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SC-FDE System Based on Turbo Channels Encoding

LIU Shun-lan, LIU Xiao-yun, LIU Ting-ting

(College of Communication Engineering, Hangzhou Dianzi University, Hangzhou 310018)

[Abstract] This paper proposes a Single-Carrier Frequency-Domain Equalizer(SC-FDE) system based on Turbo channel coding, and performance
under the circumstance of the Rayleigh fading channel is analyzed. Moreover, comparisons among different decoding and different iteration times
are given for the higher Bits Error Rate(BER) of the traditional SC-FDE system in the complex multipath channel. Simulation results show that the
BER of SC-FDE system based on Turbo channel encoding can be reduced five orders of magnitude in comparison with SC-FDE without channel
coding system, and BER of the proposed system can be reduced to 107 with a 10 dB signal to noise ratio. The reliability of SC-FDE system is
enhanced. Hence, it is expected that the system can merge into the future high-speed and high-performance communications.

[ Key words] Turbo encoding; Single-Carrier Frequency-Domain Equalizer(SC-FDE); LOG-MAP decoding algorithm; Rayleigh fading channels

1 5B A

s sErnEn, waneakrbne L | e LT
RURMEREF K. LEOBREN RSB REMLRY | 28 ik
K%, (AN, TSI R Fe i, T2
WS 0 F G B MR T FFT 25 At SO AL B, K y romne-
KIEAET MRS A, 205 T RAROK . BB A |
{9 OFDM Ak, MR AIMAWCIDEF A% T S8 < War [« I =
5 e 44 MG I W T 3 L (PAPR) i (o, S BEAE o LB “

Bl DR E L3 R ROk, AT ek
B GRAER, BN NI ORI S, SR
HEE RS S D Ik W T, REMERE A Tt R . Tt
—PRE ARG, FEIKRAEMIRIE, A0 Turbo {#iE
GRS TR B F T B 9 15 (SC-FDE) R 5, WESE T 48
EAIRERHEIE T, M Turbo %ifi% 2 Ji Mk PSR 5
HPEAR, JFECER T ARG E RS I AR A RRECT &
YiMERE, WIS RIMA Turbo HiFM 2 )G, W LAHMEILH
P II B RGETRIG R, TR ARG R
2 RERH

AL AT Turbo S A5 B B 30 A5 34 1 2R 450 JAE FHLAEE [
W 1R Kk A LR x, 2858 Turbo 4941 QPSK i
O AR AR T, SRR RO\ DRI ) B 0 B )
WEARIE, TR a, R RWRTHREZ E M, 2, RS
S s 2 Je B B, v, AT QPSK AR R B
HEH, REHLE LOG-MAP #5, 1724 Bk %, -
Bl L v RE A S 331 04 1 2 HE I

—270—

Bl 1 ZT Turbo 5iF% AR WHIEHE R SIREE

3 Turbos 1% LR 57 3 1ol 22 4 B Ac J 3
3.1 TurbodyiF g a4 JF#

Turbo ) SRR o 5 38 LI 34T BB UL (PCCC) o LT
i) Turbo A 4R% LB 2 M4 RARIGES . A BU8 DR I A%
HE RS BB AR . Turbo AR50 Stk A6 — A 257 T
RO T A8, BAEKHE BT A AN T — S 25
ZH R ERES, WA T R, BT
GiT 0 2 B AR ) - Turbo AL FeABROSE 2 AR
BRI R T 3 5 K5 S HE 3% (MAP) Y ) 9 35 AR 305 , MK 1
AT DA B A S0 o T R VR A5 07 3% LOG-MAP %R ERS . 7%

FEH R XI2(1965—), L&, #I%, BRI : AERAE 545,
IR, BEGSEE, ZEEAT; ha WEE, Bt
L7/

W EHE: 2009-11-18

E-mail: liushunlan@hdu.edu.cn


mailto:liushunlan@hdu.edu.cn

AR FEARLHME 2 fin, EERFEEREY, SIGER
S 2 B BeSE I, 5B Bese Ao B A RS A A
TCHITERS, AT B AT ar SE PR R A BAE R 5 2 A
S BT A A . HERE P L(R) Fom LOG-MAP # %44 it
MERER, LOORFERMER, Lr RnimRahmdmfE
BEE, Lo #RE L) MBI AN B, | Fm HHi#% .

