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Wu Gang Hu Su Chen Hao

(National Key Laboratory of Science and Technology on Communications,

University of Electronic Science and Technology of China, Chengdu 610054, China)

Li Shao-qgian

Abstract: Because of the usage of practical windowed pulse shaping filter and limitation of real field orthogonality
of OFDM with Offset QAM (OFDM/OQAM) systems, the zero-forcing equalization as signal detector can not
completely remove the Inter-Symbol Interference (ISI) and Inter-Carrier Interference (ICI) introduced by
multipath fading channels. The ISI and ICI lead to severe degradation of BER performance of OFDM/OQAM
system. Moreover, the imperfect channel estimation by using preamble also results in the further BER performance
degradation. In this paper, one Parallel-Interference-Cancellation (PIC) signal detection method based on
zero-forcing equalization for OFDM/OQAM systems is proposed by reconstruction of ISI and ICI with aid of initial
data detection. And analytical results on residual interference by Zero-Forcing (ZF) and imperfect channel
estimator are given. Finally, simulation results demonstrate that OFDM/OQAM system with PIC signal detector
can achieve better BER performance by 1 dB to 2 dB while BER equal to 1% than conventional signal detector.
Key words: Mobile communication signal detection; OFDM modulation; Offset QAM (OQAM); Pulse shaping

Vol.35 No.1
Jan. 2013

filter; Parallel Interference Cancellation (PIC)
1 35

TR Z (Cyclic Prefix, CP)RIIEASHI 5
5 H (Orthogonal Frequency Division Multiplexing,
OFDM) &k A K — AR Bl AE R A% 0 Lk
AR 2 — . BRI, CP 5] N FI BE T R G0
WRHZE. JEH, CP-OFDM RZuf £l 5 Kk 4t

2012-06-27 W2, 2012-10-26 /Al

% 863 THRITE KT H (2011AA01A105), B A5 E e R A4
it H (2010DFB10410), [E 5 A REF2AHE 4 (61101090 ) Frh e w5 5t
ARHITY 45 3% (Z2Y GX2010X003) % B

SEfEEE: K wugang99@uestc.edu.cn

Ui i 4 A AN — 307 A 1) 30 AR A # (Carrier
Frequency Offset, CFO) M WA (FIE S| A 21§
BRI o AAFAE IR 2 i 4iR% S AEREAR CFO
AT, OFDM R 4851 A1 233% [A] T4 (Inter-
Carrier Interference, 1CT)4x ™ 55 M 5 404 i 11k
e, MMk OFDM & 4t 1 i 431 38 45 (Time-
Frequency Localization, TFL)RFEME, nl AL
TR 8 U 4 oA HOR AT I AL I B ] (Offset
QAM, OQAM)) OFDM/OQAM F A2, T
AAGIIEIHTZ, OFDM/OQAM 4 4 /F Ay 4 58
11 1 2 NPl e SOl EE S N | A S A 7 S



1 BN BETIAT TR K OFDM/OQAM RGeS 540 Il 75 12 179

(Telecommunications Industry Association,
TIA)P, IEEE 802.22 WRANE 3GPP TR 25.814
(v7.0.0)4 . ¥ JLAE, T OFDM/OQAM {55 HA
MR IE T I NP R ] A i e, AR 2
WAEW. NEITEL PRI A il A Z g 1o
AR 2.

