESO

QTALE HPLMNO| M2t SYSHA| 2HEE(0{0F B
Enhancing Positional Precision  SFAEl 2IX| HEE: V2X MH|A XS QoA DGPSEA! =

for Traffic Participants OTDAR Z2 ¥ £ 7|8H0| e+=

Privacy in the V2V

V2V EAMSEUIA Z2L0[HA|: V2X MHIAZ 2|c Q1] XIFHe| 2
ES
Communication Environment
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2.1.2 5G-V2X Use Case

2.1.2.1 Platooning (Z&F
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2. C-V2X Use Case O
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0 2. C-V2X Use Case

T 2-7) 3GPP Advanced Driving Use Case AH

Use Case AH
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{Sensor and State Map Sharing)

{Collective perception of environment)
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q 2. C-V2X Use Case

2.1.2.4 Remote Driving(RZ27)

Remote Driving2 AtZ0| XIS A7 O A 2T S2RE AREH Qo #He=
M=l Use CaseS 2|0|8tCt. HHEXQI Remote Driving2l Use Case A¥S [1E 2-8] &
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{Remote Driving) (Teleoperated Support)

[12! 2-8] THEXQI Remote Driving Use Case
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Use Case AY
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2. C-V2X Use Case O

{Communication Between Vehicles of Different 3GPP RATs) (Tethering Via Vehicle)

{Dynamic Ride Sharing) {Secure Software Update for Electronic Control Unit)
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q 2. C-V2X Use Case
Use Case 49
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2. C-V2X Use Case 0

(13 2-10] SHEHQI

H 2-11) 5GAA Safety Use Case AY
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q 2. C-V2X Use Case

H 2-12) 5GAA Convenience Use Case &9H
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2. C-V2X Use Case q
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2. C-V2X Use Case O
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q 2. C-V2X Use Case
2.3 =Ll C-ITS Use Case
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2. C-V2X Use Case Q
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3. C-V2X Business Model
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3. C-V2X Business Model O

3. C-V2X Business Model
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e 3. C-V2X Business Model
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3. C-V2X Business Model O
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q 3. C-V2X Business Model
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=T M

Applications
(FCW, RHW, ...)

Facilities
(CAM, DENM, ...)

Networking and Transport
(CAM, DENM, ...)

Radio Access Layer
IEEE802.11p LTE V2X

Ref) ETSI ITS Protocol Architecture

[12 4-2] ETSI ITS Z2EZ 71X 7|8 Radio Access A5 71& He 2A

[=
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C-V2Xe| 4% 3GPPE &all EAXL 7= ey
%

5G-V2X (LTE-eV2X & NR-V2X) E41 H&

IFHX|D ASS Helotod LTE-V2Xet

H 4-3) WAVE, C-V2X g5 Hlu

. WAVE 5G-V2X
a5 LTE-V2X
(IEEE 802.11p) (LTE-eV2X, NR-V2X)

Data Rate Z|ti 27Mbps Z|CH 100Mbps Z|CH 20Gbps (eMBB)

Reliability 95~99% 95~99% 99.9~99.999% (URLLC)
Latency {100ms {100ms {10ms (URLLC)
Density s 7ts el (HZkmE 10"6LH:mMTC)
Mobility 7+s(Z/tf 200km/h) 7t5(160km/h) 7ts(&Iti 500km/h)

Positioning BX3H(B50m) BAEH(50m) 7t5(0.1m)
ts =gt gt

SO (7 050-300m)  (ch 4 Z20lE) (CHet % 2z 0lE)

V2l & V2N s x5t o
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=4 MRE MEdke [O8 4-7]9f Spectrum MaskE w4 &0l Y25t QUCH (B2 718 M0 T2
&Ef2| High Cost Spectrum Mask 18 7+s) 0|2 QI5t] WAVE IEEE 802.11p2| QI 7HIo=2
Qlot 4 =2 g LO| 2EO| A2 AAANIM E0E1 U= AE0(H, 7| -65dB2| 2|0 Al
Threshold Z+2 Free Space MOt ZiA 2Tt [T 4-7]9] IEEE 802.11 #24 Spectrum Mask H&3t04
I 2 M 71717t oliF 71719 sS4l HEE R

1.69018, =t EIRP 36dBm 7|& 3.390|E 2 AE¢
71717t ¥IXloh= HS & At =27t 7HsotXk| %A &

[T1% 4-7] IEEE 802.11 #4 42| 20MHz PPDU 7|& Spectrum Mask

HIH LTE PC5 TX Mode 49| A<, IEEE 802.11p2t E2| 57| [13 4-8]1} 20| ZLIEY HAZ Lo
A o Fhbg A T2 HUA] i8S 2UEESHH Moz J7Hd S22 oA H#0] H4=5=
2 M K20 Z MESIH MY MAE DEZ MASHs YA XHEISIT QICt &2 BiAlo)|

21 xHE 2™ 77| 20| SERITH ottt S4 A MEISH0 HM&oks 10| O|F0X|7]
of

ol

|HA] 220 ME S4 HE2 LYK =

— O L

(712 4-8] LTE PC5 TX Mode 42| X9 A% 7|¢

I
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OE 24 HHO=AM At 0| TAZACH= HA| ot 24 TS ds EIM 1 2 2040

CHSt H8k2 PRR (Packet Reception Rate) X|HZ AlZ2]|0|MSH A= [17] 4-9]0f 2L}

i 0

[T12] 4-9] |EEE 7|22 802.11p (DSRC)Q| QIH A 7HM0f| 2 PRR Ms st

(13 4-9]2 Z1E 2, IEEE 802.11p2] &< 1H &2 7MY |70 TE PRR ds XH0|7}
LHioh= A= Ofefet & A, 21 A 7Y 2l X7t IEEE 802.11p2! A2t LTE PC5 TX Mode
421 A% 719 g5 X0l= A2 Gl 422 A4 Ent 81 LTE PCH TX Mode 42| AR0l= Al-FIt=
2 US 4 g4 A ZLEHES S 2M9| F AHEs UHloh= 78S MEoi B33} &,
HE R4 2FS S8 MY TEE FAMC) & 1 H0IE 283k= 2AZ 2 AMZ2 ACLR Fx2
F4 AS R0 e & Hs X0|7FIEEE 802.11p CHH| ATHMO 2 DH 27| ZHMSHH 0l= 3G, 4G,
5G= 0|0z 24 A AL o SRS 28 5 dis So S=0| e = U

4.2 C-V2X 2MH4 YW HEY 7|2 3g
3GPPOAMS LTE V2X AH|AQF 5G XM2S FMAM|GH5G V2X AMH|AZ Zt2t [TE-V2X 7|21} LTE-
eV2X 3 NR-V2X 7|& 7242IE Sall XIHotes HESIS TIst 220 3GPP RAN WG2| C-V2X

HEs Y2 (27 4-10]2 20| T ULt
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%) New Radio(NR) = 5GE @it &t 4 H 71&S ARt

[Z12 4-10] 3GPP RAN WG2| V2X 7|& BESt 9F

3GPPOIA LTE V2X MH|A & 5G V2X MHIAE X517 o Molst MH|A EH As QIARISS
H 4-4)0f Z2[ptct.

(H 4-4) 3GPP V2X 7|& & MH|A d5 Q7R

5G-V2X
QA LTE-V2X
(LTE-eV2X & NR-V2X)

100 msec
Z|CH K| ALt 20 msec (EH O|HIE) 3~100 msec
1000 msec (3GPP ALA|)

Reliability* 80~95% 90~99.999%

50~300 Bytes (F7|4)

AKX =27
HIAIX] 271 1200 Bytes (0[HIEA)

300~12000 Bytes

o 250 Km/h (R &) 250 Km/h (R £5)
E|0f X1 &£
500 Km/h (MTH &) 500 Km/h (MTH &%)
A F8 MH|A HYP* 20~320 0|H 50~1000 O|&
* Reliabilityi= oHE A7t (= ZIHXIAIZHO R& AHIA BII0M X bytes 3712] BIAX] CIOJE] THZI0] HEHO=2 41

SI=
2EE

AL RR MHIA YRlE A S0 HS AlREH At o 200 Bl 2FE.

L =<
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(223 4-10]9] ZF H&ES HA H LTE-V2X, LTE-eV2X, NR-V2X 7|=S0] ISt &Ml AF2 4.2.1H,
4243, 42 320 2o, 7259 F2 XOIF2 LS9l (B 4-5)01M Fa[etTt.

(H 4-5) 3GPP V2X B&E3t 7|& E 2 XI0|H™

LTE-V2X LTE-eV2X NR-V2X

LTE V2X MH|A X[ 5G V2X MH|A X2 (LTE-V2X MH|A X8 g
3GPP Release 14 3GPP Release 15 3GPP Release 16
(20174 38 &=7) (20184 6 &t7) (20194 124 etz o)

S XHe MA:

A RFY M g
7|1X= 271ZE (Mode 3) < c o

LTE-V2XQ}t =
= Tk AAZ2 MEH (Mode 4)

XISIAIZH (Latency)Ol| k2t KIAAZH Y ReliabilityO] Ch2t

MH|A xp5t MH|A XfHe 20184 SREE] 7|2 &=0| A%}

Carrier Aggregation X[
(ZICH 874 Carrier) NR-V2X 7|&2 LTE-eV2X
B USHE MH|A 85 2F

Afets AlEe 4 OO0k &

= Carrier

20 msec X|AH A|Zt 10 msec X|H A|ZH
(Over—the—Air 24 X|H) (Over-the—Air 24 X|H)

ol

LTE-V2X ECt =2 0| M&=
K&
(29| Carrier Aggregation 2
off k2t &)
LTE-V2X & L TE-eV2X &=

I SE

LTE-V2X S 3&

4.2.1 LTE-V2X 7| 7HQ

LTE-V2X AIARIS Brei-7|X|2 7t §4 TRES © T 7t 5iF S4 TRESS NYSICH TY-
7IRIZ 2t SM DRESS Uy QIEHOIAS SaflA V2X AHIA HAXIS S4410ks org Hojstn
G 7t XY S4 DRESS PC5 QEHOIAS SaiM V2X MHIA HAIXIS S445ts wotg

Zofeitt.
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4.CV2X 7163 o

4211 HE-IIX=5 2t SHU EZES
71& LTE 718 7|X|=1t T 28 S Z2ESS AIE0HH LTE V2X MHIAE X[H6H7| s HEt
T2 71520 F12 Zo= U,

D Arekal3 SPS(Semi Persistence Scheduling) A7&S 87H7IX| X1
V2X MHIAE K5t | 2fa A-E 171 0|42l SPS HH0| SAl0| 243t 2 = oo et SPS
C-RNTI?F HEE= V2X UL SPS RNTIZF F2= O] QUCH 2 V2X UL SPSe| 24st 3 HIZsE
XIASh= 82 DCI 0HE AFESITt. S 7|X=0IM V2X MHIAE 2|8t SPSE HE5H=H|
QS HEE MSY & UM, V2X MH|A 710 E-4S BiFet SPS 7|, 2|t TB 37|, =2
Al

A (Logical Channel) A8} 52| HEIt0]0f sHESHCt.

(/)

@ eMBMS (Evolved Multimedia Broadcast Multicast Services) % SC-PTMOIA] V2X AH[A
L2 OR2t0|H 2f He
LTE AIAEIHA HEJFHAE = H2EIWAEES X|R6H | fl6h Hol=l eMBMS 2 SC-PTM 7]s0]
V2X MH|A THZ] HE0| MEECH V2X MHIAL] X[AHAIZE 2FARE HES =~ /=S eMBMS2)

22 7|1=H0H B2 MCCH (Multicast Control Channel) AAHZ2 27| Of2H0|E S Mot
SC-PTMQ| ZRE 7|ZHLCH &2 SC-MCCH ¥Z 37| It2t0|E Z+S HOI5Lt.

