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Abstract . Internet of vehicles has strict requirements in Ultra-Reliable and Low Latency Communications
(URLLC) . Especially in vehicle to infrastructure ( V21) scenario, URLLC is crucial to correctly transport and manage traffic
conditions. 3GPP Cellular-V2X ( C-V2X) , as the current mainstream wireless technology supporting the URLLC, still has
technical challenges. In order to further improve the communication performance , this paper designs an intelligent channel es-
timation framework based on C-V2I specification based on the interaction between vehicle terminal ,road side unit ( RSU)
and edge computing Internet of Vehicles server (IoV Server) in V21 communication scenario. In IoV Server, this paper pro-
poses a channel estimation algorithm based on deep learning, which uses one-dimensional convolutional neural network (1D
CNN) to complete frequency-domain interpolation and conditional recurrent unit (CRU) to predict the time-domain state.
By introducing additional velocity coding vector and multipath coding vector, the channel data in different mobile environ-
ments are accurately trained. Finally,system simulation and analysis show that the proposed algorithm can track the channel
changes in different high-speed mobile environments through channel parameter coding,and realize the accurate training of
channel data. Compared with the representative channel estimation algorithms in the IoV,the proposed algorithm improves
the channel estimation accuracy ,reduces the bit error rate and enhances the robustness.
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47 A ( Vehicle to Pedestrian, V2P) . H AT £F V2X WAEHY
Frife 24 W28 . IEEE 802. 11p 22110 4 Y 4 F i {5
( Dedicated Short-Range Communication, DSRC ) FfI
3GPP ZHZUHY Cellular-V2X ( C-V2X) "7 SCHik[8 ] 0 ,
TEON BB 5e, C-V2X I HEREL T DSRC.

V2I 4 N % HE 3¢ 18 £ 4t ( Intelligent Transportation
Systems , ITS) H1 I FE 25 40, X ITS 1 /&1 #fia 7 e 45 ¢
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B AT 5 5 % B 4E 5 {5 ( Ultra-Reliable and Low Latency
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(D) BT — R 2T C-V2I /Y 48K N3 B A 3 4
FHHESR. 1 [ 1} 43 BT ( Time division duplex, TDD) V21
55, FEAREN 1T (330 15 A9 75 B 6 ( Road
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il BN AT IE B B S PSR

(2) 2 T W% ey % 3l BR B T (5 18 A8 A 5 B fb i
SRR KR T B Ay 0] 3, A SC T 2R g K i
FN R bt o< 1, AR5 A — 2846 B 22 M 24 ( One Di-
mensional Convolution Neural Network, 1D CNN) 5¢ i{ ##i
4% 18 M 4% F 16 ¥5 A 9T ( Conditional Recurrent Unit,
CRU) AT IHRAS Tt . — 7 18, FA TR 2 A2 i fidh ok i
i 3 AR A T CNN A6 (55 A0 1, DI 3
B 2R MR, 55— 7 I, CRU $4 38 B 4R A% 5 VRN
P28 A 8 0 12 Ok B RS [A) B8 3 PR BT R 15 1 1Y
A, A BN G EIE RS AN R A Bl
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BCHE 8 1o ) B £ H: 5245 8 ( Physical Sidelink Control
Channels , PSSCH ) 7£ 1% #y £k ( Transport Blocks, TB) H11&
. A S 38 A P BN B 45 1 7 1 ( Physical Sidelink
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IZRBBL

Shared Channels, PSCCH ) 7E|%% 5 #1115 B ( Sidelink Con-
trol Information,SCI) ¥ B /& 4. 1Ri% 24 TA/ER AR
TDD, | FAMEHEEA L5 BT C-Val i el
EAGTHER N 2 pros, AP BRI

(1) Gz vk CSLad it FATHE#S 2 15 2 RSU.

(2)RSU #4 CSI f£#i & ToV Server.

(3) 1oV Server f7-fiti CSI, I-45 4 D1 5219 CSI #4178
£ 2D NSk A5 B B AL TH R 2% ) 2 A LD B FR T L
375,

(4) G 30 2 v B B A5 5 T8 G B AT BE B kX
F| RSU.

