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Abstract: By adopting the same block-type pseudo-random noise (PN) segquences as the guard interval (Gl) as well as the training
sequence in time domain synchronous orthogonal frequency division multiplexing (TDS-OFDM) system, the received PN signal will
be corrupted by the adjacent OFDM symbol sequences interference. A novel channel estimation algorithm is introduced through the
received PN dataand thetail response. Based on the equalization of linear convolution and circular convolution and residual interference
cancellation theorem, Overlap save (OLS) algorithm is utilized to reconstruct the circular convolution from the received PN signal and
the initial channel impulse response (CIR) is obtained. With the same PN sequences inserted in TDS-OFDM, traditional frequency-
domain equalization can also be employed. The OFDM symbol interference on the received PN signal can thus be estimated and
mitigated to correct the received PN signal and update the channel estimation. Simulation results show that the proposed scheme
provides large improvement over the conventional method and indicates robustness in channel estimation, even if in the presence of

large channel delay. Meanwhile, the proposed a gorithm has comparable complexity as the conventional method.

Keywords: TDS-OFDM, Overlap save, Channel estimation, Block-Type PN sequences.

1. Introduction

High-speed data transmission, capacity gains and spectral
efficiency are required in the future wireless communica-
tion. Although more and more advanced technol ogies have
been proposed, selection of asuitable air interface technol -
ogy to meet the requirements of wireless communication
service in the hot spot and a variety of constraints, such
as the limited spectrum and equipment cost, is a thorny
problem. Fortunately, orthogonal frequency division mul-
tiplexing (OFDM) [1]. which is an attractive transmission
technique for high-speed data transmission and robustness
against the frequency selection fading caused by the mul-
tipath delay spread, is considered as a potential wireless
communication access technology. OFDM, as one of the
key technologies for next-generation wireless communi-
cations, has been adopted in LTE downlink [2].

In traditional OFDM systems, the cyclic prefix (CP)
consisting of thetail OFDM symboals, is used to combat the
inter-symbol interference (1SI) caused by the multipath de-
lay spread of the channel and the CP length must equal or

exceed the length of channel impulse response [3]. Under
the long delayed multipath channel, longer CP is needed
with the cost of lowering spectral efficiency and power ef-
ficiency, specially, if channel estimation (CE) is completed
by training sequencesin the fast varying channel, the spec-
tral efficiency would be further degraded. Time-domain
synchronous orthogonal frequency division multiplexing
(TDS-OFDM) has been proposed and applied to DMB-T
system [4]-[8].

In TDS-OFDM system, instead of CP, block-type pi-
lotsare used as guard intervals (Gl) to prevent | Sl between
the adjacent OFDM symbol sequences and also for chan-
nel estimation and synchronization purpose. Compared to
conventional OFDM system appending cyclic prefix and
training sequences, it can significantly improve the spec-
tral efficiency. However, for thelack of CP, the cyclic prop-
erty for the received time-domain OFDM signal does not
hold any more, so both of the traditional channel estima-
tion algorithm and one-tap frequency domain equalization

* Corresponding author: e-mail: jinmaozhu@scu.edu.cn

© 2012 NSP
Natural Sciences Publishing Cor.



1020

XIA LEI: Channel Estimation Based on Full 1SI Interference Cancellation in TDS-OFDM System

method for CP-OFDM are no longer suitable for the TDS-
OFDM system [7].