HWAES

EECTTT

I A1 R 2

{5 B b 15 B b

L / L.r L.r \
AN

fiRg1
T LX)

L

A
s l_,I %mfé\ﬁmm KU
- . 52 >
LE(X) |_e">(x)

<
S |-

B 2 Turbo % LOG-MAP EiSIEE

PAZ R R 1, 4 P10 A 43 BARER RS 7T 0 A0
1, XFAEHHR x=1 T x=-1, ¥ LOG-MAP %1% 25 iy % th
&SR R KA B, B
LD =l P(x=1]r)

P(x=-1]r)
Hodr, r RAFAZL G SRR W L MR, #
WA T RRAEE L(x) UEMRSH LN EES R L.
FhfE B SOk ks BB, B
P(x=1)
P(x=-1)

NTFREWTE, £ LAEMHEHTARRR 3 B2
fn, BP

L(R) = Lr+L(x)+ L (®) 3)
Hrr, L TR Z WA R RF LS
POER, S A RAMER

L, (%) = L (R —[Lr+L(x)] 4)

IR B R AR R i R A, MR L(x) =05
S 1 ANTERG 3 A AN RS RS 2 22 4 B BRI 2% 2,
RS2 2 DA L, (0 AR B L) R H LK - TR
fER s 2 XEAREAME B R i IME BAE A

L, (%) = LR —[L;r + L, (%] (5

B, MRS 1 R R AME BE L, (O MER5E 2 KIkR
WS mn i B AL TR R Z T .

AR TR B R AE 58 R T IR RIRBUR Ik, X AR
b Lo BlafaE, R 2 ERP B HRER. &G
— YRR, A 2 FE VRS T K 2 AMOME BE S A
1fE—i:

L,(X)=Lr+L,(X)+L,(X (6)

BT LOG-MAP SLikAMEA JLMAT MAP JA AR 5%
MRS, W MAX-LOG-MAP 583k, JETLMEMGH
LOG-MAP #3:. MAX-LOG-MAP 5y 2% 4% B & i By it
FOMAEX B b, KRR WL IS AR AL ks .
MAX-LOG-MAP $i% R 2 —Mik 5k, SHIER MAP
WA EMZER, LOG-MAP HENBIET
MAX-LOG-MAP R D o By 3 i A F B, A5 55 [T
MAP $3% o &M & 1) LOG-MAP 5352 i 43 B 9 4tk o $

(1

L(X)=1g

2

KA LOG-MAP Bk iyde 4tk %, MAEAT LOG-MAP
B3R MAX-LOG-MAP $.3% 2 i,
3.2 ERBFIEIME K

B 1o ZRAE N O Bk B AR I M AR R S M HE T, AR
BARRE N FFT B HeB0508, 508078, B RECh
W, , UG IFFT 38 5K 21 2 J5 B 58 e 3 I A
AR ST P . x, RRALMAR
W, a, BEBCHEWE S8R, B0
BN, ARSI a, £33 M X FFT 3%
ZIRWES, z, BRUEHEES IFFT BHE M
o, K, RO B B . RAE MRS R
BT, REEXNUT , G S KR
W FFT 38 500 280

BER G H A B A5 ) 2 R SRR I R
%Ak, BWAESEE a, TARRH

M-l
a,=> Xh,,+v, O0sms<M-I (7
k=0

v, h RAEE AR v, RBEME TR o BN
PEE TR . lad FRT BB 5 A WTARR A

L (¥)=L®)

A=Sa, exp[—j2nmﬁlj 0<I<M-I ®)
5% 2, WUARTAH

%:ﬁéWAw%%%ﬁ]0$m<Mfl )
RN S
A=HX+Y, 0<I<M-1 (10)
H A5 3
E(A\ A*) = MH|1H|2*5(|1 -1+ M025(|1 -1)

0< 1L, <M-1 (11)

YR M A PERZEE S e A
€n =Zn—Xn (12)

WA BB OB W B A S R BW, fE1R
JiRZ E(e, ) B, hR10)~R(12)A 77

1 M=l 2 2por, 2
E(ey )= 10 S MH, ~1 + 7 2 W,

0<m<M-1 13)

R (13)RK G

2
Bl D) 2\ Hy - 2 20w, (14)
oW, M M M
4AR(14)K 0, AR
i-—H o<i<m-1 (15)
(72+‘H|‘

Hedr, HORH, 36 R R AT e R, A
WE; WE W, B A
4 EBRFEREGRS

SR EET Turbo 4% B2 A ) 33 P4 B39 18 6 S5 kAT
TFE, EA R QPSK K, M HAIFEHEEYE, il
W 7 S T 7 MR o R Turbo ZRASIN, AR R
M 3GPP FR#EAN[1101;101 1], #EFKA 1/3,

B 3 RAEHFISETEAE I T AT Turbo 4575 iy 32 Il 33 3k
PR SRR LA R, % 7 5% il LOG-MAP %751

—271—



o B 3 TRLE HEARREOT B AS H ae AT BRI,
RREGB S, TR ECHRABN o A5 TT 15308 AR I 15 36 e A ik
JERHR, BEEERIRBOHMN, TR 3 FE AR A0 2 M 218
B FE T LRI, ERKB S, FER K. B
PATE S B B2 FH H B8 b o 8, AU 8 AR BT 7 8 I 1 A ek B
WEREPENR R, A HEGEFGERRE.

