2021

GPS A& E7} &7 A C-V2x Mode 3 W Group Leader A2 & Mode 4
User ¢ &9 23 ¥4 H<t

G, At

Kihyoung.kim@hyundai—autoever.com, * YoungKyu.kim@hyundai—-autoever.com,

When GPS Cannot Be Operated, an Alternative Scheme for C-V2X Mode 4 by
Selecting Group Leader among Mode 3 Users

Kihyoung Kim*Youngkyu Kim

Hyundai-autoever, 12, Teheran-ro 113-gil, Gangnam-gu, Seoul, Republic of Korea

o ok
S
G5 C-V2X & AETY 84N Fad A48e & Ao ogHrh C-V2X & Cellular — Vehicle to Everything ]
At dA FAEO e S A I A gtk A2 C-V2X & @&she] aE, AL, B,
HEY D 53 BAFT. Jdubgog C-VeX & GPS 2 #xate] 7+ User 9 9122 430}, a4 GPS o] A9 e
AE AZIZ Aste] Ay g7 FHetalth GPS AW #AolA C-V2X & GPS & 243 9x F4o] B 0}111,
At SYE e BT 5 v dete] dasith B =wodlAle C-V2X 9 Mode 34 Group Leader &
HAstel Mode 49 5918 B2T & e YL AL, Matlab & BT N BelolHE B wx Yebe] Hsg
4] g}
1.A 2
FF VN = ARFD BN B due @ [
Aow ofdert. (C-V2X @ Cellular - Vehicle to *_f:"”“m’
Everything ¢ 9x}& &A] FAHO] g E4%43 2} :L} o H-h’ﬁ P ﬁ“
39 i Aina B ™
Ae VX T BEHe wE, Axeh, nag, ) "\ N ... .
EQa %—ﬂr EAl3} %mﬂg C-VoX &= GPS & %= L ey ﬂ
- - (-V2X mode 4
sto] 7} User o XS F43}, \
A PS o A% e Az AR Aste] AT “

of, >{L

&
i AN CV2K= PSS &8 By 1 cvax Mode3 & Mode 4
-45‘] —?é ] %7}%3}‘34, g S91E e B
fei3 o] -

3. A|¢tslE= ofolr]o]
2. C-V2X Albeh= ofoltjol= GPS A 7ol 4] C-V2X Mode 3
V2K = o] EEAINFS Baste] o] T Ak o ] User & Ground Leader & dAate], 59 9 A1zt
o= = [¢] = o X - . -y - .
E O]—LE]- J+ E/\]—é‘]_‘::_ 7]@'_‘ 9]1318]'1;}— 9 7]_110 7]94 71(:]1—-%—»]5_—5—% %%6}1—_‘ Ho]_?_]:% X‘ﬂ?l‘t"‘l":}' Flg 2
= = T S A oksl= ofolt]o]E a8lo g Eﬂg]_ Ao|t}.
Al Mode 7} 4134, o]+ Mode 3 <} Mode 4 ©]t}. ol T o g9
Node 3 9 A§ ATl AUS dgeh gayg o VK S FEmmEN BERE 2B S NAOS (on-
WS 7 Ao TS s A6l sge o Line of Sight)Elel A= Moded § 383} = User 52
e e = © e= T GPS AW B A A 2Pl 9x2 =3 2= 9li= HlH o]
olz <lall 591 eab B AlZpel Wit @At AT o e oS T e
=7 5% =
HHH Mode 4 ¢ A 71AS glo] 2 A= P TS - - . —
sh 24 B4 ko]t Mode 4 o4 Node 3 o W] el Node 3 5 wEhs User & b 5o
OH %_9_ 23T /] _Z__?,] o }\]Z]’_O/] Oj}.._e,. E_XLH]":‘——"D}— 7}' -‘_—‘—\a__ User % }?j_'g—]]—é_]'oi Ground Leader = }?j_;(c‘}é—]'uqy
T o /- - =~ - = O - 1o .

rlr ol

o

ol

0835



2021

Mode 4 23521 User 59 59 9 A7}

GPS HI} 22t

* 5G $HOIA Z Vehicle X gNB= N*N MIMO HEJLIE ALG
* LOS : Line Of Sight (7IAI42] B7)
* N-LOS : Non-LOS (7kA 2] H| B73)

P 1. Group Leader 4%
ﬁ(»—" 2. Group Leaderst 541 SHgLass
- N R HUNNYE

3. Group Leader21E| 91X ¥

Fig. 2 A|¢F3t= ololt]o]