Several approaches have been proposed to cope with
ISl intheinsufficient cyclic prefixed OFDM system. Resid-
ual 1Sl cancellation (RISIC) agorithm [8] can eliminate
the IS by tail interference cancellation and cyclic recon-
struction. Through the RISIC, most tail cancellation tech-
niques can offer good performance under amoderate length
of CIR. However, not only the perfect channel state infor-
mation (CSl) is assumed, but also the performance of the
RISIC agorithm mainly depends on the effect of the first
iteration, in which the tail data of the linear convolution of
the transmitted signal with the channel impulseresponseis
directly ignored, thusthe algorithm isonly applied to mod-
erate multipath delay channel. Cyclic prefix reconstruction
(CPR) scheme [9] is studied and offer good performance
even if the channel delay span is 50% of the OFDM sym-
bol duration. But besides known CSl, the next received
signal is directly approximated as the tail data of convolu-
tionin theinitial cyclic restoration, so the accuracy is still
limited. By the equalization between the linear convolu-
tion and circular convolution, the processing of tail inter-
ference cancellation and data reconstruction can be com-
pleted [10]. However, especia frame model is considered
in that algorithm, in which sufficient cyclic prefix is only
appended to the even-numbered frame. Without CP, the S
caused by the even-numbered frame on the received odd-
numbered frame, would become seriousin the presence of
large multipath delay, the performance of odd-numbered
frame will thus deteriorate.

The perfect CSI is assumed in the traditional interfer-
ence cancellation methods [8]-[11]. If the length of CPis
less than the multipath delay, the channel estimation suf-
fersfrom the IS in the traditional CP-OFDM system.

In the TDS-OFDM system, CE has been studied in
some literatures. Adaptive filtering algorithm [12] can be
used for CE, but many more pilots are required to ensure
the algorithm converge in the complicated multipath de-
lay environment. The CIR could be acquired by the time-
domain correlation of PN sequences [13]. Since it ignores
thetail data, the accuracy of CEisstill limited. A frequency-
domain channel estimation method is proposed by partial
interference cancellation and datareconstruction [14]. It is
obvious that the performance of channel estimation will be
affected for the incomplete interference cancellation.

In this paper, through the equalization of linear convo-
[ution and circular convolution [15], a channel estimation
scheme is proposed by the iterative interference cancel-
lation and data reconstruction in the TDS-OFDM system
with identical PN sequencesinserted. Considering that the
received time-domain PN signal will be corrupted for the
lack of cyclic prefix, two steps will be taken to complete
channel estimation. Firstly, after eliminating the ISl from
theforward OFDM data, the received PN sequencesand its
tail spread are converted into the circular convolution be-
tween the transmitted PN sequencesand CIR by OL S ago-
rithm and then initial CIR is extracted. With the identical
Gl inserted, the circular convolution relationship still re-

mains and the traditional one-tap frequency-domain equal-
izer could also be used to equalize the data composed of
OFDM symbol sequences and Gl in the second step. The
OFDM interference can be reconstructed and eliminated to
improve the received PN signal, much more accuracy CIR
can thus be obtained. Compared to conventional channel
estimation meathod [14], the proposed scheme not only
can eliminate the ISl on the received time-domain PN se-
guences more completely to improve the channel estima-
tion, but also has the comparable complexity.

2. SYSTEM MODEL

2.1. SGNAL MODEL OF TDS-OFDM

OFDM isamulti-carrier modulation technology, which di-
vides the high-speed data stream into a number of low-
speed data streams transmitted mutually on orthogonal sub-
carriers. With extending duration of the OFDM symbol,
the diffuse of the multipath fading channel is reduced and
frequency selective fading channel istransformed into sev-
eral flat fading channels. Then inter-symbol interferenceis
reduced greatly. At the same time, the Fast Fourier Trans-
form based on carrier frequency orthogonal schemeisused
in the OFDM system to ensure the orthogonality and im-
prove spectral efficiency. OFDM is particular suitable for
multi-users, high data rate communication systems.

Asakey technology inthe DMB-T in China, the TDS-
OFDM technology maintainsthe advantage of OFDM. Dif-
ferent from the typical CP-OFDM system, pseudo-random
PN sequence, instead of CP, isfilled periodically as guard
interval between each OFDM symbol in the TDS-OFDM.
According to Fig.1, the basic transmission frame union
consists of frame body composed of OFDM symbol block
and frame head composed of the time-domain block PN
guard interval. Theframe body contains 3780 mapped OFDM
symbols. The frame head with the length of 420 comprises
a Pre-guard, a PN sequence with the length of 255 and
a Post-guard. The first NUM 1 samples of PN sequence
compose the Post-guard and the last NU M2 samples of
PN sequence compose the Pre-guard.

