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Abstract Cellular-vehicle-to-everything side link interface (PCS5) adopts the form of device to device direct
communication, which has the characteristics of low communication delay, large transmission capacity and high
transmission reliability, and has broad scientific research and engineering prospects. In order to measure the
characteristics of the side link channel of the cellular vehicle-to-everything, a vehicle-mounted board with PC5 interface
is used for communication measurement on urban roads. Based on the measurement results, the communication channel
of PCS5 interface is analyzed from the channel characteristics. The characteristics of packet receiving delay varying with
distance and signal-to-noise ratio are analyzed. The measured reference signal receiving power value is compared with
the predicted values of the two path loss empirical models of free space and double ray and the two path loss fitting
models of logarithmic distance and double slope. Four correlation analysis algorithms are introduced to analyze the
correlation between the predicted value of the model and the measured data from the degree of linear correlation and the
similarity of geometric morphology. It is verified that the dual-slope path loss model is most suitable for characterizing
the fading characteristics of the PC5 interface channel in the urban environment. The path loss index and shadow fading

variance calculated based on the model can better characterize the channel characteristics in combination with the
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experimental environment.
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FHIE

BRIt Z Ah, RG22 Rk =AM S 00 e B I 2 K
R R 5 55 3 K A4 7™ 2 M) A A5 e 11 A 2 R
WEPE, T BH G Bk KRS LT £ 51 &
A MR RS S e, R SO ™ R O R 0 R
R A, SR AR B 1 5 S0 TAE, DR S G i%
AR B (R AT DA R L R I i RS R
4f.

1.2 MER%

CX7100 /2 JRiNFHE B E0F & E M C-Vv2X
T, IZAR A 2 W T BETE R Y Apollo i H , H
HUPE4 E 2 B 22 305 5 VR C-V2X B4 7™ i
WE R . ARG FE N CX7100 523 < R 5
I OBU i 5 3 175 B4l (1 R AR DI fiE . CX7100 H~
AN 1 TR o

........

B 1 CX7100 #RiEF
Fig.1 CX7100 module board
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Tab.1 Configuration parameter of the links

B i S A HufE
source 12 id IHID 192.168.1.2
destination 12 _id H#RID 192.168.1.3
package_size RIRAIRN 5127y

JEIIH, ZHGERI0,12], 0-oneshot )y
. 3, [1-12]-SPS A, 1~100 ms,
mac_resource_period » 540 1o "o 101 000 ms, 11~20 !
ms, 12~50 ms
3% A [ [E] B {20,50,100,200,-+,
1000}, Ffii 71 ms
KIRANEL, SHGE[1,65 535] 10 000

BLE R TI, SHEEHE[-30,23]

interval time 20 ms

package nums

power dBm 5 dBm
priority ISR, SHEE[1,8] 1

W e 2 R i A ORI L 5 N A BN R 2 BT

R2 BRUBEESSH

Tab.2 Parameter of the receiving data

e [E
sn WS
source_id JRID
data_len AR
period Jam
power RSRP
SNR SNR
arriving_sfn R G
ppPP fedk
distance W S
latencey Fif 42
total nums Hellibrakes

A S R0 OBU i Wi & B0 i 47 R 4R 1 2o 2
B TG T B B [ SRR S R I
FREHEAZ A5, FECFEMIESECH SNR, RSRP
S
1.3 R E

Sk TR B A5 T ROR B R A B 1 —
A, A R Y O R S T OR R B AR A G A Y
RSRP. SNR St % if 4iE ) A2 4

SEYG SRR AN 2 TR .



