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Abstract: Large amount of interference, due to share the cellular network resources, exists in device-to-
device (D2D) based vehicular communication system with heavy load. A heuristic algorithm is proposed
to maximize the total throughput of cellular-users ( C-UEs) while meeting the minimum security communi-
cation requirements of vehicular-users (V-UEs) at the same time. Firstly, the vehicles without interfer-
ence are divided into the same cluster by principle of graph coloring. Secondly, according to the cluste-
ring results, the improved Hungarian assignment algorithm is used to allocate the channel. Finally, the
power is adjusted to maximize total throughput of C-UEs. Simulations show that the proposed algorithm
can effectively solve the vehicle-to-everything (V2X) co-layer and cross-layer interference problem, and
improve the spectrum utilization so as to ensure the reliability of V-UEs communication.

Key words: vehicle-to-everything; device-to-device; resource allocation; graph coloring; assignment al-

gorithm

MG BAL S, R E R E BB INEE  rything) "2 X V2X AYIRS 75K, o B A M
BAR. TR B B ERIR ARG 2Y MR I HIGEAET R E K, BT LME G 6 55 4R
SOl 5 TR R ETTEEGINA A H XA BB R HZRY . 45 8% & (D2D, device-to-de-
B AL Fr i FE38 5 FR b 48 (5 (V2X, vehicle-to-eve- vice ) A AMLITA Jaril 8 45 e, i Bl PAZE iR 5

YRS EH: 2017-03-23

HE&WA: HEARBFIESIH (61601071,61301122) 3 KIL=H FAH 1A A & J# i+ RI3E4 5 H (IRTI6R72) 5 # T ZER # BT
FE3 H (KJ16004012)

TEFERAN: SR (1979—) , B, BIEZ, E-mail; zhanghb@ cqupt. edu. cn.



55

SR AE . LT D2D E{E R V2X IR % 93

RUAT I X R I = A n) AT Vinel T AR 45 V2 X Al
D2D B4R, S IE T 48 D2D 3 A M T V2X By a]
ik, K D2D 3@ {E N FHAE V2X AT DL 2 V2X
AR 1R AT SRR AE 9 LR, (B8 5 &2 114 ] s
ok T

X &4 D2D W AfE E’J%Qf{ﬁ?/ﬁﬁfﬂ Zhang
270 Fodor %8 1 Huang %51 B 483047 T WF9T 0
S0 Bl U e K B R S T R e e B
i B e N 51 BT S 1 B8 - N I 5 )
D2D HR B AT RN B3 N 2] v2X
R iy, AT D2D (14 V2 X B8R o il G 1k & —
AN BT A )

EFXT V2X 3 1E , Luoto 4§ LOLHT T V22X A EF
AR RS, il )2 1 R G BT HEREIEA
SERLR T R AR B M4 SRS L, O TS
JI e 0 e AT SR R T A SR L O A
il AR L EL. Bostov %' Ren 4E"™ EFXT V2X
T D2D JE A S T RS A AR B A
i RS BCHLH. Xing 22 BT 2 AR [H
A S g T 3T D2D HAR G V2X BRI S
B, AR Ak F AR 2 485, 51 LRI 4 PSR 2 22k
Tt W RIEHNE A I ZE. Sun 251 &1 V2X 8 1H
1) 1A B I R o e, LR 5 1 V2 X 3
{515 TE RS W R A5 1 L AN 2 A T N B2 B i)
KR IR T —Fh B9 (RB, resource block ) 43
e RN 28456 O 58, W 2 424 P (V-UEs, vehicular
users ) 1 {5 X B 4E 5 AT 55 M R 4 [R] B, e KAk e
%M P ( C-UEs, cellular-users ) A 3# % {H 0 2H )7 =
B A 58 A HEBR R A T4