® V2X MH|AEE QCI 3, 75, 792 2
50 ms X|FAIZE Z4 99% T
QCl &= V2X MH|A AZE 5=
o

P2 QA= QLIFHAE 2 HRCIHAE MES X|Yst=
~
O

UEE Fogtt. V2X MHIAZE QCl= (B 4-6)1 Z0|

H 4-6) 3GPP V2X QCI

Resource Priority | Packet Delay | Packet Error
QClI Example Services
Type Level Budget Loss Rate

Real Time Gaming, V2X

50 ms 0-3
Messages (Unicast)
75 GBR 25 50 ms 10-2 V2X Messages (Broadcast)
79  Non-GBR 6.5 50 ms 10-2 V2X Messages (Unicast)
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42122 HAY SHIZES
chat 7F 2% S48 PCh QIEH0|AS| TR2ES ARS [HZ [T77 4-11]1 ZTH AISAIEH I2EZS

I>

>

o

©

mom
rlo rlo

STCH (Sidelink Traffic Channel)2 £3t V2X Sidelink EAI0i| M%1, HOEH Z2EZS
SBCCH (Sidelink Broadcast Control Channel)S £t V2X Sidelink E410] M =ICt,

UEA ', UEB UE A | JUuEB
[ [
[ [ [ [
PDCP : PDCP RRC : RRC
[ | |

A
[
(@)
X
—
(@)
X
—
(@)
Py
[
O

MAC MAC MAC MAC
Lo Lo
| | | |
PHY ' PHY PHY ' PHY
_________ Lol AV S —— L ______!pcscl_________!
(@) NBAEE T2 ES Ax (b) Hojme m2ES Al

2 AY SIS AHH | ?foh LSt €2 715S0] =AU,
14 X@EE 2t DM-RS HH

Sidelink 2|x{<, PSCCH (Physical Sidelink Control Channel)2t PSSCH (Physical Sidelink
Shared Channel)2 1£92 0|Sol= XIS X|Ro7| Qo MEZH QO 4742 DM-RS Al2g

RS GAZACE [T- 4-12]2 20| 2, 58, 8H, 11 £150] DM-RSZ AFSEICH

AGC DMRS DMRS DMRS DMRS GAP

0 1 2 3 4 5 6 7 8 9 0 11 12 13

[Z17 4-12] Sidelink 22|z422] DM-RS T
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S XS MBish= 7190|T 2E 39| AR V|X=2 HUAH PCo QAHHO|ANM AFRY TS
g 88 2AHEY (One Shot &) E= Sidelink SPS AHEY WAIS AIESHH 2 +
UCE BE 49| B2 7|X|= &0 §l0] &4 T2 PCh QIHEO|AMNM AFBE HE XtEHE AAR
MERSICE 0| 21 ME XS MEish= 42 ©E A & (TX Resource Pool)2 MIAGH=
7|40l A2 E|0 0|22 2| MEl (Random Selection) 7|Hg At 4= RUCH

® 87l SPS (Semi Persistence Scheduling) At X[
Sidelink SPS2| A% &&t23 SPSAE Z|tH 871 HES KIHettt. Sidelink SPS AHHE &dsh= ER0
SL Semi-Persistent Scheduling V-RNTIO| AF2EICH AFSF]T SPSQt ZH0| T 7|X|=20f|A| V2X
MHIAE @[t Sidelink SPSE &7ol=0| 2% HEE MEE = UCH, V2X MH|A THZ10] SE45
BiASESPS 27|, Z|i TB 27|, PPPP (2T R4&2)) S2| FE7t 001 sHETICL

@ BE 444 713t K MEA| SS Sl X/ (EF B2 X2 ofef Fe

]

g 2l 0|4 X| Detection)

BE 401K T KR 20| et MAS TIHIOR X XIS MEes P9, T2 o SUst

AHHS MEHSIO 2N St 4 Ql= £28 £0(7] Qlol & T ZAPE AFZEITE & HIY HAH0A
o2 02 oY AHEY FE (Scheduling Assignment)E HEY5IH SS5HAL S22
ZOZ WMEl= XHYS MIQSITE F HIf THAOA HU2 X HIY HAS -85t Zat KQI=|X| 42

A5l
KH0i| CHolAM OUX| £ (Bt S-RSSI 7|&)S Aot HUHA| 20| =2 AHEFH HMelsttt. &=
I A A HM2IE|X| 42 AHE0[ 20 HHIE &0 = oy A S0A TS

® I3 4 H X9
PPPPE %%uxow MIEIS V2X AH|A 20 SMAQIS HAIsH Tf2t0|Efo|0f PCE
QIE{TO|AZ Saf FoHs V2X AHIA TH2I0| HBEIC, PPPPAS V2X AHIA THZIS Fidsts

Ol Q&= ™&AIZE (Packet Delay Budget)at #210] QOH V2X AMH|A THZ19] Q7 H& AZH0]
248 =2 M0 iYL= PPPPLICE MHELCL PPPPE 182E 82 442 #«11 10| 7+
=2 U0 HFELE PPPPLE MAC AZ0IA V2X MH|A THZIS| =2 AME RU=HE
A%5k= ol A -ECH

® M =% M0 (Congestion Control) X[
LTE-V2X A|ARIZ PCH QIEHO|AE Sal V2X AMH|A THZIE —Z'S-

I MES HOSHe 7|SSS RIYSITt Aol 87 4%0] w2t o
o El
A

rz
e

|

| pShea
o
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0] t HEO| T& Ak 20| tioll 2% +~&5

o EICH &M &% &2 CBR (Channel Busy Ratio)2
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SBECL D 40 X BN WorZ 285K 22 TUS CBR 54 US 71Z02 A) HETY

T2 RS S, BRI T4, BE L Y WA, A ML RS A S B L2A0[ES

ZHBH0 V2X MHIA THS RASITL O[T PPPPER T2 X& M20|ES M83ozu

PUAP}ES MHIA0 Chet S FHSE XIIst 4 QICF. & vl YoIS 280k 22 53 342
o

S5 WAL 7|5 5T YA} OHIE 7|8t 271 A

njo
Rl
rio
o
0

Il

@ GNSS/4=2] 7|XI=/E HUg Sof 57| s
LTE-V2X A|AEIOA GNSS E=
QULH UL N 58t 57| 7IF B MR} 71 &2 57
7|1EMS 2 AMEoHE 42 X UTC A7 2 Iy QEMI(DFN Offset)2 7|12 2 Sidelink 22|
HS W MBI HEES S 482 (XIS 57| 7IFASE AS5ls Z9 PCelld 5718
7

MEC 2E0| 57

Ef AR U2 REO| MH|IA 24 Vs

LTE-V2X AIA”2 O &4 MRS 24 = BEO| 171 0l¢2 H2(HE Sall Al B0

= o
JtSot. T 4 HMRIS 2l Qs T2 oF 71 0142 720 & e 7 0142 PLMNOIA V2X
MBIAS SA0 4 = QUACE B ML Eelots FOE St V2X MH|A T2 412
SIEEIX| oLt T2 B AIAPL Helole Tt FE & 4 A FEE Solf Bt AFHALS
TS S8 V2X MH|IA T 24 & o QUCE Bf MAXLS| o H 7H2|H0E L1t V2X

[T12! 4-13] Inter-Carrier 2! Inter—-PLMN 2] V2X AH|A X



4.2.2 LTE-eV2X 7|& 7

LTE-eV2X A|AEIS | TE-V2X EAl I2ZEZS J|2X0Z X|Ys}
X|94517| I3 F7t 7152 HolBtTt LTE-eV2X0IM RI5Hs Thet 7t
2t

O zIt 871 7H2|0f AFE23HH Sidelink Carrier Aggregation X[
LTE-eV2X2l &< 2t 8712 7l2|0{Z 0|85t0f V2X TS
Sidelink Carrier Aggregation2| 17~

0
x|

~H

AN
ST

£ LIEfHCE 25 3 HY2 L TE-V.

4.CV2x 71558 off

Advanced V2X Use CaseS

g S E2EE VIs2 s

J\O
_I_M

A5t o
—_= —

o} [O8 4-14]2

IXQ| BE 3 Hato| =xi}

SABHA O™ FH2|0{2| T& AHE 08610 V2X IAlE SAIE 4= JUEX| 7|K=Z0A XA e
2 QUCH AAR TE KRS MEISHOF ot= ZE 4 TR Cig 7120 S0IM NS Xs MEdsHOf
Sh=0l, Olmf PPPPZIXt CBRIO| 7H2|0f MEHO| 7|&E ZIQ= AMSELCE PPPPE CBR QAIXIZ
7|X[=00 Slsh XIA=AL D]2] -E = U2, 742|019 CBRAO0| H&E V2X IiZl2| PPPPO
HS== CBR YAXIEC FE W ciE 7H2|0i= S5 & H2(0{7t &t S5 TE 742|017t 274
0t 42 CBRAO| 7H 'R 12|07} T FH2 |0 = *dE—'.*%'Ef C 4 H0| BIHSHA FH2|0E
5= QHFIES =0(7| Yol Hysteresis Margin| &S Sh= CBR YAIXIE HO|Z|RACt Tis
NS MEHS M= ME T XA 7ksS TX Capab|||ty IHEC

[712! 4-14] Sidelink Carrier Aggregation 712

St

El
ofm
ofo
ok
I-OI

| i | 87

| O
2]
=

—H0



& :c

@

-V2X 7|55

HE 2HA 64 QAM X|E
LTE-V2X= Sidelink SA0|IA HEEAL 16 QAMZEX| X|[&6IRLL, LTE-eV2X= Sidelink S410|A
B YA 64 QAM7ZER] XI&E 4= QICH M2tA] LTE-eV2XE LTE-V2XQt CHE MCS (B 2 7Y
SPANS XIRABICH S MCS QUEAT} LTE-V2X2t LTE-eV2X0i|A CHE #1% &4| 2 TBS (Transport
Block Size)2 Z=Ct. MCS 17-282 LTE-V2X2] 16 QAMO| sHE =Lt LTE-eV2XHA= 64 QAMO|
SHEELCE LTE-eV2X0MH= 0.8 Scaling Factorg AESIEZ MCS 0-162 LTE-V2X2} LTE-
eV2XO0lM CHE TBSOI| ARZEICE MEZ2| US| 0Kt =20 20| IHE0| AEE=E 82, (B 4-7)2)
MCS Index 02E 312 A, IEX| 42 B2 (H 4-7)>2 MCS Index 02 E 282 AIESIT

T 4-7) Sidelink i, TBS Index

8|SG

MCS Index Modulation Order TBS Index
Tcs O Ty

0 2 0
1 2 1
2 2 2
3 2 3
4 2 4
5 2 9
6 2 6
7 2 7
8 2 8
9 2 9
10 2 10
M 4 10
12 4 1
13 4 12
14 4 13
15 4 14
16 4 15
17 4 16
18 4 17
19 4 18
20 4 19
21 6 19

Furum
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MCS Index Modulation Order TBS Index
Tcs O Ty

22 6 20
23 6 21
24 6 22
25 6 23
26 6 24
27 6 25
28 6 26
29 6 30
30 6 31
31 6 33

® Packet Duplication (7! 2&| &) X|2

Basic Safety Use CaseE2Lt =2 £2&2] ReliabilityS 2+6H= Advanced Use CaseE X|&ot7| 2ol
LTE-eV2X0il= SidelinkOflA TiZ! =X & 2OH0| F2ASACt. T2 =X/ TE2 F 742 Sidelink
HE|HZ Y IS HE0H0 ReliabilityS SHHAIZ == Tt T2 =X &5 MEL IiZls 2ol |
5l PPPR (ProSe Per Packet Reliability) Ii2t0|E{7t =AE|UC PPPR2 1HE 89| 242 7HAIH 2t
712 PPPRZ2 A2 AS0IN ZFECE Sidelink IH2! SAl= PDCP ASMA S4ECE T2 SX
HS0| AZE Orthogonal 71201 F&h2 Ii7! XX g2 A0 UL F 742 =2| &HZ (Logical
Channel)O| 2} 742|010 DHEEICH [T 4-15]= T2 SXX| 12 V2X RIS MESh= AlL2|20(H
F1 7H2/0{2t F5 7H2|0E 0|8010 IH2! =X T&ok= AR0|C T2l =M BE2= 4=4E V2X T2
=4 22| PDCP AIZ0IM Th2! =Xt §ES &t 7 A9 ASL= ME L,

Duplicated Duplicated
SLLCH1 SL LCH2

-

@ O

[12! 4-15] Packet Duplication
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LTE-V2X2| 74$ 2E3 Ef”efol r%arE M& XY E1 BT 4 HH0| AIRSH= XME XY
22|50] AUCE LTE-eV2X0ilM= 25 3 HY
M AMEEE 5Y o+ U0 2E 3 HED
4-16]2 20| 2E 3 82| T& At 2t RE 4 829 TS XA
HAl@)D 1702] T4 A B2 BE 3 859 PE 4 22 WA 2Q5H YA(hoE 7
QICt. LTE-eV2XOIMe= [12 4-16] (b)2Q] TH| 22X Yals K|S

o =

@ 5237 (b) HX 3R

[TJ2 4-16] M4 X1 2 2R giAl

LTE-eV2Xat LTE-V2X 7t W& At 2 SRk 7tsstl 0] 7|52 LTE-V2X B9 450
Z|ASIHOF BICH [A2] 4-17]= LTE-V2X THaint [TE-gV2X Tt 71 M4 X1e) E 12 ALt