364 Wk A F F R % 39 %
R SN BB R TAES R 5.9 GHz, i — 28/
I gt 1y 5 AN E B R E A R TE B AN,

B E RO E 2R 5 m,
DL 0.4 m Sk 5 (7] i 8 R At g
'
TERRAMIE B 43531 LA 2 FE 0
AR ST U S5
Y
T URECE TR ™ G
AEE AR AR 5 I B
Y
I L SE AL S ) SNR ., B |
RSRP %5254
'
SIABRIAFERIRIZE A
SCMAE ST 53T

2 RIESKHERTE

Fig. 2 Experimental workflow
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Tab.3 Examples of abnormal data

BT JHID ALK Vit
59 33663 168 512
60 33663168 512
3449991 810 2186914453 14675
62 33663168 512
63 33663168 512

2 {RIERFIEERLS T

T FEL 52 0 5 A0 A 0 e 5 8 0
FEASLIRFIUUR R B AR AR R V2X A 7 30
KR R S AT R IO 50 15 o 74
FERL AN UURE R B e BB AR T AT SRR 1)

Okumura-Hata 5% 8 f K3 A% 4 1.5 GHz, COST-
231 Hata #5730 i K3 A4k 2 GHz; 2) SE50 AR K fE
g RAE BN SEEN A B, — Lo 5 S50 LR,
PP ROGE B F A S BT R A S IR KR
255 3) LI R BEAS B4 SR AR A HE B (4 2 ) R
IR BT T 28, 35 T S0 4% SRt FH V9 o 40045 A 7R 5
B A B AR FERE B S EOE AT 5
2.1 MHEEREMFEER

X BHE B8 AR SUREA TR py [ #h 25 [ AR P AR AR
U S0 ok, 38 3 B /D AR AU AR U AR P AR A
5, R B  EE X A EE —R IS E R
BT A5G (14 00 S R AN R, 5 R 4R A IR I,
S d, B E RN S m. TEZBRTR, X FAEE I
KR, P AR T IR R AT

L,(d) = L,(d,) + 10nlg(d/d,) + X, oy

Ao R SRR B, my Lo(d) 0 BB A i)
FRIAFE, dB; Lo(dy) H 52 BB b 1) B AR RE; n o 6
BAFERS B X, R A5 R 95 000, IR IS(E R 0. b5
HE22 R o BRIE IE A 70 A1
%A% PR AR A 5 A2 G (B 1Y) 43 DL, RD & 3%
Ty P S HAL IR P 43 U 25 4A
L, =101g(P,/P,)=P,—P,>0 )
TS g A A S R AT TR E kT
i B R 3k 19 RSRP {E 47 KR S 500057, K
K (2) 1Tk
P.=P-L, (3)
IES]
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H T R 23 25 XU 45 SR J SO 1 B AR B R
FEEL GETRER) RSN, R, T35
T B AR, RN A KR 25 HFE
22 WHREREFEMFERE
Doone 45 A\ FE 42430 {5 {7 18 0 & T AR, K3t
I B A AR AR TR (14 00 5 SR 5 S B e R A
LR S RE IR A A AR R, R T 2
20 Ak 23 B 2 1 B 9 L5 30 S 9 L A A R 1
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Lo(d) = { L,(d,) + 10, 1g(dc/d,) + Xc (5
+10n,1g(d/d) + X,  d>d.
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de oM e ST A S, R AT I B 1 4
X, H0 X, 40 ) A A R R e RS Y TR B R R T O
X (8] W 5 Ak B 5 3 o DB o B 8 3 2 ok (] s B
At A 3 B R B AR B O SOk . EL A
TR I 71 ] P9 M e/ N 8 3 e KA S (R, < d <
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—62 P — WA SRR SR S
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Fig.3 Comparison between measured results and free-space

path loss model
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Tab.4 Environmental parameters of dual-ray reflection path

loss model
SR Wt
WA () 0.051 m
SR 7 E (hy) 1.1m
PR R L i B (hy) 1.1m
M A L E e, 2.5

WU SH 28 2 55 14 A28 3 B A 28U T 0 &% SR 55 S s
RSRP {HAXT L AN 4 Fios o

-50

— RS,
— VUL B 4G

RSRP/(dB-m)
%

=70 +
75
780 L L
5 10 15 20
Wi K BB /m
B4 WERILWINERENG &R G EERFERE
Tl 5 R xt bk

Fig.4 Comparison between measured results and dual-ray

reflection path loss model
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PG I8 50 1900 450 (8 7 22 2501 0 T R S A
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AR e 2 Y b T S 5 5 | R 1) [ A PR RE AR AL T AN B
g, TR A ST O 2 R — R 221

