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Abstract

With the increasing interest in autonomous vehicles, the development of radio access technologies (RATSs) that have high reliability
and low latency has become of paramount importance. As an essential technology for autonomous driving, vehicle-to-everything (V2X)
has been developed by both the American dedicated short-range communication (DSRC) and the European cooperative intelligent
transport system (C-ITS). Recently, because mobile providers have introduced cellular V2X (C-V2X), which can be characterized by
high reliability, low latency, and high throughput performance, certain regulators are concerned with the decision of future V2X methods
to be applied to advanced vehicular communications. Furthermore, both the DSRC and C-V2X are undergoing extensive enhancements
into IEEE 802.11 bd in the 5.9 GHz band and New Radio (NR)-V2X using mobile infrastructure, and certain efforts are underway
to apply them to autonomous vehicles. In this paper, V2X related technologies, standards, and spectrum policy have been analyzed,
and the results will be helpful in deciding a domestic V2X method in the future.
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Fig. 1. V2X communication diagram.
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1. A V2X 5891 QoS 87AH
Table 1. QoS requirements for advanced V2X applications.

Use case Max. Payload Reliability Data Min.
ou latency | size %) rate range
group (msec) | (Bytes) ° (Mbps) | (meters)
Vehicle | 10~ 50~ 90~ 50~ 80~
platooning | 500 6,000 99.99 65 350
Advanced | 3~ 300~ 90~ 10~ 360~
driving 100 | 12,000 | 99.999 50 500
Extended | 3~ 1,600 90~ 10~ 50~
Sensors 100 ’ 99.999 1,000 1,000
Remote UL: 25
driving > i 99.999 DL: 1 i
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Fig. 2. Midamble for channel estimation.



H 2. 802.11p<} 802.11bde] E4 Hlx
Table 2. Features comparison of 802.11p and 802.11bd.
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Figure 2. DSRC architecture.

J8 3. DSRC XZEF 72
Fig. 3. DSRC protocol architecture.

113



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 32, no. 2, February. 2021.

i R L Bt hp S s
y, A M g R g, 44 Ao F 27709 A

-V2X &7 7}— 71%ol| oj gk A2 3GPP Rel.159]
T8 715S 2L 9t LTEANA AREHE I
7Hele] 7 7%‘4 =2] NR> thgeh A2 7o
A3t} 15,30 2 60 kHze] M H Af2]o] 7+
°]3}¢] NR-V2X(Z, frequency range 1; FR1)= A
HHA 60 2 120 kHzE 6 GHz ©14H(F, FR2)S A
g =2 4B Fele] 7HA S AMEEE A AA 7

» L2
Erﬂ

)
o

ofr
L

tlo o o O A ox l-ﬂ
o e
_Q (i E

[e]

p
E(unicast) % T57) 2E(groupcast) FA19]

] A& 53 UEAA FAlo] Asje 73, vk

2 UE7} REAR= H%i%% T AU A= el 6“&%‘
2 = F 5 A5y 7 S 3
g AE AR 50| 7H RS NR-V2XE M2 &
A2 PSFCH(physical sidelink feedback channel)&
AsAl Tt PSFCHOl| ARES 2] 42 (resource) A1TE]>
obd AT FolAW, gis AEd #dd BEE =
°]7] 18} 3GPPe] Aol A= FA UE7F PSFCHO! A 9]
Aol AL glazol el 4741 UEd &eof gt
At 3

NR-V2XE %“é%‘ mAYFE o] X8 FolA|uk
C-V2Xell Al AHE-EI= 15 kHz ZHA A 60 kHz A1 B 2]
o AL AgFte] 2 A% o5 dih EI, §7
P53 NR 7148 AH-ato] 7Pssia o 2 Aujeol
AL GEFOZH NR-V2X+= C-V2X Ass T3]
=

o2 -y b ot
ﬂi-u ;_’
= 5
_1
~
i
N
ﬂH

=

H

H'IEX

|
4

> m

o

7Fe 4= ok NR-V2X9] -8t 33 5028 1

2 AU 2904 60 kHz A BA T 7HAE AE-3)

, 20 MHz ‘2l X] PDR(packet delivery rate)> 5= &

_ﬁ_-gg(_' °H7H,4_<, :L*v—?H’\E 1;_; HityH/\E) ol
Z, 7] 2 HF7))el sl 99.7~99.8 %ol

ColE IEEE AU 2ol NR-V2X7F & 29 A%

ol

OmEi_ﬁérerJHolrr:L
;1

T A9 TS gtk I8y dutH o s A

b 3 AR 4o & A Aue] 2004 NR-V2X

Ao 93~97 % Hlel o] =A BAelA g A
o B21g SJsiAE el stk & 3o C-v2xet
NR-V2X9] 8 5A-& vty

114

#. 3. C-V2X¢ NR-V2X9] 574 H]a
Table 3. Features comparison of C-V2X and NR-V2X.

Feature C-V2X NR-V2X
Comm. types Broadcast Broadcast,. groupeast,
unicast
Rel. 14: QPSK
16-QAM QPSK, 16-QAM,
MCS Rel. 15: 64-QAM
64-QAM
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Feedback channel| Not available PSFCH
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Fig. 4. ITS frequency bands.
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Fig. 5. C-V2X communication modes
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