—

LIEFHCE, [23 4-17]2 0] LTE-eV2XQ| 2E 3 T} HC 4 T 7H M K

0g
ol
o

]
o o
B oup o

% op op
4> 40 40
g0 oI oF
1= 1>
L 1o

[T13 4-17] LTE-V2X2} LTE-eV2X & Al TS At & 37 AlLiE|R

TE-eV2XE BRts X A 20| BRES 7IXZ0M B2lE 4+ UCE BE 3 HU0| TR Xt

90 I _’GFur‘um
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X|gdstot, B2 3 U2 2E 4 0| My 7|8ez TS

= = Yers
AHEE MEoke S AR P42 S7 AHH 2 Aot F7|H2=, 01 Eiiot 57 At
A

SO B MAX|HS 276H= Advanced Use CaseZ X|®5H7| floll LTE-eV2XE IHZI0]
SLASO| ZAfSH AIZHRE oY IZIS S4loh| ot ME AHHS MEiot= AlZH 7H4E2 E0|=
Yots TSI 2E 40)M TE XS MEISHE O] A5 = AlZH 23 Oi20|E & Resource
Selection Window?| 37|E Z&oh= T2 442 £0[= HOt0
Z|AZE 10ms2t 20ms AL0]Q] M= gto = MEHSIEE MALUCH LTE-eV2X A|AEI2 | TE-

V2XHLH &2 Resource Selection WindowZ2 288t 4~ QILt,

t
MM
Ton
"
:Q
._l?_
)
)
)
v
i
N
MM
|0
Hu
_|
N
10

[T 4-18] RE 4 M4 XpE MEH AL = Resource Selection Widow 2&

Of

® LTE-V2X K| Ut [ TE-eV2X X|& HYQ| & AL X|H

Basic Safety Use Case= LTE-V2X X|® HHE S4-Al5t

M-S K@= 0{0F St Advanced Use Case= LTE-V2X K| HE0| A8 HQ=
LTE-eV2X AAHIN= ApplicationO| Basic Safety Use CaseOf siE=™ LTE-V2X Sl
A2ot=2 Mot Application0| Advanced Use Casel| siE=H LTE-eV2X S
AZEER MYEH 4 QTR TX D201 Di2t0|E{7t SUEACH (B 4.2.2-2)%t Z0| TX T2}
12 LTE-V2X S} S2t Vistt T2EES Agoks 800 TX 20 2= [TE-V2X T
SEEX| b= TR2EZS AMSots SM0I0H TX Z2OY 12 LTE-V2XHIA Hol=l MCS
AESHH, TX 2 2= LTE-eV2XUIA A2 H2lE MCS & 20| IS AFZeiCt,
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T 4-8) TX Z2md

1 TX T212 1 (Release 141} 38745, Release 14 MCS E|0|E Mg
2 TX T2 2 (Release 141 58t £7}; Release 15 MCS H|0|E 2! 2|0|E D12 Mg

4.2.3 NR-V2X 7|= 7L

NR-V2X 24 7|& B&Est= 2018 822 H 3GPP RAN AE(C]| 008 =2 AZGICE RAN
HZIE0I NR-V2X0IM FLI610At Sk= 7| SH= L5t 2t

@ Sidelink &4
- Advanced V2X MH|A QTIAEIS DHEA|Z £ QIEE CHET} 22 NR Sidelink 71&2 A7
HIOIE &= 4 2 ReliabilityS STHAIZ|7| fIc Sidelink II=84 &'E HA 0l Chst =27t Ty
S0ICt.
« Sidelink RLIZHAE, DEINAE, HEEIFAE T|z G+
« Sidelink 22|45 & 2 =Xt AH
+ Sidelink 57| &4 A7

- Sidelink At &t ¢
+ Sidelink L2/L3 Z2EZ A7

® Advanced V2X Use Case X240 23t Uu QIE{H0|A 7HA
- LTE Uu Z2EF 3 NR Uu Z=EZ0]| Advanced V2X Use CaseE X|EE 4= U=X| AEot
Uu Z2EE J§M Hfore H5HTT,
- RAN2 WGOIA= NR-V2X Deployment A|LI2| 201 CHEH =2|7} XI8 20| Standalone (5GCO]
1ZE gNB L= ng-eNB) 7[4| NR Sidelink® 283t= AlLI2|2Z MR DC 7[¥rel NR
Sidelink A|LIR|QELC MO 2 11245 0 ™0|Ct.

® 7|X|= EX0| 2J3t Sidelink At &5 3 MF (LTE-V2XQ ZE 3 = ZE 4)

- 7I1X1=2 &°l NR SidelinkE 01, &2 = JA=S LTE Uu Z2ES JHM ¢ets H1eltt
- 7|1XI=2 &ol LTE SidelinkE M, &2 4= UA=F NR Uu Z2EZ JHM ¢ets GH1eltt

@ RAT/QIEIH|O]A e
- LTE PC5, NR PC5, LTE Uu = NR Uu QIE{H|[0| A &4 HIOH0H| CHol H-L ot
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® QoS &t
- Advanced Use CaseZ X|®ot7| 8t Uu 2 Sidelink QIE{HIO|AS] QoS 2| 2Fotoy| CHaH
TSIt
® S= AL

ClHIO|A LHEO| 0|F 7|& 2&: ot X12F LHO| NR Sidelink 7=t LTE Sidelink 7

5
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= IS AME5t= 42 (B ME HQE 7St
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C-V2X0lAM= V2V, V21, V2P S41E 215l PC52 Uu QIHTHO0|AS AREE &~ U=HI PCHE ARESHV2Y,
V2I, V2P E412 2I™EM (Direct Communication)0|2 511, 7|X[=2 ARESHV2V, V2I, V2P S48 71
£ (Indirect Communication) 02 XISt &2 V2X AIH0l= V2| AHIAZS 9{6H RSUZ 112{otl UC.
RSU= 802.11p0fA A== 80{0|H, LTER} 5G 7|#H2] C-V2X0lAf RSU= 7|X[=(NodeB) 2 T
HEfZ 712 o= U= RSUZL 7IX=C2 HdE 3% Tz SHok= A2 7IKI= 7152 RSU2E Uu
PIEHH0|AE Solf S4I6tH, RSUZt HEt= 7182 R0z HH= S&ol= A HE=2 S26k= RSU
A0[0] PC5 QIHHO|AS Solf S4I8ICH C-ITS Arel2| Cifet MHIAS & W2 MH|A= FE2 B2
HIO|H & X2 Q+tok= A7 UCH, HIOQ H0|E S 18 HI0[H2| T&= Q+1oh= = ATt
Ol MX|H Q712 12 HI0|H & 2715 M= UEA|7|7| f/6l Edge Computing0] 124=11
U2, 3GPPOIM= Edge ComputingS Toigt = ULE BESPL FEI EUC} Edge Computing
71X= FE Q] RSULY 7MY S4I0IM AlEe &= IO, HIERFS 7IsE ©EO0| U= WERKT SH
Hx[oIH XS E|Aaskotal HIO|E0 Lt 74| 715 Ttoloh= S HEE HIOIHE 2= X2[d &

X

|’0II

UL TEY 3 HEYS HE5I0 V2X MHIA HEYJTES 7150k= 371K Uets (B 4-9)01M MRt 24
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I 4-10) V2X MHIA HEYF 1= 2ot ¥ AA H| W

EXIXS!
% oj % I-
] HR|o RERE R4 QoS H|O Bl HOtA SkAf (Short TTI, Edge Cloud,
RSU =7HEXH| HA% Network Slice X&)
RSU 2715 At| 218
T That K| A| 2
e 'u JOA DEHE FE A 27} X[
oy (V2VVAHHE SRA) HH JLs A HZA7| 52

FHH2IX| 31 =°
RSU F7}EXH| 2y

3 ITSTHSS ARSI TS MBS 5 SR, HBFIAIHS S5l ABUS ARt £X 271

4.2.5 C-V2X Use Case?} 7|= %5}

0] MH= V2X Use Case, C-V2X 7|& & AEd ZlIst HAE YT 2 82 HE 2014
7|&8t LTE V2X Use Case £ AEF8 15|, 227, 3THAGIA LTE-V2X 7|&S Moo Mg £
US AOICt. 5G V2X Use Casex= A28 4TA ¥ 5H| AILI2|Q01M T24E 4 U= 2F5=
ALE| 0] M2t LTE-eV2X 715 % NR-V2X 7|52 M8Y = US A= oMt [OF 4-20]12

3GPP V2X 7|&2 X[& 7tsottil HHEl= V2X Use Case X! AtE

o U™ HAE 20 =0

LTE-V2X 7|= LTE-eV2X & NR-V2X 7|=
(LTE V2X use case) (5G V2X use case)
[T12! 4-20] 3GPP V2X7|&, V2X Use Caselt AFS:al SHHEA 7 2|

(08 4211 &5 274 @% R4 X9t U F Heje] R7ES 7|
LTE-V2X, LTE-eV2XE HIZ&t LTE/LTE-A, LTE-A Pro, NRE XE510{
L
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RI 753t HHIASS B0
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et ont | 5G LTE-A pro & NR (Rel.15~)

LTE-V2V/-eV2X(~Rel.14) HD map EI0|E Remote Control Edge Computing

UL : Cam + Sensor data UL : Sensor datal(Lidar..)
V2V safety DL : Control DL : Control :

P RO LTE-A Pro(Rel. 13~14) 1 NGG————
""" LTE/LTE-A (-Rel.12) )8 *

~10ms

V2V V2| safety

~100ms BSW, LCW, LTA, RLVW...

UL : Vehicle info

DL : traffic info

ITS . :

In-Vehicle : i

seconds RWW, IVS : ) Event Video up:o‘ad

DL : traffic info ; Entertainment UL : DashCam clip

Telematlcs DashCam béckup

minutes uL: . Sensor data UL : DashCam clip

~0.1Mbps ~1Mbps ~10Mbps ~100Mbps 1Gbps 10Gbps

7 = * FCW : Forward Colliso Warning
ol OIAL A|7F (REE
PIAL Xl By AIA"E(T[") EEBL : Emergency Electric Brake Light
100m &edy| L= 44 250ms = BSW : Blind Spot Warning
HZIOIX| 80ms + X0 20ms = 100ms O[5t3 A=A W G :
QIHIO|O| A|Zt O oA XX 00~ : Control Loss Warning
ULIRIO] A2} QIX|+OFRA £ 200~250ms LCW - Lane Ch Warni
HAMa H2E311ms, AlZH 404ms - Lane Lhange Vvarning

AT H2t 260ms. AlZF 300ms, at best 100ms IE{TS/WLeg;;EQStS\‘/S\;aIgon Warning

RWW : Road Work Warning
IVS : In-Vehicle Signage
VTL : Virtual Traffic Light

[2 4-21] MEX|H LU MEHY QAR 7|F 3GPP BES} 7|2/ MH|A

43 C- V2XA|%=‘|| I§I}<‘§ﬁ*l¢%}§

o

2 4.380M= GCF/PTCRBE 422 C-V2X 7|&9] Mehd Al BEst 1S Falot! il
HEE U= AT MA S| pighit A>RUS S| A1H 2 ! 20l CHall 7|s ettt

4.3.1 N&7|s Bt o

ofor

AN OlSS4! 7|8e| RigFats flst RAEFSA 71&(C-V2X)oll thet BEst &AR2 82| 3GPP(3rd
Generation Partnership Project)lAl 213 S0|Ct 3GPP= Release 1404 LTE 7|8t AF2Fsls 2
7|2X01 7|51 A5, MHIA QTARBHS HOI5H UCH, Release 1501|Al= 5G LTES Eof| =Lt SFA

gt XA, AH2ES Yot 52 52 AeFd MHIAS JHSH ST, DXL 2 Release

mjo

[e]]}
=

rn

1601 = 5G| M=z2 FH7IE(NR) 7|8te] UstE MHIAS SHZ HAXOZ Tlstd 71s BESIE
TIsist 0 -0ICH O] 7| BEEFHS HIEHORZ AIYQIZHEZQl GCF(Global Certification Forum)0i|lAf
BEXMEHY QIEE flet Q15 Z2I#S FHI5H AT 3GPPE SIXH7IA| Release 14 LTE V2XOi| CHgt
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AET12] e ABBION, BE0| A2 Release 15 5G(LTE)-eV2X0l et BEXEH AE7ZS
M2t ZOICt. 3GPPO| AFBZS RS 7| BES A} 0l0 (hSEs GCFOl BRXEH AR
TNt 20 Chet ZEWS CHS (B 4-11)T} 2L,

=13
=
=13
=

H 4-11) 3GPP M2Fd 7 |eHE/MEHA & GCF BEXH

- 20174 20184 20194 202014

0|>I
l_l
0z
=
ne
Hu

3GPP Release 14 LTE - Release 15 Release 16
_ V2X 5G (LTE) - eV2X 5G (NR) - V2X
ClE/MNET) o o "o po : o
(~"17.69%) (~'18.6%) (~"19.12%)
GCF Release 14 Release 15 Release 16
= LTE - V2X 5G (LTE) - eV2X 5G (NR) - V2X
QIzm273)
(~"18.69%) (~"19.6& 0olAhH (~'20.12& of|Ah)