OFDM/OQAM ZR & i T~ HIE R AR 411
TFL R, 5B Al N VGG 2 A2 3 3 15 TE 1 I
) SE IR AR 5 AR RS R AR I I BTR A 5, Py
TEERHT 4, — BB L A5 5 ) B (Inter
Symbol Interference, IST) I ICT [ 507 5%, {H A,
A SZEL OFDM/OQAM Z 48 i 1R AT K 3 i [
() RS T D 2 R 220, ELASCG A 7™ s 1) S el O
ACEAFI . BRI, REAE Sl R SRR
I AR AR FE AR, SR St Skan A 4% (Zero-
Forcing, ZF)I&??T%LI&{%%@{W, FEANRE SE AT BR
B A R PRI TR PR 51N IST A ICTPL,
I H, TR AR A 5 IR R] [R] ER 2 R S
OQAM Z #E ARG FMMLIPEREA 25 %L

H T E S R IERE, AR EARMETE AL AT
T, SCER[15) AR I T A TR TE, fEE
A B 5210 T (Rice) K FEM M d, 5
CP-OFDM RGHAT 1 I REXT LLAEST o SCHR[16] 05T
T ARCRAE P A R ek o ;55 0 B4 g s e v
Tk, ISR P A 2 P R P RE . L Ah,
H 15 5 Rl e A TE A T A HER P . T E ]
S OFDM/OQAM R GeH, ANRET H R 2R AL
CP-OFDM &% i 3 45UF 41) (preamble ) 8 ik A\ £k
(1) P IRT T (Pilot), 5 %4 1 A0 5148 I I A3
TR, AR S SR 45 R . SOk
[17] 5 SCHk [14] 3 7 3T 87 3 4L OFDM/
OQAM fRiEf 7%, JFHAE T OFDM/OQAM
A4t CP-OFDM # 4 B A EAL AR R R (H
&, BIRWFRARE B TEE A THRZE SN TSI
FICT T34 OFDM/OQAM {5 5 kil P RE %Ak
. Kk, ALETIT OFDM/OQAM R4 HEf
SXof Sl FH AR T A T (0 3 R A A v

ARSCHET IAT TP ) EAR, fe il — AT
B AR GR A R TR T, FRIEAREEAT TR 1
OFDM/OQAM fi 5 kil /7% . %183 OFDM/
OQAM FGEAL L S EAT AT, A S S A
A FER W AT S TR G R, SR AT S
M ZARE 1SN IST A ICT THior i, PR
TAT TG 5, WHBR IST F1 ICT WA n] SE4E
F5 T, M al 4 OFDM/OQAM R4
Ao U AIGH T SBUS SR REEAL KT

YU R 0T o AR AT, A SCRT I
AT SR A5 5 AR T 1S H e S 30 A A e i
Feg IR 4 NP5 3T FIER S0, ke
SR PE SRR . 5 SCHR[15]) VAR, ARSI
FETTIRAHE: (1) 4T TAEEMG TR ZETINRAR
TR (2)F HI R R o v A 1 T T
X OFDM/OQAM F 48 &1 B 5 Wi 2 A — 2
Rl PRI T SE PSR A A 1 AR, Bk
T I R R R AR R (3)17E IEEE 802.22
ANRAE I PR L 2 A2 8 VR (5 0 AT T L
H, 5 ZF B R i s 45 SRR T TR A
A 1-2 dB MPERER 25 .
2 ZEREEFED OFDM/0QAM fEiA1E
SiRE
2.1 OFDM/0QAM %X {ES RIER$FME
OFDM/OQAM F 4t — MR HI AT R A7 I 43 2%
FERE PR B9 9T R & W BR 2L (Extended  Gaussian
Function, EGF)p#(® , fii5i%45 5% ICT Al ISI
HEgmmawmt. —NEF M HikmiEy
OFDM/OQAM K I%EA5 5 Al o byt

M-1

()= DD @y, g g (=) (1)

n m=0
X a,,, FoRE n A OFDM FF57EH m A T8k
RIEMWEARAT 5, vy 7, 734K OFDM/ OQAM
ARG T B BE ML S ARG, g, (8) &
NHA Gauss B3 TFL $5PE) EGF Wk Y,
AT Zak AR s, L ERIA AL

- k
Z d/c,r.y,l/lJ Yo [t +—
k=0

Yy
= t
> dyy /0y, COS [2771—] (2)