FEWE 3 FIE 4 H, BT LA B SE 56 AR R 32 P58 R )
FEAE SRR E RS A o 32 AR S S 5
W, TP ARZHTIRHEZ mERY . AEES
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ZEAORT, IR R AR AR 4 00 155 T 34 B A% i
AR A RE A A Al R, B o ) e S ) 8 K AR
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RSRP #FAT4MEIH . BT fe /D 3 ik I X R AR
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—62

[ X RO A
—6a} + R SERIMEE R
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o 1 2 3 4 5 6
PRI IR ES [101g(d/d,)]
B 5 WESSWENERSIHEEREREREINSERIILL
Fig. 5 Comparision betwee fitting and measured results of

logarithmic distance path loss model
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Fig. 6 Shadow fading cumulative distribution function of

logarithmic distance path loss model

FIIH ksdensity A% .00 -1 %5 B2 oR £ 2 i (%) BH 5% 52
75 HIE 5 % & oK 8 (probability density function, PDF) Hf
L E 7 iR

0.30

025}
020}
o015}
[~
0.10}

0.05

B 2% /dB
B 7 HEEHERFRFEEIATE PDF MLk
Fig. 7 Shadow fading PDF curve of logarithmic distance path

loss model

ML 7 BT LA, % $0CH 555 9 A8 400 6 5 78 35 L
A B AT O T AR ES DA, X 5 E
Vi 73 AT BT H LA

TEGI AR AR AR B g v, O 14
TR UK o3 B AUL G 0 2 2R 29 ST ] — ] I s Ak, 6
H polyfit s HEAT A o BURE A BEAR A5 FEAS B A 41
B E5 590 RSRP X &l 8 fi7R .

—62

* * ORI SN A
—64 — BRI S 25
* — BRI A 2R

RSRP/(dB-m)

| |
RN
SN

|
-
0

|
0
(=}

0 1 2 3 4 5 6
HP B SISz B [101g(d/d,)]
B8 WASLWINEREWHERERERMSERITLL
Fig. 8 Comparision betwee fitting and measured results of

dual-slope path loss model

R WA TR, A5 B A 5k 22 (8 B/ 1 I S
SUPEES N 13.0 m, T R EGV0 FLT A BE AR AR TR M
n,=3.11, ILHFE B BN i B AR I FE 48 B n,=1.23, i
P RO B T T A A3 A 0L B 5 s VR s o 2 43 il
H o =1.49 fl0,=0.96. T I 25 35 6l 5 3t B B Y L
W) B 5% 5 9% B Ao A sR B an K1 9 Fn Al 10 i,
PDF fh£kanf& 11 & 12 fios.



% 24 R, F: % E IR AMATHIAZTE N F 5 54 367
0.50
1.0 045}
0.9 0.40 -
0.8 035}
o 030}
M 8025}
Z056 &
=4 0.20
0. 0.15}
0.4 0.10
03 0.05¢
0

0.2 - - - - . . .
-2.0 -15 -10 -05 0 05 10 15 20
5 274 /dB
B9 WRERBRFMFEERILFE ARIAZREZERDHERE
Fig. 9 Shadow fading cumulative distribution function before

critical breakpoint of dual-slope path loss model

1.0
09}
0.8}
0.7}
Sl 0.6 +
=ost
=
Bk 0.4 |
0.3}
02}
0.1}

0 L L L L L L
15 <10 05 0 05 1.0 15 20
PR /dB

B 10 WRERBEERFEDIERTAEHERERERSHRE
Fig. 10 Shadow fading cumulative distribution function after

critical breakpoint of dual-slope path loss model

0.25

0.20 1

0.15

PDF

0.10 1

0.05

-6 —4 -2 0 2 4 6
152 5% /dB
B 11 WPREFGEERIG RN A= % PDF %k
Fig. 11 Shadow fading probability density curve before

critical breakpoint of dual-slope path loss model

-3 -2 -1 0 1 2 3 4
B 2% /dB
B 12 WRERRERFEERIGFRET S EH%R PDF ik
Fig. 12 Shadow fading PDF curve after critical breakpoint of
dual-slope path loss model