According to the frame structure of TDS-OFDM sys-
tem, the Pre-guard, as cyclic prefix of PN sequencein frame
head, is till added to avoid the ISl from the OFDM sig-
nal. Inthe case of HDTV broadcasting and satellite OFDM
system, the very long delay spreads incite the possibility
that the duration of the channel delay exceeds the length of
the guard time interval, such as cyclic prefix. With along
CPto solve the problem, it implies a substantial reduction
of bandwidth usage, which isvery undesirable in the com-
munication system. Therefore, in order to further analyze
the effect of the inter-symbol interference on the channel
estimation in the larger multipath delay environment, as
the detailed analysis below, a simplified data frame struc-
ture about TDS-OFDM is exploited.
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Figure 1 Theframe structure of TDS-OFDM system.

2.2. SMPLIFIED MODEL OF TDS-OFDM

A smplified TDS-OFDM system is shown in Fig.2 (a).
Without extra guard interval in the frame head, the PN
sequences are inserted among the OFDM data. After en-
coding and PSK modulation, the data stream is divided
into blocks of length N and modulated by using an N-
point IFFT. For the ith transmitted OFDM symbol Si =
[S§,5%,5%, ... S}'\,_l]T, the time domain sequence as the
output of the IFFT is:

N k=0

A j2rkn
s%:—ZS,@exp(‘yN >,0<n<N Q)
According to Fig.2 (a), the block-type pilot p,, =

[pos P1s -, Par—1] isappended to the header of each OFDM
symbol sequences of length N to form TDS-OFDM sig-
nal. The ith transmitted dataframe, {27}, consists of
the ith OFDM symbol sequences and tail PN sequences,
namely,

i s, 0<n<N-1
Zn_{p;+1,Ngn<N2 @

where {si })"_ ! isthe transmitted OFDM symbol sequences
and pittisthe (i + 1) th PN sequences. N = N + M
Similarly, the ith super transmitted OFDM block is de-
fined as,

~i Zfl,'OSTL<N2—1
Zn—{p;,—M§n<o )

where Z! includes not only the PN sequences appended

in the present data frame {27, }2 %, but also the PN se-
quences appended in the previous dataframe {2711 V2 1,

Specidly, if theidentical PN sequences are inserted,
{pi YA = {pit1 3!, the PN sequences pl, is equivar

lent to the cyclic prefix of z,.

c [_m < N M v oM )
| F—_— b . } | M
"
B
)

Figure 2 The transmitted and received signals over multipath
channel. (a) The transmitted signal frames; (b) Decomposition of
the received signal frames; (c) The received signal frames.

3. CHANNEL ESTIMATION FOR
TDS-OFDM

3.1. Theorem Analysis of the Proposed Scheme

According to the equalization of thelinear convolution and
the circular convolution [20], the theorem Overlap save
(OLS), can be concluded as follows:

Assuming r = [rg, 71, ...,"N+Mm—1] IS the linear con-
volutionof © = [xg, x1,...,xny_1] @dh = [ho, h1, ..., har),
SO,

r = E®N+Mﬁ

T = Io,xh...,l‘N_l,O,...,O (4)
N——
L M
h= |ho,hi,....har,0,...,0
N——
L N-1

where ® 17 is the N + M-point circular convolution.
From the OLS algorithm, the linear convolution of two
sequences can be used to form the circular convolution.
Thus, one-tap frequency-domain equalizer is also used to
complete the detection to .

FFT[r,N + M]
FFT[h,N + M]

T =PNxm+N) X IFFT ©)

where & = [In,Onx ), FFT(X,P) represent P-point
IFFT/FFT to X.