1=0 To
K g, (1) = o)™ 1 d,, . AERIKIL N 4,
~ ZZ&:Ubk’jef(m/%é)(znk)’0 <k <K, Jrp, i
g = (K —k) /2], KA. b FHRAEE 2%
SCHR[18) AP IS A Ma=1,7, =1, =1/2
i), EGF A A4 5 EGF bR A A0
), T LA o 5 Al 5 Al S R A A T 10 2 Ry
PE. HA&, JF EGF ) OFDM/OQAM RGN
SRS TEAT, HS U E AT AR R A
<ng |ng>R _ Re{jmumwLn+(mum)(n'+n)
A ((n=n')rg,(m —m'ry)}

= Oy Oy (3)

A6, 56, FRWA KL R EL, A (rv) 2 X

1
ga,TUJ/U (t) = 5



180 BT 516G 8 %R

%35 4

i OFDM/OQAM RZEHIREHI R EL, nIRoR A
A (T,v)

_ —j2mvt Tl T
, (7, —fRe g[t+2]g [t 2]dt

2.2 OFDM/0QAM R4 KB FEHEE SN A E
K2 REEGEMNET{FEZ A, OFDM
JOQAM #:WF 5 i AR IR A

r () = h(t) % s(£) + n(t)
:jfh@Tpu—Tm¢+n@) (4)

oo s () A (1) 5 BT RO S R B
h(t,r) FoR B ERIRIARL, 7 Rl AR
B, AWM S R, n (1) B
i

N T BT R AR R T8, AN RE e i e

Tt — A (4), FTEIG 2
+oo0 N-1
T(t):f tT z Za’mngmn T)dT (5)
n=—oo0 m=0
Bt % G BV (A I B A ANT— A1 B
), WAERTRTERE 0 <7t <AW, g(t—7—n7))~
g(t —ny), I HA(5) BRI A
’I‘(t f Nzlamn Jj(m+n)m /2 ﬂﬂmwutg(tfTLTO)Hm(t)
n=—o00 m=0
(6)
R H, ()= [ h(tr)e 2 g AE S 1

ZI 5 m A58 1) 248 VR 5 A o Y. 7
FA E I B ISE Z A E AT T, LAy —1
HZ A~ OFDM/OQAM 5 [A]— 1 AEAN [A] 1) %1
s T AE g, B9 H, () = H,, . Bk, 2(6)
ENGEE)

+00 N-1

rt)= > G, (O H, (7)

n=—oo m=0

ARk BE (g, mo) AN EARAT 5 N Rt R
e, ia3)h EGE RS SEo8ur Aok
R LU S0 . 10 ik R K

Tml),nl) = am{,,nu HmU + Z a’m,nHm <gm7n (t)v gm{,ﬂ(, (t)>
(m,n)=(mq,ng)
(8)

PR 7 R IR SR 5 Mg B A R KL g, (2) HE
TR, 401 OFDM/OQAM R4 4
BRI ZF s kR R E T AT

TEAR e T 3R %N 56 56 22 4205 T8 sl ey 1, 2
sy, SRA ZF Yt s 45 R T DL OR

rm,o,no _ H m
H__ a’m(),n() + Z A <gm n( )’gmo,no (t)>H_

My (m,n)=(mq,ng) My
I?‘Y

2,m()

(9)

A, ST 2 TN RS R 5 52 SRR
HEAR S 1T (9 BEEuEH G, AN
S KO A R
. Ty g
GW%:%ETJ:%W+%VMJ (10)

My

MY LR R AN, M a(9) AT A B :

()Y m=my,n=mn, B, EGF MK W &
(G (£): Gy (B)) = 05

(2) M1 m = my BLH no=ny I, EGF R E0W L
R (G (1) Gy ) = 0«

SRIM, AR EIE OFDM/OQAM R4
A [ - A3 U8 A 14 A5 T AU ) 7 4% AN A [+) HLJ8) o B2
%ﬁ’ Ry Hm = Hm(),m = My > #%%l)\?&?&l‘ﬂ?ﬁ
(L, 0} o
3 ETHITTHMIKER OFDM/OQAM #