A 23 43 HT RO TT DA B, RUARE R A 0 RE AL A
FE A% AR HORS B2 0T 3 A S5 45 21 i L T IR G R
227 FR 5219, 4T X B0 2 B AR AR R R . X
L BGAIE T 46 AR 40 Bt X B S AR AL B ARER n I A
R B AR DG, 7RI SR B AT JS , B AR B AR BE UL T A
B AR AL AR RN TR] o PRI RURER 5 AR SRR AR A 2%
55 S 2 S S B A LA
24 [FEBEES SNR 547

WA 3 A v A AT i 2 0 X S R SR 119 48
AAE DL AN LKL 13 IR o

24
2
=1 2 20
2 .
0t o . 18
72} ]

g . &
% 15 R L E A 16
2y " : .* -t L - 14
. 12
350 10
25 20 8

15

10 sl
105 :@W&@‘

s, 20
/\"%@ 15

B 13 BIERE SNR STliXBEENTUESE
Fig. 13 Change trend of delay with SNR and test distance

MEAH - 7B 5 i IsF S2E o 1 5 0% A8 Ak IR R B
AL HITE 30 ms AOTEE LA, UL FERT & 1 B%
T A7 35 P 55 1 B 4 S 1R P9 OBU it A B3 1 119
8 % ) S1E 2 Sl AN K, 52 P B R i 50N, B A A,
PRESTE AT Z K 2Z N .

SNR HE % A7 454 b 7 ek 4 oty B0 W5 1) o 1
B BE AL 3% BB 34 N, PCS 42 M5 515 i 72
S D R AFAE BRI B, SNR SRS B3 7E 16~
26 dB (BN .



368 Wk A F F R % 39 %
M*ﬁ*ﬁm@fiﬂﬂ%%%ﬂ%ﬂu%m %iﬂﬂiﬁﬁﬁ%d\ Zn}(Xi—X)(Yf—Y)
T 10 m W, 4% iy iF 48 5240, 10 % Han s 2 45 G 1) A5 L ®

SNRIE WAL, HFLEHSZR TIEARE, %
f o £ AT i A 80P R B, 523 SNR I .
3 HIERMESA

R T HE R R AR R v BE L — i e R ) B AR R
B FAE PCS 422 11 {5 1 RSRP {i Fifi BE 25 1 22 1k 4
B, 7 LR LG LA b B A A AR AR Y B I 45 2R 5 S B
B R 325 BB . A S T DU R 50 {E DT B R
D387 oFe X0 B 325 R B AR A T I 35
3.1 RMSE ##f3&

Y5 HRi% 24 (root main square error, RMSE) 43 #t
B — R bw F A AR AR T (85 S5 B ) o
(B0 25 F2 BE A 0 B 7 i o LR 11030 P 25 2 SR JBURE
FRU SN AP R0 S5 B 000 1 s 22 1L %) ~F- 7 60 55 000
P 5 BGE LA 7R . RMSE 23 Wik 45 A A SCiif
FNE B FRIR AT

RMSE = /(R —R.)*/N @h)

A R, MBI TIN A9 RSRP {H; R, S B il £ 4K B
[ RSRP {EL; N g S I 55 5455 0 P00 f 00k et 1) >
%

RMSE (14 1153 {80 BRI 4y A5 284 500 1 5 552 o ) 2
DL R B A BCMBL A b, G /N U 0000 {5 9 00
F1%) DC 50 e J32 ey, TR ARG ME P B o (HL TR
TR ) S D B A 77 B, SO LART B0 A T P 4R
I i TR PR 1 i A% R R, DR R — s 1 R BR A
AN B L 1 T S0 A 28 Ty — o R B AR AL 2 I S
RIS TR
32 MAPE %

SR 24830 H 53 LR 2% (mean-absolute-percentage-
error, MAPE) 1 [ 5 25 538 ' R — A H o L
{H, HAraRk 0

