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Abstract: Internet of vehicles, which integrates cutting-edge technologies and devices in the fields of vehicles, road-
side infrastructure, communications, positioning, etc., has been considered as a promising technology to solve the
road safety problems. With the advanced information and communication technologies, V2X can greatly improve
driving safety, enhance traffic efficiency and comprehensively provide various information services. Thus, it brings
unprecedented historical opportunities and challenges to the automobile industry. The state-of-art research on V2X
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Then, the technical standard of V2X was presented, with emphasis on LTE-V2X and the 5G V2X. Finally, some open
problems such as high reliability and low latency, vehicle safety and privacy protection and driving safety of 5G V2X
were discussed and concluded.

Key words: internet of vehicles, V2X communication, 5G, DSRC, LTE-V2X

WimBER: 2019-05-18; f&EIHHA: 2019-06-06

BIEMEE: BN, fdquan@szu.edu.cn

EE&UH: MFRHERLIILESEBNH (No.20182X03001025); %5 HARRHILEEWIH (No.61701317)

Foundation Items: The National Science and Technology Major Project (N0.2018Z2X03001025), The National Natural Science Founda-
tion of China (No.61701317)

2019167-1



*+ 103«

BIERE 2019456

(=1

FRPE A DAL (2018 4EIE M 224 4RI
Pty W, ARk A B RERG IE 135 A
HEr, R 3 700 ANSETS, 345 2 000 J3~5 000 JJ
N2 FH LRk, B FHOE 15~29 5 NH
8 RN =13 NP S I A il = S B ]
1 H R BRI R BN HI A UK BE T R
B, AR AT 8, ¥kl “2020 4
A BRI 5 AT T8 A A5 T RN T AR Y X
FARHbR . MeAh, T AW A T 4 S B K
(1) 2805 FIAH G 5K B 3 B T U A48 o 3 B A0 38
AlE 43 465 25 18] 36 g 1) 9 FH 400 2K v dA TR PN A 7
1) 3%, ARG AT RN E K A8 5%
2019 4E 1 H CNRCHHRD) A2 23 A A s &
NP 2018 AEA B ATE FH LT ANBLE 2017 4
WD 578 Ny FFE 0.9%. EARIET N KL LL B B
N, AR B AC I SO T AN BB E AR IR K.
FTLL, Al kDA Tl i FRARAE T A —
AN BRI i)

RS ANEEM (2018 4F [H & T Mt K R4t
TAMY ML EED, 2018 4, FRER
VAR 1L 24 028 T80 CELEE =50 RV I B
42906 /1), b EAEARIK 10.5%, HARANA
TR HE 20 730 JHH . B 2 ISR R RS TE 4 1 R i
A T 2 A ) RS I, B D) R BRI R
PR AN K 1) 7L

HRe LT W IE i A4 (intelligent transport
system, ITS), il i &EfE BHAR. L&tk
BOR BRI AR DL L
RGPARMARG LRBAREZ BRI, JFN
F T #EANA G038 iy ZR 0 i R AT AL IS
I REHE R AN SR G B A B B R 4. ITS
B re R R FH AT 1A A Tl it B, 9D A8 E
PSRRI ZE s[RI BRAR 1 Rt 5 P AT 22 4 T
AR, IREEACHE 2 IR s k. L,

ITS # A AKRAE RGBT W, 28 T
ZRTE .

V2X (vehicle to everything) J#{5HiAK 5 7EiE
ok A i 30 Al A it 1] P B [0 308455 Sk it vy 25 3t
AL DA DL R A AR A, 2 ITS
MG ARZ —,

RN EE oM, hTHREBEmNZ 5, %
LUTRRZIS DRI Y Rty |7 QL N3 A = i a4 1)
T SRR FI SR ZL A P ok, TR R P
AL A R3] T HLBY, B B E 5G HA M
)DL R A s B A A I RO R R, ARSR IV AL
THEIE N Re b I AL R R, 5G] 5
P AR RE L D) 190 0% 25 DG B R A Sy ZE 16 ) i 1t
SRAT SIS, AR (K i R S5 A 1 2R,
BBk T 2RI (R T 338 10, SR T Bl A Y
TR EMAWG K, 18 R e — STl
CUAFIEARE, W% 4A . AT RCR AR (R
P g sz D, VOXGETE, ZERES
EES: RS iR Ry I SBT3 BRI
75 S5 A 6 S N 4 R DA B AT NS RS — R IR
WAER, I SEIR AW 24 m AT o, b A
WHEMRE, B A R, EASEEN
DA R AR AT % 224 SR SR A5 BN 5 R RS
B DARTFE BRI, Il ok 5 Phogh 1 it i
AANE BN T IR 4RI, 458 Jok
DI Re (W 2R L B SN SE R A 1TS N AR )7
5y 5 B % Flege A g U, AT R 0 2 3 B3 11 4
4o P, V22X IBIFST S 2 b SR AR B
] R

BRI SR H Al ORI 5% AT T
B REAC TR A5 RS 9 S N A, H TR
P DX AR SR LR FF G 4 BRZEI5C I 1 47 1) A8 AT
03 95 b NN QB AN 45 P EE TR s S K
BRI AT R IR B, AR & GBI 1 K e
L5 RBUR A EE, G bR e O 2 [
KIZTH . 2018 4F 6 H, TAME A (LR