é}EE’J |=|"? _Ll)nljﬁlf
3.1 OFDM/OQAM %%t By T4 2 4 K 1L b3

WO K, ERSEESEELREE D,
OFDM/OQAM G AH 7] 5 3 75 A [ I 21 ) £ 7%
FIEALA S AR TR, RIZE [R) N B oty A 1] -7 st
(M2 ) T A vk . PRIk, X (5) T #eomhy

oo Nl jrlmtn—mg—ny)

— E E 2
mU ngy Ay, € M

n=—oo m=0

fg t—T—nT[)

fA h J2mmyyT
(me 0
0

j2m(m— t
t— n(ﬂ_[))@] m(m—mq vy dtdr

(11)
Wm =my+pn=ny+q, IFREHRKEA (7,v)5]
AN (1), fifenr e
A .
;r;n(),n():a’7n(),n0 ﬁ) h(T) 67]27”””07‘4_(] (_T,O) dT—'—Im()a"U (12)
Hrp

I = Z a,,

mg T

+g+
ej’rp”“e 2(;0 a+pq)

(m,n)=(mg,ng)
4 h *12”(7’10+P)”07A
.f[) (me y (—QTO —T, fpl/o)
. ej‘,rpVOTdT (13)

EoRa,, , ITREBIEA TR FXA3) AL
1/ T, = v, KPR EATREE, FENE 7 7] IR A
KT,k € (0,1, L—1), LA LIRAERIIE 1k

SN2 ARG ER I g . AT LIS 3
+ZOC Nzl 0, e 2p+q+pq)
mO " n=—o00 m=0

n==ny  m=Emgy

Sk [~

2k —j2m(mg+p/2)k/ N
EL 14
2 % (14)



%1 o WIAE: BT IRT TR 1 OFDM/OQAM R4t H A 5 Al 7772 181

MR (14) T BARIE, A 0 S5O o,
1 T Sl BT E AR B R T4
T B I TR R I, 0 0 5 S
IR I ST 1A o, ERSCER SRR 4
AMHABYR, W1 1 BRI

Q§§

N

-

1 ELARAAREAR T A1

[ 1) ™

7

FEAF A 1 Froas B 528 70 LLAK ) Stk xo
g PRI, S(14) H TP AT AT ABLARTE
Imoa"o %jamtﬁflv"uejﬂno i h (k) Ag [_%7 - 1]

k=0

—j2m(my+1/2)k/N —jmng

€ + (_j)am,o —1ny €

. L-1 5 (k) Ag [%71}j2w(mol/2)k/1v
- N

k=0

L-1
+ ja’mo,n0+1zh(k) Aq

k=0
. 2k 72 k/N
i S04, -2 oo
k=0

(15)
XA () BATERE S, W, =1, UFRRYIE
TR B el MR o, BT
3.2 JEIRAE(SEMG TR ZF HEESHENIEEER S
i
L5 OFDM/OQAM #R4¢, fFiaflivH#l /2
T I LA AL S A P WA IR R AR A . AL
6 —FhHs WAy 7 2, R R A A A
OFDM/OQAM BT 5 Z Hipdsings 1 S5, 41k
—ANRAEEE T, A K 2 PR. feEiom A
FHE AN A0S AT A E S H M R, S
EATHRZE S U R IR, 2% OFDM/
OQAM MEfig. R T J3 A Al BEARAS TE A5 o7 K 1) 5
Wi, A LMEEE T ISR 5 7 AR A E A o
Bk

[_1 _ %’ 0 —j2mmgk/ N

Hn=)\H_ +n

m m

(16)

T4 A0
1+05 1405
1+07 1+07
Kot Kot : i | -
1405 1+07
N\ J
'