MAPE = 1 Z I[R.(H) — R, ()]/R.(2)] (8
n =1

RS T Ho Al A 5% 22 TH ALY, MAPE Ry 158 45
YN E M . MAPE (19 {8 /M SR A AL X 5200 (8 1Y
TP e B
33 PCCk

J2 IR #% AH ¢ & B (Pearson correlation coefficient,
PCC) R KL IR BRARFE AR OC Z 8K, 2 — Fh BT AH O
PEVEAS 2 v DL 2 MEAROC Rl g A SR AR 1Y
P57 2208 5 b o 22 (B R AT 43 B REA Y PCC, £33k
b7 vy (1l

Jﬁ]x—XfJi}n—Bz

r R/ T FINAE 5 5 PR & {2 [A] Y £
PERSCRREE, r(HA T-1 8 1 Z 0], SR AHOCHREE )
/N T TN AL (RS B AR L
34 GRAZ%

TR A8, 43 AT (grey relation analysis, GRA) 51
TR R AL T

HAEWE — D mxn O FE R, FH T A7 O A5 2
eSS 2 By SRR A PEAN X2, Horh m R A7 i 7t
DA B, n R D 50 A B

x( @2 - xm
(1) x2) - x»n)

X = . . ) (100
x, (1) x,(2) - x,(n)

M A SC Y SE I B, e Ak K 2R A7 s S

RSRP UfE, 1E R B RY L X AR i, A
X, = [x(1), x0(2), -+ -, x,(n)] (11>

BT REDEANTTRTAANFE Y E S K
A HSCHRE 10 5 A T B AE TR i 25 , 33X ol O 2 12 11 45 5 %
A MEsie = A sgm . R, 7606 1 GRA ¥ 2Z 11,
T SN R A R R B 09 OT R AT TC AN A Ak
o H WA TC s WA T A =R, S W E A
PIE AR RN IX TR 1 o A SCHE B {1k 12 X6 A 5 %
F T I AL

TEVHR R OCTR R B2, 5 EAR UG R A
T X G T TT R 5 S5 0 G AR Y T
REMEMAIE, B o0 -x@l, 1=1,2,--.m, i=1,
2, no MICRBAT—— AT Z G, I 22
I AE, FFARAR (A OCHR RER TR A0, fA T
M REHITTR 5SH X R TT R IR REOHA
Tk

&(xo(0), x:(0)) =

minmin |x,(f) — x,(¢)] + p max max | x,(f) — x;(¢)|
i t i t

|x, () — x,(0)] +pmiax mtax |, () — x,(2)] (12)
o, p o o AR, HAEPE T & D RIR R B0 TR
HZ 250K N SRS TRE
SEMNBRAA SN ICFERBOCH R )5, X
SEOCTHR FR B YA B AT A5 3 OCHR



%2

Rz, 5. %F 2R MMATEBAZEN 5 54 369

Lo
mzﬁgkmmmm> (13

AR SR FHU Xof G B4 2 RSRP B 22 [1] 3 AN A7 E
R 22 5, AN 75 Z T BINACP-2 o K A8 SR IR
7 A DU R 50 -5 5 o 0 14 A S P i, S
R R s A TR G 32 B 2%

4 AR IR 5 S AE AN O 3 B

R 3 D0 o A5 7R 1 0 2 Al - 5 7R 0
AR DR AT X, S5 R AN1E] 14 FiR .