Groun Leader & XA 3= ¥y
7} User © A2 £ & 34l
gg3lc}. ol#) Flow Chart &
Zyzto] FeslE daiglFolH,
Leader & A3},

ARk User 7F 9le A% £57F 74 =9 User 7}
Ground Leader & AAAY. =7} 714 =" User &

Agsts olffE 9 A9 AS AtEF uE
A7 FAE7] Wi v A
AE H&7t =¥ User & A8 Aol
Ground Leader & Mode 3 38359 ¢ User % 3
&

User T+ A8lxn] A o]%o] o}z Flow Chart &
FAEA] g

Existence of

Group Leader

e Slowes
Speed within
Group

Non Group Leader

| Group Leader | |

End

Fig. 3 Mode 3 W Group Leader A7 ¥ob

gA 44¥ Ground Leader 248 User ¢ 59
= 4 ¢ A3 P 2 Y JFe
Ground Leader ¢ 9XE [0,0]

} 3k User 9 AAE [xylgdha & o,
o] A& &fsto] YXE FAL 5 AUk

2 N B ok
ooXoox 1% O

[xy] =[0,0] + [D = cos(d), D + sin(d)]

0836

|.7

A eksle= ofoltjol+= Ground Leader ¢} User 7+
MIMO <¢HelY, 7FA A (LOS, Line of Sight) HEAS-
7] wiitell e A& st 3 4

D
&

""""""" : =21 1
Group Leader )3 TAT EHYY
Postiion= [0, 0]
Signal transmission time : t1

D : Group Leader2HE User®| A2 ...
49| £ (C) X Siganl Transmission Time e
CX (12-t1)

User
Position= [x, y]
Signal transmission time : t2

* User Position [x,y]
= [Ground Leader Y%|] + [DQ} 3 ZEE| ZX0t vector 7]
=[0,0] + [D *cos(d), D *sin(3)]

Fig. 4 Group Leader 2H-E 3% Bz "ot

4. A EY o)A

4-1 A EHA &H

AlEHolAL  Matlab o2  A3P3AcCt.  Aetst=
ofo]t]o]E E3F =9+ Ground Leader 2HE 2] 5m 4
Z7FA171M 100m ©o|Hl User 7} @ sA EX3tha
7F3k T AlEdol A2 10,000 3] WHE 4=31319) o
Agatth 4 22k F7s 8319l

AlEd ol FAAA oS 7HEsI T WA Groudn
Leader ¢ Mode 4 User ¢ LOSCIAA#, Line Of
Sight)= BA3 2 Ground Leader o 9 ox}+=
FAlERd T 72 MIMO <belv= 32#32, 180%180 &
Abg-3ste] Bl ALkt

=

o

20

User

o e ! ! >

Group Leader 5™  1om - 100m

Fig. 5 Al&E# ol 24

4-2 NEH A 23

AFsl= ofeltjole] AlEHeld A= Fig 6, Fig
7 3

Fig 6 2 32+#32 MIMO SHE|UE A3 ZAalo]y,
100m A9l User 7k 20m o|We] ats HAG S,
Fig 7 & 180%180 MIMO <HHUE AFE-3F ZAafo]H
100m A2 9] User 7}A] 5m oW x5 W A3t}



2021

Aol A #eld 5= gl FF MO StElve] Aeol
Ford A5 ﬂl%é}% oeltjol= GPS AmEde] C-VaX
Mode 4 User ol &&42 Z915 =9k& Flolu}

H 23 (meler)
+

(1] 10 20 30 40 50 60 70 B0 20 100
Ground Leader2 FEl H 2l (meter)

Fig. 6 /\]gfﬂlol’q A7} 1 (32«32 MIMO AHE)
MIMO 180 * 180 Antenna AH}

20

+

2 T
=)

g

1] 10 20 30 40 50 B0 70 BO a0 100

Ground Leader= 7 Ei Hc| (meter)

Fig. 7 AlE#olA 23} 2 (180+180 MIMO A}-&)

[1] 39, A%, o34, “DSRC % C-VeX 4 /%o
W AT B, FRAFABAE FAGER AN,
78-782, 2018

-3

[2] Ao, o] 5T AAH, “A&FPS 98 C-V2X %73}
S8, 5188 (J H3HEA), 35(3), 18-25, 2018

[3] m=aak, A7, “3GPP 5G NR V2X Z#3} %3,
AREN7|E YYD F747)458 1896 5, 2019

[4] 2718, N&3 “GPS Aguzt B4 5G C-V2X

)

Mode 4 9] Bz Wl g=i2-s2he 33| 7303

0837





