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Abstract: Considering about the motion status of the vehicles
and the long term evolution (LTE) network modulation
strategy, based on weighted clustering algorithm under
heterogeneous networks (H-WCA) which contains LTE
network and vehicle adhoc network (VANET) was proposed.
H-WCA algorithm, which

confidence distance, relative mobility, relative achievable rate

introduced relative vehicular

and channel quality indicator as clustering properties, and
allocating weights for properties by analytic hierarchy process
(AHP), then selecting the optimal scheme by technique for
order preference by similarity to ideal solution (TOPSIS), and
choosing the optimal cluster head which can enhance the
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cluster stability. As simulation result shows, this algorithm
can increase heterogeneous network transmission capacity and
reduce LTE resource block overhead, optimizing the

performance of whole network.

Key words: heterogeneous network; weighted clustering

algorithm; channel capacity; resource block overhead;

analytic hierarchy process

HERETL SEGEEREDRIBHS R, FB
o) 328 ¥ 1Ay B AR A TR B B . AEER B 1 V2X
(vehicle to X) F % A1 #§ %4 % i {5 (vehicle to
vehicle, V2V) % B&iE {5 (vehicle to infrastructure,
V2D .ZE A3 {E (vehicle to pedestrian, V2P) )55 5
A LA R 237 0 Al ) 2% 22 T 1 B
HAE.

RS E MR T . 8 S5 Rl
.o HBNR. ML T AMA NSRS, #
ERERMERTRAR, RRGEREERSEW
T AR AR ) L

e VANET R4, Skt 0 230 sl R
BEBSEEMT #HERBY &AW E, X £
TR HEAT AR L SR N 4% (W ET R B 5
AKH93# (long term evolution, LTE) & u%H B Y
SR 48 3 B B A AR S A

SIPESEN B UARE THEK A R, AT &
G S B R ST S I R, SCHRE3 3 ¥ %
Wi s34 LTE 5 802. llp @5 # 1, N LTE
(long term evolution) 5 ZE 3k H H 4 W 4& (LTE-
vehicular Ad-Hoc network, LTE-VANET) J#J X
BT W S REE R T EARESE. BRI
LT E R sh B (loating car data, FCD) £3,4§

EEWE: BR ARPEES T ST H (61331009 ; Mg B AR F#E S (14ZR1442700); LB R BEE M S Z 2 BERHE S LBREJbREE

T K2R FFIFRT 2 £ (RCS2017K013)

H—AEE: BEEA980—, 5B, B WL A I, T L, ERASETTI0 4 Tl BLGER o udhlfs 515 54 14,

FE-mail; tjgah@tongji. edu. en

EIREE: T OBA993—), B, B+ 4&, TEWSEF F AR M T EPESS. E-mail; wanglu_yes@163. com



536 A ¥ K22 ME KRB 2D

H46 %

ACRSY: S NANNILIE = 2 @i L LWy Iy
O T FE k() A HETT B SCER[4 J#R H VMaSC -
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FHig k5 Bk A fO {5 18 BT, R LTE ZEuh s FER
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LW RE W 4> 3 B ¥ Cheterogeneous network
weighted clustering algorithm, H-WCA) , #Ff 7% {4
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eNodeB Z[ali# it LTE # O #4815

(3) - 4 Z= # 2% A i@ 15 #2 5T (on board unit,
OBUD HIT V2V 5 Vel ifF (L8, I AsRE N R
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Fig.1 Heterogeneous network vehicle clustering model
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B 702, 11p%:_€/ji\‘ 802. 11p E KR KKGmEES, —
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Fig.2 Distance in trust
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2.3 WAEEHFIE

£ LTE- VANET AR h, i LI ER N 4
WY EMBEM, @id LTE EfATs A% E
eNodeB", LTE % F§ 2 f' 2 % {5 & (reference
signal, RS), 5P R I B B (5 5 MRS % 55
43 50 X5 S 0 B IR 4515 T8 M 15 18 B =0T
THES B SFIEE.

