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Channel estimation of UFMC system in multipath channel
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Abstract: As a candidate waveform of 5G, universal filter multi-carrier (UFMC) technology could inhibit out-of-band
radiation, achieve loose synchronization and well support the short bursts of things in the transmission. However, in
the UFMC transmission without cyclic prefix (CP), inter-symbol interference (ISI) and subcarrier interference (ICI)
are generated in the multipath fading channel, which will affect the estimation accuracy in channel estimation. The
interference of the UFMC system in multipath channel was firstly analyzed. After using the feedback equalization
suppression ISI, the self-elimination algorithm was used to suppress the ICI according to the similarity between adja-
cent carriers, and the pilot coefficients were designed according to the UFMC system. Finally, the simulation results
show that the proposed method applied to the UFMC can suppress the interference, improve the accuracy and reduce
the bit error rate.

Key words: UFMC, inter-symbol interference, subcarrier interference, pilot design, channel estimation

WimBH: 2017-10-16; fEEIBHA: 2018-02-07
HEWH: EFBHERLHHEERINA (No.20172X03001004-004)
Foundation Item: The National Science and Technology major Project(No0.2017Z2X03001004-004)

2018113-1



¢« 23

miSRlE 2018 &% 4 Hf

jilll3

1 3|

[f1] 2020 4 f Ak, Bl st TR K,
TAL R AEER Z FEAL DL S5 T KR AKX 5G &
VAR IR Bk . 5 4G B ESSVE R B TEl
WA, 5G B4 g, Jud ok
SIS, WHE AR KR AL A5 85I
55 ARINSE R ATHER V2V (R Mb45%%, X
Sl 45 o FER AR T i R,
A% R SR S B 3k 3 1A] 1EAC ) OFDM. JR G wE LAl A2
E7/p el NIk

UFMC C(universal filter multi-carrier, i JE
WP AR —FhF B Z B, WX T
SRR T S, AT BN 3500 T3,
SEELEAR R, IR R AR FE I k.
FBMC (JEWAR4 280 MLk, UFMC 1383
KR — 2, X TARThRE IR i 58 K o) Al AR i 3k %
FPL WA M2M (HLERHLES) Efs . bAT
BRI A4, EJRAE URMC "o T $E A
WEROR, WAHIA CP, HEHELZAEIE KM
ISI 5 T 40D F ICT CFa e a4 sgmat™®,
FEAIAE 5G I M2M A, E2OG R dAR
HX 2 AR I E A R 1) TST 5 g, LB T R8s
THIN, XEETFPR R Sl v I HERf M, TEER
FHAH Y. A i) 7 v s 97 v b Ak s T4k
XL REI, M3 R TERE, FRRIRSE.

7£ CP-OFDM RZH, XHF 22401 181,
HUEE CP KT mi B A B, B2ty (3 ] LUIE
ik 2Bk CP Sk SEATHBRIX IR/ T, 14 CP K
AR, RGAT AR B AL VI IR 5 Z% 18 1ST LA K
ICI [R50, 2% SCHR[9,10) P EF X CP AN LT
P, R FRIFRICT PR S 534 Sk I 57 R AT
ik, R TP i AT E AT, R
J I Y B AR B A T HE AT T B, B
A TG FIIHEA e A BEAT Al v, AE X FR
FEI )76 URMC REIFAREH, SO0 RR P