2 OFDM/OQAM FR & K i%(5 5 ik 4

Horp A BRI T, n, R (G B THHRETIAW
HARHEEEMBNR 2. 454309 RIk(16), ZF
B S AT AR IR

rmnﬂn —a Hmo
Hmn, "UAH,, +n,
+ Z a’m,n <gm,n (t) ) gmo,no (t)>
(m,m)=(mg )
e (17)
ANH my + o

MKAT) A, FEARERAFE &I T, ZF Bfids i
Bt AE S b, AAAE IS 5 UK B B LRI

Hm RS EN e
—EmT—" =1, SMKIEE TN
AH,, +n,

=03 OFDM/

my + My,

:%m%@%ﬁ_ﬁu_

OQAM R AR AT LM BN . Rk, 44
ZF P15 4% AN BE % A 25 M 40 A R 2= 5 B
OFDM/OQAM ZRZMEREMIR, TFEGINEA M
15 SR ¥ o
3.3 EFHITTHHEA OFDM/OQAM #:755%
TEFT S, 00 SIS At TR B4 ) A 155 T Ak
PG, AN Hay o 8 IFFT ¥ H o 2 HE,
AR ko A R B (k) o 6 SCHR[12,13) b SCHik[18]
i, WCAADCE IR, TR AR AL, e
VEBE A PR PR, DEUE A I E KA S R ET S
4 &6 NMES, Rl AER ST Zak ) EGF 38U
ZR0F, 20 95% UL ERIRE AP 1 M, B,
IH e SRR S AHAR I 4 NS 3T,
BHATEM S, AT ik, KA (k)R
A (15), AEMHEAT =T, B



182 BT 516G 8 %R

%35 4

T=(—i “— ik A 2k 1 —j2m(mo+1/2)k/N
_(_j) amQJrl,nO Z ( ) _Wa -

2k | -jen(mg-1/2)k/N
m —Lng Z A [ 71 !
(N = N
L-1
. r 2k —j2mmgk/ N
+ J g mg+1 h (k) A [ 1- N O]ﬁ e

k=0

= 2k
mo"o— Z [l_ﬁ

=0

M 20 (18), A SCHE 2 T HAT TR 1
OFDM/OQAM {5 SRl Jrvk, H BTy, #
WS 56 T AR TR S P 2 B T =, PR
e AR B R AT HEI o EE X BT AN RT3k Ab
BT, TG EAE T LA T i [R]  2E 4T
DLV AL ERI SE o fJm, PRI IS AT TP HR I B
YEEEE TR IEAT iR . IR TR . TR
5 & SR ERAE v DOEAQHEAT . o R OGP IR 2
AT THE o S T o B X 52 B3 K H ar S 40 1
OFDM/OQAM #H%t, wAIHBE S r(t) 1340
HHEHAT B THE A (k) 5, % y(t) BETRIER R,
DATF B0 LU Bt 1 AR L0 1) B RR s J8r
PHITS 2] G (PG THAE G, SR H,, G
I T o S5 G R0 A AR Ym s, m] i o A 0 i HE
BAF L, PR b 5 v R AT S AT SE IR A e e
AR & T FE T R R R G R G o

RGBSR T, AR SO R I
ERAE BRI W 3 s, HAAS AN PER:
L, FIR AR « O AR RIS 5 2 Ja 2ot AR A
KFES B8 HEA 2 R 2R NAG 5 r(t) , Py &
HHRCER A G(—n) F1G(N/2 —n) ; 2 )5, 4T FFT
AR, R AR, W A2 AR AL e 22, PN ZF
Yiinds, B P TECE . BUE S SERE S IE . QAM
A S50 RIS B0 i R s Ly . 38 2, T
THRE A E M, R0 5 LR R TE Al
THERIAFAT T IRIDHIB BT TR
R, TR RS 5 S R A s — k%

—j2mmgk/ N (18)