GCFE= 20183 4€, CAG(Conformance and Interoperability Agreement Group) 54Xt 5|2|0f|lA
V2V(Vehicle to Vehicle) 2 V2X(Vehicle to Everything) Work ltemS £QI5I% 20, 2018 6¥,
TDD47(5.9 GHz) BH=0]| CHSE LTE Sidelink V2V, V2X &M A[&etSS Work Item| =7+SIQICEH

= \WI-281: Vehicle to Vehicle (V2V) for E-UTRAN Release 14

= \W|-282: Vehicle to Everything (V2X) for E-UTRAN Release 14

Release 14 M AISS=20| H21=l 3GPP 7|&7#24(Core Specification)2 CH31H 2Tt

u 3GPP TS 24.385: V2X Services Management Object (MO)

= 3GPP TS 36.321: Evolved Universal Terrestrial Radio Access (E-UTRA); Medium Access
Control (MAC) Protocol Specification

m 3GPP TS 36.322: Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Link Control
(RLC) Protocol Specification

= 3GPP TS 36.323: Evolved Universal Terrestrial Radio Access (E-UTRA); Packet Data
Convergence Protocol (PDCP) Specification

= 3GPP TS 36.101: Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE)
Radio Transmission and Reception

m 3GPP TS 36.133: Evolved Universal Terrestrial Radio Access (E-UTRA); Requirements for

Support of Radio Resource Management
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s 4. C-V2X 7|&3igt

= 3GPP TS 36.211: Evolved Universal Terrestrial Radio Access (E-UTRA); Physical Channels
and Modulation

= 3GPP TS 36.212: Evolved Universal Terrestrial Radio Access (E-UTRA); Multiplexing and
Channel Coding

m 3GPP TS 36.213: Evolved Universal Terrestrial Radio Access (E-UTRA); Physical Layer
Procedures

» 3GPP TS 36.304: Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE)
Procedures in Idle Mode

» 3GPP TS 36.306: Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE)
Radio Access Capabilities

= 3GPP TS 36.300: Evolved Universal Terrestrial Radio Access (E-UTRA) and Evolved Universal
Terrestrial Radio Access Network (E-UTRAN); Overall Description; Stage 2

= 3GPP TS 36.331: Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Resource

Control (RRC); Protocol specification

GCF2l Algst=2 37 RF(Radio Frequency), RRM(Radio Resource Management) & Z2&
Aoz TEED, &3 A (Test Specification)2 Ceat ZCh E5F MMl AEHESE CF
HeF 2T

» 3GPP TS 36.521-1: Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment

(UE) Conformance Specification; Radio Transmission and Reception; Part 1: Conformance

jo i

Testing

= 3GPP TS 36.521-2: Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment
(UE) Conformance Specification; Radio Transmission and Reception; Part 2: Implementation
Conformance Statement (ICS)

= 3GPP TS 36.521-3: Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment
(UE) Conformance Specification; Radio Transmission and Reception; Part 3: Radio Resource
Management (RRM) Conformance Testing

m 3GPP TS 36.523-1: Evolved Universal Terrestrial Radio Access (E-UTRA) and Evolved Packet
Core (EPC); User Equipment (UE) Conformance Specification; Part 1: Protocol Conformance
Specification

= 3GPP TS 36.523-2: Evolved Universal Terrestrial Radio Access (E-UTRA) and Evolved
Packet Core (EPC); User Equipment (UE) Conformance Specification; Part 2: Implementation



4. C-V2X

Conformance Statement (ICS) Proforma Specification
m 3GPP TS 36.523-3: Evolved Universal Terrestrial Radio Access (E-UTRA) and Evolved Packet
Core (EPC); User Equipment (UE) Conformance Specification; Part 3: Test suites

(E 4-12) LTE Sidelink V2V

T3 o

Type of Test| Test Specification TC Description

RF

RF

RF

RF

RF

RF

RF

RF

RF

RF

RF

RF

RF

RF

36.521-1

36.521-1

36.521-1

36.521-1

36.521-1

36.521-1

36.521-1

36.521-1

36.521-1

36.521-1

36.521-1

36.521-1

36.521-1

36.521-1

6.2.3G.1.1

6.2.3G.1.2

6.2.4G.1

6.2.5G.1

6.3.2G.1

6.3.3G.1

6.3.4G.1

6.3.4G.4

6.3.5G.1

6.5.1G.1

6.5.2.1G.1

6.5.2.2G.1

6.5.2.3G.1

6.5.2.4G.1

Maximum Power Reduction (MPR) for V2X Communication /
Power class 3 / Contiguous Allocation of PSCCH and PSSCH

Maximum Power Reduction (MPR) for V2X Communication
/ Power class 3 / Non-contiguous Allocation of PSCCH and
PSSCH

Additional Maximum Power Reduction (A-MPR) for V2X
Communication / Non-concurrent with E-UTRA Uplink
Transmissions

Configured UE transmitted Output Power for V2X
Communication / Non-concurrent with E-UTRA Uplink
Transmissions

Minimum Output Power for V2X Communication / Non-
concurrent with E-UTRA Uplink Transmissions

UE Transmit OFF Power for V2X Communication / Non-
concurrent with E-UTRA Uplink Transmissions

General ON/OFF Time Mask for V2X Communication / Non-
concurrent with E-UTRA Uplink Transmissions

PSSS/SSSS Time Mask for V2X Communication / Non-
concurrent with E-UTRA Uplink Transmissions

Power Control Absolute Power Tolerance for V2X
Communication / Non-concurrent with E-UTRA Uplink
Transmissions

Frequency Error for V2X Communication / Non-concurrent with
E-UTRA Uplink Transmissions

Error Vector Magnitude (EVM) for V2X Communication / Non-
concurrent with E-UTRA Uplink Transmissions

Carrier leakage for V2X Communication / Non-concurrent with
E-UTRA Uplink Transmissions

In-band Emissions for non-allocated RB for V2X Communication
/ Non-concurrent with E-UTRA Uplink Transmissions

EVM Equalizer Spectrum Flatness for V2X Communication /
Non-concurrent with E-UTRA Uplink Transmissions

St

El
ofm
0fo
ol
40

| (o]
2]
=

FDD xx
TDD xx

FDD xx
TDD xx

FDD xx
TDD xx

FDD xx
TDD xx

FDD xx
TDD xx

FDD xx
TDD xx

FDD xx
TDD xx

FDD xx
TDD xx

FDD xx
TDD xx

FDD xx
TDD xx

FDD xx
TDD xx

FDD xx
TDD xx

FDD xx
TDD xx

FDD xx
TDD xx
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15 uiAl | 99



4 4. C-V2X 7|12351&

Type of Test| Test Specification TC Description

RF 365211 661161 Occupied Bandwidth for V2X Communication / Non-concurrent  FDD xx

with E-UTRA Uplink Transmissions TDD xx

Spectrum Emission Mask for V2X Communication / Non- FDD xx

i el B2 18] concurrent with E-UTRA Uplink Transmissions TDD xx

Additional Spectrum Emission Mask for V2X Communication /  FDD xx

i 36.521-1 B2 Non-concurrent with E-UTRA Uplink Transmissions TDD xx

Adjacent Channel Leakage Power Ratio for V2X Communication  FDD xx

i S8 B8 / Non-concurrent with E-UTRA Uplink Transmissions TDD xx

Spurious emission for V2X Communication / Non-concurrent  FDD xx

i 365211 883G ETRA Uplink Transmissions TOD xx

Spurious Emission Band UE co-existence for V2X FDD xx

RF 36.521-1 6.6.3G.1_1 Communication / Non-concurrent with E-UTRA Uplink 10D xx
Transmissions

Transmit Intermodulation for V2X Communication / Non- FDD xx

i S SIE concurrent with E-UTRA Uplink Transmissions TDD xx

Reference Sensitivity level for V2X Communication / Non- FDD xx

i ey I8l concurrent with E-UTRA Uplink Transmissions TDD xx

Maximum input Level for V2X Communication / Non- FDD xx

i e 16 concurrent with E-UTRA Uplink Transmissions TDD xx

R 65211 756.1 Adjacent Channel Selectivity (ACS) for V2X Communication /  FDD xx

' = Non-concurrent with E-UTRA Uplink Transmissions TDD xx

In-band Blocking for V2X Communication / Non-concurrent  FDD xx

RF 365211 781G i EUTRA Uplink Transmissions TOD xx

Out-of-band Blocking for V2X Communication / Non-concurrent  FDD xx

RF 365211 T8k ETRA Uplink Transissions TOD xx

Spurious Response for V2X Communication / Non-concurrent  FDD xx

i 521 TI8T i EUTRA Uplink Transmissions TDD xx

Wide Band Intermodulation for V2X Communication / Non- FDD xx

i SR st concurrent with E-UTRA Uplink Transmissions TDD xx

Spurious Emissions for V2X Communication / Non-concurrent  FDD xx

i 365211 7861 it E-UTRA Uplink Transmissions TDD xx

RF B.521-1 142 Demodgla.tlon of PSSCH / Non-concurrent with E-UTRA Uplink  FDD xx

Transmissions TDD xx

RF B.521-1 143 Demodgla_tlon of PSCCH / Non-concurrent with E-UTRA Uplink ~ FDD xx

Transmissions TDD xx

Power imbalance performance with two links / Non-concurrent  FDD xx

i 365211 144 \yith E-UTRA Uplink Transmissions TOD xx

RRM 36.521-3 111 V2V UE Transmission Timing Accuracy Test ;BB )X(

100 | SGE-on



4.CV2X 7163 o
Type of Test| Test Specification TC Description

RRM 365213 112 Interruptions Due to V2V Sidelink Communication oo

V2X Sidelink Communication / Pre-configured Authorisation

/ UE in RRC_IDLE or RRC_Connected on an E-UTRAN cell not
Operating on the Anchor Carrier Frequency Provisioned for V2X  FDD xx
Configuration / UE out of Coverage on the Frequency used for  TDD xx
V2X Sidelink Communication / Utilisation of the Pre-configured
Resources / Transmission

Protocol 36.523-1 2412

V2X Sidelink Communication/ Pre-configured authorisation /

UE in RRC_IDLE or RRC_Connected on an E-UTRAN cell not
Operating on the Anchor Carrier Frequency provisioned for V2X  FDD xx
Configuration / UE out of Coverage on the Frequency used for  TDD xx
V2X Sidelink Communication / Utilisation of the Pre-configured
Resources / Reception

Protocol 36.523-1 2414

V2X Sidelink Communication/ Pre-configured Authorisation /

UE in RRC_IDLE or RRC_Connected on an E-UTRAN cell not
Operating on the Anchor Carrier Frequency Provisioned for V2X  FDD xx
configuration / UE out of Coverage on the Frequency used for  TDD xx
V2X Sidelink Communication / Utilisation of the Pre-configured
Resources / Transmission Based on Zoning

Protocol 36.523-1 2419

(H 4-13) LTE V2X

Type of Test| Test Specification TC Description

UE Maximum Output Power for V2X Commincation / Non- FDD xx

i 36.521-1 e concurrent with E-UTRA Uplink Transmissions TDD xx
UE Maximum Output Power for V2X Commincation / FOD xx
RF 36.521-1 6.22G.2 Simultaneous E-UTRA V2X Sidelink and E-UTRA Uplink 0D xx
Transmission
UE Maximum Qutput Power for V2X Commincation / Intra- FDD xx
RF e LIS band Contiguous MCC Operation TDD xx
RF B.521-1 6.22G.4 UE Maximum Output Power for V2X Commincation / Power FDD xx
Class 2 TDD xx
Maximum Power Reduction (MPR) for V2X Communication FDD xx
RF 36.521-1 6.2.3G.1.3 / Power Class 3 / Simultaneous E-UTRA V2X Sidelink and 0D xx
E-UTRA Uplink Transmission
Maximum Power Reduction (MPR) for V2X Communication /  FDD xx
i S B2s8le Power Class 3/ Intra-band Contiguous MCC Operation TDD xx
RE 65211 623621 Maximum Power Reduction (MPR) for V2X Communication / FDD xx

Power Class 2 / Contiguous Allocation of PSCCH and PSSCH ~ TDD xx

WSS wA 101



Type of Test| Test Specification TC Description

Maximum Power Reduction (MPR) for V2X Communication FOD xx
RF 36.521-1 6.2.3G.2.2 / Power Class 2 / Non-contiguous Allocation of PSCCH and
PSSCH TOD xx

Additional Maximum Power Reduction (A-MPR) for V2X
RF 36.521-1 6.24G.2 Communication / Simultaneous E-UTRA V2X Sidelink and
E-UTRA Uplink Transmission