FUTRTRT V35623 WAH 4T CP IERT, nT DL TR
RT3 4y, i Zeid -5 8 UFMC &R 4000
A CP 175505 OFDM AN[A], SR IEF 7 AN
RV e SR som T, 2
G SCHR[12] P IE 3 22 00 R A5 i i ., K 3L 53
HEEARE AT R K BAR I ZE, P AR
G IS E PSS TibUR T e 7S B S (SN
R ZIU T PRI REAT 2 UGEAR, R AR % AT
IS 0B D) o R B B IR A s 7 7 A, B
Jr 2 I f R ALK At TH R B A 1 1K) 2 Ok AR R 12
I SE ) o, AR IX AN VER I, T AL T4 R
R E VA {7/ 9N [P/N=TH T (T o 7 i
WA . fETC CP 1) FBMC RZ0IF432 2[4
(¥ TCT AT IST S0, Afi 4345 1 At e it o 47 214,
b TiHFR FBMC H A48, 27 3Ck[15,16]
W AR BTS2 0, HRWBR KHS 7
ISI, JF HARYE A L A7 B S AR T4 5 oA
FRE B ST B R E AR R A, A
THAETTHCA o AHRXFPVER D ERIE 3 ANFF
SINGFY, BRI Z . 7% SCER(17]5¢
THIE S (AP) J5%, BRI HSA D,
R AR B AU S D) R RREL R . KT
UFMC {58 SCikEE b, A kT
AT H OFDM WAl v 5, 1208 T 24281518 T I
T, 27 SCHR[18] & AT LUd il e v i g #45 B
ARFHE BEFE 1ST LA ICT FRAIAE ] 200 R KT, i
H CP-OFDM #4¢ % F {5 Al vh /732, £E UFMC
ARG a] LR 7 Al 5 1 o (H X Ry
RSP B TR AR RO L, M
AT LR, X RS AR R
RN AEAR U Mo M) IST AT ICT,  Ft LA IR
—LETT RN IR TP I H A5 GBI « AR
P17 MR, A RRIR L U Y UFMC R4ifE
TEAL VI H0 R, 1T AN AN AR 8 2%
ASCAE S 25 SCHR[19] ) SE Al E 23 b7 H ARk 1CT 7
FHARAT AT (e, ST S0, B v

2018113-2



iﬂm HRE5F%

e 24 .

SRR AR I UG ICT, R IST, A SR 3
R TR A AR R Bl AT — 755 19 ISL, 5
S22 CER[18]H A FH G TE AL T 7 L, A ST
FETEAL VT VEMERG B S, DR A

2 UFMC RGTFH o4

TSERIERS 2 UFMC R, H7EbEal
M HRO £ I 2 A% A5 DL SN v AL B 1B A
5, FZHNELL K 2N-FFT AbBE 54y 8575545
557, oLl KBk 3 . A
RN R R AT RT IS 1, SBARE 7R B o
2.1 UFMC RZi1E5]

UFMC RGBRWME 1 fis, 55tk
BT, HEANSHT RIS 1 B AT, AT
BE Ng ML T80, ATk, LTE
— AR, S TFEBEEEAN, F—
AT T HEEAT N S IDFT $545 5 A A 5 e
BN, A AR HCHE A A R ) 2120 T PR X
T TR b, ARSI 1A R AT b
I REAT IDFT, fE4:5 IDFT G455 K N .
Rt 5 5 s SR L RS £ HEATIE
Be, WA s 5 f LGB, BREMRSKERR
G=N+L -1,

]
—

—>
|

W rn
< - T
p ki Sl ave | [ aonen
R ™ FFT [
| g | @ — -
= K DGR 1%

1 UFMC RGHER

R T IER A, T TiifE S &
I T A, AR x AT BARIR N :

B-1
x=>EDS. (1

[ g
i=0

Forr, S0 N A7 2 A i i A K
i, D, N i IDFT REEF D (1255 (kNg +1) 1) 2
55 ((k+DNg) F1l, KEBE D A8 K AT58 n S0 3 h

1 i2zkn/N
d.,= e

,H_W
TR EB, B B A f =[50, f,®1),-,

o R OAFEIE A B, R

fi(L1 _1)’OIX(N—1)]T , HATH |: fi (O)’OIX(N—I)] °

2.2 HEIFEX UFMC RGRIEMR

UFMC R EAE S R 75 R Bt TR K
AR, LR (TO) E2E4ifw (CFO),
£ 2 2% CHR[20,2 1] #o6 SR HEAT T UE B, R 3L
P A T0 0  J5 T BE  1) oe BT  R  f  ml
Ve BRIty 0 TE N, L T R A W A
% B Z AR REIN R . 7 OFDM T % I8 21273
NI CP AT LAV B IST,  fr AAEREAT (518
fili VF I LE BT A AR TR B . ARl AT LA PR A
UFMC R4 N ZP, (B2 55— 5 X A%
ICT BOE R . A T R m Ak 8, itk
PN ZP, R T 212 518~ UFMC &
GEH TR I R E N, ISR B N (19 5 VR S
AREAEIE R R, B PR UFMC R4
PR, 2@d ZrEE, Bioms m MISES
WiE 2 Frose