The propagation channel is modeled as a quasi-static
L-+1th order FIR filter, where the CIR {h% }L_, remain
constant over the super OFDM block z/, duration, whichis
shorter than the coherence time of channel. With thelength
of Gl satisfied M > L inFig.2, in addition to the noise, the

ith received signal, {7 }272M =1 comprises three over-
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lapping parts: {5, 255", {y1 10 and {ei 11
which are given by:

¢}, = plxhi, = Y hip! .0 <n < M+L,j=i,i+1(6)
=0

L
yh=shxhl, =Y hjst 0<n<N+L ©
=0

respectively, where « is the linear convolution. By ?\pf%;_l

ing (6) (7), theith received time-domain signal {7 }
with noise {w?, } N+ 2M =1 js thus expressed as:
7=l +wl 0<n< N+2M (8)

n

that is,

n=0

ciL—&—y;:_lN,Ogn<L
¢, L<n<M
CptUp_ps M <n <M+ L

yrilfM"'C?—lM—NaM"i-NSn<M+N_|_L
A W MAN+L<n<2M+N

where w? represents the AWGN of mean zero and vari-
ance 0.

According to (9), in the absence of guard interval, both
the received time-domain PN sequences and OFDM sig-
nal are subject to inter-symbol interference from the ad-
jacent OFDM data or training sequences. Some mathe-
matical analysis to the impact of ISl is derived from the
time domain and frequency domain. For convenience but
without loss of generality, the ith received OFDM sig-

nal 3, = [, 9%, 5 Gy p_ 1] » Which is the data re-
sponse of transmitted OFDM data { 5%, } " ' and sacrificed

by the 1Sl from the adjacent PN sequences p?, and pi .
Without considering the noise, 4, can be calculated from
9):

U =y +ys+ys (10)
where y! = hi x st = A® x st, yb = B* x p' and yi =
C'xp'tt. Alisan (N + L) x N matrix with the elements
givenby A (k,n) =hi_,0<k<N+L—-1,0<n<
N —1in(12), wherehi_ isthechannel impulseresponse
during the OFDM block interval at the (k — n) channel
tap; Both B* and C* are (N + L) x M matrixes and the
elementsinthemare B (k,n) = hj,_, . ,,,0 <k < N+
L-1,0<n<M-—1adC(kn)=nhi 5 ,0<
E<N+L-1,0<n<M—1,respectively.

Both B* and C? are sparse matrices with structures
shown in (13) and (14). With assuming the quasi-static
channel over the OFDM block duration, the element of
B, C'istime-invariant. v} isthe desired time-domain term
without 1SI, v is the time-domain ISl component due to
the ith PN sequences p!, and 3 is also the time-domain
ISI component due to the (i + 1) th PN sequences piF.
Demodulating the ¢!, by taking the (N + L)-point FFT,
the frequency-domain signal can be obtained:

V=Y + Y +Y5 (11)

=Yy MA+L<n<M+N ©)

where

Vi [Yg,yf,...,yj’wkl}
= Fniry'

Yli = [Y(;La Yliv "'7Y],<./'+L—1:|T

= Fnyiryt
=H x X'

Yy = Fninyh
= Fn+ 1 B'F{ [ FnirLys
= Fny 1 B'FY  x P

Yy = Fnirys
= Fny1C'Fal L ENi LY
= FnipC'Fal x P!
where Fiy 1, Fif, , representthe (N + L)-point FFT and

IFFT matrix respectively. Y; isthe desired frequency-domain
component, which is the ideal frequency-domain term of

the OFDM signal over multipath channel. H* isthe frequency-

domain response of the estimated channel state response
~ L _ _
{hib} . Ptand P! isthe (N + L)-point FFT of PN
n=0

sequences p!, and pitt, respectively.

hg 0 0 o it e e 0
R hi 0 0 .. o oo o 00
A S A Y A S 00
Al | BT (12)
Dol 0‘ OA
......... R . By R
0 0 R
[0... 0 R by _y ... k]
0...... 0 hi ...h}
B = , (13)
0 hi
: S0
(00 00 0 0 0]
[0 0. 0]
0 0 o,
YR O .. 0
: 0 : 0
| iy ... hi hh O 0 |
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For the lack of guard interval in the transmitted OFDM
signal, the received time-domain signal ¢, is corrupted by
the ISI. In such case, the additional ISl on the received
OFDM signa destroys the orthogonality of subcarriers,
resulting in inter-carrier interference (1Cl). Without elim-
inating the 1Sl, the traditional one-tap frequency-domain
equalizer, such as ZF or MM SE, could not be directly ap-
plied to the received data. Similarly, the received time-
domain PN sequences are also corrupted by the ISl from
the OFDM signal. Hence, some solution must be taken
to eliminate the ISI to correct the received time-domain
PN data. If the “purified* response {c¢}, }M £~ to PN se-
quence p!, can be extracted from 7 at the receiver, the
CIR, {hi}L_,, can be obtained simply by OLS algorithm
in(4) (5).