(5)RSU K EudufE 5% 4% loV Server.

(6) 1oV Server il it £ 28 YN 25 4f 19 15 38 Ak 1 X 245
FRENFRI Y CSI, 58 AR Ak 1, IF AT R Ze R E 1y
RN | AT 58 SRS (55 b 2.

(7) 1oV Server ¥ 4b 34T B (9155 i3t 2 RSU.

(8) XTI Y, FATHERS 48 & omny CSIL¥d et B
HF1E B 5 AR 5.

TRBBL

2 FETC-V2IR R e fm Al T HESL

2.2 SC-FDMA ZZWEHES4b1E

C-V2I Y3245 5 R 502 He T SC-FDMA 114 1% i
X AT K B S A P A R T A T A
WA OA S, B M Bt AR e ( Discrete Fourier
Transform , DFT) 783 W5 b 33 {8 B 1306 48 3 ( Inverse
Fast Fourier Transform, IFFT) {fi AM&Hi12% ( Cyclic Pre-
fix, CP) BB B 55 | T 2 A0t D)2 2 S it 1 5 A B A
Wi R R L.

C-V21 " 3ETF SC-FDMA i) — MEH it & 1 &
A bl 1 BRSBTS, JF E
DFT WS 80Ch M A4 20 SO N C i E S /5 i
ANBIEFT S Hs, = [5,(0) 5. (M=1)]",i=0,1,--,
1, -1, %55 M 55 DFT 284 5 45 21 & 256 50808 5 8 45 5
X =[XI0), - X (M-1)]",i=1,2,- I, IAET#
WS RITAER A Zadoff-Chu S35 751 X| = [ X7 (0), -,
XI(M=1)]"i=1,2, 1. KT 5884 FRM N S
IFFT 254 R ATUSR AT 5 il 21 454> 1 3k b, 75 2% 24
HT BT 5 B AT RN B HRAE , X ARAE R B AL (N

= M) T3 B TN B e R R R R AT
X, (k) , MM J5 58 B IFFT #/E A 20 88 245 5 x, =
[2,(0) -, x,(N=1)]" RGN CP I HEATH e 4
J BT & 26 2 e AL fi {5 1 .

A, SC-FDMA #ids, & 3% 555 7] IR K

XICkY, heky,, i=0,1,+1,-1
X, (k) =4X0(k), heky,, i=0,1,,1 -1 (1)
0, kek, , i=0,1,-1-1

Ho ks G BT 80 b, RN ANE TR

Zi FEIE ) TC 2 A 1B IF LI AR B O B I L TR
TEATRRCL B L I 2 CP #844E , 31347 FRT ¥ f5 15
BT TY
2.3 V20 {5iEEa

ARSCLLY” R 450 {5 18 #E AU ( Extended Vehicular A
model ,EVA) P AESy V2I {5l AR | 2% [ 223 $ £2 1
ZRAFTE RIS | V2L A58 i i v] LR

hi,7) = IZh,u) c5(r —7,) - exp(2nf,,0) (2)
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Horb L A5 Ak BB R, (n) FRES LAk 0 2
155 T8 b Bl B A2 25 7, SRR Al Sk MO BT AE £, R
ENGE PNl o2 2 I

iC G, e CV" 55 i A SC-FMDA £ #4455 1 {5 18 nhr
Vo 7 R

G =
h(0,0) 0 h(0,L-1) h(0,1)
h(1,1) h,(1,0) 0 h(1,2)
0 o0 R(N=1,L-1) - hl.(N;l,O)
(3)

HA b (n,1) FRE i 4~ SC-FMDA 1545 5 i 1] 55
Ak 1B 20 n (445 20 e o .
F 5 IR A2 i A5 80 AT DA A A5 1 T o dgg g iz
FMEG, AR A FEH, e VYIS R TT IRR
H =FG,F" (4)