Configured UE Transmitted Output Power for V2X
RF 36.521-1 6.25G.2 Communication / Simultaneous E-UTRA V2X Sidelink and
E-UTRA Uplink Transmissions

Configured UE Transmitted Output Power for V2X Communication  FDD xx

FDD xx
TDD xx

FDD xx
TDD xx

RF 36.521-1 6.2.5G.3

/ Intra-band Contiguous MCC Operation TDD xx
o EIN 632 E i i UTA U s 0D
- et 63263 g/cl:ggﬁgsj S[):/ngtgsev;/:tri Jr(]Jr V2X Communication / Intra-band ;BBXX);
AN
- — T gsnlirggggytlvl OCFg OPS:::; éﬁr V2X Communication / Intra-band %Bx
B 6BZ [ i S EUTA cTneis 0D
o BE 6383 ol e opeon 10D
RF 36.521-1 6.3.4G.4 PSSS/SSSS Time Mask for V2X Communication ?SB g
w32 e bondConuaus MCC poraton DD
o w33 e Mo G 0D
o EIN 65162 (Ul ik and EUTRA ik Tansmissons 0D
B B82162 e T i T DD
' me esoies Bl Nomis BN X Comnitin - (001
W BS2262 ¢l Gl and EUTRA ik Tansmisons T o
. ] 652263 gsr:triigurot:ﬁgg%g;;t\i/oax Communication / Intra-band %Bxxi

12| SGYon



4.CV2x 71558 off
Type of Test| Test Specification TC Description

In-band Emissions for non-allocated RB for V2X Communication FDD xx
RF 36.521-1 6.5.2.3G.2 /Simultaneous E-UTRA V2X Sidelink and E-UTRA Uplink 10D xx
Transmissions
In-band Emissions for non-allocated RB for V2X Communication  FDD xx
/ Intra-band Contiguous MCC Operation TDD xx
EVM Equalizer Spectrum Flatness for V2X Communication /  FDD xx
Intra-band Contiguous MCC Operation TDD xx

Occupied Bandwidth for V2X Communication / Intra-band  FDD xx
Contiguous MCC operation TDD xx

RF 36.521-1 6.5.2.3G.3
RF 36.521-1 6.5.24G.3

RF 36.521-1 6.6.1G.1
Occupied Bandwidth for V2X Communication / Simultaneous ~ FDD xx
E-UTRA V2X Sidelink and E-UTRA Uplink Transmissions TDD xx

Occupied Bandwidth for V2X Communication / Intra-band  FDD xx
Contiguous Multi-carrier Operation TDD xx

RF 36.521-1 6.6.1G.2

RF 36.521-1 6.6.1G.3

Spectrum Emission Mask for V2X Communication /
RF 36.521-1 6.6.2.1G.2 Simultaneous E-UTRA V2X sidelink and E-UTRA Uplink
Transmissions

FDD xx
TDD xx

Spectrum Emission Mask for V2X Communication / Intra-band ~ FDD xx
Contiguous MCC QOperation TDD xx
Additional Spectrum Emission Mask for V2X Communication
RF 36.521-1 6.6.22G.2 / Simultaneous E-UTRA V2X Sidelink and E-UTRA Uplink
Transmissions

RF 36.521-1 6.6.2.1G.3

FDD xx
TDD xx

Additional Spectrum Emission Mask for V2X Communication /  FDD xx
Intra-band Contiguous MCC Operation TDD xx

Adjacent Channel Leakage power Ratio for V2X
RF 36.521-1 6.6.2.3G.2 Communication /Simultaneous E-UTRA V2X Sidelink and
E-UTRA Uplink Transmissions

Adjacent Channel Leakage Power Ratio for V2X Communication FDD xx
/ Intra-band Contiguous MCC Operation TDD xx

Spurious Emission for V2X Communication / Simultaneous FDD xx
E-UTRA V2X Sidelink and E-UTRA Uplink Transmissions TDD xx

Spurious Emission band UE co-existence for V2X
RF 36.521-1 6.6.3G.2_1 Communication /Simultaneous E-UTRA V2X Sidelink and
E-UTRA Uplink Transmissions

Spurious Emission for V2X Communication / Intra-band  FDD xx
contiguous MCC Operation TDD xx

Spurious Emission band UE Co-existence for V2X FDD xx
Communication / Intra-band Contiguous MCC Operation TDD xx

RF 36.521-1 6.6.2.2G.3

FDD xx
TDD xx

RF 36.521-1 6.6.2.3G.3
RF 36.521-1 6.6.3G.2

FDD xx
TDD xx

RF 36.521-1 6.6.3G.3

RF 36.521-1 6.6.3G.3_1

Transmit Intermodulation for V2X Communication /
RF 36.521-1 6.7G.2 Simultaneous E-UTRA V2X Sidelink and E-UTRA Uplink
Transmissions

FDD xx
TDD xx
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Type of Test| Test Specification TC Description

Transmit Intermodulation for V2X Communication / Intra-band  FDD xx
i L8 676.3 Contiguous Multi-carrier Operation TDD xx

Reference Sensitivity level for V2X Communication /
RF 36.521-1 7.3G.2  Simultaneous E-UTRA V2X Sidelink and E-UTRA Uplink
Transmissions

FDD xx
TDD xx

Reference Sensitivity Level for V2X Communication / Intra-  FDD xx

i 36.521-1 I8 band Contiguous MCC QOperation TDD xx

Maximum Input Level for V2X Communication / Simultaneous ~ FDD xx

RF 365211 7482 £ |5TRAV2X Sidelink and E-UTRA Uplink Transmissions TOD xx

Maximum Input Level for V2X Communication / Intra-band ~ FDD xx

RF SR AL Contiguous MCC Operation TDD xx

Adjacent Channel Selectivity (ACS) for V2X Communication FDD xx

RF 36.521-1 75G.2 / Simultaneous E-UTRA V2X Sidelink and E-UTRA Uplink 10D xx
Transmissions

Adjacent Channel Selectivity (ACS) for V2X Communication /  FDD xx

i S 1B Intra-band Contiguous MCC Operation TDD xx

In-band Blocking for V2X Communication / Simultaneous FDD xx

RF ey ra e E-UTRA V2X Sidelink and E-UTRA Uplink Transmissions TDD xx

In-band Blocking for V2X Communication / Intra-band FDD xx

i 36.521-1 e Contiguous MCC Qperation TDD xx

Out-of-band Blocking for V2X Communication / Simultaneous  FDD xx

i 365211 78282 ¢ \rpa X Sidelink and E-UTRA Uplink Transmissions TOD xx

Out-of-band Blocking for V2X Communication / Intra-band  FDD xx

i SO 1HG28 Contiguous MCC Operation TDD xx

Spurious Response for V2X Communication / Simultaneous  FDD xx

RF 36521 7782 £\ 5TRAV2X Sidelink and E-UTRA Uplink Transmissions TDD xx

Spurious Response for V2X Communication / Intra-band  FDD xx

il 36.521-1 I8 Contiguous MCC Qperation TDD xx

Wide Band Intermodulation for V2X Communication / FDD xx

RF 36.521-1 78.1G.2 Simultaneous E-UTRA V2X Sidelink and E-UTRA Uplink 0D xx
Transmissions

Wide Band Intermodulation for V2X Communication / Intra- FDD xx

RF LB TG band Contiguous MCC Operation TDD xx

Receiver Image for V2X Communication / Intra-band FDD xx

i 36.521-1 lLE Contiguous MCC Qperation TDD xx

RRM 36,5213 1211 V2X UE Transmission Timing Accuracy Test for eNB as Timing  FDD xx

Reference TDD xx

RRM 365213 1212 V2X UE Transmission Timing Accuracy Test for SyncRef UE as  FDD xx

Timing Reference TDD xx
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RRM

RRM

RRM

RRM

RRM

RRM

Protocol

Protocol

Protocol

Protocol

Protocol

Protocol

36.521-3

36.521-3

36.521-3

36.521-3

36.521-3

36.521-3

36.523-1

36.523-1

36.523-1

36.523-1

36.523-1

36.523-1

12.2.1

1222

12.3.1

1232

12.4

125

7.39.1

2411

2413

2415

2416

2417

4.CV2x 71558 off
Type of Test| Test Specification TC Description

Initiation/Cease of SLSS Transmission with V2X Sidelink
Communication for eNB as Timing Reference

Initiation/Cease of SLSS Transmission with V2X Sidelink
Communication for SyncRef UE as Timing Reference

V2X Synchronization Reference Selection/Reselection Tests for
GNSS configured as the highest priority

V2X Synchronization Reference Selection/Reselection Tests for
eNB configured as the highest priority

Congestion Control Measurement Test for V2X UE

Interruptions due to V2X Sidelink Communication

PDCP SDU transmission/ V2X Sidelink Communication/ No
Header Compression for Non-IP type / No Confidentiality
Protection for Both Non-IP type and IP type

V2X Sidelink Communication / Pre-configured Authorisation
/ UE in RRC_IDLE on an E-UTRAN cell Operating on the
Anchor Carrier Frequency Provisioned for V2X Configuration
/ Utilisation of the Resources of (serving) Cells/PLMNs /
Transmission

V2X Sidelink Communication/ Pre-configured Authorisation /
UE in RRC_IDLE on an E-UTRAN cell Operating on the Anchor
Carrier Frequency Provisioned for V2X Configuration / Utilisation
of the Resources of (Serving) cells/PLMNs / Reception

V2X Sidelink Communication/ Pre-configured Authorisation /
UE in RRC_CONNECTED on an E-UTRAN cell Operating on the
Anchor Carrier Frequency Provisioned for V2X Configuration
/ Utilisation of the Resources of (serving) cells/PLMNs /
Transmission / RRC Connection Reconfiguration with/without
Mobilitycontrolinfo / RRC Connection Re-establishment

V2X Sidelink Communication/ Pre-configured Authorisation /
UE in RRC_CONNECTED on an E-UTRAN cell Operating on the
Anchor Carrier Frequency Provisioned for V2X Configuration
/ Utilisation of the Resources of (serving) cells/PLMNs /
Transmission / RRC Connection Reconfiguration with/without
Mobilitycontrolinfo / Handover

V22X Sidelink Communication/ Pre-configured Authorisation / UE in
RRC_CONNECTED on an E-UTRAN cell Operating on the Anchor
Carrier Frequency Provisioned for V2X Configuration / Utilisation
of the Resources of (Serving) cells/PLMNs / Reception / RRC
Connection Reconfiguration with Mobilitycontrolinfo / Handover

FDD xx
TDD xx

FDD xx
TDD xx

FDD xx
TDD xx

FDD xx
TDD xx

FDD xx
TDD xx

FDD xx
TDD xx

FDD xx
TDD xx

FDD xx
TDD xx

FDD xx
TDD xx

FDD xx
TDD xx

FDD xx
TDD xx

FDD xx
TDD xx
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Type of Test| Test Specification TC Description

V2X Sidelink Communication/ Pre-configured Authorisation
/ UE Camped on an E-UTRAN cell Operating on the Anchor

Protocol 36.523-1 2418 Carrier Frequency Provisioned for V2X Configuration /
Utilisation of the Resources of cells/PLMNs / Transmission
Based on Zoning

FDD xx
TDD xx

V2X Sidelink Communication / Pre-configured Authorisation

/ UE in RRC_Connected on an E-UTRAN cell Operating on

the Anchor Carrier Frequency for V2X Configuration/ UE is  FDD xx
Scheduled to Transmit V2X Messages on the Frequency used TDD xx
for V2X Sidelink Communication / Inter-frequency Scheduled
Transmission

Protocol 36.523-1 241.10

V2X Sidelink Communication / Pre-configured Authorisation /

UE in RRC_Connected on an E-UTRAN cell Operating on the FDD xx
Carrier Frequency for V2X Configuration/ UE Measures CBR of  TDD xx
Configured Tx Resource Pools and Report CBR Results to eNB

Protocol 36.523-1 24.1.11

V2X Sidelink Communication / Pre-configured Authorisation /
UE in RRC_IDLE on an E-UTRAN cell Operating on the Carrier

Protocol 36.523-1 24112 Frequency for V2X Configuration/ UE Transmits V2X Sidelink
Communication Using Tx Parameters Based on Measured CBR
and PPPP

V2X Sidelink Communication / Pre-configured Authorisation /

UE in RRC_Connected on an E-UTRAN cell Operating on the FDD xx
Carrier Frequency for V2X Configuration/ Utilisation of the SL  TDD xx
SPS Resources Configured by eNB/ Transmission

FDD xx
TDD xx

Protocol 36.523-1 24113

V2X Sidelink Communication / Pre-configured Authorisation /
Protocol 36.523-1 24114 UE in RRC_Connected on an E-UTRAN cell Operating on the
Carrier Frequency for V2X Configuration / Transmission SLSS

FDD xx
TDD xx

V2X Sidelink Communication / Pre-configured Authorisation
/ UE out of Coverage on the Frequency used for V2X Sidelink  FDD xx