2019167-2



i&f@%

- 104 -

FRUAGEHD S E bR UEZ: B4 miAln R 5K 21 0
FPOFRUER R TR CRRZR)), MRk T %
WP Ml R aet s IR P BRI AT B 2020 AR
JEo 2018 7E 10 H, TASHIARAT T (ZHEM (R
MIBAA) FUEEAEIER 5 905~5 925 MHz S &
FERE CEATO) (RIE%N, WK 5 905~5 925 MHz
BB A HE T LTE-V2X BRI 20 G RE R I
VR HIEMAS I TAEME . 2018 4 12 1, TAH
WRAT (ERBEM CHBEMEAEG) Pk AT
R, WIRA B B AR I I 7 e R R
) HFF

2 VX s R R H

V2X A T R AR A AR AR A
O P B AR T A5 5 e SR A, 0 24 595 o) ) 110 < 3 R
O, PAFRGNBRESE - RYNEZELE, it
[ I, A A4 Bk E A2 R4 (global positioning
system, GPS) SKSLINARAFAAMINALE, IHHE51%
TURLAT B S L AN, i VaX Gl
5 F R T2 HIPE (device-to-device, D2D) 1#
R, Pk V2X G845 A] DL 5 3RAS I 05 B A
B RIS T 1) FCA S AR, DT I 3R i o i PR) £ 6 »
pliBUB e U EFSNIOEA = WINTIE )58 SRR EES
Gl R T AR R A B, ZE
AT DA R4 PRI 7 I TE S S, O B Shik
AT BB LR, MR HRE s B, B,
MR E R RAR, V2X @A 7] AR5 R 25000
755 (vehicle to vehicle, V2V) {5, 4-4Hxl%E
Rl (vehicle to infrastructure, V2I) {5 LA
R N4T N (vehicle to pedestrian, V2P) I {5
3 by U

12 V2Vl EREA T, 2 T s HAb 4wt
ATIAG . I TAAT XU AT A T 5o s B 1 1
S0, BRI V2V Sl O T 480 T 7 0 A5
S BTN A K . (R IR B 3 1
SN, FEMNEEHEWRE B, Bk va2v il

ER TR N 2, A V2X 85 A
R Z TR V2V B EA e X T 425
B 78 0] (1385 36 T D2D dlfs, bl vav idfs
LA T A B 9 2% B Cn a5 ) RIAT S,
KRB T 450 2 4505 2 R R AR 4 4, X A
Vv A R e R AR G T E
(18 A RE AL RS, AT A0 ] LS Il Jk B
ZE YR IR TE R g RO DL R S AR R 2 )1
ZARREAE, HAH V2V s E B AR AT O %
A R i I ARV . A AR 4= oA ok
(R 224 VI, BSOS o Bl PR AT S P B R AT F0H
AN G T AC T S i A, Rk, V2V B s
AREE G AR — L R B R AN ARG B
NELIRR AR (R B, V2V AR RO T B i
B, WAS AR, A k> T R )
WAE A, A RSy U,

fE V2l AR, REFESHL BT
(road side unit, RSU) #ATIAS, WATHAE 5T
PRI, BpRH, AL e R V2T A A
AW SR LA RME R, AFRTEERD
RZED R DL S B A5 R, <8 id LA
XA ) AZ AR B3 M BT TE AR AR L
T RO A & 45l i EIGAC . IhAh, 250
WA AR A V2L Sl s 1 4= 4 L
SRS S Cnhnheh s B, e nT Lk
PR T LA AR B N LI R A, AT BRI
PP R Z ARG R CnEnE A, S R LA fE
S o V2T A AR AT DUAT R e e 20 B Ay 38
15 WL — NS /L, /D T 45 A5 T 2250
Xof FCAR A=A MO o« R T I0AE {5 T AR I 4
PEFI PR I AR R R A, V21 AR A 4R
DRy 5T B R 2% S5 R AN R 2R I L S B
ELf 019200

75 V2P AR, EER 5T NS B
BREW AT, MR RETIL. B3 T
AT MDA &, AT NI 22121,

2019167-3



*+ 105«

BIERIE 2019 £5 6 #

FLAE b, Bt V2P AR T AR L
FR V2V AR, A5 TE AT S PR SR AT X LE AL
o3 HTe MR V2P JEAE A AT DS I M
IO 20 Je] L (R AT A AR S TR AT A AT
AEBRE, T A A S SRR 2 B b FAT N
A bR G AT LI R A2,

F T2 R R B RDE AR PR 5T, V2X A AT
TS5 H L MNEEZH, FEGEA R
it e ot RIS AT AR, B AR
RO BRI AP LI BOR A B REAT T
ARG — LR Pk, s, Btk E
ARG ESEAEAFR I, et
5 SEHU 5 18, 225 3CIR[23100 i T B AR AR
B2 ARG RS, IR T M T
VX JEAE I RAAE AN . 27 SCIR[24182 1 T
TR RN LR, SRR
S e BAEE — b . S5 30k[25]00 V2X i
G T B A UME R B AL SR E AL . 2
5 ICRR[2610 2 4 2 ARVERESR S AT 5 I T3 T
W SRAN 5, 4R T Rl @ ATk,
LAAE A BEACIE AR S8 P SEBL IR KK 2 4tk

BRI S, V2XIBAE T I 3 s
K1 prs.

