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Modified DFT-Based Channel Estimation for
TDS-OFDM Communication Systems

I-Cheng Liu
Department of Electrical Engineering
National Chi Nan University
Puli, Nantou, Taiwan 545, R.O.C.
Email: $94325902 @maill.ncnu.edu.tw

Abstract—This paper proposes the modified discrete Fourier
transform (DFT)-based channel estimation technique for time
domain synchronous orthogonal frequency division multiplexing
(TDS-OFDM) communication systems. The proposed technique
based on the concept of significant channel tap detector (SCTD)
scheme possesses the potentials to effectively improve the system
performance of TDS-OFDM systems. The correlation of two
successive preambles is employed to estimate the average noise
power as the threshold for obtaining the SCTD threshold esti-
mation error and loss path information resulting in performance
degradation in large delay spread channel environments. The
proposed estimation scheme can also roughly predict the noise
power in order to choose the significant channel taps to estimate
the channel impulse response. In addition, some comparative
simulations are given to show that the proposed DFT-based
technique is capable of improving the bit error rate performance
compared to the conventional least squares channel estimation.

Keywords—TDS-OFDM systems; DFT-based channel estima-
tion; SCTD; DTTB.

I. INTRODUCTION

Orthogonal frequency division multiplexing (OFDM)
scheme has emerged as a very popular technique to cope with
the inter-symbol interference (ISI) over the frequency selective
fading channels. The impact of ISI can be effectively removed
by inserting the guard interval [1]. Recently, time domain
synchronous OFDM system (TDS-OFDM) has been adopted in
the national digital television terrestrial broadcasting (DTTB)
standard for the People’s Republic of China [2], [3]. China
started to develop its own DTTB standard in 1994. In August
2006, the standard named “Frame structure, channel coding
and modulation for digital television terrestrial broadcasting
system” was finally decided [3]. Instead of using cyclic prefix
(CP) in traditional CP-OFDM systems, TDS-OFDM systems
employ pseudo-random noise (PN) sequence as the guard
interval. The PN sequence is also applied for the utilization
of channel estimation (CE) [4], [5]. TDS-OFDM systems can
greatly improve the spectrum efficiency from 5% to 15%
compared to the CP-OFDM systems using frequency domain
pilot insertion.

In practice, effective channel estimation techniques for co-
herent OFDM communications are highly desired for the pur-
pose of demodulating/detecting received signals and improving
system performance. This is because they often operate in the
environments where signal reception is inevitably accompanied
by long multipath delay spreads caused by time-dispersion.
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Several channel estimation methods classified as frequency
domain schemes have been studied, such as least squares
(LS) and linear minimum mean-square error (LMMSE) [6].
Some methods have been undertaken dealing with cyclic-
prefix OFDM (CP-OFDM) CE problems by using the discrete
Fourier transform (DFT) processing [7]-[9]. The main idea
of those DFT-based CE methods is to obtain the time-domain
channel impulse response (CIR) by using the inverse discrete
Fourier transform (IDFT) and only choosing the prior taps
with CP-length (i.e., CIR-length is typically assumed to be
less than or equal to CP-length). In addition, a method called
significant channel tap detector (SCTD) can be employed to
derive the optimal threshold to determine significant channel
taps [9]. Then, the channel frequency response (CFR) can be
obtained by feeding the chosen CIR into DFT. However, the
previous studies were only in the context of CP-OFDM where
the methods may not be suitable for the TDS-OFDM frame
structure.

In this paper, a modified CE technique is investigated
in order to extend DFT-based CE methods to TDS-OFDM
systems. The proposed technique takes advantage of a DFT-
based CE method to obtain the CIR by using IDFT with only
preamble-length taps which are less than those of typical DFT-
based CE methods (i.e., the typical DFT-based CE methods use
data-length taps). While choosing the significant CIR (i.e., the
taps contain the multipath information), the proposed technique
takes advantage of signal-to-noise (SNR) estimation [10] in
order to estimate the average noise power.