L g UFMCHmMES <a——

X1 (n—T,) x,(n—7,)

N e N
\(;r/' ﬁv"\ /
e =

X, (1T, J—»T,—TO X,(n=7;,_;)

TR XY
g .y
L>Tl_zf|_rn'> BAREIR
2N -FFT ##i

2 UFMC 545 215

ME 2 Faf LU, Bl s 508 L, AN
PRSI EI, MR RIE AN

2018113-3



e« 25

BIERY 2018 £ 4 H

ym(n):ihl,mxm(n_TI)ZNﬂl(n)+
zihl’mflxmfl(n+G—rl)2N )+ (2)
1=1
w(n)

778 URMC R4 hEliim it rsh%, A
Jr FREAT 2N 53 FFT 385, FrBAC (2 Hx, X,
HARNEIE G, o, (n),, AE nmod2N ,
o(n) FREAG SAEHIIMER, M (n) v w,(n)E
Xy

B L <snsG-1 B Losn<r
#1700, 1 70,

X (3) #E4T 2N-FFT, HR¥EH G2 0w,
2 a N EPHE TN

(3

L-1 )
Y(a)=S,@F, (@) h,e ™"+
1=0

WS (R K) e
Zhl,m Z m(2)Nm( )eJk|/Nbl(a_k)2N+
1=0 k=0,k=a

L,-1 -
Z hl,m—l (M g im(m-GIN
1=1

2N o

2N-1

Z Sm—l(k)Fm—l(k) e—jnk(r,—G)/N bz(a_k)ZN)+
k=0,k=a 2N
® (a)

(4)
e—jnkr,/N l_e—jnk(G—r| )/N
ok L p=— )
—¢€
1— e—jnkr,/N

b, (k) = T > AR s gy O HLT 22

B, S,(@)« Fo () KRIEG S LS B AU .
R (@) P IR R T, =, DU
K RGIZIIRF ST, Wbt (4 Rtk
Y(@)=F(@)H@)S()+
@+ 1@ +W(a)

(5

Hrp:
e LS (KF (K) i,

I (@)= Zhl,m %e j k./Nbl(a_k)ZN
1=0 k=0,k=a

(6)

(a‘) I:m—l (a‘) e—jna(r, -G)/N r

L-1 S |
hsi (@)= 2 My (55 +
ISI ; I, m-1 N |

WS (KF, (K)o
kg£3n1(;N (K) e N @—K),y )
D)
A2 FT LA RE T A TRk O
H(a) = Y (a) _meymﬂm+waq(w
F(a)S(a) F(a)S(a)
Hrh, H(@). F(a)« W(a) 23l e 5o i
2N 5 DFT, | (a) AHABTFEBE0: a S+
P, g @) AI—FF 5580 a Tk, LLEZ
X UFMC {8 A5 T P2 T 3 o i, i i
AT ZLE A FE AT T 224045 18 h TP e 1 0
K, ERHELLE KIS, UFMC R4 TR0 i
JeANT] 2 [

3 SInEBMEEMIT

M (5 Hn] BLUE 212 mT R AE 4 Hb Al TF
H(@), SLZseiigke 1, @) L& | (@) IXFEssy
UL AR, R R AP A
HRIIT %
3.1 ISI#

T 2R A ST, 7B CP AR
() OFDM 2 &t 1 1 & R H e 15t 350 45 330 A7 41 6
ARSI X AT VAN UFMC R 489 (1) IST
i, MRAEX (7D WLV, XTI E
B — 155 A 5 DA B L ol 2845 368 1) Bk 3 g 12
AR, HFHr— 55 W 5 i e (s 5 B
I OIFFT AR 3 0 18 I 3 v s 45t 3] 4 115 7°F
, AEREE R TP Cas bR 1S T, Ao B
3R
TERE] 3 a2 i R I 5 e AT
2N 5 FFT 3858, SRJm xR0k a5 5 2H4T ISI

g2
=
&

2018113-4



iﬂm HRE5F%

26

i ¥ iz
Y@ > ™ A
Yo |2vp | Y@ 181 I
FFT | 7 |44 H
HiE
| 10T }HE
V(a)| W
T

K3 UFMC #IHIHEZE

], XA S T, 6T At el
DA Tk A0S s 1t Ak T 23 oK B T — A 5 R4
Zond IST i 5 v LATS 31«

