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A power-saving single-carrier frequency domain equalization system

BAI Wen-ling, XIAO Yue, LI Shao-gian

(National key Lab of Communication , University of Electronic Science and Technology of China, Chengdu 610054, China)

Abstract; Single-carrier frequency domain equalization (SC-FDE) systems, which offer comparable
complexity and performance to orthogonal frequency division multiplexing (OFDM) systems with a lower
peak-to-average power ratio ( PAPR), is a promising technique in future generation of wireless
communications, An improved SC-FDE system is proposed, in which the cyclic prefix (CP) is only inserted in
front of even frames so that the proposed SC-FDE systems can enjoy higher power efficiency as well as save the
sent power of the transmitter, compared to conventional SC-FDE systems. In the receiver, the even frames are
detected using the conventional FDE technique while two approaches named overlap-save (OLS) FDE and
overlap-add (OLLA) FDE are proposed to detect the odd frames. Simulation results show that the proposed
OLS FDE receiver can achieve the same symbol error rate (SER) as the conventional SC-FDE system.
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1104 FEAFHARFFIR

% 39 &

R liNE
FWCE 10 Bl {5 5 BE Pt B 5 25 4500 R AT
2% AR B L A ) PR
e = h@ g0 = Q*HQ\S(“ +z (3)
Hrp, ( ®w%rN£mﬁﬂ%ﬁJ1m@@{h
0,0,-,07" YREFETLL Z A5 E IR N, Qy A

'VI 110

N [ B AR 4 R [, 2 Dy 2 34 (5 Ry S0 1 R A )
L P IT N N, L
SRR 2 5 AR 5 AT LLR RO
§B = QWO 1 ® (1)

Forb w O B ik I 2 R 2R M iR /N T iR
ZEHEM HEAT 55 A I

w=_ o

THIE TN (5)
X2 BRI M 2 J5 0 A o AT A e, 159 3 &
EIES T 5P,
2 MAUBBRFEENE RS
2.1 RETHIEE
DAL ) BB A X5 7 3R 458 e S AL Ay B AR

Kl 3 Bz, T LAE AL 4 B BB s 24 15 2R ¢
B RRILET BT TR0 AN IR AR PR AT R L 7R Kot

T AR PR TTER L R AT DL 5 & 5 B A A5 )
SR VLY F Y
S(ZI\'+1)
PSK&QAM| s™ | ¥ i | 5
MR TG ] U]

s(2k+2) %ﬁﬁ‘éﬁ E(zmz)
B3 MUpBRiEEsERELHINEGTERE
Fig. 3 'The transmitter diagram of improved SC-FDE systems
MR FHLR A 20 1) PSK 2k #H QAM i il it
f?%é@%ﬁﬁlﬁﬁﬁﬁi’] i RGEHIIERCE N
7 qN+N (BAI . bit . «HzY (6
ittt E’J%ﬁk/ﬁjﬁiﬂﬁiﬁ@%éﬁE/Jﬂiﬁi%&ﬂz%i@ :
7 q2N+N (BAL:bites !« Hz') (7)

DA ) BRI i 2R G AR R I 45 -

A?]*?]l_ﬁz =
N,
I NTNOCN TN

(B AL, bit «Hz Y

(®
2.2 BEWMERERE
DA P BRI Ak 24 5 2R e 2 O L B 3 LA

A E

EE 2.1 BREFI 2=z, 2,
ceszpin e DRI x=[x a1 s 0y T HFS
y=Lyosyisayi T LGB z=x % y, I
2=xnir 1y P n i FR N+L—1 S5
IR, AT %58 PO T 3 B IR B IE R
BRGNP

EE 2.2 BT 2=z, 2,
“‘v2L+N—2]T %V?@J x_[lo s L1 »1'3\"—1]T 5]?5']
y:[yo s V1 v"’aylflj I PELFLL B z=x = y iy
2 =xQuy» H . Oy Fm N ABTEH B, JF5
z5 A AN R A i

23 = [20 tansz v

» TN—1 ]T -

s IN—192N

s IN—192N >

X2 + IN+HL—2 9%L+41 9 """

[Z()?Zl s s XN JT +

[[Z;\HZWM”"ZH\LZJ 0,0 /J]T (€D
N—LA+110

FR YA PR TR E’J/:Ex AfE I 2. 2 . AT LA
B iz O T ES AL LS STER S
FREE o L.