The remainder of this paper is organized as follows. In Sec-
tion II, the TDS-OFDM system description and frame structure
are briefly introduced. The conventional CE techniques are
mentioned in Section II and the proposed CE technique is
developed in Section III. The comparative simulation results
obtained by the proposed CE technique and the conventional
methods are provided in Section IV. Finally, some concluding
remarks are given in Section V.

II. SYSTEM MODEL AND CHANNEL ESTIMATION
A. TDS-OFDM Systems

A baseband equivalent TDS-OFDM system is shown in
Figure 1. At the transmitter side, the TDS-OFDM is a hybrid
approach for combined signal in time domain and frequency
domain transmission. Data transmission uses OFDM technique
in the frequency domain. In the time domain, the PN sequence



Transmitter

Receiver @
RO) (n) yW(n)
> — o
> —3 PN Sequence Channel | 7 (n)
PN Sequence Gen. |— ; : Selection ™| Estimation
20 (n) AWGN ¢
Ly — Ps Channel S/P i
X0(n) s — - 20(n) %0
-4 S/P IFFT OFDM | OFDM (n)
Construction Equalization—>
— — B
Fig. 1. A TDS-OFDM system.
the i OFDM symbol the (i + 1)* OFDM symbol [ Cyats =~ T '
5_ I Extensions | Sequence E
the it IDFT block == CP | | e
Fig. 3. Signal frame format for DPNP TDS-OFDM systems.

ime delay spread caused
by multipath effect

(a) CP-OFDM System

the i OFDM symbol the (i + 1) OFDM symbol

—

lePN sequy - the it" IDFT block

nterference caused by

Interference caused by
PN to OFDM data

OFDM data to PN

(b) TDS-OFDM System

Fig. 2. Difference between CP-OFDM and TDS-OFDM systems.

is inserted as a frame header to replace the CP in CP-OFDM
for resisting the inter-symbol interference (ISI, caused by the
multipath channel). The correlation characteristic of the PN
sequence is similar to §(¢) (Delta function) which can be used
for estimating the CIR. At the receiver side, the priori samples
are fed in parallel to the channel estimator in order to perform
the CE.

B. Dual PN-Sequence Padding Frame Structure

In Figure 2, the GI of CP-OFDM introduces a “tail” into
the data because of the multi-path propagation. Because the
cyclic prefix is inserted in GI, the cyclic property of data
can be remained. In TDS-OFDM systems, because the GI
and the frame body would cause ISI to each other, the cyclic
property of the received IDFT block is destroyed. Therefore,
a equalization method called iterative interference subtraction
method [11] is proposed in order to remove the ISI and
reconstruct the cyclic property of the data. However, iterative
interference subtraction method needs several iterations that
would lead to high complexity. In addition, the ISI can be elim-
inated accurately only when the accurate CE is obtained. In
order to solve the problems, the previous work [12] proposed
a simple equalization method based on dual PN sequence
padding (DPNP) TDS-OFDM system to reduce the receiver
complexity and increase the system performance. By using
the signal construction equalizer in the previous work [12],
the data can be recovered by the equalization schemes that are
used in CP-OFDM.
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Figure 3 shows the signal frame structure of DPNP TDS-
OFDM systems. The signal frame consists of two parts,
including the frame header and the frame body. The DPNP
TDS-OFDM is a special case of TDS-OFDM because the
cyclical extension of the PN sequence is inserted. The cyclical
extension is viewed as the guard interval in order to protect the
PN sequence, because it can avoid the multipath effect from
the previous OFDM symbol. The PN sequence is used for the
channel estimation. Therefore, ISI free data can be obtained
without iterative padding subtraction.

Figure 4 illustrates both the transmitted and the correspond-
ing received TDS-OFDM signals. Based on [12], the DPNP
sequence can be expressed as

)y =c(n), o<n<M-1 (1)

where M = 256 is adopted in all TDS-OFDM frames, cgz)(n)
is cyclic extension and cg)(n) is used to estimate the channel.
The multipath ISI impact of the first PN on the second one and
the second one on the payload data is the same. Therefore, ISI

free data can be obtained without iterative padding subtraction.