Y'(@=Y(@)-1g()

=F(a)H(a)S(a)+ I, (a)+W (a)

AT A TR R IR TST SOl vk,
TR AR ICT 40715, MR AN SO 2 )
Wz,

3.2 ICI &)

TEHEAT ISLTHLAmii 5, ik 0% lE 2 12 {518
ol TR IR R EUR BRI T L, X TS
HH 4 A5 B ) TP R I 5, 2% 3
BR[ 121706 T IZ 7 T AT ARARE = (7) i) ICT
AT 2 POEAHAT TR B, (R 2% I8 21X
SAFERT R AL (0], AR A IR LT,
SR TEREE o T LAA S 18 N S 1) A
FESRAE] ICT T4, 2% OFDM R4iXT- ICI 1
THHIALEE, 22 SCHiR[22,23] 7 #FTTH0 E
BREEAT ICT #0, ABa) prs THAHIT I, ]
DL P8 43 EAT AH YR, AHIRU (14 LE B R 1+
Po/MRZ, FEARTT LZBE AT o B X Tl F 9 bR o
P TAEEAS vy, w] DU AR AR A
BB A A S B, AR B WS A 08 3 ST ek T LA
P B AL S AP T, OF HORE
WG AT A T o AR Y Xy 3542 At
SLAEAHAR AT S T PAHIE S, 75 UFMC
REGTHIXF ICT J& & HA X Ry PRI 75 20 3
BEAT B o

9

&l 4 2 UFMC RGBT 8 P2 itk 3 1
b 28I Tt DA SO AH AT 2 b HEA T AR (19T
TEOL. E 4 o] DUR BIE AR AR 1T, UFMC
RYK WM ICT FLBOK, IR AT A
AbFR S T A AN T A5 S, ARSI AR
BRI T AR AL B 5, nTLANE 4 HpE S,
FHEC O BRET, BB E TR KI FRE, 5k
AR LA AN, 15 R H 1 R SR ICT
SEAIEN, Ja A EAR G T X R VA SE RE 6
WONTPE, PEm bR, IR RN A 4R
ST AG T I 2

10°

107
i
=
L | —e
—— AR

0 20 40 60 80 100 120
T

K4 A RR TS e T
H T A S A D AR I b ey, DR AR Sk
FIBEHL S, I HR A RES AR L 3t W o) A4 1k %
PEIERATIE R HUR A 5, BUBE UFMC R4t
BATAETE R VAL P51 -

(P(a)),a=o,1,---,%—1 (10)

WIZE 3k ICT B B R 65 1R 418 -
(HQQ:PQLHQ&HyEPmW0<a<g_1
(1)

ZoXL AT B Y IST A Je B A A5 5
SR AR AR 7R A

Y/ (@)=F(aH(@)P(@)+ (@) +W(@) (12)
TRV T8 a WA ECTE O TR B
EHANFD KA ICT A BRI, Rl

2018113-5



«27

BIERY 2018 £ 4 H

FHAR S PAL E AT A -

Y'(@)=Y/(@)-Y/(a+1)
=F@H@)P@)-F(@+)H(@+1)P@+1)+
lg@-lg@+D)+W(@) -W(@+1)
(13)
FH T AR I E A A AR, Bl P(a+1) =—P(a)

H 1Ly (@) = 1 (@+ D AR AN T LLZ B AN i, 7T L
e

Y/ (a) = (F(a)H(a)+ F(a+ )H(a+1)P(a) + W (a)
QY
KM LS BEATRT H BEAT KA AT LATF 2

W@k a)H(a)+ Fas DH(+ nyr L@
P(a) P(a)
ML (15) PR LA, HT UFMC R#4H
TONVEREZs . HAERR LS AE 5 A R HEAS 2
H I, T2 0 SEJE s i 3 28 0 (1) A3k A 1
N, BT DAbh 200 SR FHAH . PR 7 3K B D U s 3R K
X HABAS V2, X AR SCEET e S AN -

(15)