1 V2X I8 M g5t

VX GEEAEIE S gy ASE RS
R SEAEAT LU BB A — R B B A3t
W55 K8 st R N T o HRT V2XOB A5 32 20
WA LU R LA R T 57,

21 1TRZERS

1792 A R 45 2 FR R VXA SN R 7
AT N AL %A s (CnssilfE 5
ST SSRGS B, I HE S 5 AR (5 Bk
A 72 T T JE T AR B ) 2 A A R DA R A E R
Bty WIS o X A 6 8 B P e i i, e < i
WA, RIS IR AR T (W23
T 55 VA T ) 22 B 0 5 R I T R T R
AAEDL), VX AR R IAT Bl 2 42 iR S5 B OR TR
2, H, A ORI S sh
S I AT B A N s

(1) Aillf3 T

ll 5 TR i A8 i I B % b, Bl %
(RSUD A0 I 2147l XURS I, 5% 52 53 i [X 455 Py
7R Rk a5 Es B, 4Eis (OBU)
PR F) 5500 1o A7 gk 1%) 2 0 G i Lz I, 38 0 9
B 2 B 7y DA R OR IR Rl A R 2 R
%, LUkl .

ZI e FAAFAE RSU, W52 RSU H &AL
A RS I R IE TS A R IRRe 0, Meah, 2405
TR V2X W EAERE Ty, 5 RAE A
FER

(2) Bamsh e

KIsh I R ie 5T VoV Il s, MuirE
MREZRNERN, RERKNEEGLR, ©EET%E
WRod, Hoh S 7 RS e T N IR T
B, JRE PR AH AR .

s B R WS AR AT R V22X R
(Ifie ), — VG AN I 5 J7 28 B Bl va2x oo
SNCA R A B A R RE D), AR ) B g
bGP
22 RBMERSE

FEITT T AL A N B AR IR X 3 45 K i
2R, AR T HATE R AN, A it S i
I, Renl A b Y. SUkEN, BT
TR A B D23 G2, BB AT,

2019167-4



i&f ik

+ 106 -

FEINTE TASHE S, I OB I . Bl
9595 2 ) S P A F8e 24 iy AR B 215k 1 28 347 5L AT A
O f A A AN DA T i, e KR M g b
PRI AZ 30 1% FE T A Bl A B IR SR I R],  JERERE
(RBARHIHFERS . VXA 1R Ak A7 B ik 2R A 55
A o G ) 1) S I R L= L0 R TR A 3 1
OUEEAR D, Al W72 B SR A (AT 3k
HE, NI e T A m s s B, KR HE
i TR . AT AR IR B G G 3
ZE AR B 2 TS L AR IR N 375

(1) 5|5

Bl | T2 HE RSU WARASIEAT + 55 4T (WAL
IAE R, TS S AT 00 I AL IRES B IR 1)
Tl 4% B () 4545 R0 H 40 Al R 42 . ARl 2z As
B, E Y. ESE R, EETUT
WO, FEMAETIR. HETIREERAEE
LA X AT e

s B RSU A& RS A5 S AT (5 &
TR V2X W R, LA R s i
R V2X iH B 6

(2) ZEN PRI

RS B SR BB AT R R RSU Bl 1) 7 55
Y0 ] PN 200 R T e R ATl AR RS R, 45T
250 GORH N PR A T AR R o

% 5T B RSU B LA #f V2X fF |,
B LA B V2 X T B TR IR RE

(3) W= S

P B 3 R AT FR T i A I SR o
P& AT RS TAT S, EPGE I V2X EAE,
SR ARG 2 T B AL RS E R
2, RUEZEMT R 24

2T B R W G BRES UL R AT
P V2X W EMRE T, IF R 5 AT AT HA%
B EEST, RelE SEIUE BIBUR .
23 FHEERSF

ZEAAR RIR 55 A2 $ v F P 2 B A 36 (1) T 2

%5, & LTE-V2X N 3% 5 (0 B G oy
5 BRSSHha & E 2l 25 KBRS
SGRARMN 5.

(1) EarEnly 5

BREIE SR R U A L SR L Cn
ARG RNEN ) W, ZEEAE A S el T
I 48 R R, R AR BT B A
B BFRERREAL, AT O A RS RS
AT AT LR BUR B SR O B E RS
B BB = R SR A

E R T AR VX B RE . kS
W2 B AR R

(2) RIS oY

VLR ) SA S FRVR A DAy A 2 i %) T
O (175 o IR 45 AT MK 45 S A 1 — R 457 2K
R I V2X I A5 HAR B 50 (RSU AE 4 522
) RAAE BACTH, (A 0 RAT & Rl LR) K ik
SAHEA, TRt AR e SO B R AT
eSS B R 4R, AT SEI 4283
hg.

Zpacili B RSU Hag VoX lfEhe ), ¥
1539 5 R SR SCAHY RANGE SRS AT 5
FARA 4 V2X WA SR ), ST SRR IR
RSU.

3 EBMARRE
V2X A N ] A B2 I BL R LA

pp(29-33

20 22 90 AEAX, SEHE L WA H AAHETT Fig
T 3T TEEE 802.11p (1) V2X Gl {5 HAR ST

1999 4, & BLIS I A5 2 522 (Federal
Communications Commission, FCC) & 5.9 GHz
R BN VX TS & R .