ANSEL EEAMERLAT T HAME . S, TR
AEG BN ZF e, RS S S
SEER RS AU QAM i I s H A 28 R AL
P EL s
3.4 EXENH

X 3.3 AR LT AT TR 145 R
PERA TN AR HT Tﬁﬂ%?%w

(L)AHEETE A0, A5 SR VL R 8 P
B SN A% ) Iﬁm?%%ﬁﬁﬁﬂ&
RIFF ZF ER R oAl o &, Hik SRR
B R FHERATE 2 ]GSR X TR
MFFS, XS RBE ISR 4 X FFT iHH.
4 ANSEHOR K4 ANSEUnIsE . HRERTH, BT
W I FET V5 (A8 5 B BE M5 1l A vH T, iz

BT EAT A E A v Tu%ﬁi%?)%riiizéiﬂ“
Pt 4 A FET 350 anm s o 1 IR FET i

s

(2) M1 A S 5 6 REAS I8 A 5 1 T
SORIHATREATIN, DA DR R, T T
FIBANAT S 1K) SNR Kfi, ARHE SNR B fE 5 e (1
FIBREEHR, g fe 15 /7 2Lk PIC Kl o 5 ok
FE5 1R SNR BBy, WA E BEROR, ATt
A PIC kI, 0, #H3E4T PIC kil

i EA BT, FTHRD U], AR SO R ke
SECE LR AR, H U AT BT IR 1 g
$eTt, NIRRT U] T A
4 MEEHE

N T SRR T IR TR HN K OFDM/OQAM
ARGREL, KRETHSEWER 1 PR,

WAL 3 A SAL I iR T 20 M
S W S P 6 R = 7/ - s U = A ]
THRAARAEAT 5 18] 30 42, HIUT- i S %
FRIEHEAFTE R TE R B LA SCE ] T TEEE
802.22 WRAN $i AR G Prp R T Ky ph g0 22 4258

1
B i L i N
—HXG(—n)F FFT [ i 7F oy i ZF — Ik
s P 1S H ZkL_JoAaM
a8 AR | EMF. ,
AV 3 [ il [T
[EEERLZ &'
: _ Al
~ ‘ FHAE SR .
—bg—oFFT—OE%%TZF—O i | 28 o
S T

3 T IHAT TR A OFDM/OQAM {5 545 I 5 i



BN BETIAT TR K OFDM/OQAM RGeS 540 Il 75 12 183

W
% 1 OFDM/0QAM R4 ES %
OFDM/OQAM #% 256 T8
EGF % PIRENT a=1, fkFOCh 8
{5558 4 MHz
ERealoniIWBae QPSK il
TP IA— A 28 352x 107
17 3 RS B 5.12x10°

WARIEAAE, BIREIEAE AR NEE 1 42)
FIERLT BRI N AR 2 18), (SIEMZAREKE
IBRFIES UK 2 P

*2 MMAMMEEREFESH

7 1 2 3 4 5 6
il A I %
(B3 (s) 0 02 04 07 11 14
i) MR o0 -7 -15 22 24 -19
4 (dB)
7 1 2 3 4 5 6
R B I % 2 4 1
(R3EA (ns) 03 0 02 04 07 11
2 48) M= -6 0 -7 22 -16 -20

2 (dB)

TESE B AR TEAN TH AT 1 R Gk R4y B it 2
4 F1E 5 s, Hoh“ZF-OFDM/OQAM” %78 H
R ZF Bfinds i /gt feth g, “PIC-OFDM
JOQAM” 3 7 & T~ H AT 1 $R 90 il 1y A5 I 7 %
“IDEAL-OFDM/OQAM” &/~ B 5 55 1 3
IR R BER PERg 4k,

MG 4 R, 7EfEIE A b, ETIHTR
P A A 5 VA 2% A e LY L, ke
BT “ZF-OFDM/OQAM” J7i%. £ BER A
1x1072 1}, “PIC-OFDM/OQAM?” J5 ik KLl 3543
1.2 dB PERERI 25 . 1H 5 “IDEAL-OFDM/OQAM”
PEREAIEL, “PIC-OFDM/OQAM” [ I 1t GEAT AT

