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BRF A TR DATE SR & JRATH . 55— U7 T, PR VR BUMGE S B 2 B a5 I — A% 1] 99100 4
NBBEE R — N3, FHOEE WIS S s N PRk EE 134, RIARSCE I it E
AR Doppler Sl (GZ2N# FE) Al vk )@, B 78RR AT/ X U4 FE 8 Al TH 5 N A B 555
HirfE.

Hl A 2R AR AT Doppler 4%, #lU{5iE ACF (autocorrelation function) 77¥% M 15
TEARAT 2 7732 V2 RO 0 Pl i 28 vk ) SR e A 1352 B =y i (1 75 (additive white Gaussian
noise, AWGN) [RIRR ARG, STk [13) 5 H— M UL, dd Py JOEAREE — @ R 2 Hidb T AWGN [
SO . LESCHR (9,14, 15) 1, — A BB — D FRIK T AWGN 520, Ak A4S b o ) 2 AR 4
iR ZES AR, FEBRKZET ACF 7 M40 @i TR TR FEE xR (level crossing
rate, LCR) 1575 Ol BRIbZ Ab, SR [14] FIFH 7584 ACF, HERE T STk [15) FIf51E ACF
FIEXE . wiA FB S LA R B Bessel BAEL, 5 &1V EE Bessel BiET. 4R, Bessel %L
AR TR LA bR 2L A S /AN HEZR M, R SCHER [15]) 19 Doppler SFE A THE R B8 T SCHk [14]. HEA
MRS FEY], 2 AWGN B (BRI SNR 8&r) I, SCHR [15] ) ACF AT VEAE sl 3 I~
PioR e A BOR Ik v R 22, RO HLEA 1) 2 T AUE U 1R 22 AE XA IGO0 T 1 BRI 55— D7, i
2 NAER FUER SO LIRS @ 5 ( % CL 80 SNR,, 1B/ 70l T SNR 9757, Elndfli v1-28 Do~181, #Ho6
R T DO A A ik 2O B3R SNR Al 7 VETE i 15 M LG X 32 72 AR R B A T 22

fE 42T &, Doppler SIS AT SNR Al v #5388 1 A2 /ML M 910~ 58 T R s BLE AR, BeE
fETHSS A TS, SCHk [21) $EH—FF SNR A Doppler #if% AR AE S $0B6 & il 11500k, KRIERRK T
SEIARNY, HI Doppler S A THEREA WS EAL 7%, HansCik [15] Bk ACE 7%, Bk, —4
FUF (R B R B — Fh S8 7K 38158 SNR Al Doppler #F2 A, L S8R AES
FOTE L R LT — 5, EVRCE Al T H AN AN S B TV AR e 1 e

A I kA ACF ik 22 73 i, 48 W iZ 5 iE A m @M G b A B B iRz, HiR
ZEXTANE SNR HABFIVE. BEmHe H 3 TG 1 7772 LAGE Doppler SR Attt THE LT FAIE
SETZITERA R, SR [15] 8 RIMA FREAI TR THRZEMN SNR A%, HAN ARG
—IEARI 1) Doppler SRl T4 HFLSAE . PRA ST € X Doppler 5% Al T 22 b A — ik
AR J5 — UGEARI ) Doppler S i v HUARL, JLIEALMEL 2 1 I Mg A5 A0 e A5 37 s I 2 ). Jdid — &%
o3 HT, ARSCAR R T IX — EER Mg dT 2 002, HorE— 1 B2 E RN SNR. i Eifid 2 AR RS 7
SNR fititt. Monte-carlo 1/j .45 R FKIHAEE A SNR FIZEIEVEE N, A CHIER) SNR A1 Doppler #if%
Rt e, HXS T S2hRM SNR FHABUR. BRIL AL, ASCH 43 A8 v [FIFE A AL 2] ILD (inductive
loop detector) 7772 ) [IPERE, RIAHXHRZETE 5% LR,

2 ET ACF B Doppler $5i#sfhita2
2.1 E5RE
SO, S B RO S T DL RR R 220
¢(n) =c(n)+z(n), (1)

K e(n) 1 é(n) 73R SEPRMETE LHAGTHE. TERE o(n) EHEBNTTEN o2 B SCFRARHT
B (wide sense stationary and mutually uncorrelated scattering, WSSUS) =it #E, 2 (n) Rn T £EA
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o2 ] AWGN.
2.2 JRY¥ ACF 53k

