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Abstract: In fast time-varying OFDM  (orthogonal frequency division multiplexing) system, in order to lessen the
effects of the CIR (channel impulse response) leakage and ICI (inter-carrier interference), a new channel estimation
algorithm was proposed, which was adapted to non-sample-spaced channels. The algorithm combined complex
exponential basis expansion model and the feedback of DFT (discrete fourier transform), which was built according
to the fraction taps channel approximation.The channel parameters were firstly estimated with the complex
exponential basis expansion model based on the fraction taps channel approximation.Then the ICI in fast
time-varying OFDM system could be calculated according to the estimated channel parameters. Then the feedback
was obtained by the elimination of ICI, and noises could be eliminated by DFT. The algorithm could suppress the
CIR leakage, eliminate ICl and noises and effectively approximate the actual channels. The simulation results show
that the bit error rate and channel mean square error of the proposed algorithm are both effectively improved.

Key words: non-sample-spaced channel, fast time-varying, OFDM, channel estimation, basis expansion model,

fraction taps channel approximation, DFT

7% B #1:2015-03-23; f& [E] H #1:2015-09-06
WS AR XN VEAE. PR AE OFDM R 4t Al SR R R) B 15 308 09 {5 28 4 1. f £ B 2%,2015223

Liu S L, Wang J L. New channel estimation algorithm for non-sample-spaced channels in fast-ime-varying OFDM system. Telecommunications

Science,2015223

2015223-1



s ...

1 35l

i

OFDM  (orthogonal frequency division multiplexing, 1
SEW Gy ) HOR R — T 2 o o BRI 2
L AE AZ ) BT AT A i A0 R A Ok S e R R
A Bz 0 TG AR R A S ek, BAE
W R T, T 28 B R 5 R w1 8
[ 1F 22 Pk 1 2] B3R 51 ICT (inter-carrier interference , T
BB L) RGBT X — R IE
A 5 8 Y A G, 2 R 3RS T OFDM &
SN R v ST

TP 22 OFDM RS0 A9 {8 i 1T, — ok i BEM B9
(basis expansion model , Z£ 4 FERLRL ) | B 75 17 3 J& IF Ay
JUA SRR MG =X, 7T R R F Al T S B A8 1
Hof E R IR R 309 & CE-BEM (complex exponential
BEM, & 18 O B ) , 76 CE-BEM Al -, R 86 el
AL R GCE-BEM™ (general CE-BEM, iz fb & 18§
JE 8 ) KL-BEM™ (Karhunen-Loeve BEM, F if J& 4" Jié L
) DL ) DPS-BEMP (discrete prolate spheroidal BEM, 5 i
MG TBE F B i JRR AR A ) S AR A A 4R 11

LR R R G E AR ERREE. 42
8 6 S Sy R ] o £ A 6 i Ay SR B I IR 5 T 5 )
SRR AR R AL B (R, RS SR E R 2
KAE {7 18 , 777 CIR (channel impulse response , {5 8 #
i W B ) B T R A% 58 B9 BE T BEM B £ G A 3
REARBIA T E AfHERRE 2 2% 30I[15~16]
& 5 7 FTCA (fraction taps channel approximation, 73 %% fih
SKARE AL )RR R B 5] Ay O K, AE IS
T SR I W 5 06 B3 T A SR i B 538, B A 1
Y™ Al RS BE R AR OE A2 1T 2% SCRR[ 17165 FTCA 7
55 CE-BEM A& & , #2170 Hchl Sk 7 38 3 0L 1Y 52 4
BOEY ERLEL (FTCA-CE-BEM) ,BCR W 2. {E T CE-BEM {5
AT, % I EN AR B {5 1 CIR A8k A ICT A9 )
LS N S R L B S R € Y SRR S
FERHY R AIE A [ 5t DFT (discrete fourier transform,
9 BRI ) 7 T8 31 58 (FTCA-CE-BEM-DFT) , 1%
Bk SR FTCA-CE-BEM B3R 5 1 (7 1B A 1k 3
BICT R B0, SR J5 K00 40 0 2% 1CT A 45 A O B 5t A7
DFT, AR 4% 3 R B 18 B £ 3 CIR 73 A B 0 i — UCTH B
ICIIF#M I M s A0 CIR Re s, A RO & 1 fFE AT