2002 4, BKHI{E ECC/DEC/ (02) 01 il
S T T A 8] 1) 2% AR 3 A5 B AR
A28 N H 4 RTTT (road Transport and traffic

2019167-5



107 -

BIERE 2019456

telematic system) R4,

2004 “F, HAJABN) smart-way Wi H, F%
9T V21 s, HEZHMN D ZmFY, 2%
figp e T A TEA I

2009 4, SEEES L HEAEEME (dedicated
short range communication, DSRC) £ R Wi b,
It HAE 5 [E AT WIS Fr s (1) B R, 0 2 kAR
AT T T2 (0 B o

2010 4, HAKE 700 MHz $FEL b 4% 18 1% 2
AN V2X 8 AE SR T AR B, JLA) B
JZ EHHLT IEEE 802.11p K.

2012 4, BAEAEN . T ERE S DL S
1N — KA [ s B A iR ) I 32 3 0
1 LTE-V i) V2X A5 #1757 %4E 3GPP HIHFE.

2013 4, HrEIRGEAE IS R AT T 3T LTE-V
(1) V2X SBAF AR S AR TAETUH

2015 4F4EH], TEED 5140 CCSA LTE-
V2X SRS H E B

2015 4 6 /1, 3GPP RAN 3.J0i 5 5“3 T LTE
1) V2X” WIS, 1R 3) 7T LTE-V 1
V2X G R TT IR

2015 4£ 8 JI, 3GPP 1ExUK V2X JEf55IA
SV 1L, R 5 I35 AR R oot
V2X TG AT T AW 583 .

2015 FFE4EJi, LTE-V 4 3GPP 41244\ Release 14
BRI

2016 4£ 3 H, #[E LG A# 58 T LTE-V2X
i SRARHEIR T H AT 5T

2016 £ 9 H, V2V #rUELE Release 14 1 1E I
S o

20164, 5 [E /3 it 5 855~5 925 MHz }t 70 MHz
A T SRE R BR A IE v G A A A OGN H T
V2V Ml V21 @15, iR 70 MHz 4K LA 10 MHz
ORIy A T ANSZAFE, Horp 5 895~5 905 MHz
M T#EEE, HAL e MEEIH Ty EE.

2016 4 11 H, HE¥ 5905~5 925 MHz 4 Bt

MTHET LTE-V () V2X 8515

2017 A3 H, MK REE A EES Y
Fo SERCT KT V2I kR HER 2 .

2017 4F 9 H, R RE IRV 4 Pl BRI ER
W SURATER X V2X 3845 N H JZ B A AR AR o

2017 % 12 H, 3GPP IE:HL#E T Release 15
5G NR (5G new radio, 5G #iffzsdhz11) Rk
MZHM (non-stand alone, NSA) Friff.

2018 4 6 1, 3GPP #itif: T 5G B ahilfEHA
] 5G Release 15 SA (stand alone, FSZZHM) Fx
o

2018 AFAFNE, I T4 (R RE R IER
R FHIERAE TAEABN K AT BRI

4 V2X BIEREARIRAE

V2X AR AR BT £ 2 A 5T IEEE 802.11p
(¥] DSRC 5k 1545 T LTE 1455 W £% (1] LTE-V £ K
PRIEPRICY, JLF 5G g 55 L% 5G V2X A
TEARHE I R

(1) DSRC

DSRC A IEEE 802.11p JJLfidi, H:/h IEEE
802.11p H IEEE 802.11 #refEd 7aifik, BN Wi-Fi i)
P, Ak IEEE 802.11p AMEAELHE QAM (IF
AYRIEED LLM PSK CRIAE RS S H]) S5kt
HHAR, B3R FEC CHTZYES I, LAk
Sef AR AL A D ™ AL I 4E . DSRC H 4240
X AR AT DA S 6] A it 8 A R T
T HIMAUEGF B, I 7E SRS 3 155 b A 4
TR B 2 AR S B BARARIR S5 -

5T DSRC (1) V2X {5 R4 L2 AFHHA
OBU (F#%70) 5 RSU (BiL¥I0) EEKY
J Ay o IR 4R 5 AR T S A T I
THAE SR SE L0 AR5 5 0] A Rt A 2 )
(A5 B A4, SOk, Bl
LR RSV BBV LS R AN RS L WD YD
AT BOR G SEE B B AR R RS 4% . BT V2Xad

2019167-6



+ 108 »

15 A OGN FHAE AT by 2 I 5 M 3fe 25 (1) 22 4 PEAH
Ky BRAN R AR ECR . BEMEE . R
PAR R SR VXA IR e s
JEE DA S ] SEPE = AR AR R, DRIk S V2X T
FHOCIR Y FHAE AT 223K i il SEPE SR A1 . TEEE
4 DSRC (1385 I LE VPG E E 50~100 ms,
TSR 2R AR S B Ak PR 1) S 8 PO

(2) LTE-V

LTE-V 545 LA LTE 15 53 /4 2% 2 KLt (1) V2 X 3t
fEhRUE,  fe SR AT 1R i 53 XAl 1 it 5 4
WP, T R A RN T EDE A T
P I UL R S TR . HATtE . K
JH LA DL R e il A — R A )RR S S
LTE M 25 4 B Al ) LTE-V HiA .