E L AE LR, B3 T D2D ) V2X )
HE MG E R T RS 7 RS, W0

ST B2 O (SR ZE R AT SRR )l — Rk
A S 2 Ao R85 Ak 2 [

ETIAEEZE T4, BEARIE V-UEs {5 i &, i
KAk C-UEs B &

1 R&GiEh

1.1 R&ESH

25 T L BN O R IR S T T V-
UEs 71 2R 43 B 98 U5 B i 98 08 0 e 77 8. (R s/
XHI1, M} A4~ C-UEs, &4~ C-UEs M ¢
ARB, AL, k- K} ™ RB %I, 40,1,
n,-- N} V-UEs; C-UEs Z [H {58 iF 3¢, V-UEs Z

()5 R FH D2D J7 2 {5, AR B B R F A 43 3T
(8% 55l 5 B0, D2D TAEFE underlay #2202 H
Wews FATEE RS UR. V-UEs o 7 W il (E gk, ]
PIEHZ A C-UEs R TE SR ; fe KAk R G810 75 R
FIH#, — 4~ C-UEs M %Rt fg#% 2 1~ V-UEs &
F. G0 1 TR, BE R 2 FEE RS 3 B AR 1 S
TR (R GER S Al ok K 19 R J2 T4 A s 2
T, B C-UEs (85 1) X V-UEs (£ 2 F4k
B 3) U B T, V-UEs (BER% 2 Tk K 3) &%
Uit o FE U AT 3 A I 2 e 306 v o i B 3 2 A0 1Y
T, B 3 Ak ni B 2 el iy T

( )
HERK3

oo

q

F1 V2XilfEnER

@%/

1.2 C-UEs # V-UEs Byl Kk

BEXT V2X AN [R]85 s, A 2SR AN AH
[F). 2% oy e Sl B 25 B s ) I O T, B S R
UEZEA ] (Y 22 4l 05, B ORAIE V-UEs f5c /)N A 35 3
FOIN A IR Ay %, B KAk C-UEs i 4
I

R SCHR [ 14 ], an 2R xd V2 X g4 Jo 2R o 5 4
P NI B B TJC R B IR A R BVAE 25 5 1938
R TR ST AR ] S LA ZE Y
LAEAE , V-UEs #0055 8 L A5 T M L A
SIBCEY RB ANEAFAE— X R G AR

2 [a)RE ALK

H1 T V-UEs %4238 {5 9 (I 28 F o] $E PR 22K
HEAEDRIUE V-UEs {5 T L ZY30F |, 4 38 153 0
D2D (% V2X {54 % V-UEs 1 C-UEs B4 % AL
k. 8 C-UEs Wy nk /B A itk B bs, A4k B b5

max Zlb(1+7) (1)

P P XM N |-



94 db & WR HBOK % % R

% 40 &

2y AT R
X,.€10,1{,VneN,YmeM (2)

M
ZXm,n:N’,VneN, VmeM (3)
m=1

0P, ,<P!™ 0<P,<P!™ VneN (4)
o<P,, <P, O0<P,<P," ,VYmeM (5)
v'zy, , VneN VYmeM (6)

P, .5 m 4~ C-UEs 7£58 k 1~ RB L% & 4t

P, n A~ V-UEs 745 k 4~ RB L % 4

H,l,k:% n > V-UEs 755 k 1~ RB E 1 Ih R
H, ,:% m 1 C-UEs 7E% k > RB LRI %

N' .54~ V-UEs & 111 RB %%

X, v EHHERE b X, FT 1 RRHn A V-
UEs & %5 m 4~ C-UEs 1Y RB.

¥ :V-UEs fI%8 m 4~ C-UEs 3L %6 £ 4> RB i},
C-UEs 7£58 k 1~ RB _EA9f5 ML, B

P, .H,
’yk= m, k" m,k (7)

N
0-2 + ZXm,nPn,an,k

n=1

y" 5% n A~ V-UEs 7€ 1 /> RB (5 M L.

o’ R TR R )

vy : V-UEs i R E 7K, B4 RB EAY(E T M
Fb e/ NEEK.