(P'(2a)=P(a),R'(2a+1)

(16)
___F@ iy o<asN
Fa+1) 2

HRAEBT BV 10 P AT0IEAT 1CT A B T LA 54
Yi@=Y(@-Y @+
=F(a)H(a)P(a)-F(a+1H(a+1) -
F(a)P

@P® i
F(a+1)

=(H@+H@+D))F(@)P@)+W(a)

an
RH LS e/ —3eido) JEATXE H 3EAT SR T
DESER
Y@ W(a)
oo (H@+H@+ 18
F(a)P(a) (@ (a+))+F(a)P(a) (18

BAE (18) BRI H@) +H@+1), HT4

A A0 B O AE AL R K, BT IR Hog(a) =

H@+H@+1
2

H(@+1)= o fEIET LS H3fF1H

flitE,
W) BHTEIE

AR LG HEET MMSE (/MY T
B THIEER N -

5\
a O, i
HMWE:RWB(RN1+GZJ Ao (19)

P

Horp, Ry AFSEAEIE R EACR LS At
(RIFTE 1) B () AT DG RR L Ry, ARTE H (1
FASRHRE, o AP EEME ST 2, o N

S CREVIE S
4 HEERZH

AFTEF ] MATLAB % UFMC R &5 E M,
TR, FESFEAREE T UFMC £24
5 OFDM R4FIEATH MSE (451 2%), JF
HAEA S o5 5 AL gl v 75408 MSE BA
J BER GRIGZ) HEATXTEL, Bir A SO ik
Bk

AT RBHRE N 1.

*1 MEEXSH

PiEIiH ZH
FFT M3 N 512
SR 7 RS 120
FHBHY T 12
AT 10
OFDM H CP K& 20

¥yt 7y =X AU E A Sk
P75 QPSK
TER A VTS
S Ik/dB 40
TEBEAS 21

Bl 5T 4 PR EMEIEIRAEE: T2
{518, S RZARMESr )4 CP/2. CP LA LG
CP K (L=30) MG, 7rabifEiEdh
I RGN 2 JLF AR, 24 2 A0 I 28 1 i 3]
CP/2 Itf, OFDM R &t iRi4# L UFMC RGH MK

2018113-6



m HRE5F%

e 28 o

-l I ERE Ik CP KN T LR $] UFMC
RIE I 5T OFDM &40, HETRK AL FE
K4 CP 2 NI OFDM &% ] LLs it 2: (% CP
W B ISI, 1 CP [ UFMC F# 48 K EE o J ik 77
X GEK URMC 55 IR RURHE T B {5 i
I REY AL B “CAORYT AERT, HRIN B
KIIX Rl “EARY” FEAREE W FR IST, AN fe
X% OFDM ' CP IRUR, Jr b4 2 A2 (55
T CP Itf, UFMC R4 4% feA & OFDM
RG. HEBZIENLEKRT CP I, UFMC R4t
5 OFDM RZiRMFEMEAKN, XEEHT
OFDM £ 4t UFMC R4t I8l g nl LL— & FE 1
A 1ST BL A ICT,

OFDM+AWGN
—— UFMC+AWGN
—— OFDM+L=CP/2
—6— UFMC+L=CP/2
OFDM+L=CP
1071 —&— UFMC+L=CP
—%— OFDM+/.=30
—&— UFMC+L=30

PSTES

i

0 B 10 15 20 25 30
{5k Lh/dB

K5 AFEMSEHE T UFMC 5 OFDM &% ity 3%

K 6 hf K2 A2 4E L=CP L Jz L> CP(L=30)
iif, OFDM 5 UFMC &% B i3 ik 2,
Hrh OFDM RZCK LS MMSE 5L T
B TE, UFMC R 4000 MGG T MMSE HIf5
TEAN T ASGHEAT IST A K B BRI 5 1A
AT, ATLAE 2 H T OFDM A CP T4 4
VeI, HAFEMS AR URMC REHELF, (HIX
FE T I S R Y] . AT UFMC R &
KH AHBREL G A4 T MMSE B A
THAMERES 2 T 9271, JF HARGr#h4E /N 75 OFDM
VI ZERE, T7E URMC 248 H MR 1,