3.2. Channel Estimation

Besides for guard interval, the padded PN sequences are
also used to finish channel estimation. With the identical
PN sequences used in fig.2 (a), TDS-OFDM till fulfills
the circular convolution relationship. The received time-
domain data {r% }\2 ;! satisfies:

ri =2 @bl 4+ wh,0<n < Ny (15)
where @ denotes the circular convolution. Accordingly,
the frequency-domain representation by FFT is,

C=H x Z, + WL0<k< Ny (16)
where R}, Z, H; , W/ represent thefrequency-domainre-
sponse of ry,, z;,, hy,, wy,. If the CIR A, is estimated, sim-
ple one-tap frequency-domain equalizer could be used to
obtain the transmitted data frame z;,.

~From (9), the ith received time-domain PN sequences
{& M+ LE=1 can be calculated as,

nJn=0
. = )
cﬁl—i—y:LJrN—f—w}L,O <n<1L
——

_ o ISI-1
Cp=9q Cptw,, L<n<M 17)
ct + y;__lM +wi M <n<M+1L
——
I1SI—2

where {y/~ 11 VL1 namely I1SI-1, is the interference of

(i—1) th OFDM symbol sequences on the received initia
PN sequences {& }-Z1 and {yi } 225, namely 1SI-2, isthe
interference of OFDM ?mbol sequences on the received
tail PN sequences {&, }2=1 In order to eliminate the
inter-symbol interference and reconstruct the circular con-
volution by OLS algorithm, two steps can be taken. The
first step is to remove the 1SI-1 in (17) through the esti-
mated (i—1) th OFDM symbol i1 and CIR hi~! in the
previous signal frame. The partially corrected linear con-
volution result between the PN sequences p!, and &}, is

approximately calculated as,
c,0<n<M
i 1

=0 ity Wy M<n<M+1L (18)
~——

1S1-2

The circular convolution between the PN sequences p;
and h!, can thus be reconstructed from the corrected ¢,
and theinitial CIR h‘ can be extracted by OL S algorithm.
The second step is eliminated the 1S1-2 in (18). Owing to
the identical PN segquences and quasi-static channel, the
transmitted data frame {2%1"=)>"! could be estimated
through theinitially estimated fz; from (16). The transmit-
ted OFDM symbol sequences {: })—' is also calculated
as,

§ =210<n<N (19

Combining the 4%, and i in (7), the ith OFDM sym-
bol sequences response, namely interference 1SI-2 on the
received PN sequences, can be estimated and mitigated.
We could update the received PN sequences ¢, in (18) and
obtain more accuracy CIR by OLS algorithm in an itera-
tive method.

The proposed channel estimation agorithm for the ith
PN sequences p?, can be described as follows:

Algorithm: Iterative channel estimation by OLS

1:  Start with the separation of ¢;,, and r,, from the received 7, .

phis converted into p¢, with L zero symbols appended to the tail.

N

Eliminate the 1SI-1 on the &, labeled in (17) to obtain &,.
Begin iterative, iterative number 1
4: Estimate CIR by OLS algorithm:
hi, = IFFT (FFT(f?l))
FFT(p})
5:  Update the CIR:
Rl = (1 — ) bl 4+ ahl™!

w

6: Estimatethe transmitted data frame 2¢,. Reconstruct and elim-

inate the 1S1-2 labeled in (18) on the &,.
7:  Continuetill convergence.