T LA, 20 (4) Fx(5) Fm V-UEs
Fl C-UEs PRl ;20 (6) FRARE n 4> V-UEs £
FHTCLGIRRT, Ry T PR UEE A5 T R, W T M L
OESE = L

Pn,A-Hn,k

’y” — < ( 8 )

2
g + Z P[,kHl,k + Pm,ka,k

3 NEAE

EEXFLL B B AR, $E it — s &g 3 25
Bk AR S RE T PRI R B T gl .
B E C-UEs Ml V-UEs 194 55 T3 A% e R~
FEETHERY V-UEs 3T B35 R ; 285 AR 4
SYBCEF R, R FH B i £ 28 R 48 TR B % V-UEs
BTS20 I, AR UE V-UEs 3815 0l 520, H i Kik
AR R G R IE E 2L i (58 2

% %% C-UEs Il V-UEs i) & B2l fdfi Hoph 2 v-
UEs MIB EE R, JF i KAk C-UEs 1y iR, Bk
Bk mAAImE 2 pros.

B C

I !
bl | B4R C-UEs
ey A AALULS ) g
2 MREAE] P
i ! ¥ |
JB/NV-UEs :
gax | (3]

o) |
e |

VT Twe

| ARE(10)
TR

i B/NC-UEs
IR

KRN

Ik
4% I L 22
e 2 FC-UEs

F2 VX HEimis

3.1 ETEEREIEH V-UEs 2%

NN FI FH 36 B 2 T AR Sl 2 RS RS o) 285 72
B OLR , 20 T LA = A3 A1 FH 3%, AT e K
1k C-UEs MY R, 5 dunt st e 450 V-UEs 4>
FETRl A, 52 R [R] i 3 B2, 5 LR n] g
B S BB A . H A AR RSB LU 35 )
B P (R S IFEANE, P = P /N OAE
b V-UEs B &S D% ARIEE i TR ¥
T V-UEs s fE R &, G @R RS AR 4T
b i D43 IR A, 140006 ZR 2RI —X%F V-UEs 194%
Wi 2 A B B 55— X V-UEs 119 & 2% 3 14 8k
1 1.

HRPEARFIAL, FEAT A 555 A5 2 Z R 0006 43
W07 %8 T E fe/NE BB, O TR L R RS =
S8 A SC—ASHT Y PREVE I PEAN eR B, AR i
Gy S T BE IO RS fee/ NV S e 2 1) i
gEIR.



55 W TREE S . T D2D WAE A V2X BT R 95
¢ — W, #01 >N #FTF—4.
=X (a0?)/c () 3) HUEAR TG, B2t LA 10, 4 5
Horfr. € BUE MR, B € RTaSF THo/ME feirsyk g7 KR E T I,
B C = N/C BVERRT IS R BB ¢, h B3R ) 4) R F o MR T 2 E ¢ Z I C-
PRMFETT IS L N e | NS N ETRRIN URs
B 5) FI R4 C-UEs FIBEF S — 434,

=5

1) ARHE TR R e TR 3 2R AL

2) AR FNEG A /NG B

3) WS C, RIS ¢ KT % T /b

4) FIFEGE @ H 5% 0 T0 TR 0 230X
FER —E T 15 8] 2 Fh /iR 25

5) ARy MR AE R (9) TR s Bk, 1B
PEVEHT BB R/ N 3 A e 2 1) 3 TR 4 R

I3 EZ R R FE R ) V-UEs & H AR i C-UEs
TCL TR, A5 R T EE A7 R A, A2 AR TR 5 R
V-UEs AZ 7= A A4 T3
3.2 ETFRFHIEREEINERSER

JELATR Pry = Pr/t fE R C-UEs (315 AR
WA 1| BB C AR, BB S1E—14
WA R Y V-UEs & HIAR A fy i Be . X
% o &4~ V-UEs 43 Bic N' 4~ RB B2, R &F 4>
V-UEs & H N/~ C-UEs IR , 3 & — A~ A HL 45
URIAEL, B TAE4 V-UEs 43l N4~ RB, BT 2
N'RAEIR. A RB Z (AL g W, AR A A
FrR RAEAE IR , B AE IR S T B % ¢ BHIRIIEIE,
HARF P