TR S A - SR R AU 1) SR T L
LA BUBr B v 1 S At vV e A, ERIASC
TR AR

— OFDM:MMSE(L=CP)
—— UFMC+MMSE(/.=CP)
—8— UFMC+A X -J S45i(L=CP)
—— UFMC+ A -2 5L =CP)
. —o— OFDM+MMSE(/=30)
10 —+— UFMC+MMSE(Z=30)
—e— UFMC+AC - J S 41(1=30)
—a— UFMCH A4S S2-2 S 5i(1=30)

#
210~ 2
R
.5._?
107 g
4
107

5 10 20 25 30

Wi aB
6 SRH BT BRI R A 4 1

K7 RPN K2 AR SE T (L=CP.
L>CP), A F A SCAS B0 45 T8 A vH (i 2 AT e )
7 J5 iR R 5L 4807 (MMSE) AT IIXT LT,
A DUF AR SO R 7 VA RERS A e R B B FRAIC
W%, 4555 CP-OFDM HHELAHZEA K, i H.
P T e .

! —~ OFDMMMSERE F(Z=CP)
—¢— UFMC+Z&3(L=CP)
—o— UFMC+MMSE{# HH(L=CP)
—%— OFDM+MMSEffH(1=30)
. —o— UFMC+A(L=30)
| == UPMCHMMSEf#(=30)
%‘ A
i
1072
-3 1
10 0 5

{5 EL/dB
K7 AFMETE FEEAT A Sk 5 R SR AR

5 ZRiE

AL T T 2424518 URMC REAFAE
(RIAF 5 T TP L S B () T el L, IR L& AR
AT AP ISR T A TR, R

2018113-7



¢« 20

BIERY 2018 £ 4 H

A28 N 23 IST RS R, MR AH R T4
IS v R B BRSO AUy 51, JF
4ty UFMC R Hpifie SMAE, f)aidid s
FUIGUE, ASCHEH TR RE — E R LA il
TR, BARIRAG R, EASOF AT %5 M i
RIEEM, &R 5 I AT A I (R A5 45 T
bt Jrik.

S 3Rk

[1] FEIRIL, TR, B, 55 5G PRI R Bl g5 N K&K J
HI]. HERIE, 2016, 32(6): 58-64.

DONG Z J, DONG H, WEI W, et al. New services and devel-
opment trend in 5G environment[J]. Telecommunications Sci-
ence, 2016, 32(6): 58-64.

[2] M%<, MM, 5G LLMAE MY B ECBERD]. dfF
B4, 2015, 31(12): 48-53.

NI S J, ZHAO J H. Key technologies in physical layer of 5g
wireless communications network[J]. Telecommunications Sci-
ence, 2015, 31(12): 48-53.

[3] . 3 5 ABEEEIEA SR SH A 2 U BRI
FRHB ALK 22240 CEARBRERRD |, 2015, 27(4): 434-440.
XIE X Z. Key requirements and multi-access multiplexing
techniques for 5G[J]. Journal of Chongqing University of Posts
and Telecommunications(Natural Science Edition), 2015, 27(4):
434-440.

[4] FARHANG-BOROUIJENY B. OFDM versus filter bank multi-
carrier[J]. IEEE Signal Processing Magazine, 2011, 28(3):
92-112.

[5] KIBRIA M G, VILLARDI G P, ISHIZU K, et al. Throughput
enhancement of multicarrier cognitive M2M networks: univer-
sal-filtered OFDM systems[J]. IEEE Internet of Things Journal,
2016, 3(5): 830-838.

[6] HELWA S S, IBRAHIM M, ELRAMLY S. Universal filtered
multi-carrier performance analysis with multipath fading chan-
nels[C]// International Conference on Next Generation Mobile
Applications, Security and Technologies, Aug 24-26, 2016,
Cardiff, UK. Piscataway: IEEE Press, 2016: 35-40.

[71 WANG S, THOMPSON J S, GRANT P M. Closed-form ex-
pressions for ICI/ISI in filtered OFDM systems for asynchro-
nous 5G uplink[J]. IEEE Transactions on Communications,
2017, PP(99): 1.

[8] AMO C P D. Iterative joint estimation procedure for channel
and frequency offset in multi-antenna OFDM systems with an
insufficient cyclic prefix[J]. IEEE Transactions on Vehicular
Technology, 2013, 62(8): 3653-3662.