After J iterations, the channel state information h¢ =
a A .. 1T
[hz,, Ry, ... hZL} can be obtained and itsfrequency-domain

response 1° = [y, f,... A, | is calculated by
Ny-point FFT,
Hi = Fy, x (20)

With the assumed data model above, the additional PN
sequences are the same, the ith PN sequence p!, can thus
be considered as the cyclic prefix of the OFDM data frame
2,,- A simplefrequency-domain equalizer, such as ZF, could
be used to equalize the received signal r?, from (16).
Z'=Q xR —Qx W' (21)
where R'and W represent the N»-point FFT to {r?, }:{igl

and {w;}Nigl respectively. @ is N, x N, diagonal ma-
trix, namel equalization coefficient matrix, whose diago-
nal element Q (k, k) = 1/H} ,0 < k < N, — 1. Accord-
ing to FFT/IFFT, the transmitted OFDM dataframe z;, can
be calculated as,

d=F 7 =F (QxR) - F{l (QxW') (22
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Hence, the ith transmitted time-domain OFDM data can
be extracted from 2!,

Si = @NXNQZi
= Pnxn, (FY, (@ x RY))
B, (FI (@ x W) (23)

where® = [Iy,0xx as]. From (23), thetransmitted OFDM
symbol,

Si = FNSi
= Fy [Pnun, (FY, (@ x R))]
—Fn [®nxn, (FR(Q x WH)] (24)
Here defining,
St =Fy (PN xN, (FII\L/I2 (Q x Rl))} (25)

where S are the detected ith OFDM symbol, Hence, It
also can be described as,

§' ="+ By [@nn, (FE, (@ x W) (29)

where Fly, F}\L;’2 represent the V-point FFT and N»-point

IFFT respectively. S* are the modul ation constellation points.

Further, (26) can be simplified,
§i =8 +Gx W (27)
where

G=FnDnxn, FA,Q (28)

Si Sk
St i
Si;_, S

go,o 9o ------ 9go,No—1 Wy

g170 ng ...... gLN —1 W1
A ; (29)

gN-1,0 gN,1 - - - - gN—1,No—1

In (29),
N2—1

Si=S5+ > gaW,,0<k<N-1 (30)
n=0

where W not only satisfies the Gaussian distribution with

mean zeros and variance o2, but also meets Independent
and identically distributed. The distribution function of es-

timated S%. can be obtained, namely
No—1

Si~N (s,i,02 > gk,nF) (31)
n=0

For the coded TDS-OFDM system, the estimated OFDM
symbol S applied to the decoder for soft-decision.

3.3. Computational Complexity Evaluation

With the parameters for TDS-OFDM system listed in Ta-
ble 1, the computational complexity comparison between
the proposed channel estimation and the conventional method
[19] is shown in Table 2. The required number, includ-
ing addition, multiplication and FFT, is considered as the
criterion to evaluate the complexity for the received super
OFDM block. From Table |1, we can see that the proposed
channel estimation has the considerable complexity as the
previous scheme, except a small amount of multiplication
and addition operation needed in initial channel estima
tion.

Table1 Parameter of the TDS-OFDM System

Parameter Definition
Signal Constellation QPSK
Channel Coding Turbo,[13, 15],Ratio=1/2
No. of TDS-OFDM Subcarriers N 1024
Symbolsin PN Sequence M 400
No. of Iteration J 3

Table2 Computational Complexity Comparison

Operation Proposed Conventional Proposed
(L = 100)
Addition (L+1)L/2 0 5050
Multiplication (L + 1) L/2 0 5050
800-point FFT 2J+1 2J+1 2J+1
1424-point FFT 5J 5J 5J
Table 3 The COST207 Typical Urban (TU) Channel
Tap Delay(us) Power(dB)
1 0 -3
2 0.2 0
3 0.5 -5
4 1.6 -6
5 23 -8
6 5 -10
Table 4 Two-Delayed Path Channel
Tap Delay(us) Power(dB)
1 0 -0.01
2 1,2.5,7.5 -0.01
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4. SSMULATION RESULTS

With all the analysis and discussions above, we can eval-
uate the performance of the proposed agorithm over two
typical channels for the TDS-OFDM system, using major
simulation parameters in Table 1. The channel modelsin-
clude COST207 Typical Urban channel described in Table
3 and two delayed paths channel shown in Table 4. The
weighting coefficient « is set to 0.125. The mean sgquare
error (MSE) is defined as,

1 M B
MSE:M;|Hi—Hi|2 (32)

where H;is the perfect channel frequency response (CFR)
and H;isthe estimated CFR after .J iterations.