0, v =,
kaf = P:‘r: ka,k ,ﬁij‘ ( 10)
S (o +PH,)
C
Py )
’yn — n,k‘ n,k (11)

o’ +P"H,

T W, FIW % o YA V-UEs B k
A RB (5B GEN, B4 V-UEs A5 T M L2 750
Ry AR, IR R, K ¢ XEHY m 1~ RB
AR Rl 2 AN L B AN c B kA
RB i}, C-UEs fE1tt RB 4915 T M Fo /R A .

Ei£2.

1) Baniw,, #01 <N, B# ¢ il E FH RB %)
T N’ B C-UEs B RIXTIZ P NS 3).

2) RN C10) HHTAEAE W, | R B

6) THHEHE c RBELE T N4 RB, WA %
A5 4) NS5 AT,

Zead DA AP RRR AR 1) A 2) | BRAS TR IE
ST 1) V-UEs #87] LA Be 2145 8 2E 17 15545, 1
PRIE V-UEs 1815 [ n] S5
3.3 IhEIPE

HRAELL B B4 T TR E R T &, AE
WP IPR KA T A C-UEs i HE
BEEARR W R V-UEs M i f5 T L3R T,
FEAR V-UEs 05 25 C-UEs TR,

g8i%3.

1) BE JRIME Ap.

2) MKW V-UEs 1 & 5T 01% Ap, 3 H. C-
UEs B4R ST 515 Ap.

R 23 BC 4 (4 A 38 R ) 28, 1532 750 JE 200
PEEEAE, 27 2 B 2) s AT R, ST BB AR

S5

4 HEHZR

3GPP JiA 14 W F3EF LTE 19 V2X AR IE
FERTL, HETCE SR 15 ] PR ARG V2 X
il (5 T AR 2 222 pE B AR IR R 2% B
A RS RN 1 iR, A TRk, g/ X
Yt R V2X IR . R B MR K C-
UEs fIFE R V-UEs 1E % i {5 AR IF FBE AL
43 BC R & 28 R VC L SR 14 ] BT8R A R

®1 HESH

M BUE
R EFI#/dBm 24
R Y 5/ MHz 10
P #/ GHz 2
15 2 P8 brifi 22/ dB 4
NX AR /m 250
V-UEs AJ $E % 0.999 9
V-UEs J" #&35 Fil/m 50

V-UEs %§iit /4




96 | T/ = R =~ = O ¢

540 &

FLE R ) R 4y Bl B % ( CROWN, cluster-based re-
source block sharing and power allocation ) #17 b %5
U ) £ 2 AR 2 AR, G e T R ALY
PN, T4y AT VR C AT C-UEs 195 3 8%
S A5 T .
4.1 = V-UEs W RGHEREMFNT

& V-UEs B B0 X C-UEs FIE R 5 V-
UEs 3l {5 7] Sk 1 S e, 76 05 B, N =1, BB
V-UEs 2] 1 > RB RIS 2 8 fe/ N R R Ay
B K3(a) BT C-UEs fEAFREE V-UEs T
PRI, SRR B V-UEs B0 i34, C-
UEs Y RE R B2 FEAR X2 V-UEs BRI, 44
IR Z T PR, (HAH e HAB Tk | I Sk B
A BIFIIBTT PR SR i T HER I T,
Jf Had ok Ve fe k£ th AR R (R B 5 28, S vl g
Huy& /> T V-UEs Xf C-UEs 1Tk