2015223-2

{1 B T
2 OFDM &%
OFDM Z&&HEHmE 1 iR,

X(k) x(n)
= | | &
# P P 5 P{IDFTE- A [
% i i CP &-1
qécllﬁ(gg T S 2 A5
I BT 0! J
Hi
5 H
Iy %
ﬁqﬁﬁgq;@ﬂDFTﬂ%‘g
fﬁ =z CP| |

Kl 1 OFDM % 4 Al
fBi% OFDM R 48+ B BB o N, 2 1 I 1 J5 S ik i
SR A X=[X(0),X (1), X(N-1)]" 5 X 285 J fiff b
A5 3 (IDFT) J55 19 B S5H04R  ae=[2e(0) (1), -+ ,x(N=1)]", 1T LA 2
ﬁ?jﬂ
x=F"X (1)
Horpr F IR —A6 DFT 4R, B8 (pg) ML E N

1 )
F ,q) = —— ‘JZR(II—I)(q—l)/N, ! =],2,---,N )
B OS] y=(0).0(1), -+ (V=1 £ B B4R
y(n)FmH .
y(”)=§h(n,1)x(n—l)+w(n) n=0,--.N-1 (3)
1=0
o b )R (5 A5 n SRR LR M S
K P R (=) 585 =l AR RE SR () B A

RE ST
TEMRIN ARG T, 25 I 5 TR b R

1(0,0) 0 h0,2)  h(0,1) ]
h(l,1) KLO) o h(L3)  h(2)
W= hL-1L-1) hL-1,L-2) - 0
0 WLL-1) - 0
0 0 . h(N=11) h(N-1,0)]

(4)
WS HE WA S A 5 y #E4T DT R BB AR 5



BERFE 2015 £5 9 8

Y=HX+W (5)

Hdr y=[Y(0), - Y(N-DI",W=[W(0), - WN-D]",
H=Fh'F",

ARGV (), FEI k(E=0,1,-- N-1)_L A 5 55 1z
OB T # Rk
Y(k)= 15 I[L lh(n,l)x(n—l)+w(n)]e’jz"’"”N

N n=0 [=0
= H(k)X (k) + hzf H(k,m)X (m)+W (k)
(n:O,m?-k Iél )

= H()X (k) + I(k) + W (k)

Ho H(k)RE kA 8005 09 5 18 5880w 1, W(k) 2
S 380 00 A R I A Pl T T E%HT%:MI@E@ IC1,
=Y. Hkm)X(m), K.

m=0,m=k

H(k’m)=lﬁ fl ih(n’l)esznm//zvejzrm(mfk)//v (7)

3 MAEEM/ITEZX

3.1 BEM{si&#&E
BEM 4 {7 18 i A4 15 722 4 Sk R AL h(n, D) 1 R R b, (n)
FIHE R B g ()RR,

0
)= g,(Dbg(n),n=0,1,--,N =1, [=0,1,-,L~1

¢=0
(8)
b B0 = 2[ £ N | TR BB .,
R Z G TR, N & OFDM & 4 #
i)}z%ﬁlﬁo
(B H LR N .
h=Bg, 9)

Hodr h=[h(0,0), -+ W(N-1,1)]" 53— OFDM 75 5 4

FK(,M (Dgy)24

Fy (0)gy/2-2
| Fy (08021

FK,IM (D8p/2--

Fe o Ogy, FoyMgyn, -
Fipi 08020 Feu (Mg,

FK,XM (N=2)g5/24

o L RAFE WAk BB g=[g0(). - .gdD)]" R L RAEY
JEE 53R 1 5 R L, b,=(,(0), - b (N-1)]", B _[b(,, b 72
oAU

i3 @) A, R A3k Lx(Q+1)71 BEM ) & % g,
ST LxN AMEE A RECA(D), RRBD 7RG
HTSEA
32 EFHHmLiGEEEMMEREET BELGER
it & i (FTCA-CE-BEM-DFT)
32.1 FTCA-CE-BEM ##

i1 3X(7), FTCA-CE-BEM 55 307 f5 18 pR AR .