AR—IrtE, BAVBWIBsE R R MANE, EEEZ & ™ E N Doppler ¥ B, H ACF 1]
DL IR A (18]
R (k) = o2 Jo (2rfaTy) ~ Ll - (nfdkTs)2J Lk #£0, 2)

K R(0) = 0% + 02, Ts FRon TS AIBE, Jo(e) KRG 1 J5 0 B Bessel AL 7R3 K MEALL
JH M S 1A M J, Doppler 58 LA K ACF Attt ] %7y [19]

fa=farr = Mi[T 1- 1;((]\(;[)), (3)
R 1 K—-1-M
R(M) = > el (i+ M). (4)
=0

2.3 % ACF 5%

T AWGN f1 ACF RGBT IR Z KI5, 30 (4) ST E WM. AT E'mairiRzE, Sk [15)
e XTI R PR 5 T M 7 PR SR R 1) Doppler SES At EL A0 R

. fg(noEy) __ Vs 1 1
1D = f4 (noise — free) \/'ys +1 * Vs + 1 (e fyMTy)? (5)

Rl o, = 02 /o FORRFFAERREL. fu (noisy) A1 fu (noise — free) M MFTA T AWGN B] Doppler
WA R, 265X (5) 1, fu (noisy) 3B o2 > 0 BF R(M) /R (0) K9, fu (noise — free) ZER o = 0.
3% n (M) =1, SCHR [15) HELHES T SNR ANEBURSEA: R

- - Vs 1 1
L=n(M)= \/%4—1 +vs+1(nfd]\ﬂg)2’ ©)
1
- 7deT‘s. (7)

WA, MR p(M) = 1, WA EfEfLTHRZE. 2 (6) 1 (7), & MAETE 4G TH7E H K 42l i ek
Doppler S Al tF BISZ0aE /. SR, B R IS DL N, A a8 (2) FRIE LR 2K 2
IE R Bl TR 22, IX 2 SR [15] VA .

FRAE IR SNR ARG S 7T LIS 2040 F kAR I 72 151

(1) ¥IEatk: B {M (1) = 1, AR I = 1, £, (0) = 0}, SEHINERZ WM Aw;

(2) M 4HT AR Doppler 58, AAJG HE (3) A1 (4) BE) fu (1);
(3) T M (1) = | s | X o) B0 FIUBE AL

(4) % M (L) = M (I = 1) 8% |fa(Ie = 1) = fa(L)| < Aun, BRI IE, B0 1, = 1+ 1, IF
HiR[FIZ 2 25

SCELE M (3) B fy (6) S BIFER - BOM S5 REORIEE @ UO% A Doppler S fit. 1
Db g A T T 0 — A5 At 75 7 ol P R B R R, S TR AT DR T AN 1,
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Figure 1 Performance of the iterative ACF method in comparison with the conventional ones

xk1 HESY
Table 1 The system parameters used in simulations
Slot, length 1056 bits Channel model ITU-R M.1225 Veh.B
Bit rate 3.84 Mbit/s Simulation length 1000 slots
Pilot length 32 bit Path number 6
Carrier 2.11 GHz Data block length 224 bits
A 10 Hz Modulation QPSK

3 ¥ Doppler 518t SNR fhitas
3.1 %X ACF FEHNRES

HILLEJFIUR ) ACF J7ik, SCHR [15] FRIR KA ACF JiiETERER TR KIRTT. (HEMHE M 3l
FEETE, T ORI R R T R A BRI TR ZE. B 1 B LA R I SCHR [15)
JTHERA TR Z B RO TR L BT R, (GRS HIFL 1. Hdhig)Enka M 2R (7) S
(K, B ZETERON 10 Hz. 75 B4R AR, BURZ2 1 TIR R R B SR Al THRE L, 07 AR T]
BRI U SACE DRI HIRMAE 1 P R IR R /DS, BRI Al T A 480 IR 2 AR 26 (R T TTBRE, SR — A
52 Doppler i85 [ THRAEEA AT AR, WA TH AR R ZZBOR, 0 TR AR 8 A o 2 Ao A F
(. ez, — B PRI T BRAE, MR 2R i X A A 5 T AGRALE, LA 57 A v 22 T ) 3 A X )
A B 1 s, BT TBR AIE RO — N R RS, STHR [15] 168 T 10 Hz, A0, EERRF
FEFRZE I PR A T8 2502t B v I DR M. s b, JRATT A S i W B IE 3 1 BN TTRRAE, fE
Tl A R R AR, (E AR A AR A TR ZE R A IR R, AT AT BA] — 48— H 4L
e doy 373