60 0.15
H 3H
E 40 lpé 0.10
g 20 E 0.05
~ >

0 0

3

4
(a) RMSE 47 (b) MAPE ¥
(a) RMSE method (b) MAPE method

(c) PCC %
(¢) PCC method
T B 1R At A AR, 2 AR AR A 3 AR A AR
T, 4 ARFBURI R,
14 POFERMFHEEHEXETES R

Fig. 14 Comparison of correlation calculation results of 4

(d) GRA %
(d) GRA method

prediction models

MR LU 45 R BE RS A B, A PP 22 B R 2 o
FIAT BARIFESREUE IE 09 B 25 (0] 68 R RE A% 52 1
U XSS 0 R S BB P BB ) 00 45 2R, TS g B
SR U AR A R DO ol R OGP 5 3% 24 vh 2 (R
HH R 22 B AH S, 3 D — 0 T S I B A AR 4
KBNS LU — B (4 A8 2 R T i R A SR EA B [ R
AR R Wi, [ EF 03 158 H 7 S 6 1 A 00 2t 4 5t 1 L
FEAR R P AR LR B AR SO WY 8 . A, RO
SRR REAE K I, AR T2 IR, LA AR 1Y)
R 15 S5 B 00 (L ) S I BE S o T P AR AU
R H U SRS TR B D ol A S8R A B 1 A
KA SR B A T — RO BOE B A Y, PR 5
T B AT PCS 2 1 E A 15 18 R R B RHIE

5 4

AR SCHR R AR R A 5 LT DO o 2 L 11 £ 3 R R
JERRAE A HT A . e S0 RERY I, 51 A [ 25 1] i
2 B AR A LRI RUG 2 % A2 40 FE B A, K48 A 55 S 4
95 TR S IR S SE HEAT TR AT
AR T, 51T X ERORE 2 3% A% 5 FEASE A XL
BER AR BURERIRY, 25 1T VR AY L5 25 SR 2
TG R, TR T PR (Y B R a0 T 25, 4
1T BRI ek LS5 PDF 4%, [R] i X 9 ol 24 g
AL FEE AT TR, 87 1T RESI BT3B
HE5 SNR 2 H4 it i 3 (1 A AL B, JF 25 i 1 1S &
DA S0 UL S b = R S B BB R . T
DU e TR e RS B0 e v 174 A5 R Sk 3 AE
PC5 i {5 718 RSRP Rl B 028 fLRLAE, 51T PUF
25 ML R S A AT AR AR, MRI(E B o . 2R M A S
JEE UL B 25 AR BURE S5 24 A B2 2 A 17 DU R R R
TR A5 S0 B 1 G B, K R B T A
Tl I 20 BT Uk 236 6 28 AR ABS R0 0 S22 0 1 5 s
248 LR A DG JEBE 35 T 2R R ) B A 3] ) s A 3
FEFE ORI BH 52 3594 7 22 e 0 T U M 25 & S R R B R
REBEREPNINEE SN

H T 52 56 T {1 49 CX7100 #5220 Bz < A8 H 4 T
H/NRERES N DIRE, T —4 0 T 24 PCS %
138 15 {5 30 /N R HRAE, S P06 PCS 2 1B (5 15
T AN BT U R REHL 2 5 A Z 5 AR, T
T2 b A S B2, B A5 1 R LR A S L
SFEUAR R Gt A 11 B i, H v LB B A 1 A DG 2 i fil
7R SN U S AR SRS R A S AT A R . AR
B FEBIF T 3R T 3 IR BT R 3T PCS 42 1 B 7R
HAFHERR, X X8 X IE 3% A8 0 i % BN S =
R 6 7 S T B ORI R B R, O AW S R
PCS5 2 11 (143 38 BE 1 B A0 R S R 8

[1] GANESANK, LOHR J, MALLICK P B, et al. NR side-
link design overview for advanced V2X service[J]. IEEE
Internet of Things magazine, 2020, 3(1): 26-30.

[2] FENG W Y, LIN S Y, ZHANG N, et al. Joint C-V2X
based offloading and resource allocation in multi-tier
vehicular edge computing system[J]. IEEE journal on se-
lected areas in communications, 2023, 41(2): 432-445.

[3] WUIJB,LUHM, XIANGY, et al. SATMAC: self-adaptive
TDMA-based mac protocol for VANETs [J]. IEEE transac-
tions on intelligent transportation systems, 2022,23(11):
21712-21728.