LTE £ %@ id I E 5 5 7/~ (received signal
strength indicator, RSSD) 5 & &£ F 5 g sh R
(reference signal received power, RSRP) FAE H:4)
HEEHREEE RN, RSSI AN A A P #RE
SIECT TR, B BRRAE R /N A BT HUE B

LTE R&4t45 4 4517 RSSI 5 RSRP W %A,
HAGFSRESTHL.53IASEFESENRE
(reference signal received quality, RSRQ). RSRQ
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Ko AFERMETE] ¢ R B4 AT .
2R3 8 v I Rq (v) TR eNodeB %)

L BB T IR R S (o) MENDEN B

— PRIEREL 5 eNodeB [H] ¥{F B A=,

2.4 FEEREETHER

X A5 1B By B R R, LTE REEE S 3
RB R (Rl O N R B R LR
i EHCE. eNodeB fRIE £ AR ME R, 4>
P4 FHEES B TR, I B G M by B R
TS,

{Z18 R E 578 (channel quality indicator, CQD
HIRALSE R R 0~ 15, X I 7 [ A 4% i 2 45 5 s
eNodeB J& i 491 MU B CQI HIE N A% T 17
HEFERPAH T MRS FNET (N D Rk
FERSENHE T 1000 MRTHR T , S8 PR IR a0,

AR R B R R, e E CQl BE I 45
AL UIBRR LTE B E# B RES S AR 4%
B ST CQLE Clon).

x®1 CQ 5HGKEE
Tab.1 CQI and coding strategy

CQl  misifms M CQl  Hfgikms R
1 QPSK  0.1523 9 16QAM 2. 406 3
2 QPSK 0.234 4 10 64QAM 2.730 5
3 QPSK  0.3770 11 64QAM  3.322 3
4 QPSK 0.601 6 12 64QAM 3.902 3
5 QPSK 0.877 0 13 64QAM 4,523 4
6 QPSK  1.175 8 14 64QAM 5. 115 2
7 16QAM  1.476 6 15 64QAM  5.554 7
8 16QAM  1.914 1

2.5 WMESERELIERE
2.5.1 BRGrHrsk

AT LW R 2 RENE SR AR
WALt £ BIrMPUR . #N B Rk
(analytic hierarchy process, AHP) RIS 35z BE 51
PRV B H AR 2 (R E M e A A R A
HOUFHAAR HRZ (BEEES AN . A
KA FE R T RE ERNEHT S8,

38 ok H AR BE R 45 TR T A o S R AR 1
T8 A — Ak LU FT T AR B THI5 L0 0 B 1 e R R IE A
BT BRI AR, & R
ASUARL 3591 g % 7 4 3 D R P YA — A A AR A 1) 2 v
IR HIHE.

AHP ¥& 2% U R 4 B Bin a5 2%
BIR BRIy R 2 AR 2 I8 M I o3 1) 4R 13 (o
R IT R,

2.5.2 JFEUmLF T

0 m i 7 i (technique for order preference
by similarity to an ideal solution, TOPSIS) 2zt
KAREHH T RRICEESR/N. SHEMTE
PR RIS R T S EBE R A
RSl A% AT 18 R K A I TE B B 3 s N D 43
EEEIBUE S BIN 0= w1 w2 sws s | IRIRHFE R 1
BILEITTHEN

ry = —J;q—,i € M;;g=1,--,4
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HJEME: ¢ MEBES . TRFHE I R &5 5HUE v,
AHTE , BESL AU HEAL DL SR R Z, B

w1711
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W22 W3¥m3 WiV
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KB mE T =1{(S(v),Clv) [i€ M} ; A
J@EgE J={L(v) ,M(v)|iEM).
YT R o SEME TR AEE T REK
IRER B 4351
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W S HAE T R BR R E N
S+
Gi - Sf +Si+ sl €& M (19)