B 1 EEEOIAR ZE TR 10 Hz I Doppler SR8 (135X ACF fliit 83 FAREAC ACF fhiitds. 49R%
WIS AT VR I SO R AT R, (B T AR i ORI R Z IR, IS EZ D T8,
TR A A P B B A 3 P2 PR _E TR R B [RJIN, b A [R5 e AR, AR AR i K R, X
FATRT LA B — (S AR G Fr T SNR T BOAETHEL. BRUBCASh, RV IR RE ™ A i fili v ith 2 e
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FEFPFEE AL TSR AR LR 1, (E T B Y 2R MR R B i ARATI AR T LA T AL
3.2 Xi#AY Doppler S5 {h1t+8S

F £ R fE RoRAE B kA Doppler #iFs BB AE AR, X k= 12,..,Q, Q £RIHHE
TR FH K Doppler #ifs%E. 728 1t Q = 10, MR T ZE# TG 30~300 km/h. % THA SNR FHI
ftivh 2k, o7 AR B R R A Rkt
fE—fi _ 151
g0y i
A fF BHTREAR ACF JrikiR gt 75 (8) by, £, 1, £7 N £} RARE T A R B HE N, Hit
RO, BATLIHEH R (3) 92b LA SNR X, BINTEAR R SNR 4 fF Tk fRi e ek 2= A AR 1)
T, SRS B E REOH T SNR ABUR. MR (8), RATEH4A ) Doppler FRAH T4 -

_ fQ_fl
A

WIRTPTE, X T AR SNR A, ARE MG 2K, BRI BAFK SNR EAEWE 1 FrsiL
AR A T 2. ASCRIRE T, G T REARYE SNR = 5 dB Il T2 Sr. shAbh, 7ESEPRN
H, fL R £ H A Doppler SRS (K55 BT AE A AROK AT AEAE, FCA THE AT LA 3 STHR 10 U7 i
AR BUE, HRE (9) KT EGE fi~fe Z TR Doppler SR HIMG . R SCHR [15] H C&UEH T
B ACF 7k RORE PEAMSC S, 100 AR SCHRE H 2 A0 & BORAS 2 R AR e

(8)

x (f5 = i)+ fi. (9)

3.3 SNR {&its8

ST [15] BINd, 354G ACF J5iAAE N UOSAURYRSR, FIRFER 3.1 /N0 B ot Ty i A A s i 2
N, ARMTHEEA fo~ fo. BAETE,

__ Jalnoisy) ~ Ja _ [ 1 1
niL) = fa (noise — free) fa \/'ys +1 + vs 41 (ﬂdes)Q' (10)

WL RAFITRE (10), ATFF SNR fliiHRiE W F:
dr 1

n(1)? -1

e (10) 5 (1) B, ATRIH T fa =~ fo BT,

;)/s:

4 HELSRMSH

F1HHTHESE, Hb 1 5 ETE 1000 B BRAEE T, 806 B RN 3.84 Mbps
1) 1056 L2, 1 ANIBRASE 5 NSRS 4 M EdRE. 745, 075 KA ITU-R M.1225 Veh.B 1§
TR 123 24] Z A 6 NI BEAR, BRIAE N 2.11 GHz. FREH] M.1225 Veh.B L& 4% 2 T
B EEER, BN ER T ERMNE L, TR R T V2l ITS REEH S5 M ER.
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Figure 2 The comparison of Doppler shift estimation at Figure 3 The comparison of Doppler shift estimation at
SNR 0 dB SNR 5 dB
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Figure 4 The comparison of Doppler shift estimation at Figure 5 The comparison of Doppler shift estimation at
SNR 10 dB SNR 15 dB

A TR AR SO IR ACF J7vE . MG ZE 773 2 JFils ACF Jiik (M = 1), HF#
2 (LCR) J7i% 1250 FkfX ACF & 1 [l A TSt B R A ACF Jikiitkae =5, JAIE
Bl 2~6 Ry ACF J5ikiih gk, mire B 7 W b i J7ik.

M 2~5 1, BATKISCHR [11] I JRLE ACF J5k /BRI SNR B 7= 25 B S5 19 e 22,
M SCHk [15] %A ACF 53k, TEm s ahy, o SNR NfE, &4~ B M2, Rk, ool
FEAR ACF HIETEMS SNR A A Sid B 2h 3 85 b A 58 47 i M.