(4]  FEMA, XER, BB, 55 FBREEREZER (], d ik


https://doi.org/10.1109/IOTM.0001.1900071
https://doi.org/10.1109/IOTM.0001.1900071
https://doi.org/10.1109/JSAC.2022.3227081
https://doi.org/10.1109/JSAC.2022.3227081
https://doi.org/10.1109/JSAC.2022.3227081
https://doi.org/10.1109/TITS.2022.3182386
https://doi.org/10.1109/TITS.2022.3182386
https://doi.org/10.1109/TITS.2022.3182386
http://www.cjors.cn/cn/article/doi/10.12265/j.cjors.2020199

370

w ok A

% 39 &

[10]

Rlfii, 2021, 36(3): 349-367

DONGS S, LIU L, FAN Y Y, et al. Overview of the chan-
nel characteristics of V2X[J]. Chinese journal of radio sci-
ence, 2021, 36(3): 349-367. (in Chinese)

TR, FZIRIE, M, 5. ARG F T N LA S
SRR RN 5 430 (], BRI, 2021, 36(3):
443-452.

ZHANG X, JIANG S Y, YANG M, et al. Measurement and
analysis of fading characteristics of V2V propagation chan-
nel in two tunnels[J]. Chinese journal of radio science,
2021, 36(3): 443-452. (in Chinese)

TA, TR MRS, % 3.5 GHZZEBREEM R 505 &
Xt T (T]. R 2R, 2017, 32(5): 584-594.
WANG S S, GUAN K, LIN X, et al. Contrastive analysis
of internet of vehicles on channel measurement and simula-
tion at 3.5 GHz[J]. Chinese journal of radio science, 2017,
32(5): 584-594. (in Chinese)

MAGLOGIANNIS V, NAUDTS D, HADIWARDOYO S,
et al. Experimental V2X evaluation for C-V2X and ITS-G5
technologies in a real-life highway environment[J]. TEEE
transactions on network and service management, 2022,
19(2): 1521-1538.

SCIULLO G DI, ZITELLA L, CINQUE E, et al. Experi-
mental validation of C-V2X mode 4 sidelink pc5 interface
for vehicular communications[C]// Proceedings of the 61st
FITCE International Congress Future Telecommunications:
Infrastructure and Sustainability (FITCE), Rome, Septem-
ber 29-30, 2022. Piscataway, NJ: IEEE, 2022.

POLI F, DENIS B, MANNONI V, et al. Evaluation of C-
V2X sidelink for cooperative lane merging in a cross-bor-
der highway scenario[C]// Proceedings of the IEEE 93rd
Vehicular Technology Conference (VTC2021-Spring), Hel-
sinki, April 25-28, 2021. Piscataway, NJ: IEEE, 2022.
HIRAI T, SPASOJEVIC P. Link-level performance evalu-
ations of sparse code multiple access for PC5-based cellu-
lar-V2X with heterogeneous channel estimation errors[C]//
Proceedings of the IEEE 93rd Vehicular Technology Con-
ference (VTC2021-Spring), Helsinki, April 25-28, 2021.
Piscataway, NJ: IEEE, 2022.

YANG M, AI B, HE R, et al. Path loss analysis and model-
ing for vehicle-to-vehicle communications with vehicle ob-
structions[C]// Proceedings of the 10th International Con-
ference on Wireless Communications and Signal Pro-
cessing (WCSP): Hangzhou, October 18-20, 2018. Piscat-
away, NJ: [EEE, 2018.

AL-ABSIM A, AL-ABSI A A, KANG Y J, et al. Obstacles
effects on signal attenuation in line of sight for different en-
vironments in V2V communication[C]// Proceedings of the
20th International Conference on Advanced Communica-
tion Technology (ICACT), Chuncheon, February 11-14,

2018. Piscataway, NJ: IEEE, 2018.
DOONE M G, COTTON S L, MATOLAK D W, et al. Ped-

estrian-to-vehicle communications in an urban environ-

[13]

ment: channel measurements and modeling[J]. IEEE trans-
actions on antennas and propagation, 2019, 67(3): 1790-
1803.

SANGSUWAN N, POOCHAYA S. The study of path loss

and shadowing effect in V2V communication link using 5G

[14]

communication technology[C]// Proceedings of the 9th In-
ternational Electrical Engineering Congress (iEECON), Pat-
taya, March 10-12, 2021. Piscataway, NJ: IEEE, 2021.