BnEER/N G 1Rk

L BEPSEER -, AHP T 3% 775 % 08 Hh it
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AN 2 B AT RO (o s ma ) ARBEAR
FEX ARG Y SRR N

u Tz Tz T
R= |ran ry rsm ru|=
31 T3z T3z T34

0.22 0.88 0.46 0.43
0.44 0.22 0.76 0. 64]
[0.88 0.66 0.46 0.64
1 3 (14) AT B FRAT AT R ) InA P SR [ 4
0.022 0.176 0.046 0.258
Z= |0.044 0.044 0.076 0.384]
10.088 0.132 0.046 0. 384
HIHAM TR AT =1{0. 022,0. 044,0. 076,0. 384},
A TR A ={0.088,0. 176,0. 046,0. 258}.
FAAD A ADFH, H RN L EH S HETT
FHHEEER /38 (0. 737,0. 104, 0. 462} , [H ik
B my MERTR L.

3 H-WCA #EHEII

H-WCA B2 B BBk 3% r , Bk kT2
BRAF.

LG AN, G LR Cear
state) i 37 #2 3k (stand head), 3f[A] eNodeB H iF
% ID(cluster 1ID), 32 2 & 1E7F 5 3L (cluster
head, CH). #H7 % ID(my 1D) 5 CH 1D A, W
HEWRSE R CH, & & B WA (cluster
member, CM) , AT 2 QAP IR 1, BRA435 £ORES
e
1 For all the vehicle request CLUSTER ID;

2 if Car State == STAND HEAD
3 request and set Cluster ID;
4 end if;

5 if Received LTE message

6 if hasCH == true

7 f CH ID == my ID

8 Car State = CH;

9 else

10 Car State = CM;

11 end if;

12 end if;

13 end if;

U BIFEANTE CH fA7E, M R85 s ]
{55 (broadcast beacon) , I iT8E & H WX E5
eSSBS, RGN eNodeB & ik H 15
CH iR, BT R A IR 2, RP 5 s e 3k /.

1 For all Car State == STAND HEAD;
2 if hasCH == false

3 broadcast Beacon;

4 request CH;

5 wait and receive LTE message;
6 if CH ID == mylID

7 Car State = CH;

8 broadcast CH message;

9 else

10 Car State = CM;

11 hasCH = true;

12 end if;

13 end if;

XF T eNodeB #Uk 2IfE 1D HIFTH S, R E#E 1D
KefgSk ID. # eNodeB HWBIH L B ETH B, W&
BENAH R BOERE FIE L CH, ST AR an 20 3%
3, B eNodeB CH 4.

1 For eNodeB;

2 if received Cluster ID request
3 return Cluster ID;

4 if hasCH == true

5 return CH ID;

6 end if;

7 end if;

8 if received CH request
9 if hasCH == true

10 return CH ID;

11 else

12 calculate G;

13 if G(k) == min{ G }
14 CH ID = k;

15 end if;

16 hasCH = true;

17 return CH ID;

18 end if;

19 end if;

4 (FERGRSH

KM Veins LTE fF EMEZRH#TT F R R AR
D7 BORE 5 8 A, O HS BT 5 BOBE AR 2
B,

TR BUE 20~75 § « km ™', fF E HLEE >
tr H-WCA  {£4; WCA K/ ID 438 57F LTE
EATEERE A B BT BB IR 5 R MR
FRX A £t 5, FRENES o=[0. 1,0. 2,
0.1,0.61. Bl 3 AR r R E B 1 AT HE B2 R B
BHEWW R B ML &5 WEUE S R R
LT R eNodeB Z 0] R AR AT EAR L 5