[91 LBWF, 7k, Jrohd, S5 CPAENEUL T OFDM ARG F Al

V5], B RRRAER, 2009, 38(2): 198-201.
QIU X, ZHANG H, QI Z R, et al. On channel estimation and
equalization of OFDM systems with insufficient cyclic prefix[J].
Journal of University of Electronic Science and Technology of
China, 2009, 38(2): 198-201.
[10] ZHANG L, XIAO P, QUDDUS A. Cyclic prefix-based univer-
sal filtered multicarrier system and performance analysis[J].
IEEE Signal Processing Letters, 2016, 23(9): 1197-1201.
PHAM T, LE-NGOC T, WOODWARD G K, et al. Channel
estimation and data detection for insufficient cyclic prefix
MIMO-OFDM[J]. IEEE Transactions on Vehicular Technology,
2017, 66(6): 4756-4768.
[12] 22, W36, BSE, 25 (i SG MK OQAM-OFDM i
JSBE . BRI FEAER, 2016, 32(6):15-19.
LI J, TIAN Y, QIU Y, et al. Principles, technologies and chal-
lenges of OQAM-OFDM for 5G applications[J]. Telecommu-
nications Science, 2016, 32(6):15-19.
KOFIDIS E. Channel estimation in filter bank-based multicar-

(1

—

[13

—

rier systems: challenges and solutions[C]// International Sym-
posium on Communications, Control and Signal Processing,
May 21-23, 2014, Athens, Greece. Piscataway: IEEE Press,
2014: 453-456.
[14] 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, 2010, E93-B(1): 211-214.
KANG S, CHANG K. A novel channel estimation scheme for
OFDM/OQAM-IOTA system[J]. ETRI Journal, 2007, 29(4):
430-436.
CUI W, QU D, JIANG T, et al. Coded auxiliary pilots for chan-
nel estimation in FBMC-OQAM systems[J]. IEEE Transactions
on Vehicular Technology, 2016, 65(5): 2936-2946.
[17] WANG X, WILD T, SCHAICH F, et al. Pilot-aided channel

estimation for universal filtered multi-carrier[C]// Vehicular

[15

[t}

[16

=

Technology Conference, Sep 6-9, 2015, Boston, USA. Pisca-
taway: IEEE Press, 2016:1-5.

WANG X, WILD T, SCHAICH F, et al. Universal filtered mul-
ti-carrier with leakage-based filter optimization[C]// European
Wireless Conference 2014, May 1416, 2014, Barcelona, Spain.
[S.L:s.n.], 2014: 1-5.

WANG X, WILD T, SCHAICH F. Filter optimization for carri-

[18

[t

[19

[}

er-frequency and timing-offset in universal filtered multi-carrier
systems[C]// Vehicular Technology Conference, May 11-14,
2015, Glasgow, United Kingdom. Piscataway: IEEE Press, 2015:
1-6.

[20] WEN M, LI Y, CHENG X, et al. Index modulated OFDM with
ICI self-cancellation in underwater acoustic communica-
tions[C]// Asilomar Conference on Signals, Systems and Com-
puters, Nov 3—-6, 2014, Pacific Grove, CA, USA. Piscataway:
IEEE Press, 2014: 338-342.

[21] ZR3CE, JAEL M ICT BHIMERUGE OFDM RGUN A F I s v

2018113-8



[ﬂ HRSHFE +30 -

SEESE (1993-) , L, FPCHEH KM
A, FERFIOT R LG RA .

5t ae]. BT 515 B A%, 2008, 30(9): 2189-2192.
QIN W P, QI Z. Performance improvement of time-varing
OFDM channel estimation and equalization using ICI
serf-cancellation[J]. Journal of Electronics & Information
Technology, 2008, 30(9): 2189-2192.

HEEE ]

£ (1969-) , Y, FERIEHKEBHET,
FEWIT RS AR AL
W 2% N A B AR — AR g 3R

ERRBE (1986—-) , %, TRIEHE KZE#
P, FBEWIUIT A TCLIAE P 145 5 b
FIF —RICL I AE RGN 2 A AL o

2018113-9