1

it (), =—enp( =3k e € R

SR, (- )" FRoR LG
SC-FDM 7 Gl f& 4 A5 A0 v LA I8
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Hr X =[X(0),X(1), X(N-1)]"eCV" R4
IR K% - (55, W, e CV' g {5l M s ) i by
ZRME IR NQ, =021, 0. FMEE J5 2% 1, 0N
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|
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H .
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3.1 CNN-CRU {5 {44
CNN-CRU {538 Al 4548 3200 A i)l 2 Fn Fm) w5 4
iﬁ%,ﬁ%ﬁ@ﬁn@l 3 7R,

|
|
— T L e CNN-CRU : >
| |
|
________ L AAA | —f¥flitH
it | |
Iz i | SC-FDMA | | ¢— %5
S 2 |
| LBEAS | | e— )

R
%13 CNN-CRU{ I8 flbi i1 41
B, AT B A} CNN-CRU #EAT 45, I 2: 09 H

% CNN-CRU H S8 FRATT 75 2N it 2 i 2
R 22 B5 T8 B R A, SR 5 T X 26 15 38 BUHE RE AR
X} CNN-CRU S35 AT 25 , 38 2k Y1 226 A QR A i 5k
BN TR E T MRS, Bl H 2% 5] 2I{5 8 1Y 4
AEHEAE. XFF F500 , H I CNN-CRU S i S 5e &
YNZR5E R, A I LR I 2545/ CNN-CRU H T IR A
1A A, 58 BUPE 4k {7 1B Al 1T, CNN-CRU F %/ 1D
CNN FI# [ CRU ( Bidirectional CRU, BiCRU ) £H ji%, , Hi 4%
FE i 4 B,

il Ao >

] I
- Sl !!

SRR
L%,

[#l4 CNN-CRUM# 1t

3.2 CNN-CRU Hj# iR

TR TELE A 44 CNN-CRU HP (% A 038 1
AOFH AR A5 5% B AR A0 AR | B £ 3 T A
AR

(1) i A B His P Ak 21

A AT A A SR A B A T A 1 3
MR R H T3 S A B A A o ik L E

FIR) 2 3 ok S AAUAE 5 A2 114 55 T i 1, T 15 K 4 45 Ak 7Y
fHIEMR . X T CNN-CRU 15 18 Al 155125 12080 AL 10 i
AR —AFWR /NG CFR 5 W 28 [ b 300 55507
AL A TE I N E R LS J5 kA AR AL, TR £ S A
Aab 1 T e 7 S 1 Sk O, Fn A B SR BBk
H=[h, - h,

Lk, ] (6)
Hof by = [k, kb ] e C RSB AL b,
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=0. B J5 fi i 15 20 o o7 45 90 R 52 88, TR O A A
CNN-CRU Z Fif it X B b A 7 Ak B, fEAS ST, 34T
Vg D 175 T KSR ) S S AR R S 2 BB ke AR IS D4 i —
ANYERE TR I EE R Z R H =R h'e R™.
(2) At 2 A R 2 3R
1 ff CNN-CRU S30338 0 R 7 198 sl 3185 FAT ]
T 0 S8 (R Js3bR 28 T s 4300 5 | AN 050 22 44 2
I R G B O AR R D B A 38 5 3RS G 1 Ok
P BIE ER AR BRI PR T 248 45 1 1 A8 A RN S Bl o
BYASAL. FEAS SO 33k PR o 4 A O o R o 3 o TR B 2 &)
&8] Embedding I £ 35 B Embedding NS A TIN
BB A % 4 oAy — 8 4 B R /N Y ) . TR LR A UG,
Embedding % AJZAS T I 4 i 45 00 2%, (H 2 HAN 6
5% REA—FE  Embedding J2 (0% H A 24 T 4 1% 2 M
P AE , B Embedding ik A JZ 2R B 2 9 2% H AL
L AEASCH R IRATT T AT B AR R Y 248 A AU
[ R s BE RO A N, RN, B3 G B [ 2 4 448 3 2
2N, T2 Embedding ik A% FE 0] LSRR
E,=[e}, e, e ]" (7)
E =[ef e, e ] (8)
Hp E, e R™™ E, e R"*". IR Z 01, ik A K i)
BB R IR AL, DGR FRAT 7 45 i A 2 A4~ 3
JEMEZAAEXS N R v, 1 d,,. A JZIRIESE R
AR MG AR B v (9 48 2 B9 AT ) 2t A S A s i, L
¢, =select_row(E,,d,,.) (9)
¢, =select_row(E,,v,,..) (10)