WYEER 2.1 S5EH 2.2 a5, 4 8 M4
SR A TR L 1% 226 BUnT DL AR p il e 28
2.1 5EM 2. 2 FM ARG FIE AL AKX
(D FAL Sl 225G UG5 78 K%M
SIFHS 245 18 ek e A 2R S R, A R AR
Wit L HNZ O F1, W0 ] DU 2 0 51044 3 il
EEM 2.1 5EH 2.2 WIEAERUEA, AT 2L
I FH 5 e o8 L A 48 0 R 4 1 e AR R 2 4%
HiE BRI, BRI &2 2R
2.3 EUHIRE

FRYE AR Ak 1 B R 34 7 2R 8 1) e S LA 28
AL, BT S SHm A TR RIS, L mT DL
Hﬁfﬁﬁﬁﬁiﬁﬁﬁﬁﬁii@@&ﬂtﬁﬁh{) 5 T 77 H5

A AR, PRI 32 Wi B B 5 &
Z 3 F—EBWUE S B Wi e 4, Bz A BomiE S
SN — (I EW 5 3 Bt (] T8, FeATT AT AR
O 2o I H A AR5 S B U X A T E 5 7
A1), DN S22 g 1) FH 422 W51 B B0 A 5 7 4 5 1
YA, 4R & O B8 1 5 28 Ak A 2
FRE 2.1 HEM 2. 2 TEAREPIE IG5 7
B B I R I35 T S /N 1 15 2 YA DU %) 4 Bl 34 A5
KGN B3 Fmi 5 =




%104 — AR A T B0l S B OR SR I T L A 1105
B o IR A2 58 3 HARE F B E A, Wik MR L F 5 S B vk iR i e BT

E@iﬁ/ww&i’a@r%éﬁifié%cm%zlxomfrzl@iznl’;ﬂ 4 JiF
7. I 4 AT LU H G A B B A3 4 A B AR Y
AT
TFh
// Bl S (A5 //

E%%}_‘%ﬁu ;(Z/(+l),;(2/(+2)

< L >
0—)k 0_)I(2k—>2k+l) 0 I(2k+l—>2k+2)

;I

| mu%mﬁr%—sm 2]
v

| H& g jE] a1 -2 |

v
F W8 R Bl A5 5 Mt
FERI A FE 5 gty
¥
FE TR T4 B e
HPIFOWD ]k
]

4R

B4 R BRERGISHERGZERIRER
Fig. 4 The flow chart for the receiver
of improved SC-FDE systems

ORI B Wit (55, B Je KA M EOUE = 1 1E
PRHTZR , SR AR 1 8 1 56 T de /N3 O 1 22 1 UL
PSS B ARAS DU A K5, D) 280 B 4% 15 2
JRBIESA

@ = [FEb Fe
r= = LIrN, TN 41>

;,(2/3) — QNwQNr(Z/c)
RE 13 555307 0 8 50 0 36 155
i 50,
ORI 5 P AT — 4 2
FRIFAI T ARSI,
r(Zﬁ) — [S(ZH ~(2k) . s\k):l h I

Rl [
f

N, s SN— \+1a

: vi’((fzpk,)s\'ngL JJ
(1D
QFI RN (1 s> Fp ok i b —AF BOmifE
T F R IZARBURE 5 B A 8 B RO S
TRAE T — (B2 1 T8 1o

Qk>2k+1) __ [ (20 (2k)
I I:rP\ 9T(PN+1’

ChH—>2k+2) __ [722kt2) = Q2k2) —(2k+2)
I [ s 171 LR | ]*
(2k+2)  (2k+2) (2k+2)
[”(Po ST (P17 9" 9 T(CP.L 1] 12

@%[J)Eﬁq:jrj[:r“ﬁu I(7}c*>2/e+l) L:j I(2k+14>2}c+2) L:J“f%q&
FEA o e i i AT PR A5 R 2 B2 1.

DD [ 2k
ForLs ["

[I(Zle»ZfrH) o o’ . ’o]’
N— 1/\0
I( 2kt1>2k+2) :I ( 13)
2R FH LT E S A A A T
r(()zlk;\H) — r(Z/'—H) _ [I(Zk»ZHl) O O’ ’O:I +
N- I/\O
[I(ZHI»ZHZ) O O, ’O:I (14)
N— 1/\0

ORI HE T e/ N4 7 R 22 E N (Y AR A B AR

R Bt {55, 0 28 Bl 4 2 JS A5 58
S(()ZHD Ot WorsOni1. "()ZIAEH> 1 15
S = [SERD WS s )
SGIAY = QIMQNr (LY | 16>
§ED — @k f

HoH R T 8 B O B R 36 o BN, e /NY 7
R 22 VHE DU %) A ) e e s RN
H;
| H, |* + NI
/\rﬁ Hlfdlag(sz [h 0, Os 7O:|T) XTJ: %%

Wos = an

N I/‘o

FE s HE AT R e A B A R R K ST

|J s(7/“+l>.