EFRERET LTE-V [ V2X N, LA PR AN ]
(R3EAS )7 s LTE-V-Cell, B, AR ss
3 DU A A oy, EE0E SCERDN
R TC L S Rt il A5 /7 2 LTE-V-Direct, BJ!
A, WRRCh B, B AR 4 G
BB, AT I E A EI L, EH
K2 2% R o A KL &% K 7= 4 LTE-D Al
LTE-D2DP"3%,

LTE-V-Cell [FoCHEPERES AR T 263G (B4
IO AT FE S 100 MHz, 474 M 1) 06 {3
KNy 500 Mbit/s, FATHER: MIEEE N 1 Gbit/s,
SN ZE/NTF 10 ms, $5HIZE/N T 50 ms, 5k
SRR 500 kmv/h, B KIGEAS VB S
LTE H Kl EER—3. 2% T LTE-V-Direct [1)2%
BEPEREFRRR H ATE A VR I b
4.1 LTE-V2X ZFEBXRRHERIEDH

BT 2RI M AH S H AR sk B, [ Py
] B b T A A ZRO0T 124 5 T o oA 1% ), 2 1
Sr IR

(1) 3GPP LTE-V2X FrifEit

2015 4F 2 H, et S R s vk i Alis
B R HESN R, 3GPP IERXTJT4 LTE-V2X K

PREEAL TAE . WAL TSR RGAEM . 24
WA LR 4 MR TAEH I PR TR,
o, Mk FESR i SAL TAEAL#TT, X T LTE
V2X SCREIE S EEK, £ 27 A BRI B 45
T 7 BN S s M RR AR AR K . RGAN
Hi SA2 AR f DT, HoAf e S s A8 28 /D B3 FF
LTE-V Uu fll LTE-V PC5 PP TAERIA .
Uu 2% H 3 AR A8 A% 40 2 T D K 45 o 1) 36 15
%, PCS5 7% 138 Ik 1 18 38 {5 B A 2K B I 4 vy
AAEMENL %S . AU H SA3 TAE4 41 5%,
FEWHE V2X AR W OR I RG22 I, oy
BT 5T V2X A5 16 2 4% 75 SR I R0 R0 VE Al 0
19 (1) 22 4> Dy e A, 28 DR i RAN TAE
g,

(2) 3GPP LTE-eV2X trkk i

2016 4F 6 JJ, 3GPP SA1 HE4T “Hagg (k) V2X
Wb 45 R 7 BRUERF T TAEYY . 28 R A i T 45 R
TS22.886M I, 5 X T 25 AN ZEE, A H
AN B A H R n AR
BOETR . 2017 4E 3 H,  HOKH HAE S5 A ]
W& A23L 10 “3GPP V2X 55 I BebruERT 9T 7,
F B T AR PR A KI5 bR
RIS B2 G B R, IR T 2018 4 6 ]
S50

(3) 5G NR-V2X Friftilt )

2017 4£ 3 f, 3GPP RAN JFUA#HT V2X #7
TR FHVRAS 7 P98 1 ST, % 3GPP TS22.886!
rhoE SCIR S il 25 75 SR BEA T VEAS I, B4 05 2
Wist. PEReFEbS . AUE TR A5 BB AN 2545
L,

4.2 5G V22X HIfK R L

755G WX, 2RI T N A2 2 AR M A
REFIHMMRGITER, W 5G LEHIHIC, 5G
k. 5G IR, 5G m RS A%, 5G Rk
W] DAS I 2 b 9 2% 1R Rl TR REAT TC 4% A5
BALHAFE DI

2019167-7



- 109 -

BIERE 2019456

K2 JgoR T3 D2D 815 1 5G ZE5E M W H
By EARKRGEM S HIEM T, 5] R
o 5G R (FIERIT, RSUD sirhgk (fuHE4l
T4 H P Bah %) PRl N B, SEIl
5 R B (015 B A H s ZEZEN M, 35T D2D
WAE, RN T2 A i i v] LATE B
s B G ORI B AT R, AT R B
(23R A ™, T PR S AL d 28 s i
Ab, TEIBAE RGN GBS 5 ZE AT 1) 425 m) A
ST ks 2Bk D2D @37 Ad Hoc M%K%, 52
BLZEAM ] (1 1 2 R A T

5 REHIPkE

FU R V2XGEAE 3 31 T AR T Tl S okt
Z I RES T, R IEA TR I E BL
A DA T 2 5 A (1 T S i T AT
FE g AT SEARIN ST A G as. R ORI N2
Bge 4 3 A,

51 BFREFNTEERE

BT V2XGE A5 P I 4T AT A T iz 3l
fE R, B V2XClEAE RO T A A A 5
HAT Tk (W E R . [/ E s shitig s
ERCRIb U RIS RIE i =R/ S T RSt = 22
PE DA K W9 25 4 41 S5 R (R PR A8 Ak, 75 5 38 s 4=
] (RIS AFRE o B — 1R R A5 B4R 53—
R, BTGRP AR T R A D) 1) i R e
XUT7 TR RIS Y, DT i 19X 26 ERF A 1) AN o 452
Yo JT LA CRUE =y RS 3l V2X 3845 1) i T 5
IR IR S JIR 55 & A AR 1 DB )

UEAL, FEZEEMI R, T AT o R R
TR UCER I SE b R R, Fe N DA%, A
UL LR W 25 He NFND e R R, A RE IR R4
AR AR, HALME S A BeIE W AT . HETE
e A7 AE Z RS 2l A B, ek )=
B 2G/3G/A4G WEETEAE . AR A4 BRI
FLRFENEE, XSO () 45 46) 1) 1Y) % 2 L3 LI

T sormiS O
: vl

(c) L ] W ELHEIE AR

(L]