Horfre, e, 5390 4 5 % 6 R FE % O 69 44 3
it

o

(3) 1D CNN i {e

TEA SRR T SCHR[ 19 ] s ] DNN 347 41 35,
HAE, 110 DNN W48 SE 47 4088 A5 (6 A, 484> SC-FDM 7§
S A IR (R 0k ST A, 30 Rl A5 A 4 1 s 3 A R 3

iH B RHSR AR R AE. PRI AR SCRIFE 1D CNN 4747 45k
HME. 1D CNN BEA~RRZoT 4 AR T A-6E
AR B KN BN | 12 I 245 65 4 AR 15 b 11 [ st
FFH T {5 18 AR 281k 6 2.

WL, =[1 0, 0% cR" %% 1D CNN
Bk -1 J2R0E R L e R FRE o Nl LY
BAER . TRE b2 BRI LMY 15 il 15
i A

Ci

o= X

t=1 m

> (W (m)l (m + (= 1D)S)) | +B(7

c=1,2,-,C, (11)
H W, e RO b, e R“H M FERE k2N E
sk AR E RS, S A RRIE I AR A A S s L i

B M FRBRIEHE AR TER. C, T k 2B
2 2% R 8 T R NI AT T LA AR k2
1D CNN_E55 ¢ A-liE iy R 5>
[=[l b Lo | (12)
5 k2005 EE R
L=[L.B 00 0eR © C (13)
[FIRERY, Ry 1 (A B AT AE ZR AR 4, 322 1D CNN
) 265 J THI s 238016 BR KL, [RLIEE 1D CNN B2 28 8 2K
AR S A an
L =f(W, =L, +b,) (14)
TEEET 1D CNN AT {1 f) 190 28 v A SO ) 4
FRAZSERE M =9 4K S=1,1D CNN Fl% A Fk i 18
BOH T TRY ¢ 4> SC-FDM 755 145 n T30k 11
(EREL )

T 9

WA (WO G- 1) J W),
] t=1,-,Tyn=1,- N (15)
Hop we RPVV R Z A8 4t % it (A . R B A0
P25 0 245 114) 7 e aod A 2 6T I 1 500 A 2, DR e R AT
SN AT 224 DR T S R E 6 B4 i A A B —
. X (15) Al — A ¢ 4> SC-FDM 75 1
550 AT 30 B A AR T8 AR B N B SR % SC-
FDM £F5- 4055 n A~ 80% J I 5 45045 5 A2 1% i 30 40005
WA, 4R FH T HoAth SC-FDM 455 4b 55 n A~ F 200k M i
SRAF Ak B 3 AR 1B, 3T 1D CNN A9 A5,
RIS R 15 I8 A I/ 4538k (1) 28 A 56 2 | [R] Asf 3
AT e Ny Y B AR B AR A 5 — T T, R — AR
55 b ({5 T ) 17 PR - A 5 A £ 1 A ) 7 N 22 4
gt It E el 2R R EBEFER T28
FM AR T R BOME A 6. XT84 SC-FDM 1554
(B i T LR Oy
B=f, (W' sH +We,),t=12,---T (16)
Horpr XN 1D CNN At 956 ¢ >l TE 4
(4) CRU Hs stk 285
P SRS TR B, > 7 38 1 47 1 RS B R 35, 3.
BT CRU PIZ% 12 X 26 45 N [R] 9 8% oy 33 5 4 A e
— i) s i A ) P DR 7 X 48 DR I A R 2%
PN R 8 B8 S PRI T 14 8013 4 A [ St A0 47
{E 5 W5 IE SR, CRU P28 S TR AT T — A~ 2 Hi 16
PR M4 AR T b —A RNN 4% FRATT5 2
THAEFR RTINS, LS T LSTM 4T
TE 3, F R W] 42 i 10 24w i A s i AJE X,
ANEEANE 5 FiR.
[FIFERY, CRU M4 £ 2l #5 T4~ CRU FLIC 4R,
RAPRITCA AT IFEERIT  F AT TRV T, S AT TR
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CRUHJT J‘