540 A ¥ K22 ME KRB 2D %46 %
£2 (FEHSH AR B Bl M T A3 YT A 2 [ s s ES, sk fb
Tab.2 Simulation parameters L@ 1%7@ BN AW S % A 6 A] 48, H-
B ESE#D A v o _
BEER e WCA Bkt B A B E S 583
AT 20~75 4§ + km™ PR RIE N, BT T IR e, IR N R
73R 0 S WCA BRI, 50 8458 FH/ 1D 4
VANET #A IEEE802. 11p SR
VANET {43 20 mW L ‘
HaEa /N 30~50 Bytes 9 A N
LTE SRS 10 N e
LTE BB MAXCI £ 75 A RIRE S
LTE By #etiaean Jake £ R TR @Edr 6
EIHERTIR 26 dBm g5
eNodeB {£#izh % 45 dBm £ 4
2
=
2

B A S WA, E R LR EE S,

H-WCAB LB #2413 R Gk A & LR, a0 & fr

7 G SR, H-WCA B 1E FAT4ER%

tefa 7 L REIR T B, S I N 34 % A2 4.
00 s ID SR

200 | O BUEA B
oy 20 Sk s

1 150 F
15}

& 1000
it

50

%o 30 20 50 60 70 75
ZEAR R L/ (veh -« km1)
B3 EiTsBRttmEEItt

Fig.3 Total uplink transmission comparison

228 WCA Bk DR s B R 3 R
B AREER SRS H R, AmEENRE
M. AFHAMEEFBIET, Fif—4H% K LTE
W IR 2. f2 H-WCA B3k, 4B 48 LTE i
HlmALEmg, 51 AT RSRQ 5 CQI i M43 58 ok,
i I KEREER A R AU R P ) 5 W e, BRI 2R
WAEH LTE BRI 4 , B v BRI L 22 Y B8R
7 FAZR.

3 FPEILTE LR AT HE I i R U 5 R T
HHamE 4.8 5 . LTE Euii4E FI74 R
TR0 CQL E I I I 58 T A7 5% I 1 I8 1 4 A0 3R ek, 7
PRIER PR B0 T B W IR A AR, HWCA
BB CQL =47 s fE iRk, #2717 LTE
BRI AR Y BRI B o R R, ANl 4.1 5
s H-WCA BB IR 5 F R T 54 2 Fir ik
B AR RIREAR, 25 730019 w8 BE1S n, HoPE Re AR
gl

SRR 439 AR 1, R AT BEHS R SR V5 ek
INERBE. HWCA B N AN EEEE S

[

20 3'0 4'0 5'0 6IO 7'0 7'5
LA T/ (veh - km-!)
4 FiTHERREIELR S BETL

Fig.4 Uplink resource block occupancy rate comparison
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. 10 O BUASERIE
;% ol 2 RRE S FRE:
=
=
£ |

70 75

=

0 3I0 4IO 5I0 6IO
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Fig.5 Downlink resource block occupancy

rate comparison
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Average number of members within
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Fig.6
the cluster contrast
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VANET WE R4, A SCH o R 50 R T 430
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R A RLA L LA AR S 2 B 7 sUSE B IO AR E 1
RRAL HEEBER AL Z, 2 8E LM R ™
L, PR ATy SR T ) R B P £ 0/ N K Y
fr BAR R 1. SCHRLS 13 a8 B 45 R AR X /N
B AR AR L IRR R R Sk M BE R JT 45, T H-
WCA S5k e R AR R A R MO0 T W38 o
IINFSK B B S D R AR AR Sk A BR BT 6. £ L INIRR
H-WCA e 544 W 4538 {5 #0858 o PR RER B AL

5 4#iE

et T — PRI 48 T 3 T E AL 8 R
¥ ad LTE B b5 B 29007 s8R, 51 3
REEFIEE XSRS St BERE TR AR R AT R
# CQUIE AR RS JR 1, 7 (RIE S R A 2 HY T 42
T,/ LTE fehisr &, Rt & LTE SIS H
R AR, H-WCA 18 LTE & 58 & e &
WreR0T WA WL R R T Besh . d i 0 R G
VY AR R I AR LTE B8R G5 R B, R
T2 TARRT DIAREEDT 5T BTUR o5 F AR i R K.
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