Fig.3 shows M SE performance comparison of the pro-
posed channel estimator and the conventional one[19] ver-
susthe average signal to noiseratio (SNR) inthe COST207
TU with the baseband symbol rate of 20MHz and the nor-
malized Doppler shift f; of 0.01824. Through theinitially
estimated CIR under the ISl proportion 75%, namely the
rate of the channel delay span to the PN sequences dura-
tion, the inter-symbol interference on the received pilot se-
quences can be mitigated in an iterative method. It is clear
that the proposed scheme offers large improvement in the
MSE performance over the conventional one by the ideal
feedback OFDM data in the high SNR. When the MSE
maintains 3e-4, the proposed schemeis about 6.0dB better
than the conventional algorithm. The reason for the im-
provement is that the OFDM interference on the received
PN sequences is eliminated more completely in the pro-
posed scheme.

Fig.4 illustrates the M SE performance of the proposed
channel estimation algorithm versus the SNR for the two
delayed paths channel with different normalized Doppler
frequency f; labeled 0.00456 and 0.0228, respectively. The
baseband sampling rate is 40KHz and | S| proportion is set
to 10%, 25% and 75%, respectively. The proposed scheme
achieves robust performance under different channel sit-
uations. The advantage of the proposed scheme becomes
more obvious with theincrease of IS, promising excellent
robustness of our scheme to channel estimation and com-
bat with the multipath delay spread.

The demodulating performance to the OFDM symbol,
namely BER-Hard, as a function of SNR defined as the
ratio of the average signal power to the noise power, are
present in Fig.5 and Fig.6 based on the estimated CIR in
thedifferent Doppler shift and | SI proportion environment.
The demodulation performance to the proposed method
and the lower bound based on the perfect CIR, is depicted
in the solid. The dotted line represents the performance
without ISl cancellation. According to the results, the pro-
posed method shows a good performance gain based on
the channel estimation and data detection. In the low 1S
proportion, R=10%, the performance of the proposed way
is closeto the lower bound in the different normal Doppler
frequency set 0.00456 and 0.0228. It is obvious that the

SNRAH

Figure4 MSE vs. SNR over two-delayed path channel.

means in the paper still work well inalarge S| proportion
75%, but the way, without ISl cancellation, hardly work
depicted in Fig.5 and Fig.6. Fig.7 contains similar results
for the decoding performance with the normal Doppler fre-
quency 0.0228 in the different S| proportion. For the IS
proportion of 75%, the BER performance of the proposed
method can reduce to 1e-5 in the SNR of 16dB, whichisa
high gain compared to the way without 1S| cancellation.

Thefollowing observations can be depicted consistently
from the simulation results. Firstly, the proposed channel
estimation scheme is superior to the conventional method.
The proposed algorithm can effectively eliminate the 1S
to avoid the error floor [19] caused by the incompletely
ISl cancellation. Secondly, the proposed method promises
robustness in the presence of large channel delay and the
increase of Doppler frequency.

5. CONCLUSIONS

This letter presents a novel channel estimation scheme in
TDS-OFDM system with the same PN sequencesinserted.
This proposed method can offer significant performance
gain over the traditional way and indicates robustness for
channel estimation in the time-varying fading channel. Al-
though a small amount of computation is introduced, the
total complexity is comparable.
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Figure 5 BER-Hard performance of TDS-OFDM with Normal
fd=0.00456 over two-delayed path channel.

Figure 6 BER-Hard performance of TDS-OFDM with Normal
fd=0.0228 over two-delayed path channel.

SR

Figure 7 BER performance of TDS-OFDM with Normal
fd=0.0228 over two-delayed path channel.
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