K2 HT D2D MfFH 5G RIS 4

2019167-8



iaf ik

*+ 110 *

HEAT S0 AR A e, D6 200l e S ) T 5% 1D
i i
5.2 FiHRLFMIBFARIP

TR R 2 e A A OB i AR G B o R
W, FE AR BN, Kk, FEA
TR — AN B PR, T AR R
Bk, 5 H RGP B 4 — R RN T
TS B A H . BRIANE A3 7 o] LU BTG
BRI AT Mok, TR BB 2250 2
FRHS K B AR A H . thAh, 50 A
P2 CanTF-HLEE M LR 5 AL, mT
(RIAE A R 722 4y, VX 0 P 2R AR AR T 2 o vy
(2 55 Ik, Qe fRUE V2X 3845 2% )
Bt A — AN OB )
53 B

HH T4 19 v 194 4 1 b 45 R 1 A A8 1 DA &
FEAEAR P B 1Y, 222 V2X G E
T L2 LR DG ) R o 2% SCRR[45 ]38 HE % lEAN T
LAY A08 s D P e ) 0 i A 9 T R Al
Or AR R T VX TG AT B A A58, B0
H R e TR RN 5, DiE4s R
B AFNS K IR s R ASE AR 1 500 23 401 2
REAE AT AS AT WL 1) 408 J B it fee /b, AT il A2 2 4
2 W (R TER o 252 SCHR[A6]14E H 52 B2 1 [ 00 [v) i
1545 T8 LA S P oo X0 16) 45 T A S5 P () e 428 07 4%
— PP AE ST AT W, ARl T
S IREAT W42 PR Sty b P A 2043 138 2 A1 Py (1]
In—R. BRI Ah, V2XIEAE RGTREA 1
— LT N A A 2 AT ) R, B R B A
PMEDHE . BB AR It EE. &
2 SCHR[4715 H 4 BA i T 50 60 2 4 4 S a0 £
AN MAT S V2XOBAE %A 8. AEZE A IE (S
o, ATk A AR 2 ORI R A AR 38 A s T
B, SRIMATAE S SR ) J8 . B0t R
X b, PR R A R OB PR R I L (L
WO SR 4 R ABES), S EPOEE AT

AP IT i o T E AR I B A B e
W R, JF HBGE RO RN sl s ek, A
¥ 22 AL TGV 073 1 A I SR i
(EPSSASy /IR B 2R N = S U B S i) N
NE R AT SEMI = AR e, DA 4
AN B o (L, BRI AR B RS K
K, TiEHEAT I, T HAEVFZAE 0T, IX4ER
PR S AL B ATATAT DRI B DL N REAT A (1 »
DRI VXA 7 oK 24 4 2y Bl ) 2 4 e R )i
FEE AT It O 3 U5 T, Lo 3 4 N 224
eI R 3 A A0 P A B R PR R

6 HRE

TR, AR R K AT AT
HER T ARCRAEA o BRI, VR IR R A H i oK
T H a0 R, XA R A A R
s A TR0 T A2 T LU SRR AR (2 B A
Bk oA S A 3 e 4 A B R s e T PR 5 R AL
LR B T )N AN TE R T e o P
AT . AR, B V2X BRI BRI A R
JEVLBAZ DR IZE W ¢, V2X B e e
EAIINAERT7E -SSP NEL S A =V e AN T E TN
ARG .

B k-

[1] HF T 2018 Pl it 2 4 R BRI # [R]. 2018.
WHO. Global status report on road safety 2018[R]. 2018.

21 ARHB#R. F2THKT, 7824 T[N]. 2019-01-31.
People’s Daily. More cars, longer roads, safer travel[N].
2019-01-31.

Bl MZEZHRE. 2018 FIHREFM L2k R AR
2019.

National Bureau of Statistics. The 2018 statistical communique
on national economic and social development[R]. 2019.

[4] w3OR, S0k, 4, 5 V2X BORKRJE IR KON

WEIL]. WfE TR A S ARUELL, 2016, 29(2): 20-24.
ZHUO Y B, MIAO Z B, GAO Y H, et al. Technology develop-
ment and application research of V2X[J]. Telecom Engineering
Technics and Standardization, 2016, 29(2): 20-24.

[5] M@E%E, ZEEM. BT 56 MAERMEBARIIILH LR S

2019167-9



<111 .

BIERE 2019456

M. {5 Bal1E, 2019(2): 250-252.
ZHOU J J, XIA Z L. Analysis of advantages and limitations of
5G based Internet of vehicles technology[J]. Information &
Communications, 2019(2): 250-252.

[6] CHEN S Z, HU J L, SHI Y, et al. Vehicle-to-everything(V2X)
services supported by LTE-based systems and 5G[J]. IEEE
Communications Standards Magazine, 2017, 1(2): 70-76.

[71 AKZE, 250, s, FRp R R IUIRBEFI]. Jogk
HLEAE R, 2018, 44(4): 5-9.

FU C J, LI B, QIAO H Z. Study on the internet of vehicles
industry[J]. Radio Communications Technology, 2018, 44(4):
5-9.

[8] MEksz, mHF, Mo, S FERMECRBITT]. WEEH
KR, 2017(20): 141-143.

HAO TL, YEP, HAO C L, et al. Research on vehicle network-
ing technology[J]. Automobile Technology, 2017(20): 141-143.

[91 AER, THMN, 2, & REASIEIR vaX frfkdt e
JUIRDD. Bl s A, 2019(3): 19-20.