N-1 L-1

i z Z g(n’l)eijmnIKa/N ejzm](nkk)/N (10)
N ==

1T 73 A 3K £ 38 30 AU 1 7w A TR AR A 5K

H (k,m)=

0
g(n’ l) = Zg([ (l)ejzn(q_Q/Z)n/Nﬁ I = 09 19‘ Y

q=0

M —-1(11)

H M
HitER R,

8 A Sk £ 36 A A9 08 30 4% Al Sk B

=
1M
oQ
~
~
N
(¢
IS}
-
=
=
(-D;.
[
g
8
L
kY
QS
S
2

(13)
HF 0<mhi<N-1,kfR13)% .

M-1
H(k ) {qu(l)e j2nimK /N, m= (k q+Q/2)m0dN

=0
0
(14)
S (14) 135 A H
o Fy y (N=2)80)2.0 FKaM(N_l)gQ/ZH_
. - FK,XM (N-Dgy/2:2
(15)

Fy v (N-1gy».
FKHM(N_l)gQ/Z )

Fy v (N-2)8,,,

2015223-3



) -

M (14), &8 XAEH H A kTR TR ER .
my =(k—g+Q/2)mod N (16)
MR (14) 80158164 A 5% (6)/%
Y (k) =[X (my)Fy ,, (mg),--, X (mp)Fy. \, (mg))] & +W (k)
(17)
Fortt [F, Lo =e ™™ F e NV 4 B Fy 106
M Foy(h) 2 Fo 0% k17,8718 > &' 8 11
Hr g, & g A R AT L R B ' g,=[g/0), g(1), -,
gM=-11",
322 FTCA-CE-BEM $4715 & # 4 #7
BB O e P A I B kA g, X P A B
)7 B k(1) k(2), k(P F 3 (17)18
Y(k(1)) I X(mg(l))FKa M (mg(l))
Y(kQ2) | | X (my @) Fy, , (my®)

Y(k(P) | | X(m:")Fy, ,, (mb)

X(OVFy, (i) ] W (k(1))

X(mp™)Fy, \, (m>) ou| EQD

X(m")Fe, by | L R(P)
(18)
R (18T A AR SR A g B S P A
LRI K% 2 (X (my ), X (my @), -, X (my ")} |
5 5 1 S0 BB R (Q+1)xP A
WS HF X =Xy, X (my )] g=0,1,
w0 XF " = F (), F Ty (]
Y =[diag(X")F, -, diag(X")Fy ,"1g + W
=Sg+w?
(19)
Fofr YO (e(), - Y (kP WO W (1), W (P
S =[diag( X" )Fy ", diag(X{ ) Fy o]
2 (19), 8 gl e/ = T fl i 4
&5 = (878§ (20)

4 ETHBHMLEELMUNEREEY RE
BRARGEHEEMTREEGITEX

FTCA-CE-BEM 575 R HI 9 J& B 46 503k, 1872 1) 2 o6

2015223-4

BOE B b T L, B B AU - K (0<K, < 1) 5]
AT DU TR B i B 15 1 (K=1) , 10 EL X 3 SR ] B
1 16 (0<K < 1)t BE R AF A3 A 11, B B T3z

7 TR AR SR BE 8] B 7 36 CIR fig 2 1R A ICT A9 1)
7K SCLE FTCA-CE-BEM HEE Al b DAk | 42 7 — F
LT o A 3k fF 3 A A B BT R B ALK B Rt
DFT {5 i i i1 % ¥ (FTCA-CE-BEM-DFT),,

BHENRELRMATNT,

()M 3965 B R(20)R 153 2 4 g /b — 7
kg 9 TS 0 e A2 (1) 502 A9 6 0 f
iHEH,

(2) M4 He i e W BV 055 Y, ol a0 2 3 A 0 SR 7
AR S AT X

X=(H)"Y (21)

(3)# X i AR (6)ITH 5 ICT TR, el Vig,

(4)IFEMKHE Z ICLIES idh Y.