Fieiesy 6521 AL o munication / Operation with/without SyncRef UE/ TDD xx
Transmission SLSS
Protocol 36.523-1 24116 V2X Sidelink Communication / Sync Reference Source FDD xx

Selection TDD xx

V2X Sidelink Communication / Pre-configured authorisation /
UE in RRC_IDLE on an E-UTRAN cell Operating on the Anchor

Protocol 36.523-1 24.1.17  Carrier Frequency Provisioned for V2X Configuration / UE uses
Tx Resource Pool which is Associated with the Synchronization
Reference Source Selected

FDD xx
TDD xx
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Type of Test| Test Specification TC Description

V2X Sidelink Communication / Pre-configured Authorisation

/ UE out of Coverage on the Frequency used for V2X Sidelink
Communication and without Inter-frequency V2X Configuration ~ FDD xx
on Anchor Carriers/ Operation with/without SyncRef UE/ SLSS  TDD xx
and MasterInformationBlock-SL-V2X Message Transmission/
Syncpriority in SL-V2X-Preconfiguration is set to eNB

V2X Sidelink Communication/ Pre-configured Authorisation
Protacol 36.523-1 24119 / Utilisation of the pre-configured Resources / CBR
Measurement/Transmission based on CR Limit

Protocol 36.523-1 24118

FDD xx
TDD xx

V2X Sidelink Communication / Pre-configured Authorisation /
Protocol 36.523-1 24120 UE in Limited Service State on the Anchor Carrier Frequency
Provisioned for V2X Configuration /Transmission

FDD xx
TDD xx

V2X Sidelink Communication / Pre-configured Autharisation /
Protocol 36.523-1 24.1.20 UE in Limited Service State on the Anchor Carrier Frequency
Provisioned for V2X Configuration /Transmission

FDD xx
TDD xx

P2X Sidelink Communication / Pre-configured Authorisation
/ UE in RRC_IDLE on an E-UTRAN cell Operating on the

Protocol 36.523-1 2421  Anchor Carrier Frequency Provisioned for V2X Configuration
/ Utilisation of the Resources of (serving) cells/PLMNs /
Transmission

FDD xx
TDD xx

P2X Sidelink Communication / Pre-configured Authorisation /  FDD xx

Piiec] S e Utilisation of the Pre-configured Resources / Transmission TDD xx

P2X Sidelink Communication / Pre-configured Authorisation /
UE in RRC_IDLE on an E-UTRAN cell Operating on the Anchor

Protocol 36.523-1 2423  Carrier Frequency for V2X Configuration/ UE Transmits V2X
Sidelink Communication using Tx Parameters Based on PPPP
and Configured CBR

FDD xx
TDD xx
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HIZArSd ZIZ6HA ot UL 53], M2 SAEE 7Is& 48017| oAl T MZAtet
HAESAHZ MEAPL IHE HANMEE ol 7IsS Feidke 49/t BH. GCF= Release 14
LTE Sidelink V2V % V2X9| Q15& ¢lcl, 18 7& CAG bbxt 3Q0fM AldT=E ARH|Q 23

H=E SHOIUCU, HAESHUE MZAIA ZH| B0 2Qet 8 5 52 M= (0| 845

A
4o XIsl =0|Ct, SdX A|8AH|= Rohde&Schwarz & Keysight 52 SAI02 7|4 T QIOLY,
XH|9| ZHES MESIT Y= Rohde&SchwarzAle] Z= 312 21} ZiCH Rohde&SchwarzAtl=

CMW500 Wideband Radio Communication Tester 2|0l Ciol| Verificationg £lai5tal ULCL £9],
V2ve| A% PCb Sidelink 2IE{HO|AS 08dt= &4 7I50] aiel0|2h & &= QUT}. PCH QIEH0|A=
Tt OFM SIS Qo AFRElE PS-LTE(Public Safety LTE) 7|&2] D2D(Device-to-Device) 7|5S
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QS AHIA A7 19 30 ~ 40 194 4Q ~ 201 1Q 20440 ~"2191Q

OmniAire WAVE(Wireless Access in Vehicular Environment

) A 7Hto] £2 Q34 U
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A3 AL XIFAYGE =0t S AI-RISMHIAS MB35t A2, OmniAire] Al>A(OATL:
OmniAir Authorized Test Laboratory)= 2017E 10€ 7-LayersS A|&2 2, 2018H0] UL,
INTERTEK 12|11 DEKRAZ} 72 X|EEZACE 1= AEH|QI OQTL(OmniAir Qualified Test
Tools)Z2&= 3M, DANLAW Z12|10 SPIRENTAIS| ZH|7F OO, 2t ZH| & AIH = Of2Het 2Tt

(E 4-15) OmniAir Z2QIAISA

7-Layers DSRC-V2X Conformance Release 1 Irvine, California, USA

INTERTEK ~ DSRC-V2V Conformance Release 1 Lexington, Kentucky, USA
UL LLC DSRC-V2V Conformance Release 1 Novi, Michigan, USA
DEKRA DSRC-V2V Conformance Release 1 Malaga, Spain

{(H 4-16) OmniAir 2UA|&ZHH|(V2X-DSRC Release 1)

3M 5.9GHz Multi-Channel Test Tool WAVE V2X Packet Sniffer
SAE J2735, J2945/1
DANLAW Mx-DSRC |EEE 1609.2/3/4
IEEE 802.11p

SAE J2735, J2945/1
|EEE 1609.2/3/4

SPIRENT TTsuite-WAVE-DSRC
OmniAire] A2 #HQl= WAVE 7|&1t SAE(Society of Automotive Engineers)Of|A &2t
AIZSA HAIX] TE BEQI J27359F J2945/18 RSISICE Q1SS 5t AE2 OATLOIA -850,
Q52 OmniAird A Ao MHA HaECt, WAVEE IEEE(Institute of Electrical and Electronics
Engineers)0llAf Felot X1&- ifar 2 XFH-7 K= 7] HA2|0 AR &= V2X(Vehicle to Everything)
EMNTIEZR, 20|0Me YEPMO 2 DSRC(Dedicated Short Range Communication)2 &I+,
m [EEE 802.11p: 2&|/MAC AS #4(Wireless LAN, MAC and PHY Specifications, WAVE,
2010.7.15. HIE)
m [EEE 1609.2: H2HF2Z(WAVE Security Services for Applications and Management Messages,
2016.3.1. 74%)
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w |[EEE 1609.3: HERF HZ(WAVE Networking Services, 2016.4.29. 7iH)
w |[EEE 1609.4: OHEMES 2 #A(WAVE Multi-Channel Operation, 2016.3.21. 7H%)

SAEE XtsAt 2 ok5-2F MAR0F S8 BHEZ /MYet= 7|72, SAE A5t DSRC Technical
CommitteeOilA{= WAVE/DSRC S4101 ME8& £ Uz HAIX & T 44 5SS Host
J2735%, At 7t Ot MAIX| 2FEARSQ! J2945/1 BHES MIYSIRAC). £t J3161 BES S5t0]
Cellular(Release 14 LTE) 7|8t XAIHEA 7|719] QPARSES TH6HLL QICEH
m SAE J2735: DSRC HIAIX] Al AFM(Dedicated Short Range Communication Message Set
Dictionary, 2016.3.30. 717X)

m SAE J2945/1: XEHZT| QFAEHOn-Board System Requirements for V2V Safety
Communication, 2016.3.30. 71%)

m SAE J3161: On-Board System Requirements for LTE V2X V2V Safety Communications
(Developing)

O

OmniAir= $Xf Connected Vehicle?| E417|& 21E 1HA(Connected Vehicle V2X-DSRC
Conformity Assessment - Release 1)2 WAVE 7|9 BEEXEM(V2X-DSRC)0| CHEH ARQIS
MHIAE XMIE3HI ULt Release 204 = V2X-DSRCY| HE 22 A&t HHAIR0| =7+ 0750 |H,
20199 0|20ll= OlsS4! 7|8He] XS4l 7|&Q! C-V2X(V2X-C/OmniAinol| Chet EEA g4 ut

HoREY Aoz HXV2X ARIE BHS Hoid A=0|th.

T 4-17) OmniAir Connected Vehicle A|g19] 2! 7| &
Uy TE/THA Al
Conformance Test

2017.10 DSRC-V2X Release 1 - Message Set(SAE J2735, J2945/1)
- WAVE Protocol(IEEE 802.11p, 1609.x)

2018.10 DSRC-V2X Release 2 Interoperability & Field Sampling Test
2019.10  C2X-C Conformance Test og
2019.10  V2X-C Interoperability Test pS
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C-V2X A1 % 915 BB BENEY, 452841 LS YSAHOR 12 4 ot
AIZ2 C-VoX FZ0| EX0| T2t MEoPl PHEAKIS
2617| 9IoH 7I=XO2 WO AIF0IC. AFCRE C-V2

0
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150l HAZ NZ 42sds
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7180] FeilE 2= MZ0| 2 = UCh ol C-V2X BE Mty 57|42 2= GCR/F fYUotH,
Release 14 LTE V2X A4S AIZIC 2 Fxt 5G(LTE, NR)Z Eol] 2ASAHIAS HESe 0fF0IT

Ye2E8Y M2 EENEdS st HMES HYL2 MEU d=238d0| 7tseAl d&sts

HAZ HMF0| BE0| M2t 7L MEZ §SHS0| EY==X| 2QI5t7| flaf BRst AI=O0|Ct.

SIX C-V2XO| Chet 45284 AlRo et Q15 22 glOLE AIR0| g5 HAof TIstH
HZ2 4528 Q52 U 328 A2 HMELD}. C-V2X 422&8d AldrHd2 GSMAO|A
M-S0l TS 11: Device Field and Lab Test Guidelines), 215 AMH|A= GCFOIM H2& o=z
OlMECt HEYs A2 AR 20 EENEY 2 422840| 435H MZ0| &H HEHZ
SE0M HYXo= SAlolll HesE2E MUEoh=A| d5ote HAZ MEe ds2 oo 53¢
£ U= AIROICH C-V2X HEHs A0 et Algdwdi Q15 Z20M2 HEE MZ K| X2
HZ A AH0IM= IR S28t AR = XX|X0! *I@ﬁ”—*.% Mot 2H7IE8 MAIZ == UL

MHIA A2 A AKX =Z0IM Sl MHIAZE ARHO| ozl HRHAILE )2 SEtoh=X| dEdk=
AIOICt. MH|A Use Cases2t #2610 3GPPOAl= TS22.185(Service Requirements for V2X
Services/Release 14) #AWA HMeES=ZA 11 (Forward Collision Warning)2t 22 27742] C-V2X
28 MH|A0| hSE Q7ALE S Hol6t 1, TS22.186(Enhancement of 3GPP Support for V2X
Scenarios, Stage 1/Release 15)0A= =&Z8l(Vehicles Platooning), M&Z&i(Advanced Driving),
MNEE(Extended Sensors) 2|10 HZ2F(Remote Driving) S 5G 7|2t FIE = AMH|A0]| CHoH
789|3f4_’_ UCH MHIA A2 AFRAAE A ZHS A RCZ FLEst 4= U=, AALARIZ C-V2XE
25t X233 AAXHSP: Service Provider)7t AR ES S26t1] KIAIRES| TREH MH|A HZES
floll AKX O 2 HSotAL 87| 55 E8ot= 1 ZHSUNEE2
5GAALL OmniAiret Z2 AteFdl MAETS fIo 8
e 43552 TEoi 0|15 MTafet ZNSCIRIS Algls Feftt Sili= C-V2XE HEset AlEAY
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4.CV2x 71558 off

HEE 293ttt GCFe A3 01%, GSM(Global System for Mobile Communications) 70| T3t
NHIBE MBS 20 ofLi2}, 0|SSA 20F A17|&0] gt H-ds S WCDMA(Wideband
Code Division Multiple Access), LTE(long Term Evolution) S22 AIEQIZ 202 ST, SiXy
5G 0|34l 7150 st AlRiRIE5 e FHIot QUCH GCR= 491 &2 SG(Steering Group)2t 5 712
59 A Agreement Group)?ICAG(Conformance and Interoperability Agreement Group)2t
FTAG(Field Trial Agreement Group)2 2 FAELCH 0] & CAGE 0|55 T7|9] 74 HEAM0|
CHet AlRdRls gt MV1e A3 ol =2lE ok= 1E0|t. GCF Q152 2t =7t2| ZH| ISHI=S
ZQ QPGS HEGIT QOn, THaty|o] BRMEA AS22M U |oT, V2X § HXJ |7} X|Y6t=
ARSI} Ol= ARZAIIA HRZ 17 BEA0] T2t &A, MZE, Al =ACE2 T MA
Ols84 HEHF0M ZHICI0| SAE Z0[2k= M=IE MESlTt. Eof, &4 AiAt= GCRUIM QI5H
T27|7t ofld SLIAIRAIS] HIERT oA Fetolil s SAfotd, ASASMA GCF 2/&ARR]
CHE SAHAMEA HEHIE SohME E4 gie 24 MHIAES XNiSeith= 282 7H & U GCF
._% T27|= 3GPP &= 7|t BEME 7|70 HEE 2 A4S EMZ GCF CAGE Sol
=S MBI UOH, loT, V2X 59| A 7I5E GCF A|EQIS &5 L{jof| &kt
ULt GCF 2152 ESol| flohM MZEARE 712X 2 GCF 2/#C= 7121ot0{0F 5, 1509000 Al2|=