Hil&l 3, 4 AT LLE ,Eﬁtkﬂ’ﬁﬁﬁiﬂiﬁﬁiﬂiﬁ]
i R G, A3 RO S A B R AR TR, &
ZIARIE T 2 PSS 1 T I‘J?Uélh('ﬂﬂ
AR5 I S Z50R FHAGE I s f) A ROt A 5 g i
LU 1 i o7/ WA 27155 I 7 R 51 2 DB R = RS
PRATZR PR DRI S Al Rt (5 S A D AN HERG I 2
FAAERE DR AL A M) L,

R A B BB A 2R G AR R R AL A R
GO FER G VERE™ TR X2 N —J7
TR RO 5= A S A 1 B> 23 B 5 17 414X
A5 EARSB 0PI E RS- e 1 ki ) 4
P DRI R A2 7 ) R 2 R ] 7 5Ot g 5 55—
77 TH] BB A 22 G T LA 2 AR 5 E R R
IMERAVERT G B I BT 5 5 DR 2 2 H B A
Y BT A B DT A A R AL TR B AR,

TG H AR R GER N A B A
ORI, R T H AN A i E # i il
AR BRI 4 1 2R Gt R ) N A A 8 1 5
5 BT AR G R G 2 R BOR GEEREA I T  (H
Je R 2 T B O B A i BRI, AR Y A
PG R GER ] N+ L s i 5 55005 , wl



1106 FEAFHARFFIR

% 39 &

PATRAME DR AR LR T B PERERL S, IR gl RLERC
5 A G 1) B AR S S K4 A 2R G AL B IR A5 R
PERE.

3 FE4ER

AR SO AL 1 B IR AU 4 A R e AT T
. ESECNAE 5 WKy N= 256 , i P11
ZIKER N, =64, R QPSK Wi, It & FH4L
WHERCRIRE T 0.177 8 bit+ s ' « Hz ', A%
TR R RS TE N 10 MHz.

Bl 5 51E 6 4l Ak i B it A sk 34 i R 4t
1 6 125 12 7209 COST207 {518 T AR5 R M RE.

ME S5 E 61T LA H 78 AH TR B 5 e L R, R

[~ EZmscrERs
| —e—RALIISC-FDERZ: AT HikAH v
|~ MALIISC-FDERZE: BT HI R VA

1E__6 i i i i i i i -
0 2 4 6 8 10 12 14 16 18

SNR /dB
5 MUK BIHBSUIHEREE 6 B
COST207 {518 THIIRFF S 1E4E
Fig. 5 The SER performance of improved SC-FDE
systems via COST207 channel of 6 taps

—=— {4 [{)SC-FDER %
—o— 1AL ISC-FDERSE: & TEHISMM G
—v— AL HISC-FDERS: & TEIRRB k-

0 5 10 15 20
SNR /dB

6 AW BERSUENEREE 12 28
COST207 {51E THYIRFF S E 1E4E
Fig. 6 The SER performance of improved SC-FDE
system via COST207 channel of 12 taps

FHBE T 35 3 AH I 4 4 5 340 A 42 O P Ak 1 B
BB X 18 2R G A LU A% Gt 1Y PR 28R I A Sl X A FR
gr MR BT IR O TS IRE R IR 500
SR FH B 5 5 I B VR I A8 2 5 B2 WS LB L A A i
PR IR 5 2R G T LU A5 G Y SRR K
P 2R G AH A £ 2 B A (R AT R R B X &
TR BRI 0P B A L B N+ L, AT AR
HME RGN G BN RE UL, (A2 i 22
A4 1 22 G0 (AR & S ATLAR B0t A7ss A 2R 117 282
DRLH AU A1) R 35 1 0. 177 8 bit » 7'« Hz !,
WT 0.5 dB KGR,

4 Zig

LG8 1) AT 17 22 8 A WL BERT i —
AR WUR AR AT S A SCE N T —Fh A iy
AP R G, K P B AR BT AT
PATEE ., e s 1 A SRS R R T Tk
SN AT XA R S LASHY AT T PG
MM 5 AR 4 R WML Z 44, 5] O i 1
B R BE S E B AR A B S A O, 5 EL4G
SRE A 2 T i O B 1k O D0 A 1) B2l 4 1487
WAL T US54 48 14 B 2B e 24 1 % S A ] 1Y
WRAT S RYERE (R TR ML BSR4
TRIIR,

22 X Hk (References)

C1]FKI, Bk, RCH. 280 580W LB EHAR
[ML JE5T JERtli s R i, 2004,

[ 2] Casas E F, Leung C. OFDM for data communication
over mobile radio FM channels-part 1: Analysis and
experimental results [ J]. IEEE Transactions on
Communications, 1991, 39(5): 783-793.

[ 3] Han S H, Lee J] H. An overview of peak-to-average
power ratio reduction techniques for multicarrier
transmission [ J ]. IEEE Wireless Communications,
2005, 12(2) . 56-65.

[ 4 ] Pancaldi F, Vitetta G M, Kalbasi R, et al. Single-
carrier frequency domain equalization [ J]. IEEE Signal
Processing Magazine, 2008, 25(5) . 37-56.

[ 5] Falconer D, Ariyavisitakul S L., Benyamin-Seeyar A,
et al. Frequency domain equalization for single-carrier
broadband systems L] 1 IEEE
Communications Magazine, 2002, 40(4) . 58-66.

wireless