Y'=Y-Yiq (22)

i A (6), B

Y'(k)=Y(k) - Y, (k) = H(k)X (k) + (k) + W (k)
=HMk)X(k)+Z(k) , k=0,1,---,N-1

b E(k)=I(k)-Y k), Z(k) =€ (k) + W (k) J2: 91 YT B 1CT
Jei T g 7 R 4% 9 1CT,

(5)i@ 3 LS f5 AT H k3015

Hislk)=Y" (k)X (k)=H(k)+Z(k))IX (k), k=0,-- N-1  (24)

HX H (k)i 4T IDFT 15 .

his(n)=h(n)+z(n) n=0,1,---,N-1 (25)

Hoh 2(n)=IDFTUZ(k)X (k)]

(6) Pk E SR ) B i 38 04 o o i = 2 4 v £ 7 31
{4 7 31O PR 5 (25) AT R A

h(n)+zn), O0sn<L -1

h(n)= zn) > LsnsSN-L,—1 ()

h(n)+z(n), N-L <n<N-1

X his(n) o 47 & W Ab B OJF KO B OICT, 1§ .

h(n)+z(n), 0sn<L -1
h'(n) = 0 , L<ns<N-L,-1
h(n)+z(n), N-L,<n<N-1
(27)

SRJG X & (27)380 £ DFT, o] 5 3 5055 09 15 38 4 s 4G

HHEH(R)

(23)



BERFE 2015 £5 9 8

A

H(k)=DFT[' (n)],k=0,1,+ ,N-1 (28)

Wi F R TRALA, ASCH Y B A 7R FTCA-CE-

BEM 53k (B B 1) 5 mh b 90l £ T 9005 R HE R B

[F] W88 {3 CIR it s 1) 73 43 5 0 6 47 B2 DFT, 9K B

ICI J-490 50 W 75 1 CIR UG, PR1 G AR SC R TS 3k A £ T A

TS B AR T FTCA-CE-BEM % 8 9 13 18 A ¥ o Ji
o T A D L5 SR T 3K — 5538

5 {FEWIE

O FLSE 0 2% SR AR R AR SR BT T, F 3B EOh V=256 1
QPSK-OFDM Z 48 Hi#F A7, I 350 56 R R A ] B8 40 30 A fo=
5 GHz M T=5.75 ps, %3 65 M B 3 JZ v=160 km/h , H:4"
JER B AL 0= 2] f1uNTs 122,

U7 HARE S TARR PR R (7 08 (R 8 2 R 4 L=5, 78
et 0 — b, LI — AR KB AE No=4 B 4R AR S5 1 PR 3 7
HIJ A 7, 24xT 23 s, A TRATRL ™ A Y 2 R A
RS bR R T RERLE 5 7 25 o =y T9S(g/ (N TY),
HAE 8 10 2 558 010 456 d(r)=e ™", 25 B D) 33

o {(n\/fzmax DTS
¢ il
y=(2 1, BUTYS(q/(NT))) ™" 7 55 0 P B 46 b R A7 38 48 11
195 8 % MSE=E{IIh(n,)-h(n, )12 R 55 2%
HE T Bl K AR B U {5 AR iy T H— R
i 5 Nj=4 00 EC 568 107 A 2 B0 AR PR 10K ,=0..52 , 3 bl i I