0
B3 T Turbo &Sk SC-FDE RAAFABRRE FrRmE

B 4 AR B 4% B Y 06 R S5 R TG 43 0 4 RS R A
Turbo 4 HYIRAS AT EL4E R, T H BT E 4T A
ﬁﬂﬁﬁd\fﬁ_mﬁgﬁ, f %%Tﬂﬁlﬁi

Bl 4 SC-FDE F 4TSl SRMAMA Turbp@iis s ismx

Bl 5 J& 3 PR Turbo %85 5 i — YRR F I B A5 L,
Bl LOG-MAP %3\ MAX-LOG-MAP gk 4t & 10
LOG-MAP #.3%. Hildl 5 WK, 7E36AKE0H A o 1t
T, LOG-MAP ¥tk R Bt 19, MAX-LOG-MAP ¢
82, LMME I LOG-MAP FHENTHH 2.

(L3255 269 50)

R B 5 AR B 5 R AL A R T Bl i 2o
B A [l oD B, AT b R AT
Bl , ARSCHER T B0l I 4 R U R AL E A BT
— B
4 EHGE

SLYRUEH], FEORIEPLID R IR B — 5 K B EOR M i 32
T, RS RO AL BT R R 7 i e W AT R, T
SR PR B P W35 Be 72 n PV T8 S vl TR B o (HZ
BORAFAE— LB, IR D U R, AT

—272—
107

1073

xS

10 | —+— vroG-maP
i{ —O—lincar-LOG-MAP
-] —+—MAX-LOG-MAP

10° . -
4 5 6 7 8 9 10

fEMEb/dB
Bl 5 Turbo 4%k SC-FDE REANRFHFH L T HiRBE
5 4#FKiE

ASCHEGE T Turbo 4R A5HE A L T B8 I S5 s 38 5 &
SR 7 RANREGRAFN, XA ZRHEE FRIRERM T
N, BREBHBRGERIMAN Turbo {ZE 458 T MRS RM T
Wi, 7T 3 MARAFEN TR THRLMEE. MiEgR
afAE W, Turbo WA IEW M FMHED LR, KHENMNHAT
SC_FDE AR DAAMMEMGIRGR, S REERAR
EERER

=AY
(] X %, | 4k —Fh sy R RE T R[] T
S R M FIHEAR, 2007, 33(5): 50-52
[2] HE, KA, MEE. BFEE
At 2008: 374-376.
[3] Kaligineedi
Equalization and Multiuser Detection for DS-UWB Systems[J].
Communication, 2008, 7(9):

M]. 4. Jent: g ol

P, Bharagva V K. Frequency-domain Turbo

IEEE Transaction on Wireless
3280-3284.
1 ?%M u, Letaief K B. Single Carrier Frequency Domain Equalization
2 Y Aﬁﬁ Time Domain Noise Prediction for Wideband Wireless

2 IEEE Transactions
{A
nmunication, 2006, 5(12): 3548-3557.

n ana C, Sun Yan, Liu K J R. Channel-aware Priority
Transmission Scheme Using Joint Channel Estimation and Data
Loadl for OF&M Sysl.glas[]]. IElElE Transfﬁions on Signal
Processm%i 2005 53(8) 3297-3310.

EL 35

munications[J]. on Wireless

7

HE— L5
2E B

[1] Kaplan E D. GPS J#BE 5 HI[M]. EREcfn, 2. dund: BTk
AL, 2002

(2] Z=Wi0, MR, XI=AE. GPS @A AR K H P M. Jbxt:
I B oll 4 Jie gk, 2006.

[3] #ha4k, KA, H&T, 4. GPS & J5 3 & 3 B I [M]
R RBUOK AL, 2003

G K M



	1  概述
	2  系统模型
	3  Turbo编译码和单载波频域均衡基本原理
	3.1  Turbo编译码的基本原理
	3.2  单载波频域均衡方法

	4  实验仿真及结果分析
	5  结束语
	4  结束语
	参考文献