LV Y Q, DING Q F, DU H, et al. Status of automotive autono-
mous driving and V2X standards[J]. Digital Communication
World, 2019(3): 19-20.

[10] HAMIDA E B, NOURA H, ZNAIDI W. Security of cooperative
intelligent transport systems; standards, threats analysis and
cryptographic countermeasures[J]. Electronics, 2015, 4(3):
380-423.

[11] GALLO L, HAERRI J. Unsupervised long-term evolution

device-to-device: a case study for safety-critical V2X commu-

nications[J]. IEEE Vehicular Technology Magazine, 2017, 12(2):

69-71.

[12] BACKFRIEDER C, OSTERMAYER G, MECKLENBRAUKER
C F. Increased traffic flow through node-based bottleneck pre-
diction and V2X communication[J]. IEEE Transactions on In-
telligent Transportation Systems, 2017, 18(2): 349-363.

[13] YANG Y, WEI Z, ZHANG Y, et al. V2X security: a case study
of anonymous authentication[J]. Pervasive & Mobile Compu-
ting, 2017, 16(5): 134-140.

[14] NARANJO J E, JIMENEZ F, ANAYA J J, et al. Application of
vehicle to another entity (V2X) communications for motorcycle
crash avoidance[J]. Journal of Intelligent Transportation Sys-
tems, 2017, 21(4): 350-360.

[15] CAO H, GANGAKHEDKAR S, ALI A R, et al. A 5G V2X
testbed for cooperative automated driving[C]//2016 IEEE Ve-
hicular Networking Conference (VNC), Dec 8-10, 2016, Co-
lumbus, OH, USA. Piscataway: IEEE Press, 2017: 1-4.

[16] MOLINA-MASEGOSA R, GOZALVEZ J. LTE-V for sidelink
5G V2X vehicular communications: a new 5G technology for
short-range vehicle-to-everything communications[J]. IEEE
Vehicular Technology Magazine, 2017, 12(4): 30-39.

[17] 3GPP. Outstanding aspects of deployment scenarios, vehicle
density modeling and mobility: R1-155911[S]. 2016.

(18] M, MEkTe, wKoT, 4%, PP HE M B4 R K AT ML
HEIRSS ], FHERE, 2016, 26(27).

HAO C L, HAO T L, ZHANG L, et al. Talk about the val-
ue-added service brought by intelligent network automobile[J].
Technology Outlook, 2016, 26(27).

[19] @R, HT F—REBM V2X BoRD]. FEREAR SRSk,

2017(9): 10-15.

BAO H S. Analysis of next generation vehicle networking V2X

technology[J]. Information Technology & Informatization,

2017(9): 10-15.

YANG Y, DANG S, HE Y, et al. Markov decision-based pilot

optimization for 5G V2X vehicular communications[J]. IEEE

Internet of Things Journal, 2019, 6(1): 1090-1103.

[21] FEpeds, LA, Prilibl, —ModH TSR 40 V2X 451
TPk SRR DR A LA T VELT]. HAEIMEBER, 2014(1):
43-45.

WANG C J, LI S C, CHEN S Z. A relay node selection and

[20

=

power allocation optimization method for dense vehicle V2X
network[J]. Telecommunications Network Technology, 2014(1):
43-45.

KABASHKIN I. Reliable V2X communications for safe-
ty-critical intelligent transport systems[C]//2017 Advances in
Wireless and Optical Communications (RTUWO), Nov 2-3,
2017, Riga, Latvia. Piscataway: IEEE Press, 2017: 251-255.
[23] FRANK K, STEFAN D, LUKAS D, et al. Privacy enabled
capability in cooperative systems and safety applications[R].
2009.

PANANGIOTIS P,LEVENTE B,TAMAS H,et al. Secure vehic-
ular communication systems: design and architecture [J]. IEEE
Communications Magazine, 2018, 46(11): 100-109.

[25] MAXIM R, PANOS P, JEAN-P H. Cooperative systems for

road safety “smart vehicles on smart roads” (safespot)[J]. IEEE

[22

—

[24

=

Wireless Communications, 2013.

[26] VILLARREAL-VASQUEZ M, BHARGAVA B, ANGIN P.
Adaptable safety and security in V2X systems[C]//2017 IEEE
International Congress on Internet of Things (ICIOT), June
25-30, 2017, Honolulu, HI, USA. Piscataway: IEEE Press,
2017.

R71VFREEL. 5G EIRF X A 3) 2 Bb AR K R KISEmN]. 5 Bl f,
2018(6): 46-47.

XU C X. The influence of 5G car network on the development
of autonomous driving technology[J]. Information & Commu-
nications, 2018(6): 46-47.

[28] EZE J, ZHANG S, LIU E, et al. Cognitive radio technology
assisted vehicular Ad-Hoc networks (VANETS): current status,
challenges, and research trends[C]//International Conference on
Automation & Computing, Sept 7-8, 2017, Huddersfield, UK.
Piscataway: IEEE Press, 2017.

[29] LEE K C, LE M, HARRI J, et al. Louvre: Landmark overlays

2019167-10



S

112

for urban vehicular routing environments [C]//2008 Vehicular
Technology Conference, Sept 21-24, 2008, Calgary, BC, Cana-
da. Piscataway: IEEE Press, 2008: 1-5.

[30] ERRITALI M, OUAHIDI B E. A survey on VANET Intrusion
detection systems[J]. International Journal of Engineering &
Technology, 2013, 5(2): 56-63.