LIPS gl M=T£“? +17=9, FHIR S % CHR[19)42 1

() IR LR, Hh SR Pua=Px(Q+1)=96 , 4 JF 4
B SAREON 32 4, MR q=0/2 8 S0 F 5 51 A 7 B 4
AR Kpp={2,10,18,26,-+,250}, 005 38 i 11 B6f T 75 19 At
SN ROA-RUN . B

Kl 2 W T CE-BEM %3 CE-BEM-DFT % 3% FTCA-
CE-BEM %% Jo A SC# WL i) FTCA-CE-BEM-DFT 45 % 1) i%
AR R, MTUAE B, 78X 4 MaEd, Ascdllm
FTCA-CE-BEM-DFT 5k ¥ fig fiefl . MIH F£%4 1) CE-BEM
Fik FTCA-CE-BEM 53k i T5I A T 20 BUMAUA + K, B
WA T Al R RE ] B 5 T A RS B | R H BRI T
W, 1 CE-BEM &3 FTCA-CE-BEM 81570 945 & 1 Kbt
DFT J5 ) CE-BEM-DFT % i 1 FTCA-CE-BEM-DFT &3
AT — @R LR T ICT AW g m i T CIR it

f"‘"‘x} JA— A ¥

10°

BER

1072

—&— CE-BEM
—=— CE-BEM-DFT
—e—FTCA-CE-BEM
—4—FTCA-CE-BEM-DFT
I T 1 1
5 10 Ts 20 25 30
SNR/dB
P2 5% R o5 £ TR L 22 bt 2k

T, 8 B L RE S b AR 47 RSt DFT Z 00 A BT B B

Kl 3 lL# T FTCA-CE-BEM %% il FTCA-CE-BEM-DFT
FkmEEY Rz, hE 3 0 W FTCA-CE-BEM-
DFT S M 5 X 7 i 2 W Bl b, i — B il 7 A
B R

10°

—&— FTCA-CE BEM
—&— FTCA-CE-BEM-DFT

107t

10t

107 3 70 T5 20 25 30
3 5T ¥ 07 15 22 bl {5 e b AR Ak il £k
6 HFRIF

RSO G T A0 B Sk 5 B O L B AR U T R
RV 4 J B DFT(FTCA-CE-BEM-DFT) 15 i £ i+ 8 9% |
LA BN T K, B30 A T R4 18 B 15 38 11
ik 25 44 [F) B 40 O 2% 1CTJ R R B8t DET, A 20/ T
CIR fig 5 kR (ICT R 75 (0 M, 07 045 IR B 36
FA7 T8 ¥ 0515 2 5 JF A 3 W1 1 FTCA-CE-BEM-DFT
W 00 7 28 A% T 0 FE 0E T FTCA-CE-BEM 8 3 9 f5 38 £
TR

2015223-5



m WRSFE

BAZR S —ERIE LS T E A A 3 E

A — BN ZAb ARk Sk A BRI e
VRSO0 AN A R A D A R
T E A

2% 3k

BN, VEREBH, 5% B . PRI AE {5 GE R Y OFDM. {7 18 A
Tk LR fEHR, 2014, 40(6): 33~35

Zhao R C, Xu W Y, Wu Y C. Channel estimation in
fast-varying ~ OFDM
Technology, 2014, 40(6): 33~35

Shehadeh Y, Sezginer S. Fast-varying channel estimation in

system.  Wireless ~ Communication

downlink LTE systems. Proceedings of the 21st International
Symposium  on  Personal Indoor and  Mobile Radio
Communications,Paris,France, 2010

Wu Y, Luo H W. Channel estimation for MIMO-OFDM systems
in non-sample-spaced multipath channel. Proceedings of the
International Congress on Image and Signal Processing, Sanya,
China,2008

FRZ A, itk vk. OFDM & 48 (9 — R fI% &2 2% J5 47 4R 1CL 4
il Fk . LR RS2 4R, 2011, 40(4):519~523

Chen D H, Qiu H B. Low-complexity banded ICI mitigation
scheme for OFDM systems. Journal of University of Electronic
Science and Technology of China, 2011, 40(4): 519~523