10° —
: i —e— ZF-OFDM/OQAM

== PIC-OFDM/OQAM

...—8— IDEAL-OFDM/OQAM

10-1 Fioi BRI

BER

1072

10—3 1 I i
0 10 20 30
E,/ Ny (dB)

Kl 4 {518 A o5 S REIE RE Hh 2k

/0 3dB 2 XA T IR 5 1, W]
REAEAE MG TG TR 22 5 2, TR T ZF £,
DA IR S T8 I e P JBOR S BUR R RS P 2. 2
TR IR, TR EARILS, S8
I EIPay ST eSS EZ NS F A N R S e 7/ e R ]
HESE

MEEE 5 AR, {EfEiE B, “PIC-OFDM/
OQAM” HI# T “ZF-OFDM /OQAM” [F it #4445 LA 4k
SR FF. £ BER 7£10° I, “PIC-OFDM/OQAM”
M KA T “ZF-OFDM/OQAM” & 4 M fig 1.2
dB, tL“IDEAL-OFDM/OQAM” RGP AEM1 22 K4
3.3 dB.

M R RAE R, W R LiR7EfFE A
EIEAEIE B, B RAERE LI, #3177 4R
K 1 “PIC-OFDM/OQAM” 1 “IDEAL-OFDM/
OQAM” Kyl J7 VA 1) ZR G e ATy 25 HY ILAH [R) iR i i
)2 (error floor). FUHJRP, THRARNEOLH R T 4
KT s, 5 2 DB, ik
R ST IS W 7 TR JEOR 3 BUR AR DT )2 B, Uit
RGMEREE . G — R IR R4

(1)L T ) 2B Gt Befs A R A
15 M LU DX I B 1T 2

(2) 38 3o > JH A B D AR WU 4 e ) A e A
Fk, Gl 2455 A EL . R EiRE
LR PRSI S B B I RE, R R Ay
J5 3 LR S PR RGP SR RO
5 $ERE

AKLVEAM M T OFDM/OQAM REKH ZF
R B TP R, i AR RS 5 ok 2%
B e T 2 ARG 8 P NI A7 5 ), St T
BT AT TP BAR ) PIC-OFDM/OQAM 15 5
R T o I SR AR T U B, SRIE
T HTHE I 1 LAl G A5 5 G I 5 1A AR e L IX sk

10°
SRS e ZF-OFDM/OQAM
i —a— PIC-OFDM/OQAM

... —s— IDEAL-OFDM/OQAM

107!

BER

107 |

1073

0 10 20 30
E,/N, (dB)

5 Fil B HE SRl vk e Hh 2k



184 BT fAE R R %35 %
ARKMERSSE . TEfaH, ETARRITE Processing Letters, 2004, 11(3): 401-403.

BV 2 GIRAAT S AN 5 325 BRI A5 T 17 24 5 G 5 (14
IRACERMHL . AROR AW ST A AT IS 2 42 38 % A1
TEBF A B, RS AT SR S
I i L

(1]

2]

3]

(4]

[5]

(6]

(7]

(8]

(9]

(10]

& % 3 B
Hwang T, Yang C, Wu G, et al.. OFDM and its wireless
applications: a survey[J]. IEEE Transactions on Vehicular
Technology, 2009, 58(4): 1673-1694.
Telecommunications Institute Association (TTIA) Committee
TR-8.5. Wideband air interface isotropic orthogonal
transform algorithm (IOTA) —public safety wideband data
standards project — digital radio technical standards[S]. TIA-
902.BBAB, Mar. 2003 and TIA- 902.BBAD, Aug. 2003.
Belleec M and P. OQAM
complexity[OL]. IEEE P802.22 Wireless Regional Area
Network (WRAN), Jan. 2006. http://www.ieee802.0rg/22/
Meeting documents/2006_ Jan.

Achaichia P, Le Bot M, and Siohan P. OFDM/OQAM: a

Pirat performances and

solution to efficiently increase the capacity of future PLC
networks[J]. IEEE Transactions on Power Delivery, 2011,
26(4): 2443-2455.

Datta R, Gautier M, and Berg V. Flexible multicarrier PHY
design for cognitive radio in white space[C]. Sixth Intl ICST
Conf on Cognitive Radio Oriented Wireless Networks and
Communications, Yokohama, Japan, 2011: 141-145.

Gao X Q, Wang W, Xia X G, et al.. Cyclic prefixed OQAM-
OFDM and its application to single-carrier FDMA[J]. IEEE
Transactions on Communications, 2011, 59(5): 1467-1480.
Wu Y, Bergmans J W M, Sadri S, et al.. Complexity and
performance comparison of filter bank multicarrier and
OFDM in uplink of multicarrier multiple access networks[J].
IEEE Transactions on Signal Processing, 2011, 59(4):
1907-1912.

Behrouz F B. OFDM versus filter bank multicarrier[J]. IEEE
Signal Processing Magazine, 2011, 28(3): 92-112.

Strohmer T and Beaver S. Optimal OFDM design for
time-frequency dispersive channels[J]. IEEE Transactions on
Communications, 2003, 51(7): 1111-1122.

Siohan P and Roche C. Derivation of extended Gaussian

functions based on the Zak transform[J]. IEEE Signal

(1]

(12]

(13]

(14]

[15]

[16]

(17]

(18]

v liE

75, NI, 223, OFDM/OQAM FR4: &ML i 2
ZHMAREG]]. W 51F B2, 2012, 34(5): 1214-1219.
Hu S, Wu G, and Li S Q. Adaptive pulse shaping filter and
multiple access technology for OFDM/OQAM system[]].
Journal of Electronics & Information Technology, 2012, 34(5):
1214-1219.

Du J and Signell S. Classic OFDM systems and pulse shaping
OFDM/OQAM systems[OL]. http://www.wireless.kth.se/
projects/NGFDM /publication_ files/NGFDM _report07022
8.pdf, 2007.2.

Saeedi-Sourck H, Wu Y, Bergmansb J W M, et al.. Sensitivity
analysis of offset QAM multicarrier systems to residual
carrier frequency and timing offsets[J]. Signal Processing,
2011, 91(7): 1604-1612.

Hu S, Wu G, Li T, et al. Preamble design with ICI
cancellation for channel estimation in OFDM/OQAM
system[J]. IEICE Transactions on Communications, 2011,
E93(B): 211-214.

Lin H, Siohan P, Tanguy P, et al.. An analysis of the EIC
OFDM/OQAM  systems][J].
Communications, 2009, 4(1): 52-60.

Ikhlef A, Louveaux J, Channel
equalization for multi-antenna FBMC/OQAM receivers|J].
IEEE Transactions on Vehicular Technology, 2011, 60(5):
2070-2085.

Katselis D, Kofidis E, Rontogiannis A, et al.. Preamble-based
channel estimation for CP-OFDM and OFDM/OQAM
systems: a comparative study[J]. IEEE Transactions on
Signal Processing, 2010, 58(5): 2911-2916.

Siohan P and Roche C. Cosine modulated filterbanks based

method for Journal  of

Thalainen T, et al.

on extended Gaussian functions[J]. IEEE Transactions on

Signal Processing, 2000, 48(11): 3052-3061.

B, 1975 F4E, mIEE%, 1, F8MNEHE MIMO-OFDM
RO AP TS o IS BT T AR

S S, 1983 AR, BRI EL LRSI, M, &

M3 OFDM. LTE J5 1 IHF4T.

e B, 1987 4R, Wi, TEMNHEZHNRLGREL. HiE

TSI
9, 1957 4, HI%, WA, FENFLE&SE
AR PUTIRIEAS RGBT,