Bl 6 MR T Sk Doppler SFe il ith 777, 45 TR ool ik BT sl &, BIEAE SNR
0 dB Bl TR ZTIRIR N, BE—20Hh, SRk [6] 48 H TS RGER TR Z /N T 5%, FEH
KGR E N {3.3% @90km/h, 12.5% @ 60 km/h}. TAREIE SNR A 0 dB, 43 Doppler #is it
THME BRI 2 2k HAR T 3CHk [6], BEEFAEXT 2 28 {0.61% @90 km/h, 4.92% @60 km/h}. F4b, FRATRE
B 6 AT 1 o R 2R 1t 400 B R A 45 B AR ity 2 R0t v il 2 2 A AE AR R A ) A 22, 3% 1 R A 40
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ok 18]

Figure 7 The comparison of MSE of the five Doppler
shift estimators, namely, our proposed method, the iterative
(adaptive) ACF method [12], the original ACF method (M
= 1) [11], the LCR method [25] and the phase difference
method [13].

AR (3) HRE T R ZE A BUR. DRI, SO T R RO I R B R TR ACE T
EIIPERE, LR MSE (mean square error) [ EGECEHE— D ESZIX — fi.

B 7 4T ST RN At AR A 28 0 MSE bbAs, Horp MSE H7E 7 [H)_E A T T
N3 Rk, B LCR J5ik ARAL ZE AR S ACF J7i35 % A iRk AWGN HIs2I, e 1#A
FEEE B RORIE T RE. ML, A% ACF J7EAE SNR A H e 4ERF BN MSE, HAEEME LN
0 dB #| 15 dB BHAHXT Bk 3 ik 20— AN E g ntEae it on. it —DIATRISG ikt 7
MSE 88 HAR 71548 ACF J5vk. BRIk, FERPEAS B 5 v, A ST ) eSeish 77 v R 8 e K PR it A2 i
BRI SR. ook, REBRMTRSH 5 Fiorkz MM, St b, 5 B R ik ACF 77
R T2 HA B AT 8%, B s B g%y P4 JEAR LCR ¥ 1) 78 SNR A 5 dB BIRHE, ‘&A1
MSE 43 3 K%124 0.2 Fil 7.5e—4.

Bl 8 JEASC SNR i vh#s I BE VP4, AR IRATH XA R A MSE FIHEwfd . Wil 8 piaw, 18
P SNR ML P, AT TH e S B HERY SNR Al THA. Felth, MSE k2 — N /MATE
SNR A 5 dB 4bf U BUhZE. X MRFERIITARTT L DU PN B RS, 15, L& T7H2 (9)
FAE SNR = 5 dB I HES 5, 115 M H T A SNR E. Hik, 24 SNR BRI, AWGN [f5200 38154
FHG, HS R(k) BRI R ZE IR B EN.

5 R4k

A SCHFFEAR ACE JEAE M AR o 5 1R 2 4L, UL AR th 4 P 4208 Doppler SRS
PFHERE, FEIET Doppler HUR (iR 2 AR SNR 138, TG0 Doppler HUESAI SNR [IBEA ff
V. O TS R, AR SCHEH (IR 1B AR (0 4R SNR S FE 9, B 0~15 dB (9 SNR. S LD
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Accurate joint estimation of Doppler shift and SNR in mobile

communications with high vehicle speed

Min LIN, Jingyu HUA", Suonan LI, Zhijiang XU & Limin MENG

College of Information Engineering, Zhejiang University of Technology, Hangzhou 310023, China

* Corresponding author. E-mail: eehjy@zjut.edu.cn

Abstract The signal-to-noise ratio (SNR) and Doppler shift significantly affect vehicular communication.
Therefore, we investigate the biases of an iterative Doppler shift estimator by addressing the approximation
of the autocorrelation function (ACF), and then explicitly view the estimation errors occurring at high vehicle
speeds. Accordingly, a refined process by exploiting the interpolation operation is proposed to reduce the estima-
tion bias at high moving speeds. Subsequently, an SNR estimator is presented by utilizing the bias variation in
different iterations, where the estimates of the Doppler shift in the first and final rounds of iterations are combined
to construct a bias ratio, and this ratio is then employed to derive an SNR estimator. Computer simulations have
shown that our proposed algorithm achieves accurate estimates for both the SNR and Doppler shift in wide ranges

of working SNRs and mobile speeds, i.e., at a simulated velocity approaching 300 km/h.
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