T A K, T3 IEEE 802.16e A 4 A T3 4" Ji 5 2 (1) Pl i
AR 5 3 Al . E BRI 3, 2013, 8(4): 295~298

Wang X Y, Wang Y. Fast-varying channel estimation method
based on basis expansion models in IEEE 802.16e system.
China Science Paper, 2013, 8(4): 295~298

Liu S Y, Liu Y N, Wang F F, et al. Over-sampling basis
expansion model aided channel estimation for OFDM systems
with ICI. The Journal of China Universities of Posts and
Telecommunications, 2008, 15(4): 7~13

Leus G, Moonen M. Deterministic subspace based blind channel
estimation for doubly-selective channels. Proceedings of the 4th
IEEE Workshop on Signal Processing Advances in Wireless
Communications,Rome,ltaly,2003

Visintin M. Karhunen-Loeve expansion of a fast Rayleigh fading
process. Electronics Letters, 1996, 32(18): 1712~1713

Zemen T, Mecklenbrauker C F. Time-variant channel estimation
using discrete prolate spheroidal sequences. IEEE Transactions
on Signal Processing, 2005, 53(9):3597~3607

2R, I8 1. HE T DFT (4R R AL [ W 45 36 OFDM R S
WA TE. R TR 22 CE R 5 TR M), 2009, 33(6):
1195~1198

Li L, Wang K, Han L. Channel estimation based on DFT for
OFDM systems on non-sample spaced channels. Journal of

Wuhan University of Technology (transportation Science &

2015223-6

11

12

13

14

15

16

17

18

19

Engineering), 2009, 33(6):1195~1198
Chan-Ho A, Seung-Hun J, Jun-Kyoung L. DFT-based channel
estimation using CIR adaptation in OFDM systems. Proceedings
of the International Conference on Advanced Communication
Technology, Gangwon-Do,Korea,2007

Dong X P, Wan J N. Analysis on channel and noise variance
estimati on based on DFT. Signal and Information Processing,
2011, 41(12): 12~14

Wang Y, Li L H, Zhang P, et al. Channel estimation for OFDM
systems in non-sample-spaced multipath channels. Electronics
Letters, 2009, 45(1): 66~68

Ku M L, Huang C C. A new DFT-based channel estimation
approach for OFDM with virtual

subcarriers by leakage

estimation. IEEE  Transactions on Wireless Communication,
2008, 7(10): 3982~3987

Chen N Q, Zhang J H, Zhang P. Improved channel estimation
based on parametric channel approximation modeling for OFDM
system. IEEE Transactions on Broadcasting, 2008, 54(2): 217~225
MRE AL, sk d e, ko7 3 0 T OFDM & 46 19 Be i 15 3 £
TR SR AE, 2008, 18(8): 783~789

Chen N Q, Zhang J H, Zhang P. An improved channel
estimation method for OFDM systems. High Technology Letters,
2008, 18(8): 783~789

8. OFDM JG 238 15 & G815 Ak 1 B [ 38 BB ik A F 5
(AR =277 38 30). dbat: Jbat il s K2, 2012

Shi J. Research on channel estimation and adaptive algorithm
technologies in OFDM systems(master dissertation). Beijing:
Beijing University of Posts and Telecommunication, 2012

Chen D H, Qiu H B. Doubly selective channel estimation for
subband OFDMA using basis expansion models. Science China
(Information Sciences), 2011, 5(10): 2113~2123

B, T RAE, MR sk PRI RIS T OFDM & 48t i 17 i
il BF 51E B2, 2007,29(1): 113~116

Hu D, He L H, Yang X L. Channel estimation of rapidly time-
varying channels for OFDM systems. Journal of Electronics &

Information Technology, 2007,29(1): 113~116

[1E& & 7]

U = N L R B s PN o €A 1
Az U, SR BEAT Y U 1) S JE Ak AR R
JOBLIE

FEEW, o, BN A RN R A, E BRI T N
OFDM & 45 fliil .