22 1% 52 XUs UEole BEEE T2™-S A50{0F . 0l MZAPL O|5&H HEY(9

=
Cisst 7152 f
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g
=5 |'

AA, 70, HEe| YoM SHNMoR S01E EEEE D2 Mg PE6 S8t ISS 203
M|ZAH= GCF-CC(GCF Certification Criteria, GCF QIZ0] Chst Mgt WIS Q5 7|F)2 M2t
&A= PRD(Permanent Reference Documents, GCF 215 2! §3|2F S0 LSt #=| = HXt
Fo|) 20l Yol 2UB7|Z0l FRiSt=X| (R0l thet Alte 2 V(0] CHo ~3otH, e ZuE
M LHE =2 2 Q15 MAES Sot0] HItstt. 0] I, AlF2 GCFERE S2UARAR X|F H2
LR F= R AlRAE Ol%éaP 2 QULE WPt geE F, 2E AR Z2asu 130 s MARES
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=
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5.1TS 211+ 2 7| ffp

6. ITS It H |

2 YoMe =2 =7KEt, 0=, RY, 54, Y22 ITS (KSTUSAIAH) FII S = Y2
TRl AFStS 71&8H}. 5t Basic Safety Use Case 2 Advanced Use Case¥iA Q&= ITS FI

=571 71501 ITS FLI-E AtEak= Lol thet G+ S S ITS FI== ARZO0IA 12213H0F

0
4> »e

Qak =M
OO L=
g ARISE 7I=tltt

s
3

5.1 7718 ITS Fht AL &

ot

X 22 TS (KIS WSAIAH) FO2til & 4= = 5.9 GHz (5,855 ~ 5,925 MHz) i
3GPP EZ0|A “Band 47”2 XM U1 3GPP Release 14 LTE-V2X & Release 15 LTE-eV2X
SidelinkE 0|8¢et H& 7F Af S4B 2 FZ( ATt 5.9 GHz | thet =2 =719] TS A
Sgs MM 2, 0|22 DSRC ME, 522 LTE-V2X HE, RE/51=2 7|& S22 AHE0] /ULt

2 5.9 GHz Y2 B SAHVIEEE XHGIF LI [TSE 700 MHz/5.8 GHz HE S AtE6t:==
XHE 0 Tt 22 QBN A7 TS FO2A 5,925~6,425 MHz S92 F7I6HLIA} ot =27t
QUOM F7HE FM== 3GPP NR-V2X 7|8 Advanced V2X Use Case S B V2X AMH|A 2

T 5-1) 271 (TS O Sl

ITS 21} (MHz)
5,855 - 5,925
5,850 - 5,925
5,855 - 5,925

63,000 - 64,000

5,905 - 5,925 (AEL)
5,905 - 5,925 (2018 10% LTE-V2X AlRi&OZ Z217)

755.5-764.5
5,770 - 5,850

OIZOIA 312, OIZ, RF, 53 U Y20| TS FIH4 ST AFBTHS AN5| AT K5OI,



Q 5. ITS =14 2 77H|

5.1.1 8t=

5.1.1.1 FIt== A & K|
k= ITS S0t 5,855~5,925 MHZ0]| L3t 7|&71&E2 201610 1AIE SZTMAT Al K2016-

2139| M19Z01 FOI=|0f UC KHMIEH 7|&7 |1E Ak Tra it 2Lt
n HRFISEE2 10 Mz Of5HY A

" XA CRIZHEY X

» PAlols Tl SelFlirs UE HE T2 A O, AR QRS 2ol 5 ME2 MHEL=T

H 5-2) ot= TS o= A
o 1 2 3 4 5 6 7
(M) 5,860 5,870 5,880 5,890 5,900 5,910 5,920

= OIE|LEZ (2 100 1l Olot, STISLRAKZIS 2 W 0fo1 %
= FIBIQHAS +20x 10-6 0|4Y 21
n AF2{01A YOIAIS] EREAE TS| 71F 3 0l51 2
(B 5-3) AR2I01A YO BL WA 7|Z
ZI e L IE
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5. 1TS X4 2 74

n 4 X (B2 MHIA E5) 2|0 5-H, 67, 7H X{=0| A&= (RSU) B2 517+ QUCH
T 5-4) C-ITS A|HAIHZ ITS Ft4= AR

ME2A V2V OflH Gl[=]] =4 HIod 12V PVD/H0t

Z[Z V2X MH|AE X[#H5k= 171 0142 F47(|=0] Lo =E0)| Tef S 7[=0] CHet TS ot
A A7} RIS UL ITS Ot LHEA S 7152 AtEots WHOZ M oXf Rt 7|&7 &0
20| 7|&EEe2 FAGIHN =W & =2 A S0 w2t 2 7182 ITS o AEE 2Fote
Hiotg 11eqsh & QICt EESH V2X Use Case?t Tt M2t Advanced V2X Use Case 2 NR-V2X
71& L9 ITS FIOI0 Chet AL 20| TIYE|0{0f SHCY.
5.1.2 O0|=2

5.1.2.1 L= 2% & K|

0j= FCC= 1999 5,850-5,925 MHz (& 75 MHz)& DSRC 78t ITS MH|AN| AL £ UES

Aot Ol= TS St

5.850

5.855

M AZ2 OF2 [ 5-1]h 2Lt

5.875

5.895

5.905

5.925

70

AIoSOY

172 174 176 178 180 182 184
Service Service Service Service
Public Channel Channel Control Channel Channel Public
Safety 175 Channel 181 Safety
Public Safety Public Safety
[Z12 5-1] O|= TS ok 1E AL

FCC R&R IE-902| MEIE-MS DSRC 7|8t MH|A
FCC R&R IE-95°| MEIIE-|.2 DSRC 7%t A1I:||_—

ABtS o

o= O

(ASTM) E2213-03

ARICE. oy ZIp4 CHHOIA SEdk=

H 5-5)e 2Tt

o XA
7—:‘|E =T

SHOF BIC}. RSU ZafAE

INEETS)

2 =

2ohk= RSUO]| Cet A At
t=

5t o

o= O

AJBtLY,

OBU(On-Board Unit)0l| CHSE A

22 149,

EAl o

oL O™

El
omm
0o

RSU= American Society for Testing and Materials

Off thet A=

=]
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I 5-5) RSU 224

A 0 15

B 10 100
C 20 400
D 28.8 1000

ASTM-DSRC w42 &9 IIYE 28.8 dBm=Z HM|etotXA|Ch QtHLE &l mel7t 28.8 dBmE
ZUIGHA| 231 EIRPZH44.8 dBmE Z1HoHX| = of H|L H|01S £40] LUK =5 O 2 LAS
S1E2IT,. ITS I+ AHEE IHY| Meh2 (B 5-6)2 2L

—

(i 5-6) OJ= ITS S0t~ X E'E DHXIEH

(M RHE) high SH=9l 2 HAIX] FE, AH|A ZME0f oiet 2 S

178
I+l Xist: 44.8 dBm EIRP
174. 176 Shared Public Safety/Private: Mid-Power, Mid-RangeA{H|A
| It Rzt 33 dBm EIRP
180, 182 Shared Public Safety/Private: Low-Power, Short Range A{H|A

I+e] H[St: 23 dBm EIRP

Dedicated Public Safety: High—power, High Range Safety—of-Life Applications
184 (O, Witz = 1))
It &[St 40 dBm EIRP
179 Dedicated Public Safety (High Availability, 7= QFFA{H|A)
It &[St 33 dBm EIRP
= Q) R[5
D& CJHIO|A (On-Board, ZEE, RSU)Q| Power Limit2 23 dBm EIRPZ ZtE5H0F BHC-

= AL K[
AZRHA EA 2F2 -25 dBm/100 kHz EIRPS Z1I5HX| Z0t0f St
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u Q| A H[BE:

(B 5-7)2 M 9= & Spectrum Emission LimitS LIEFHC,

T 5-7) ZE Y= & Spectrum Emission Limit

Spectrum Emission Limit (dBm) / Channel Bandwidth

Afoos 1.4 3.0 10 15 Measurement
(MHz2) MHz MHz MHz MHz Bandwidth

+0-1 - -15 -18 30 kHz
+1-2.5 -10 -10 -10 -10 -10 =10 1 kHz
+25-28 -25 -10 -10 -10 -10 =10 1 kHz
+2.8-5 -10 -10 -10 -10 -10 1 kHz
+5-6 -25 -13 -13 -13 -13 1 kHz
+6-10 -25 -13 -13 -13 1 kHz
+10-15 -25 -13 -13 1 kHz
+15-20 -25 -13 1 kHz
+20-25 -25 1 kHz

Class C CJHI0|A2| 2| HALK[SH2 (H 5-8)2t &Lt

(H 5-8) Class C HX|9| LHY 2| LALX|GH

+ 5MHz 26 dBr/100kHz
+5.5 MHz 32 dBr/100kHz
+10 MHz 40 dBr/100kHz
+15 MHz 50 dBr/100kHz

% @iki= DSRC CIHIO| A0 SiEE.

RF Exposure (l=E) QA2 Chait 20 2HIUE = RESE FX|= 242 FCC 74! §2.1091,

= FC
§2.10939 Hxof| Mzt AEE 4 UL RSUE FCC 3] §1.13109 A0 518 =&(Maximum

ui A | 121

_J::



Q 5. ITS It 2 7|

Permissible Exposure) SEAIS [M2t0F StCH RSUO CHSH ZF AHEQ| A & 2 A AFE2 Of2f (&
5-9)%t ZLt.

H 5-9) 0= ITS It 22 A (RSU)

e =0k 89 (MHz) | Max. EIRP (dBm)

170 5,850-5,865 Reserved
172 5,855-5,865 33 Service
174 5,865-5,875 33 Service
175 5,865-5,885 23 Service
176 5,875-5,885 86 Service
178 5,885-5,895 33/44.8 Control
180 5,895-5,905 23 Service
181 5,895-5,915 23 Service
182 5,905-5,915 23 Service
184 5,915-5,925 33/40 Service

m 5,850~5,855 MHz2| 5 MHz= O] AES R{E0|Ct.

=10 MHz ¥E2 #= 770 AHE2 ==, 20 MHz HY=E JME A8k 7Hsoith 20 MHz
CHOZ XD Ak2oHE AR0ME 1748 M2t 1768 0| Q1 1758 L, 180 21} 182
0| 72l 1815 0| HOJECt

= 178H S LIHX| MH|A M MHIAS Y2l= MO 82 ARSI, LIHA| ZE (172,
174,175,176, 180, 181, 182, 184H)2 MH|A 2 ALZSICY.

w172 {2 Public Safety Application 22 X[HE0] JOH FXH V2V AlLt2|22] BSM (Basic
Safety Message) T&2 EIAESH= O AFESHL UL

= 1848 HEE Public Safety Application E2 X|HE0 OH 90.373(a) LTPARE &=
AHE{E|D O] RES ARE 4= QUL

OBUO]| Ciet 2 E2| AHE = TS (B 5-10)2F 2Tt

122 I 5 Forum
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H 5-10) OBU E= 2 AtE

170 Reserved 5,850-5,855
172 Service 5,855-5,865
174 Service 5,865-5,875
175 Service 5,865-5,885
176 Service 5,875-5,885
178 Control 5,885-5,895
180 Service 5,895-5,905
181 Service 5,895-5,915
182 Service 5,905-5,915
184 Service 5,915-5,925