[31] AHLGREN B, DANNEWITZ C, IMBRENDA C, et al. A sur-
vey of information-centric networking[J]. IEEE Communica-
tions Magazine, 2012, 50(7): 26-36.

[32] BHOI S K, KHILAR P M. Vehicular communication: a sur-
vey[J]. Networks IET, 2013, 3(3): 204-217.

[33] TOMANDL A, FEDERRATH H, SCHEUER F. VANET priva-
cy by “defending and attacking”[C]/ Wireless and Mobile
Networking Conference, Apr 23-25, 2013, Dubai, United Arab
Emirates. Piscataway: IEEE, 2013: 1-7.

[34] HU Y, FENG J, CHEN W. A LTE-cellular-based V2X solution
to future vehicular network[C]//2018 2nd IEEE Advanced In-
formation Management, Communicates, Electronic and Auto-
mation Control Conference (IMCEC), May 25-27, 2018, Xi’an,
China. Piscataway: IEEE Press, 2018: 2658-2662.

[35] KAISSER F, GRANSART C, BERBINEAU M. Simulations of
VANET scenarios with OPNET and SUMOVJ]. Lecture Notes in
Computer Science, 2012(7266): 103-112.

[36] DI B, SONG L, L1, et al. V2X meets NOMA: non-orthogonal
multiple access for 5G enabled vehicular networks[J]. IEEE
Wireless Communications, 2017, 24(6).

[B71ZER, J55RZE, AN 3GPP LTE-V2X btk e L B AR A 2H[I].
FAF M BAR, 2016(6): 40-45.

LI F, FANG J Y, ZHAO L. Progress and technology introduc-
tion of 3GPP LTE-V2X standard[J]. Communications World,
2016(6): 40-45.

[38] LUOTO P, BENNIS M, PIRINEN P, et al. System level per-
formance evaluation of LTE-V2X network[C]//European Wire-
less Conference, May 18-20, 2016, Oulu, Finland. Piscataway:
IEEE Press, 2016: 80-84.

[39] BRILkE, BAGES, W, 25 LTE-V2X AR brift 58
R BAERE, 2018, 34(4): 1-11.

CHEN S Z, HU J L, SHI Y, et al. Technologies, standards and
applications of LTE-V2X for vehicular networks[J]. Telecom-
munications Science, 2018, 34(4): 1-11.

[40] 3GPP. New WID on 3GPP V2X phase 2[EB]. 2017.

[41] 3GPP. Study on enhancement of 3GPP support for 5G V2X
services: TR22.886, v.15.1.0[S]. 2017.

[42] 3GPP. New SI proposal: study on evaluation methodology of
new V2X use cases for LTE and NR[EB]. 2017.

[43] ERE, ML, #ER, % 56 FREMEED]. MY 5HE
R 424, 2016, 2(6): 1-12.

WANG L M, LIU X L, LI C X, et al. Overview of internet of

vehicles for 5G[J]. Chinese Journal of Network and Information
Security, 2016, 2(6): 1-12.
TEHRANI M N, UYSAL M, YANIKOMEROGLU H. De-

vice-to-device communication in 5G cellular networks: chal-

[44

=

lenges, solutions and future directions[J]. IEEE Communica-
tions Magazine, 2014, 52(5): 86-92.

LU H, POELLABAUER C. Analysis of application-specific
broadcast reliability for vehicle safety co-mmunications[C]/
Eighth ACM International Workshop on Vehicular In-
ter-networking, Sept 23, 2011, Las Vegas, Nevada, USA. New
York: ACM Press, 2011.

KABASHKIN I. Reliability of bidirectional V2X communica-

[45

[}

[46

)

tions in the intelligent transport systems[C]//2015 Advances in
Wireless and Optical Communications (RTUWO), Nov 5-6,
2015, Riga, Latvia. Piscataway: IEEE Press, 2015: 159-163.
BIAN K, ZHANG G, SONG L. Security in use cases of vehi-
cle-to-everything communications[C]//2017 IEEE 86th Vehicu-
lar Technology Co-nference (VTC-Fall), Sept 24-27, 2017, To-
ronto, ON, Canada. Piscataway: IEEE Press, 2017: 1-5.

[47

—

[MEHET]

FHEr (1986— ), Y, EFILLHB RNt
e LRI, PR B B SRR R R
TSR TR EAALTHK, b
EE G S L LB E R A TR R
SEEARMAK, TEETESTHEWS S
BHERGEARALTEZSZL. KN E
3G/AG/5G \ Bk S5 AH O TG 2 HaAi B Al
SN SRR TR ARG E . RS R e 2 T LA B RN
25 p S5 5 T (AT AR

ﬂkﬂ(ww—),ﬂ,ﬁ+,%Wk”%ﬁﬁ§,iEm
U700 D2D WAE. FEBM . ToT 4%

EXI@E (1994_ ) ’ j?s /*U”j(’ué ;:\_.\IFI’%L’IKJEEJ\I:‘:/:,: +
BERFSUTT A V2X AE

FRAE (1992—- ) , B, WH{RETILKRE GRID £T15
fi B TRE2E B LA, ESEWFIUT In) h Wlds 2% M Ao 2k ¢
WL

SFaR (1967- ) , 5B, Wi, WYIKERIERE, FEEUY
T ABSHEEEAR. BESHETRAK KT S55%H. DSP
MRS MBS, M R SRR B S .

2019167-11



	12-19167-¹�

