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Improved channel estimation method for OFDM/OQAM system

LIU Yongjin, CHEN Xihong, ZHAO Yu
(Air and Missile Defense College, Air Force Engineering University, Xi’an 710051, China)

Abstract; In the OFDM/OQAM system, higher pseudo pilot power means more accurate channel estimation. According to this principle, an

effective channel estimation method based on the improved preamble structure with higher pseudo pilot power was proposed. On the basis of the

previous preamble structure, the preamble structure with highest power was improved and its channel estimation method was proposed. Because of

the lack of enough prior knowledge of receipt signal, the channel is unable to be estimated. The pre-decision method was utilized to solve this

problem. The error caused by the pre-decision was reduced through iteration, thus the estimation accuracy was improved. Simulation results prove

that the proposed preamble structure shows better channel estimation performance and higher spectral efficiency.

Keywords: channel estimation; spectral efficiency; pseudo pilot power; pre-decision

VE R —Fh 22 B 22 B PR il SR, 1E Sy
%8 ( Orthogonal Frequency Division Multiplexing,
OFDM) £ R — B DIk &% K. BERNH EE
6T A5 sk R o e M TR R H
OFDM AJ3 SR A7 1L — L1 I, di BB 1) 50 J2 4555 [F)
TPe A2k % 18] T4 ( Inter-Symbol Interference and
Inter-Carrier Interference, ISI/ICI) ., & T 9K %b
OFDM YA, [ R B AL, S ) T 36152
i 1 S M B A ] 4 1E B2 45173 52 ] ( OFDM based on
Offset Quadrature Amplitude Modulation, OFDM/
OQAM) A7,

OFDM/OQAM HUESLAUIE AL, RES 51 A 4%
Fofr AN ] B D B ai e L O HLAS 5 2440 AR 26 1
Z'%° . OFDM/OQAM H #5 5 OFDM A ] = o
IR T R AR . B, T A R X T OFDM/
OQAM FyBFFFE sk 22 1 o (H e, FU7E o8

«  WgFE EH3:2019 - 09 - 09
BE&TE: HRE QAR TTIIH (61671468)

TESSRE 22 45 R GE i R B P E AT 5 8] 40, 1

S ARG EIE PR L. ik, XF T OFDM/
OQAM feiji , Uy 5 i 40 A9 52 Wiy LA o £ 3B Al
TR — A A5 i e 9 R . #F X OFDM, H
A C A AR 2 X 01 45 T8 G T 7 k. %8 #)
OFDM/OQAM 5 OFDM fyAH DI, X 2675 1 fiE
Peflt—LE

£ OFDM/OQAM, HATC 2842 i TIRZ 1

S MITIE™ o SOk 13 ]38 5 A 4R 745 5 i
EAE A FE A BT T PIRE E AT O5
X PRI I ERRE S BUS AL L O fE B AT CR  H
TIPS FEIE T REMPEERR . N T RE—
(L, SCHR 14 ] it 1 — Fif 4 0 2l B S 000, 1% 5
P RERS Bl A Xt , P A4 5 A %,
I N BEAS T B R 318 0, (HLIx S I 4 M i 285
2 ~ 4 NI, S BT IR AR 2 o

TEZ BN XK HE(1990—) , 5B IR Z A, B4, E-mail ; liuyongjinDW@ 163. com;
WP 2 GEAEIER) , 99, 202, 4 144 50, E-mail : xhchen0315217@ 163. com



o514

X7kt , 45 : OFDM/OQAM R G518 it ek J5 vk 73

N T R R GEME A R IR R L B
AfEEARG T SCHRT LS T 75 28 8 i i B2 R MY
FRET Bt T — Bl 38 s 46 SR A DL IE 5 3 O
Ve APREE, R T EEM TR R E ik = 2%
B SEHITEZE o SCRRE16 | )RR AR TR 4 R AR 1Y
HLAth b AR TR T 0 R R T O 4
HOfETEAG TR 7 58, X PR O AR REAS 42 = &
G EEAGTHERE. RGBT TE A IV X
FIEAMTIT RIS H R G R A R e
AN E B SR BR ] T 4 R 1 AR 5 T AL D T
R o JCIE WM A5 T A 17k , 0 240/ o
TR R GE A TP 5 B A TR, 4 7+
AGUFE TR ARBRGE A AR R

N T IHBREA T, 8 W 2 AR S RS T
 Z A O fE 90, 15 O {5 3 A 4 A REEAIR 1
ARG R o AESCHER [ 17 ] B $ 3 A4 1 114
FeAb b ASSCB T T — RO SR A S0
fRIEHAATAG T 1% I Dy T I AR B
FIEAGTHERE R AT

1 2£285) OFDM/OQAM R f=iEfhitiRE

HRE SR 18 1, L2 [A] OQAM Heiii fL {5
SRR
s(t) = z Z a, , ™ e (t —nry) (1)

=-em=0 Emon(1)

LM RETRIEEL, o, RBIESFSIH] m 7
I n Eﬂ%@ﬂ’b&éﬂ?v g (0) ARk B 7 0%
e R EG vy REFHB MG, 70 R —1
OQAM 155 418 52 30 A1 kg 50 B ) T I A% L vy = 1/
Ty =1/(27,) ,Hrh T, (RELZ ST 50 E W ¢,
BRI EELR £

Guw =y + 5 (m+n)(modw)  (2)

et by 1T LABHL I #E , S 5 T 16 SR 5 — it
PE, 4 ¢, =0,
HTREEMES a,,
JE(3) BRI T2 2
Re(g,,..8,,) = Re<fgmm<t>g;q<t>dt>
= 8,,(1)8,,(1) (3)
Horr, (o) Sy Ry SRR, 8 (1) AKHL e R %L,
Re(+) HHRSTHERAE, 7 ARSI, K
S B S v (1) SRS s () %,
TETHRIE p,, WHBR g, LAERIELE S

Vo = (5(0) g, (D) = [s(0)g,, (D)t

, OQAM 2 GE i 75T

+oo M-1

= _Z Zam,nfgm,n<t)g;q(t)dt (4)

EXLZ 8y = 1IN0, M (m,n) # (p,
q) BF, (gt Ryaliseg, Wa(4) AT E A
yfq :a11+j 2 <g>p'q (5)
(m,n)#(p,q)

S5 SPHYHE Ik RGN T4 . 7Tk 2
fFiE Xy, BRES y, , ST
VB, 3t 0] LM AT
a,, = Re(y,,) =aqa,, (6)

TEZRAGIE S, 2RS4 Rk
(R (8] TR AT 5 (B T4, AERX R OL T, R
T ORIEAE RO T A A (5T, T B4R X i
fHIBAMIH k.

OQAM {5 5Ll i A5 = Wik 75 m (1) Ak e
L B h (1) W21 fEE ), Sl 5
IRy -

(1) = fh(m(t — 7)dr + (1)

+o M-1

a(m+n)
2 2
E Ea fh(T)e”r“eJ 2 gl

g(t-T-nTo)dT+n(t> (7)
A, A RRMGE I KAEIR o (BI85
e E ARG 7 e [0,A] WAZELGME, B g(1 -
T -n1y) = g(t = nry) , HEE(T) ATRER:

+o  M-1

y() = Y Y a,.e PSR g (1 gy -

n=-%om=0

j h(r)e ™™ dr + q(1)
0
+o M-1

Z D (D H, + (1) (8)

n=-0 m=0

AfH, = [ (e P dr i SR B

Wil )3 o ARYESCRR[ 17, FERS AT, (mg ,ng ) Ab R
BB LIERE PR
y/"o,”o = <y(t) ’g/"o,”o(t>>

szoa (8 (1) 180 e (1)) + 10
(9)
K Agne = (00 1&gy (1)) 6
B, R EA TS TE (g,..(0),
moune (1)) W DT A3 T A5 8] T 40 A 28 1] 1
iﬁtXﬂEﬁfﬁfrE’JE’ﬂﬂ NS ek R A T
P, (8) 3 8ongng (1)) T B IR
é\m—mo+pn—n0+q Heop,qg e Z M
BB R I g, (1) vty (1)) TR
HITFIEA:



“ 74 B R 3k 2%

7 43 %

<g"l,n(t) ’g"lo,”o(t) > = J g17l0+]),110+([(t)grjo*»nO(t)dt

= g(t —nyty —q7y)

+o0
. .
5 (mg+ng+p+q) _2w(my+p)vot
_f er 0tnotptq eJ 0+P) vy
-

. .
5 (mg+ng) _ —R2mmgpgr  *

e 2 e g

+o )
=7 [ gt =y = qro)g” (= nymy) ™ i

- nyT,)dt

(10)
4w VoTo = ?,ﬂ"ﬁ?/}'ﬁﬁ%t —ngTy —qTy =1~ %7'0
e - nyTy = [+ T() ,Jﬂﬁﬁiui( 10) _‘[ ﬂ}%‘%%
H
(€0 () sy ) =7 | g+ S 0m)" (1 -
;qT()) . e*jzwvo(l*’bof()*lﬁo/?) dl
2
— j(1)+q+pq+2pn0)Ag( _ qTO ’py())
(11)

A, (7,v) TR R R 2 (1) ROBERIE B
U H
Ag(T,V) = fg(t + %)g* (t _ %)ejz‘rruzdt

(12)
BT A, () B K (1) A
X (9), T fE

_ s (p+q+pq+2png) .
ymg,ng - 2 J Ag( —q7y ’pVO>
(p,q) el

1
+ nmo,no

j (p+q+pq+2png) .

amU +p,n,0+quO+p

=a H +

ITIU ,ILO I”O
(p,q) #(0,0)

A, (= q70.0%0) @ epnisaHogen + Mg o
(13)
A (13) Ay 58 3 oy 4 s 159 20 A T i,
MBI A (mg ng ) Ab P FAAF S5 A6 15 18 TP AL
B, U0 2R E K OFDM (45 B Ak 11 i i FH 21
OFDM/OQAM 1, 755y OFDM/OQAM { 8 #i %

R H,, K

o :)/”10’"'0
HmU = = Hmo + Il + 12 (14)
mg,ng
>N EF‘ ’
amo+p no+q
_ _MoTP,"0T - (p+q+pq+2png)
Il - Hm()ﬂ:.] Ag( - qTO ’pVO>
P #=0,0) By g
(15)
1
N, ,n
]2 — oo (16)
a

mg,ng

ity , A (16) i L, =0, T 1,

BOLETE IR JC A8 B RS A A, o 2
SR 1, M P BRI B A, (= qropv) . SHAF S
g TGRS ., 00 SEIRIRGE . BRI, 452
4 OFDM 35 7 JHI ] OFDM/OQAM Ht 7K
S0 , AT I A B

/?\ Cp,q = j<p+q+w+2pn0)Ag< ) ,PV()) s Qg -1 0
5 a0 NS R BRIt (13) Lk
5.

ymo,no = amo,nOHmﬂ + C*l,Oamofl,nOHmofl +
CI,()amO+],nOHmO+I +
CP -4 amn *P.notq Hmo P
(p,q) #(0,0),(p,q) #(£1,0) ,g7# =1
1
nmo,no (17)

{E&{%ﬁﬁyiﬂﬁ%{gﬁa E[] Hmo = Hm,UH =
H, oy WG IRE 28 558 ) 15 T AR e RO Ay -

1
o ym(),n(, T’/ng.u()
my ’ - Hmn ’ +
mo.ng mo,ng
CI’q‘Ia"ZO*'P»"O"’quO*'P
’

(p9) #(0,0) ,(p,q) #(£1,0) g7 =1 Qg g

4 —
/\EF] amo ng amo ng + Cl ()amo+l ng + C—l Oamo I,ng

o HFHL IS I8) TR, o T

nm n
_Mo."o

RS RS S N R R K R e =

’"0 ng

LT
VERZET I E BT iz —, Tk
I RERE I A T AR . TR
I =% 1AM - R, 1AM - I fil IAM -
new, &1 Jg IAM — R {4544,

000 21000

000 000 -
..CO@Q...mﬂ
000

.i"()@\).l'. 3
000 00000
Q2+ O @uuns () omsm

K1 IAM - R A9 HR45H
Fig.1 Frame configuration for IAM — R method

1B a,,,, M S R 53 A5 B, 05 258 oy, AR



X7kt , 45 : OFDM/OQAM R G518 it ek J5 vk "75

51
HE R BAF5 1 m,  Ph 240 a,, B9

R0
Efla), |t =0.(1 +442) (19)

AT PR SR, AT LASR T AR A TR
TAM - T 2 7E TAM - R fJEAE b, 3850 ki 5040
543 B0 —Fh 7 k. TAM — T (1% 3 550 45 44 4
K2R

000 0000

00 O 000
00 O 000
@00 HN 000
00 000 .
00 OO 000 .-
00 N 000 .-
00 000 .-
00 0000

QO O-1 O @uErs (O)oss

K2 IAM -1 44ty
Fig.2 Frame configuration for [AM — I method

X TAM — 1 3ki3, th Sih %0
‘2} :a'(zl(l+iz4 +iA2 >E1

E2Ha, 3¢ 3¢

(20)

B 2 Js AR X AR B S IRAT 5 B

BN H AR, X2 AR D T G 2 3R

1, A T G R R LA AR S 5 T O 0

MTIR Z IR A, 1 T A 3 FroR g TAM -
new [ FHZE o

000 000

000 COO000
000 1000 -
000 =000
00
o0

SIvIeX X X I

| JOINXOX X X s
00 1000 .-
00 B 000 ..
000 T 000
QHO-1 O @~ @uens () ouss

B3 TAM - new [ 5504544

Fig.3  Frame configuration for IAM — new method

WA, AT LARE 2 IAM - new (1404 555 )

AN (21) PR :
2 2 2
E3 % ‘ %l’o,n() ‘ } = a’ml),no + ‘ C*l,Oam()fl,n() + C'1 ,Oa”l()‘f’l,/l() ‘

=o.(1+4A,+4A2) >E, >E, (21)
WG, AR AR 2 TG 2 ), O
SR RIETE N o) (1 +4A, +4A2) o TP 54
ThElE 5 A TR B, Rt Bl G O 0
IR ANWTHE T, 2R 48 (145 T8 Ak TP et Bk o ik
Ifo SR, LR =R WA KB 37,, 5
OFDM ¥ 27, AH L IS AR AR, B ILE ), W
FHAP I ABL2: A9 G B 2 A e 412 o 00 174 A1 33 A%
o P, ASCEE T — BB A5 [m] B i i A5 2k
RN AR ZR ) FAREEH o

2 HHWSMEN
O SRS R A 4 FTR

0000 0000

0000 0000 -
0000 0000 -
000 EGO0O0O
0000 0000
0000 0000
0000 0000 -
X X N NN N X N e
0000 0000

O+ O O B @uss

K4 ot st
Fig.4 Frame configuration for the improved method

P 4 FR SRS 5 i ] R A RO A 5 B L
XOS) iy 1, TP A TS P, (B F05
ALY, X R ER

AR SR I 330 58 SRR S ) 45 1] ] 1R TE 52
A5 i ( Isotropic  Orthogonal Transform Algorithm,
I0TA) 3§ i #5 1E 8 R R IR B9 e o & X
QA,,,O,MO%]H#/L/FEJ\J—?\ (mg, ) YRR, -QAmU,AnO =1{(p,
Q) Ipl<Am,, lql<Ang|H, ., . ..~H, 1o %
Qo ang = Pang ang = (0,0) 25 [p [ F1 | g | 1 KB,
C, M2 W /N, B, % F I0TA 38 58k
B, M (p,g) ¢ 02 1,

2
z (p.q) ¢4 1 ‘ Cp,q ‘

z (p,q) €0 ‘ Cp,q ‘2
K (22) YL — B 4B S R o T vt

~0.02 (22)



" 76 e AN o 4

5543 &

Lo, ARAESCER 17 ], & [ p | F0 | g | P3G KR, C,,
MW/, S (p,q) ¢ 5 8F,C, T %T0,
I, A S H% R 3 AR N A5 5 1 L. R,
K (13) ATE R

- (i) (i2) 1
ymo,no - amo,nono + amo,nOHmU + amo,nOHmo + nmo,no

(23)
Hrf,
ay = 2 Cty e, (24)
(p.q) €4 3,4=0
aye = Y €y, (25)

(p.q) €5 3.970

SRIG AT Ly (26) 5 £ 38 45 ik o
pi H,,:

i ymo,no
H, = (4 @ (26)

amo,no + amo,no mg,ng

B2, 5(25) W @y ey JB T REDLIL HAS
S BB G X AT all) BN RN, R
KT o, IO SEGR (26) ToHk bt AT
AT R A DX — ) R, A SR SR FH A
BXERANI ay), AT,

5, MR (23) 45 20900 4 A5 38 451 2 ) 1
W
. Yiguno Gy + My

mo,ngy
=—F—=H + ,
+ (il) mq + (il)
amo,no amo,no amo,no amo,no

(27)
ORI R BRI 2 5 R 0
) @y noego HILEATTE

mo

ym+,n+( %
a ZD[M],<P,(]) 603,35q?é0

mo+p,ng+q H
mgy

(28)
Her, D[ -] ABHRE T
PRI (29) T o)) BT
as.o = Y C.a (29)

my,ng Pq " mo+p,ng+q
(p,q) €5 3,9470

Ba el WfETHE e, ARAI(26) 5t
T LTS EI 5 8 A4 5 K g i «

s v e,

T @i ORI R TEL R REBL SRR 10, XA

Pl 3 (30) 75 21 A1 18 A9 3 Wi A B

FAHZ AR RBRIREE o N T I/ NRZE , S THE

AT B K5 (30) 132N A A THEAUA(28)

FREAT R Kk As . il 2RI
Ja  REERG EBHTE /N

LR LB IR, AR SCHT 4R A 500 25 # RE A% Xt

OQAM {38 HEAT A 1, 42T+ R AW BE R K L (5
S Bl R — MR A T R e
RO AR = P36 DA S0 D 3 W 253 1
MRS Rt 5 1ot O SR 2R T L)
AR SRS R B (A TR . KRR 4,
AT AN

Etfay, Pl =a, | 3 Canpnnl

(p,q) e €25

> E,

(31)

H3(19) ML, F(31) A By 40 L) 5 B g

PRI, AR SCRI 28 1 14 S 45 4 AN A RE 6 412 vy Dt %
R BT LU e A A TR

3 (HESH

PR T X BPH 5B E A
THAERERY 2R o DRI, 2154 Xk A [ 30 i 77
AR BB A FE B AT R EE A
REEAT 005 L, MTT 56 kAR ST 19 07 9 1A 8%
Pho B A AR SO B th 9 5400 45 Fa R A 3B Al
Jrik, B R SCHR [ 17 ] 32 i 5 3B Al 307 ik, 00
INRGEAEAT SRR LS = L, JfEIES
BN 1 P,

x1 SHIRE

Tab.1 Fundamental parameters of simulation

SRR Bl
SRAEA %/ MHz 10
SR 7 3 4 - QAM, 16 - QAM
THBAHL 512
(ERCEIZ] LR
IR s [0,0.2,0.4,0.6, 1.6,
2.3,3.5,5.0]
[-3,-5,0, -2,
FIE 24 45/dB 4,6, -8, -10]
ZEMK 20 OQAM symbols
TR A I0TA, fili 3k % 4

K5 5t 7k n) St (A) 5 1AM J5
% (B) 7E4 - QAM 5 16 — QAM P filr /2 Jag ke S
PR T B9 F5 #E ) 77 2 ( Normalized Mean Squared
Error, NMSE) PEfiE. 7£ 16 — QAM i 15 4L T,
4 fZ W, ( Signal-Noise Ratio, SNR) # Ik B
(SNR <15 dB) , ASCHE Y -S40 45 # 1 { 1E Ail 3
PEREMS AL T TAM J7 25, (HAR AR B 12 ; Bl 4 {5 1
PR AN TG O, A ST 4 S 1) 3 00 235 40 1) 15 Al



o514

XK B, 2 : OFDM/OQAM ZR ¢ 5 1Ak ek itk 75 STT-

THEREAWTIR =, 5 1AM J5 i A0 L, PERE P 25 i
KW R . —TJ7 T, X0 P TAM 7 A A7 fEPERE
5,24 SNR =15 dB 72451, %07 A PERE AR 7
Wt SR FRI3 0TI 48 155 5 5 — J7 1, A SO 8 HH 1Y
SRR A D AR B SVR (1934
i, D AR AWK, fFEAGTHEREdREZ A
Widd e 2RI, 2R 4 — QAM 3 il i, IAM
J7 i HAE SNR =20 dB Zifs i BIAPEREF- 5. W]
VAR 25 T AS SO 8 1) S RS A 7 A 18
FEITHPERETT IR T 1AM J7 ik

| == A/16 -QAM
=0=B/16 - QAM
—40 | | A4 —QAM

== DB/4 — QAM i

0 5 10 15 20 25 30 35
SNR/dB

E5 4-QAM 5 16 - QAM ¥ F (9 NMSE Y5
Fig.5 The NMSE performance with 4 — QAM and 16 - QAM
M6 W] IS RIS A e . K6 i T
4 - QAM 5 16 — QAM W Fh i i 75 =X PR 5 vk
MRS 2 ( Bit Error Ratio, BER) {4:fE. 4 BER =
10 7 f, 76 4 - QAM AT, ik A vk Bk
4 dB;7E 16 — QAM 1T, Jrik A ik B AL
1 dB, B SNR M0, W Fh J7 ¥ 22 (8] 1Y 22 578
PRI Ko Bk 25 R B AR SCHR Y I ik T
OFDM/OQAM {5 3B Al 75 A i

10°

mm A/16-QAM
== B/16 - QAM
s A/4—QAM
=s B/4—QAM

0 5 10 15 20 25
SNR/dB

BG4 - QAM 5 16 - QAM JHI F 1y BER MERE
Fig.6 The BER performance with 4 — QAM and 16 - QAM

K7 NAFRREACR B T 7k A (1) NMSE
Mg U, BT EREV iR ik
TRUEINT 4 I, Bl A QU 38 I, P RE $2 7
o fEEERARUEC 4 F1S 1, I Z A TERE
FIAK, i 2 4 YGRS, 13 2R {5 B A T
{HE 2T B, A MERE EFR . S53CR[17 ] R
it 2 UGB EL, A QB g . 1P o AR

SCH A AREEH H A — S IR, RS A
O fEL M. PRI, D 1 /N T A e Sy s i,
i 2 2 YA WA BES i I H

—o— JTIER
—— 2P AR
—— 3SR
—e— AYER
—a— SR

— A RBR . .

5 10 15 20

SNR/dB

—15

—20
0

K7 AFEEREIRAE T §) NMSE PEfE
Fig.7 The NMSE performance with different

number of iterations

&l 8 SAN] - ZRBABUERAT T WA F E AL T
JrEVERERXS L. T3k 256 I, PR T
PR REBOA BB 22 55 2 TR0k 512 I
PRI P RE R 25 S 3G K (HA SRR U 5
Tiik ATRBE AL T 5 1% B BIRR I I AE F 34
BRI HEREE IR . B9 AAREESE N
2 A 5777 B PEREXT EL, Bl WR AR TCZR XI5,
W58, TU AFRIAIRTTEE ., 18] 9 RWIFEPFh
FIEAME T AR A AT TAM T

=A/256
®B/256
#B/512
i A/512

SNR/dB

B8 AT T3l B A T PR A i
f) NMSE YERE
Fig.8 The NMSE performances of two channel estimation

methods with different discrete Fourier transform size

i BRIk, S IAM Ik M H, th T A
ST e S A5 R LA o 1) O S ) R
FEAER 1 1905 18 P X5 i 3 13 JSE A AN A2
Pl , 7EAN TR IR 7 3 A TR B e 5 AN Rl T 4%
TFF A SO E AR B 4 i 5 B A PR RE
), i3 S T — B, AR SCOT IR RE S 15 4



e AN o 4

5543 &

4

B9 RS0 T B NMSE Hrfe

Fig.9 The NMSE performances of two channel estimation

methods in different channels

it

T $2TF OFDM/OQAM 4 14 {7 1 A -1k

AE, T BT IR, AR SCR L T —Fh IR 5
2 T X R T T . FET T A S
ZER R R S BT — R O ) AR B R A
b H— AN BR I FIREH . O TRRRI D R S
B0 M RITCH i A i 5 5 AT A . [R5
AIEA W IMETTIRE . (5 A RAR], A ST 4
AR R A AN T 07 1%, BRE AR T R Gy

fRIEMTTERE, 32

2% 3R ( References)

(1]

SINGH P, VASUDEVAN K. Time domain channel estimation
for MIMO-FBMC/OQAM systems [ J .
Communications, 2019, 108(4) . 2159 -2178.

HE Z M, LING X, ZHOU L Y, et al. Novel RAPF scheme
and its performance of PAPR reduction and BER in FBMC-
OQAM system[ J]. IET Communications, 2019, 13 (13) .
1916 - 1920.

SHI J, HE J, ZHANG R, et al. OFDM/OQAM based WDM
fiber VLLC system employing improved channel estimation
method[ J]. Optics Communications, 2018 , 427 ; 578 —583.
LEK N. Insights on ICI and its effects on performance of
OFDM systems[ J]. Digital Signal Processing, 2008, 18(6) :
876 - 884.

RAHIMI S, CHAMPAGNE B. Joint channel and frequency

offset estimation for oversampled perfect reconstruction filter

Wireless Personal

bank transceivers [ J ]. IEEE Transactions on Communications,
2014, 62(6) ;: 2072 -2084.

FANG X, YU Y Y, JIANG H. Phase offset based channel
estimation method for optical OFDM/OQAM systems [ J ].
2019, 31(15) . 1281 - 1284.

SAEEDI-SOURCK H, WU Y, BERGMANS J W M, et al.
bank

multicarrier and OFDM in uplink of multicarrier multiple

Complexity and performance comparison of filter

access networks [ J |. IEEE Transactions on Signal Process,

2011, 59(4): 1907 - 1912.

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

CHENG X, LIU D J, WANG C, et al. Deep learning-based
channel estimation and equalization scheme for FBMC/0QAM
systems[ J]. [EEE Wireless Communications Letters, 2019,
8(3). 881 —884.

CIBLAT P, SERPEDIN E. A fine blind frequency offset
estimator for OFDM/OQAM systems[ J]. IEEE Transactions
on Signal Processing, 2004, 52(1) : 291 -296.

ZHOU X, WANG C Y, TANG R G. Channel estimation
based on I0TA filter in OFDM/OQPSK and OFDM/OQAM
systems[ J]. Applied Sciences, 2019, 9(7) ; 1454.
FUSCOT, PETRELLA A, TANDA M. Data-aided symbol
timing and CFO synchronization for filter bank multicarrier
systems[ J]. IEEE Transactions on Wireless Communications,
2009, 8(5): 2705 -2714.

LIU W F, CHEN D, LUO K, FDM-structured
preamble optimization for channel in MIMO-
OQAM/FBMC systems [ J]. IEEE Transactions on Wireless
Communications, 2018, 17(12) ; 8433 —8443.

HU S, WU G, YANG G, et al. Effectiveness of preamble
based channel estimation for OFDM/OQAM system [ C]//

Proceedings of International Conference on Networks Security,

et al.

estimation

Wireless Communications and Trusted Computing, 2009 :
34 -37.

CUL W J, QUD M, JIANG T, et al. Coded auxiliary pilots
for channel estimation in FBMC-OQAM systems [ J]. IEEE
Transactions on Vehicular Technology, 2016, 65 (5):
2936 —2946.

WANG H, DU W C, XU L W. A new sparse adaptive
channel estimation method based on compressive sensing for
FBMC/OQAM Transmission Network [ J ]. Sensors, 2016,
16(7) : 966.

LIU X M, CAIl Z W, JIA A L, et al. A novel channel
estimation method based on compressive sensing for OFDM/
OQAM systems [ J]. Journal of Computational Information
Systems, 2013, 9(15) : 5955 —5963.
CHENG G B, XIAO Y, HU S, et al
cancellation aided channel estimation for OFDM/OQAM

Interference
system[ J]. Science China Information Sciences, 2013, 56
1-8.

ACHAICHIA P, BOT M L, SIOHAN P. OFDM/OQAM: a
solution to efficiently increase the capacity of future PLC
networks[ J ]. IEEE Transactions on Power Delivery, 2011,
26(4): 2443 —2455.

stk BN S AR BIM]. Jbat: RS WAL,
2002 442 -475.

ZHANG Xianda. Modern signal processing [ M ]. Beijing:
Tsinghua University Press, 2002 442 —475. (iin Chinese)
WANG W J, GAO X Q, ZHENG F C, et al. CP-OQAM-
OFDM based SC-FDMA: adjustable user bandwidth and
space-time coding [ J ]. IEEE Transactions on Wireless

Communications, 2013, 12(9) . 4506 —-4517.