WANG X, ANDERSON E, STEENKISTE P, et al. Improv-

ing the accuracy of environment-specific channel model-

[15]

ing[J]. IEEE transactions on mobile computing, 2016,
15(4): 868-882.

YANG M, AI B, HE R, et al. V2V channel characterization
and modeling for underground parking garages[J]. China
communications, 2019, 16(9): 93-105.

CHEN Y, DOU Z, LIN Y, et al. Prediction of V2V channel
quality under double-Rayleigh fading channels[C]/ Pro-
ceedings of the IEEE 91st Vehicular Technology Confer-
ence (VTC2020-Spring), Antwerp, May 25-28, 2020. Pis-
cataway, NJ: IEEE, 2020.

[16]

[17]

EZEE N

K= (1981—), B, BA, KEKRFEF 5%
FIRFREE, L, AA T AAEKAELE B
J o E-mail: 1dai@chd.edu.cn

EF (1982—), &, B BA, BEUiE K F 83
WF &R TARNT, W, AT & A A58 AL S )
¥, E-mail: wangning@xupt.edu.cn

B8 (1996—), B, ThA, k& KkFoT5
BEHIEFERMEFT L, ARG @A EBFERZE
2450 %, E-mail: 316646948@qq.com

TRE (1981—), §, k@A, ESHAH A A
PR3] @ 2% TARIG, Al E, BF R 7 &) A E IS 7 AR
284% ++ 5 524 . E-mail: software radio@126.com

FEE O(1987—), %, BBA, ki kFELTF 5z
B IARFRIANHIZ, W, AR TR AERENE LS

& 8, E-mail: mengyun@chd.edu.cn

WER (1963—), B, k®mA, kK& KF¥dT5
PR LARFRAIE, W, BRI 6 A K AL A
% . E-mail: hkxu@chd.edu.cn


http://www.cjors.cn/cn/article/doi/10.12265/j.cjors.2020199
http://www.cjors.cn/cn/article/doi/10.12265/j.cjors.2020199
http://www.cjors.cn/cn/article/doi/10.12265/j.cjors.2020199
http://www.cjors.cn/cn/article/doi/10.12265/j.cjors.2020199
http://www.cjors.cn/cn/article/doi/10.12265/j.cjors.2020218
http://www.cjors.cn/cn/article/doi/10.12265/j.cjors.2020218
http://www.cjors.cn/cn/article/doi/10.13443/j.cjors.2017091101
http://www.cjors.cn/cn/article/doi/10.13443/j.cjors.2017091101
http://www.cjors.cn/cn/article/doi/10.1109/TNSM.2021.3129348
http://www.cjors.cn/cn/article/doi/10.1109/TNSM.2021.3129348
http://www.cjors.cn/cn/article/doi/10.1109/TAP.2018.2885461
http://www.cjors.cn/cn/article/doi/10.1109/TAP.2018.2885461
http://www.cjors.cn/cn/article/doi/10.1109/TAP.2018.2885461
http://www.cjors.cn/cn/article/doi/10.1109/TMC.2015.2424426
http://www.cjors.cn/cn/article/doi/10.23919/JCC.2019.09.007
http://www.cjors.cn/cn/article/doi/10.23919/JCC.2019.09.007
mailto:ldai@chd.edu.cn
mailto:wangning@xupt.edu.cn
mailto:316646948@qq.com
mailto:software_radio@126.com
mailto:mengyun@chd.edu.cn
mailto:hkxu@chd.edu.cn

	0 引　言
	1 测量环境、测量系统与测试方法
	1.1 测量环境
	1.2 测量系统
	1.3 测试方法

	2 信道特征建模与分析
	2.1 对数距离路径损耗模型
	2.2 双斜率路径损耗模型
	2.3 信道大尺度模型预测值分析
	2.3.1 大尺度经验模型预测结果分析
	2.3.2 大尺度拟合模型预测结果分析

	2.4 信道通信时延与SNR分析

	3 相关性算法
	3.1 RMSE分析法
	3.2 MAPE法
	3.3 PCC法
	3.4 GRA法

	4 信道模型与实测值相关性分析
	5 结　论
	参考文献