5.1.2.2 ot A8 FH

0|2 Z2UEHZ (NHTSA)E AXF WA Z V2V 9 HI"E HH|ststs £ (Notice of
Proposed Rule Making, NPRM)& 20173 10| ZAIGIA2LE 20173 112€0= Y NPRME
0] 28 AFR0|H HE S0[2t= Y¥S LHOIUC M2t siE NPRM2 &7| 0jZ2MZ 2R5E=
29171010 oiE ©2r0| 21K ZFEEX| 0IFR! A2 HHEIL}, 94X FCC #2I0= 5,850-5,925 MHz2|
ITS tHY0| DSRC 7|5 8E2 FAIHN ULt ol HFs 7|z SEB=Z HAMOF ottt= FTUETL
HE& 11 e Y2 FCC Commissionersk 0|0 CHoll 3EXQI 2745 HO{=1 QUCH 0|2 &6
FCC= 5.8 GHz tY & E28 A2dt= Wi-Fi 7|8 A2 3¢ & 7Y S35 Tslot QL=E| 0
A2 Au7E 5.9 GHz ITS THY HMO| 7IX|H & Fes FAIR 271 UM 2018 118 bGAA=
5.9 GHz TiIA C-V2X 7|8t ITS MH|AE 5180dk= Waiver IEME FCCOl MIZoIRAH, FCC=
20194 1& S0l oiE Waiver LIFMO| CHet TUNES S 0O FO|Ct. Eot 20184 108 FCC=
5,925~7,125 MHz (6 GHz ti92] 1200 MH2)E Al 24 MH|A =2 Atgdk= #2F (NPRM, FCC
18- 147)S HMIAISIZIC. O] Al OH0]| W2t 6 GHz CHHO| Al 2M MH|A RER2 AIREE HR 5.9
GHz ITS HHEO| CHalf 6 GHz CHHOIAM S| 7MY Fok &4 X 7Hd AIok= Hotol| CHer A7t 2o
Ao Ol &

St
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Q 5. ITS It 2 7|

5.1.3 &8

5.1.3.1 IOt 31 2 74|

5,850-5,9256MHZzE AI2st= QB9| ITS 7|&7|2L EN 302 5710 Mol |0 QIoH™ X 20174

220 Lk= V2.1.10] 7+& 71&7|20|Ct. XMt LS EM 5 GHz ITS Frequency Band
Segmentation= Of2ff (B 5-11)2} ZTt.

229

(E5-11) RY ITS Fof=

Frequency Range Regulation

[TS Non-Safety

5 8565 MHz to 5 875 MHz o ECC Recommendation (08)01[i.2]
Applications
C ission Decision 2008/671/EC [i.3],
5 875 MHz to 5 905 MHz ITS Road Safety ommission Decision 2008/671/EC [1.3]
ECC Decision (08)01 [i.1]
5905 MHz to 5925 MHz ~ Future ITS Applications ECC Decision (08)01 [i.1]

» SHFO(fo)2t |0 HRFMIHHF(Max CH BW)= (B 5-12)9F 2Tt

(£ 5-12) RE ITS B¢ 02t Z|Of HHEE

Carrier Centre Frequency f, (MHz) Maximum Channel Bandwidth (MHz)

5860 10
5870 10
5880 10
5890 10
5900 10
5910 10
5920 10

)||

m E|[ A S12TRE fo+ 20 ppm
= X|[f MItE2L2 33dBm(EIRP)2 EX| 25111 |Cf MOt PSD(Power Spectral Density)y= 23dBm/

)||

124 I 5 Furum
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MHz(EIRP)S EX| 25Tt

= Transmit Power Control(TPC)2| #Hel= QZA0XM CEN DSRC2 2RE Q510 FASt
3dBmO|0{0f 5t Z|Cf MIFE=2 33dBm(EIRP)7FA| O|Ct.
Z|0) 2QEIAN= 0} [j_al 5- 2]g|.7+|:
dBm/MHz &
Exifﬂﬂded ;
30 Imits : :
| I
NOTE | s :
| frequency I
65 | ' band l
H | I
| 1
: i 00B | , Qo8B -
5795 58155835 5855 5925 5945 MHz
MNOTE: The limit could vary by the implementation of Clause 4.2.9, -65 dBm is the lowest limit.

[7121 5-2] 23 5.9 GHz TS 0} £ £Q At
5,795-5,815MHzo EQEIAIE FIINMOZ H|Stet= 712 0] =0 S&t6H= CEN DSRC2}
HDR DSRCZ E355}7| 98t 0|11 271891 M= ETSI TS 102 792[4]0] &Ho|=|0f Q\Ct,

" SA7| AHMER] OtAT

H5-13) Q8 ITS Ttz &2 AHER OAF (10 MHz MY TS 71F)

Carrier
Frequency f,

(dBc)

71 2J0i| REIME= 60 GHzIHSS AKRS £ UL ZE 63-64 GHzE ITSE SHS SIUOLL HiEtX o2
At&st= Z40] OfL|1! CH2 HIHSIHY 717| (OIE ST 802.11ad, 802.11ay)2t 57510 ALSS S510{0F
ST}, 72| o2l [23 5-3]0lA 250] ITS 63-64 GHz7} 802.11ad2| Channel 31} 4FH0f| ZX 0]
M99l 250 =0t 220| ROtKl= ZHI7F ALt [M2tM 63-64 GHz2| ITS &EE Channel 4H0|Lf 31

T QIO2 F = XS LEHSO0| LS ot AU

St

ui A | 125
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[717 5-3] 38 63-64 GHz ITS FIf4-

5.1.3.2 ot A FH

2018 10& 24X Mobility2t Transporte| EU HMZ #&ohk= EC DG MOVEXA Cellular V2X&=
HI2I=11 EN 302 663 (ITS-Gb FMXE7|SHSE, [5])2] Annex 20f QU= IEEE 802.11pE KEI0IA
HEMO=Z U3t oh= HOt (Delegated Act)2 MIE0t21 1! SHX|2E bGAAS SIQ= 7|2ETE Mol
= 0] Delegated Act 0t Bt 7 |e5EHE 320t ga3 &0l oli!
S0l URPE THA HFHE 2|17 HotE7} VIESEE 2ot V| B0 =2 Aot
| ZX] 2] A AT E0}0 Féé d0|Ct. £t 5GAA, DIGITAL EUROPEZ SACZ C-V2XEIF2
SHS 8=20h=, & DSRCIF Aty ZNiat HX| IS, 252 ALY A=0|C

OII

_,_

n OI[_|— odIH EOES Ol

w i

—

A
_|_
ot
01

N

> of

514 3=

5.1.4.1 Ft= 2ig & 7|

== MIIT BRR (Bureau of Radio Regulation, Z25)= 20163 1120] 67§ =A| (MI0|A, 4510],
P EHR)0IM C-V2X MAUH A=0| ALY HAHE T2 5,905~5,925 MHzE
. 348 = State Radio Regulation of China (SRRC)2t Telematics Industry Application
Alliance (TIAA)O| ITS MH|AN @7 &= FIbe 2718 24M, Coexistence &4, TS FIt= e YHE
=M S2 226U 0= 2018 A& ITS = 0| EXUC. SAIF= 20184 10201 5.9
GHz Y 20 MHz (5,905~5,925 MHz)E LTE-V2X 21 S41 &3 7[8t9] IOV (Internet of Vehicle)
X2 SABIRD 0] A= 2018 128 1URH M2 HHOICE 2F s4 d3= V2V, V2I, V2P
42 ARgol= RSU, OBU & ZES F41 YX|0f siFoITt. Eot S=2 49 20194 C-V2X &
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5.1TS 211+ 2 7| ffp
al o 5

a= HE & ._§% 2=t 2020 C-V2XE d82td A= K=}, O[H0| SAIE 5,9056~5,925
briA| Atk st Eh.
o

Service RE)Oﬂ 1ZI5t 7H9S FX| L0tof SiCt. 0|2 2o V2X —‘?—*._1 ob(I: Radio StatlonQE—.-H
of 2 Km Ol4 B0l X0M 2= 00F it V2X

—r.J’é*Xloﬂﬁ 7|1& FRIOA eiziet Hd Febs = dR7t LAIEH SRRCIt 7H90|%+E oil&sh=
Lot MAIZ A0|L.

= 12 ¥=2 20 MHzO|LY.

= Tx IHe] Higk2 OBU = ZHE T4 HX[9] 2 26dBm EIRP, RSUS| 2= 29dBm EIRP O|Ct.

n TR = +/-0.1x 10-60|Ct,

m QIMAHE =AH| (ACLR)2 )31dBO|LCt.

= =Q AL (Operating Band Unwanted Emission)= CHS (H 5-14)2F 2Tt

(B 5-14) A4 oY LA
Channel Edge for 20MHz BW Bandwidth Measure

0-1MHz -21dBm 30 kHz

1-2.5MHz =10dBm 1 MHz RMS
2.5-2.8MHz -10dBm 1 MHz RMS
2.8-5MHz —-10dBm 1 MHz RMS
5-6MHz -13dBm 1 MHz RMS
6-10MHz —-13dBm 1 MHz RMS
10-15MHz -13dBm 1 MHz RMS
15-20MHz -13dBm 1 MHz RMS
20~-25MHz =-25dBm 1 MHz RMS

WSS A | 127



Q 5. ITS ZI1 2 7H|

5.1.4.2 I3 AL B
ZAEE 5905-5,925 MHz THSIS LTE-V2X X& E41 7|2 7]4t0] U802 AIR3l= MG

O LT L

20184 100 SHSIICL.

(EX: CCSA presentation in CJK IMT #53, 2018.09)

[T73 5-4] LTE-V2X FIt== S &%

=

IMT-2020 (5G) Promotion Group2 5,905~5,925 MHz (& 20MHz) CHHOlA] LTE-V2X &2H &
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(&X: CCSA Presentation in CJK IMT #53, 2018.09)
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755.5-764.5 MHz #iE= 171 ME2 FEEH V2V, V21, 121 S41 71819 ITS Connect AH|AO|
Ar8ECt ETC/ETC2.001 AH2Sk= 5770-5850 MHz == [O# 5-7]2t 20| 7742 FDD AME=
TIE0f AU

T T [N T [T A ST SN

5775 5785 5795 5806 5815 5825 5835 5845 [M HZ]

(O3 6-7] Y= ETC A2 &9

D1/U1dt D2/U2 xde @2 N2E29| @ MMANA ETC MH|A 2 ARREICE D1/U1
D2/U2 ML Eafst BE AL ETC2.0 MHIAGA AFREICE ETC/ETC2.0 714 k= (B 5-16)0
H2)50f ULk,

(B 5-16) Y& ETC/ETC2.0 7|& #H|

FIt= T 5.8 GHz (5,770 - 5,850 MHz)
A EA ASK, QPSK
HZ A= HIE H0|E 1.024 Mbps (ASK), 4.096 Mbps (QPSK)
ME HYE 4.4 MHz/Channel
Center Frequency Separation 5 MHz
RSU: 300 mW (30 O]Ef O FH2]X]),
[N 10 mW (30 OJE 0|2t 7HH2|X])
OBU: 10 mW

5.1.5.2 0+ AL Y

U= =224 (MIC)2 2017 32H Connected Car Society A30f CHoll 37tX| Z2HMEZS XIstist
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= Connected Network Z2HE
- Edge Computing Model for Driving Assistance Cooperating with Infrastructure for Driving
Assistance using LTE, etc. V2V Information Sharing Model
= Connected Data Z2HE
- Efficient Data Collection Cloud Utilization
= Connected Platform Z2ME

- System Architecture Cooperative Platform

ZDM42 20179 Y2 FIt4 Action Plang YHOIESIRIA| 5.8 GHz LS TS 8E2 @XM
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10 MHz
preferred
channel
for Tech-A
1EHA|:
=g o ) Tech-A Tech-B
7128 Mz A ¢
5875 5885 5895 5905
10 MHz
preferred
channel
for Tech-B
10 MHz Tech-A may operate here
preferred e.g., via detect-and-vacate
channel (subject to specified rules)
for Tech-A w
2¢H: ! .
o2t A0 i [ e Tohs |
Detect-and-Vacate HA|O 2
e 5875 5885 5895 5905
AtE L J & 10 MHz
Y preferred
Tech-B may operate here channel
e.g., via detect-and-vacate for Tech-B
(subject to specified rules)
10 MHz Tech—A may operate here
preferred e.g., via detect-and-vacate
channel (subject to specified rules)
for Tech-A w AL
3EHA: - N
=3 7j20| 45 220 Ci} [ TochA Tech-B ]
Detect—-and-Vacate YA 2
) e 5875 5885 5895 5905
r_r% 7|§ 61% U J 10 MHz
Y preferred
Tech—-B may operate here channel
e.g., via detect-and-vacate for Tech-B
(subject to specified rules)
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Transport Systems operating in the 5 GHz frequency band
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FCC Rules & Regulations for Title 47, https://www.ecfr.gov/cgi-bin/text-idx?SID=548eaa8d17¢9a
2db006e989a3f2aeede&mc=true&tpl=/ecfrbrowse/Titled7/47tab_02.tpl

FCC 16-68 ET Docket No. 13-49, 2016. 06.

IEEE 802.11p-2010, Part 11: Wireless LAN Medium Access Control (MAC) and Physical Layer (PHY)

Specifications; Amendment 6: Wireless Access in Vehicular Environments, 2010. 07.

[10] FCC Public Notice for 5GAA Petition Waiver, https://www.fcc.gov/edocs/daily-digest/2018/12/06
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