4

p

CRUH T

55 CRUZH

ST R 401 4 TSN B B0 A TR ] T
LTRSS ¢ /> SC-FDM A5, S Sk 25 B By 25
Bkl

i, =0 (Uh"+Wh,) (17)

u, =c(Uh+Wh!,) (18)
c,=tanh(Uh"+Wh" +iOVc,) (19)
h'=u,Oc, + (1 -u,) OR" (20)

Hodr i) Flw, 53500 CRU BRITIE AT TRIE S e, M
eI, b o sigmoid I%l%&,h,” H e B Z A RS
EEAE Mt -1 BEZIET— CRU PRTHPRES U, W,
U, W, U WV JCRU M MAE, #1245 5,
ONTTERIH ¢, WFEHE T gLk & hx(19)
AL, B AT TVE FH 3 B 0 0 5 4, FRATT Rk B AR
AUE I T 28 i R g s b U — 35 B A
Fhctzsoo g ab 2 g2 ot fE B A S5 2 H
R g A A ] O A FIE B S e, ATTE
— AN ] L 4 4R I 12 PR T RN i A A B e 21 i
W, AR AN (20) AR, RIVER: 28 H 1 —3 40 ok A
ICIZBTT, oy —i 4y HAE R A A HAREAS T3 A
FEEEE AL OB w, PRE. BIANTEARER 25, 15 1 el i
PR S AR AR08 ) DRI w, B/, e 2% th E 22 fr
APE AR, X T R RS sl AR, B 8 ma 1 Y
it el S FPR B AR A MR w, BB R, PR I e 2 B i
R R A 22 RS S B0 R (1 8 BT R . AR S
i BiCRU W45 £ 47 B 3l bR 25 5000, BiCRU ™) £ 4 5
A~ CRU W4 &, Hrh—AS3EA 7 1E [ 50, 55 —A~ i
A7 B [ . — 7 1T, 48 ] BiCRU W 45 RE % 78 23 F1) FH 24
T 220 Ji J 0 e A 45 8 R 1 24 i ek 220 iy $s0 , 55—
T30 3 A ) Y500, e 6% 41 o F T e 0 S B R 2
FERE. XTI RR S W, 44~ CRU W44 T 4> CRU

HAIT. BiCRU M2 ¢ B2 I~ CRU A% 351
hyy,=CRU(hy,,  ,h!\c,,0.) (21)
hBW,z = CRU(hBW,r—l ’h'l,"—ul ,C, ’@BW) (22)
Hrp, 0, 6,555 AT CRU FIJS 5 CRU M 4% H
BT A 250 T2 BiCRU P4 ¢ i 20 09 % -k

R)'=[hpy,shyy ] e R
(5)DNN [&4E

At 1D CNN B 3l 4 {E A BiCRU B 3R 245 T i,
ICBTFRATTE 23R 45 1T A 95 IR A% A A5 T 454, B T

(23)

i T 0L I b R A B 1 G SR A CRU B
B PR TR AT RS X G g AT R AR, T
%5t > SC-FDM 55 Fe &5 AL T 45 51 0
ﬁt :fT( WDRhi”) (24)

B, BATTHG e oAb T 45 S B 235 AR 3 43 1
HAE R Al 111 5238 A R, 4R 5 A L2 B R U
SR AT 25 R
3.3 iREI%

TEAR SO FRATAR I EVA 158 A )1 2800
X F BN, Y G A i 3R U 0 0 R 40 15 B4R
Mot PN TG U T A 114 15 3 5000 B B, 4R U i R
— 5 AT ARV 5 A £ 3 ) 7 15 A O AR
ANREAR X Iy B RN 22 4% 1) 5 T AE Rl 2R 808, Il 2k
CNN-CRU 1 H ) 2 e /M2 2] 0 28 4t RIAR 28 5504 2
V) ) 15 2 20 17 O 37 0 2% v B4 BT A S8, Hovh CNN-CRU
DR 28 S RFRATT AT LA 432 DU R 8 A0 el 47 1 2R L 21
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