Figure 4(b) shows that the it‘h received frame consists
of three overlapping parts (i.e., »1” (n), 13" (n) and 2 (n)).
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These three parts can be expressed as

y'(n) = ¢’ (n)« O (n)
L—-1 ) .
= Y m-nriq), )
=0

0<n<M+L-1,
@ (n) x K9 (n)

L—1
= Y D m-DrOq), 3)
=0

0<n<N+L-1,

j:1,2,

where N = 3780 is number of subcarriers and L is the length
of actual CIR h()(l). From Figure 4, the received signal can
be expressed as the cyclic convolution of the transmitted PN
sequence and the CIR. The received signal with additive white
gaussian noise (AWGN) can be expressed as

r@n) =uDn) +wDn), 0<n<2M+N-1 4
where w(?) (n) is the zero-mean complex AWGN and (9 (n)
can be expressed

200+ N) + 1 (n),
0<n<L-1,

L—1<n<M,

v (n— M) + 3" (n),
M<n<M+L-1,

vs (n — M),
M+L-1<n<2M,

,z(i)(n—2M)—f—y;)(n—M)7
IM<n<2M+L—1,

2 (n + 2M),
IM+L—-1<n<2M+ N -1

u®(n) = ()

Therefore, the received signal for CE can be represented as

r@O(n+ M) = (n) @ K1) + w® (n + M),
= yg)(n) + w(i)(n + M), ©6)
0<n<M-1,0<I<L-1
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C. Least-Squares Channel Estimation

According to the least-squares (LS) algorithm [8], the
estimated CIR of the ' signal frame can be derived as

DFTy (r(n+ M))
DFTy (cg'> (n))
0<n<M-1

where DFT)y; and IDF'T); are the M-point DFT and IDFT,
respectively.

W (n) = IDFTy

)

(N

D. DFT-Based Channel Estimation

Figure 5 shows the block diagram of the DFT-based
channel estimation algorithm. DFT-based channel estimation
exploits a property of CP-OFDM systems having the symbol
period much longer than the duration of the CIR. Because the
estimated CIR from LS has most of its power concentrated on
a few priori samples, the DFT-based estimation reduces the
noise power that exists in only outside of the CIR part [8],
[9]. The nt" estimated sample of CIR can be expressed with
the LS estimation. According to (7), the estimated CIR can be
expressed as

hrs(n) = IDFTy{Hps(k)}, 0<n<M-—1 ®
= h(n) + w(n)
where

Because the actual CIR length L is unknown to the receiver,
the assumption L. < M is considered. Therefore, the CIR can
be written as

h(n) = { éDFTM{H(k)}, 0<n<L-1

L<n<M-1 @

According to (9), the estimated CIR in (8) can be divided into
two parts: CIR with noise part and only noise existing part.
CIR is contained in the priori L samples and other samples
are only noise. These processes can be expressed as follows

5 h <n<L-—
hDFT(n)={ hos(n),  0<n<l -1

L<n<M-1 (10
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From (10), the DFT-based channel estimation is denoted as

I{IDFTUf):DFTN{]AlDFT(n)}, OSk‘SN—l (]1)

III. PROPOSED CHANNEL ESTIMATION

According to the previous work [10], the average SNR is
given as

o — B P SO
“ T B{lw® )Py~ W

12)

where W) is the noise power and SV is the signal power
which can be expressed as

S =RY + RY (13)
where R; and R are correlations of in-phase and quadrature-
phase components. They can be written as

RY = By (n+ M)ri™ (n + M)}
RY = B{rl) (n+ M)r§™ (n + M)}
where ry)(n) and TS) (n) are the in-phase and quadrature-
phase components of the received signal r(*)(n).