K 3(b) iR TRt V-UEs HUR A3, V-UEs
IEF AR, W& 3(b) /T RUE I BEPL F A5
B2 V-UEs, K% V-UEs (032 i TEEECH R,
Wk 2 I V-UEs ANREIE 85 1500, Irfe sk
TSI o AR A T V-UEs e —i2, ]
AR AR E TSR, S 1A TE R A IR AR5 F I £

6.0
_ st —— PR
T 07 —s— CROWN
T 50F —a— [LP
T, A5¢ —e— [
g/ 401
B35t
B 304
=
2 2.54
5 201 4
S 15t
1.0 L 1 1 1 L
10 20 30 40 50 60 70 80 90 100
V-UEs$&/17
(a) C-UEs{1y i 2
1L0g=—g—o—o——o—o—o>—o—
091 —— TR
0.8+ —e— /L
f;‘% 07t —a— LA
= 061
% 0.5t
’gﬂ 04+
o 03r
02+
0.1
0 1 1 1 1 L A
10 20 30 40 50 60 70 80 90 100

V-UESSCR/A
(b) V-UEsf3 % el 5 b

K3 78tk V-UEs X RGEMERERY

FRFEIRFIE T RYETE 1) 2) fRIIE T V-UEs #1535t
4.2 TENWNRSEHERENZIG

Z 8RS V-UEs E HI{5E A0 C-UEs Al
R Y V-UEs 3l {5 ol S s2 m. #2105 B 43R
B C=6,V-UEs (%R 50. Frid®sk 1 NeR%
& HEEA TR V-UEs 2078l — i 2 AR R {5 iE
TEIR R T V-UEs RIS 4, ad 5k 2 e &
F{E TR C-UEs {738 %5, fR9IE C-UEs [y
%K 4(a) {RT V-UEs B B 5 8 A %06 C-
UEs BRI, 7T LAE 1 C-UEs BRI THE R, &
PR R T RAIE V-UEs {938 75 n] S0 43 Bic 19 47 18 A4
BOMEENMEE LS TR ARy A — e &R R
fEEAED | B AMEIE B T ok, Y4
AME T ML o BOKHT A TR9IE V-UEs 1] AU
BLEMEIE , RS AR C-UEs B R ST oh & S ik
W C-UEs (178 FA K.

K 4(b) #5iR T AFIFIL T V-UEs #1519 7] 58
P R P HRE E A A R FR YR | T SR Ty 1 2
DIMAIE V-UEs 3815 B9 0] S i Bl AL 53 Be A5 18 5
2B A %% V-UEs [B (4[R2 T3 i, ks
e V5 -EES F C-UEs a5 T-4E. Wk 69 2 | L e

L': 4.5 '/\\0\\&*
jus)
s 40r
= 3.5(/6\9—\$\9_\_6_\(
)
®30f —— PRk
oy —e— CROWN
= 25¢ —a— L
2 5 04 —e— BEHLATHL
= -y
& 15¢ .
L0, > 3 4 5 6 7
N
(a) C-UEsHy ISR
1.0 > o ° ©
09} —o— JITHEA.
0.8 F —e— [ILiE
ﬁ 07k —a— [HHLA L

0 L 1 1 1 1 1 1 L
10 15 20 2.5 30 35 40 45 50 55 60
N
(b) V-UEsp38 {5 ] S 4

K4 i N RGIERER R



55

SR AE . LT D2D E{E R V2X IR % 97

Bk HARIE TR i Al A5 T 43 45 V-UEs, {H AN BE
{R3F V-UEs 19 1F % {5,

5 HRiE

WHE T AT D2D 43R V2X 38 {5 55 54 B 7]
R AR ) 2 R RS I 286 7 28K, AR 0 R Bl =2 ) 1
T, A RUE T V-UEs BYIE# 815, Hf K1k C-UEs
RN, SR S B M TS A %,
fif R T[] TG R 5 ) 2 ) i R B33 R Ty 23 )
T B SR T 2T, e R R
PRIUE V-UEs Bl S5 B T, R i AL e A 3lcde
EE AR iR BE i KAk C-UEs RFF it &

SE

[1] 3rd Generation Partnership Project. TS22. 185. V14. 2.
0—2016, Service requirements for V2X services [ S ].
New Orleans; 3GPPSA#73, 2016 10-15.

