%56 & 55 12 H IHE AR Vol. 56, No. 12
2016 412 A Telecommunication Engineering December,2016

doi;10.3969/j. issn. 1001 -893x. 2016. 12. 005
5| AR ko B, TR sk P EL, 45 SR B E IR IT SR OFDM RSt E A [ 1], iildi R 2016,56 (12) :1327-1334. [ ZHANG Limin, MA

Yu,ZHANG Zhongkai, et al. Blind symbol synchronization using truncated cyclic prefix in OFDM systems [ J]. Telecommunication Engineer-
ing,2016,56(12) :1327-1334. ]

MG AR OFDM &8s N
KR, D AT R 0 B T, 2 m

(1. W5z TR% BT EATER, LK MHE 264001 ;2. f# T4 91640 FFBN, 7% YT 524054 ;
3. FE DBV HE AR =B T 5K 075051 ;4. 174 [E & PR R A BRA &, KR 030012)

B EARSWERILTRTIRES RB—A R R LM Z A (OFDM) A4 F R & 7
Fo TR ERELTHAEH AR (SNR) 15 &, M —ARIE A IR AT L (CP) o 3B 8 -7, #HAT 2 i 1Ry
HW BT, FEAR CP foxt B AL B3R A SR R LB FEE . AR Vit A &
JE SR B M BRI T AT, ARZEFHE B LZRTHR, AT A CPHRK, HALR
A, 4 SNR A0 dBE, Hok AR R T B2 5 E B R B4 B B4R T CP W F R ¥ Ak, it s
FEEAKATRI T AL Z nfsfd, XEFPTRAFZFELS—LKSNREATH AR, RS ALER
P TR A G OFDM R %,

KR EZIRS A AU E R A AR AT ISR

FE 4 KS:TN919. 3 XERERG A XEHS:1001-893X(2016)12-1327-08

Blind Symbol Synchronization Using Truncated
Cyclic Prefix in OFDM Systems

ZHANG Limin' ,MA Yu',ZHANG Zhongkai®, LIU Siqi’ , WANG Jianxiong' , WU Ligiang’
(1. Department of Electronic and Information Engineering,Naval Aeronautical and Astronautical University,
Yantai 264001, China;2. Unit 91640 of PLA ,Zhanjiang 524054 , China;

3. Zhangjiakou Vocational and Technical College ,Zhangjiakou 075051 , China;

4. Shanxi National Development Synergy Power Technology Co. ,Ltd. ,Taiyuan 030012, China)

Abstract ; In order to improve the anti—interference capability of orthogonal frequency—division multiplexing
(OFDM) systems in low signal—to—noise ratio( SNR) condition,a robust blind symbol synchronization al-

gorithm is proposed. According to cyclic prefix(CP) and distance analysis, this algorithm realizes the blind
estimation of timing offset in frequency—domain without the information of SNR. The basic idea is to ex-
plore the comparability between cyclic prefix( CP) and corresponding tail of the symbol body and minimize
the distance between symbols in frequency domain. The distance may also be measured in time domain to

decrease the implement complexity greatly. In order to strip the multipath interference and improve per-
formance as much as possible,a truncated CP is used,which is shortened by cutting the top. Simulation re-
sults show that the minimum of this function necessarily points to the correct timing offset at 0 dB. The pro-
posed algorithm is robust and outperforms previous CP—based algorithms, particularly when SNR is low.

Hence, this algorithm may be more suited for low SNR applications, such as systems combining the direct

sequence spread spectrum technology with OFDM.

Key words : orthogonal frequency—division multiplexing ( OFDM ) ; blind symbol synchronization ; truncated
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Fig. 1 Structure of OFDM signal with cyclic prefix extend symbols

TR p METC , B3 605 3 194 s Jalfk oo 37
TR A S AR AL

L-1 l
h(7)= Zh (D37

AH:8(. ) FIR Kronecker BREL=[ 7, Af+17,7, /&
BRZRY s NAS J& OFDM R GE 1 B 555 h, (1)
JEXT I 5 p AR TC AR 1 I B, X N7 F) ZE S Sy
L/ (NAS) o FATMBE FE— A5 70 53 P9 5 7 1 3 2
ISR . B TR PSSE VE T bn o, 24 1 1%



55 56 45

SRR, EHER, SR APEIL, 45 SR AT ERHTZR 9 OFDM RS I H A4

512

AR BEAR T A B AR I, AR SC A1 2 B 45 R AR A
i LRI ey, e B SE A PR RE , SCHP i
BCH AR R R

PR , (B iae L 28 58 I b ] 25 | F e A R
(ERERIEV)

r(n)::g:)h(l)s(n—l—b?)ﬂu(n)o (1)

Hin=0,1,--- ,N+N_-1;6 2R HEE, £RIGTT
SR ) 5 A7 6k 4 éﬁ PRI ST B (1) 36 2

S 1h(D) =1 (2)
s(n) ZHHA CP 51 OFDM 155 ;w(n) %7 0 ¥{H
TR o W e 3 RS ( Additive White Gauss-
ian Noise, AWGN) , Jf HIA B 5 OFDM 55 s(n) J&
AHE RS

3 EBMTRESHEE

FARTEAR B TP A A P A R 0 T30 (HAFE BRI
Ty 3R A AT CP 5 85 o0 2 ¥ AH [R) X — Rk 24 7
WICH A, FIH N w3 ECE B ot AR 4 ( Discrete
Fourier Transform DFT)T}J\K#'B{r(n) N,sns
N+N,, -1} 8 R %55, 8k " = [yo,yl L
YaorJo HEGLISL, [ r(n) | BOFZIA N, A TR (E B
Fide, HIE, M T HEMEITEL, AT H CP ik
{r(n) | EEASEIHFH {r(N,), -, r(N-1),
r(0) -, r(N,=1) |, i X A%ﬂ%ﬁu 4T DFT [A]
FERT AR B —AME TS v = [y, 0 1 v Jo
AT SE PR P A e RET IR, y '?&'ZI‘EH TEAFAE2E
S, 2 B AR AR IRR | y—y | .o

B r (k) | (ke N ) hy it 22 0 I SRR (&
2 FioR) |, i SUE BT PRECH
A(m)=E{ | y,=y", | o (3)
0, ,N+N_,-11};y, M I{r(k), m+
Ncp<n$m+N+NL,p—l bR E‘Jﬁ%ﬁ;;f’m =M
{r(m+N€p), e, r(m+N=-1),r(m),
r(m+N,,—1) | f#E 1 RS IT,

WX ()

'
..................................... >

T
v | | Fel k)

0 9

it':fj;me{

2 OFDM {55 (0L X fi]
Fig. 2 Observation of OFDM signal
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