[2] Chen Shanzhi, Hu Jinling, Shi Yan, et al. LTE-V; a
TD-LTE based V2X solution for future vehicular network
[J]. IEEE Internet of Things Journal, 2016, 3 (6):
997-1005.

[3] Sun Wanlu, Strom E G, Brannstrom F, et al. D2D-based
V2V communications with latency and reliability con-
straints[ C] /2014 UltraLow Latency and Ultra-High Re-
liability in-Wireless Communications. IEEE Globecom
Workshops. Austin, Tx, USA: IEEE Press, 2015. 754-
759.

[4] Seo H, Lee K D, Yasukawa S, et al. LTE evolution for
vehicle-to-everything services[ J|. TEEE Communications
Magazine, 2016, 54(6) . 22-28.

[5] Feng Daquan, Lu Lu, Wu Yiyuan, et al. Device-to-
device communications underlaying celluar networks[ J].
IEEE Transactions on Wireless Communications, 2013,
61(8): 3541-3551.

[6] Vinel A. 3GPP LTE Versus IEEE 802. 11p/WAVE.

which technology is able to support cooperative vehicular

safety applications [ J]. IEEE Wireless Communication

Letters, 2012, 1(2): 125-128.

(7]

(8]

(9]

[10]

(11]

[12]

[13]

[14]

[15]

Zhang Rongqing, Cheng Xiang, Yang Liuging, et al. In-
terference-aware graph based resource sharing for device-
to-device communications underlaying cellular networks
[C] //2013 TEEE Wireless Communications and Networ-
king Conference. Shanghai: IEEE Press, 2013. 140-
145.
Fodor G, Della P D, Belleschi M, et al. A comparative
study of power control approaches for device-to-device
communications| C ] // 2013 TEEE International Confer-
ence on Communications. Budapest: IEEE Press, 2013
6008-6013.
Huang Yifei, Nasir A A, Durrani S, et al. Mode selec-
tion, resource allocation, and power control for D2D-ena-
bled two-tier cellular net-work[ J]. IEEE Transactions on
communications, 2016, 64(8) : 3534-3547.
Luoto P, Bennis M, Pirinen P, et al. System level per-
formance evaluation of LTE-V2X network[ J]. IEEE In-
ternet of Things Journal, 2016, 3(6) : 997-1005.
Bostov M, Klugel M, Kellerer W, et al. Location de-
pendent resource allocation for mobile device-to-device
communications| C | //2014 1EEE Wireless Communica-
tions and Networking Conference. Istanbul: IEEE
Press, 2014 1679-1684.
Ren Yi, Liu Fugiang, Liu Zhi, et al. Power control in
D2D-based vehicular communication networks [ J ].
IEEE Transactions on Vehicular Technology, 2015, 64
(12); 5547-5562.
Xing Weijun, Wang Ning, Wang Chao, et al. Resource
allocation schemes for D2D communication used in
VANETs[ C] //2014 Vehicular Technology Conference.
Canada: IEEE Press, 2014 1-6.
Sun Wanlu, Yuan Di, Erik G, et al. Clusterbased radio
resource management for D2D-supported safety-critical
V2X communications[ J]. TEEE Transactions on Wire-
less Communications, 2016, 15(4) ; 2756-2769.
3rd Generation Partnership Project. TR 36. 885. V2.
0. 0—2016, Study on LTE-based V2X services [ R].
Busan: 3GPPRAN#72, 2016 14-22.