In this paper, the CIR is considered to be time-invariant.
The proposed SNR estimator S (1_) based on correlation method
to estimate the signal power S() can be written as

M—-1

s 1 . )

§O =22 D+ Myrf V(4 M)
n=0

+r5) (n+ M)r§T (n+ M) (14)

The received signals for SNR estimation are yéi) (n) in the

present frame and yéiﬂ)(n) in the next frame. Because the

noise is zero-mean and independent, (14) can be re-written as
1 M-l
Al i i+1
S = 37 2 e (n+ My n o+ M)
n=0

ﬂé%(ﬂ + M)yéfgl) (n+ M) (15)
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TABLE 1. SYSTEM PARAMETERS OF DPNP TDS-OFDM
Par t Specification
Baseband sampling frequency 7.56MHz

Number of total carriers [N 3780

Symbols in frame header (2M) 510
PN sequence length (M) 255

Frame body period 500us

Subcarrier spacing 2kHz

Therefore, the noise power can be estimated by subtracting
the estimated signal power from the total received power as
follows:

M-1
" . 1 . nl.
(1) — — (1) 2 _ ()
Wi\ = 7 nE:O [r' (n 4+ M)| S (16)
As a result, the CIR can be chosen from the following decision
rule

otherwise

it Postm)<x 17D

;me(n) — { GLS(n)a
where Prg(n) = |hps(n)|? represents the power of ni"
channel tap and A is the threshold. The optimal threshold
is obtained by multiplying the estimated noise power and a
constant weight. The threshold can be expressed as

A= ali ),

where « is a positive constant to be chosen according to
the later experiment results. Therefore, the proposed channel
estimation can be chosen as follows:

Hyro(k) = DFTN {pro(n)},

(18)

0<k<N-1 (19

As a result, the block diagram of our proposed channel
estimation algorithm for TDS-OFDM systems is illustrated in
Figure 6.

IV. SIMULATION RESULTS

The fundamental requirements of the DPNP TDS-OFDM
system investigated here are shown in Table I. The commonly-
used tapped-delay-line channel model was employed in the
following simulation experiments. The China test 8§ (CTS)
channel [13] and the COST 207 typical urban (TU) envi-
ronment with the power intensity profile listed in Table II



TABLE II. CHANNEL PARAMETERS OF CT8 AND TU 12-PATH

CT8 TU
Tap Amp. (dB) Delay (11s) Amp. (dB) Delay (115)
1 0 0.0 -4 0.0
2 -18 -1.8 -3 0.2
3 -20 0.15 0 0.4
4 -20 1.8 -2 0.6
5 -10 5.7 -3 0.8
6 0 30.0 -5 1.2
7 -7 1.4
8 -5 1.8
9 -6 2.4
10 -9 3.0
11 -11 32
12 -10 5.0

Mean Square Error (N); Channel Type = COST207; Velocity = 0(km/h)Modulation = qpsk
10 T T T T T T T

Mean Square Error

Fig. 7.
SNR.

MSE comparison with various values of threshold o for different

were also employed in the simulations. The CT8 channel has
large spread and two significant paths. The main reason we
used CT8 channel is that some conventional methods like
DFT-based channel estimation and SCTD method which are
originally performed in CP-OFDM but no longer suitable for
TDS-OFDM, because the TDS-OFDM system structure uses
preamble to perform channel estimation instead of conven-
tional pilots. The TU channel has exponential decay without
significant path. The main reason we used TU channel is that
it is difficult to define which taps contain channel information
or noise. The threshold should be carefully chosen in order
to keep most channel information and remove the noise.
Therefore, we used TU channel to find the optimal threshold
and demonstrate our method can have better performance over
various multipath channel environments.

Figure 7 shows that the mean square error (MSE) for the
various values of design constant o with different SNR. The
MSE means the difference between actual channel and esti-
mated channel in frequency domain. The lower MSE implies
the estimated channel frequency response is more similar to the
actual channel frequency response. o« = 1 means the proposed
channel estimation method use the original estimated noise
power as threshold. Although o = 1 can surely keep most of
the channel information, it will also introduce lots of noise
interference. So, & = 1 can not be chosen as candidate. « = 9
means the proposed channel estimation method obtained the
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Bit Error Rate; Channel Type = CT8; Velocity = 0(km/h)Modulation = gpsk
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Fig. 8.
CT8.

BER performance comparison with various CE algorithms under

threshold by multiplying the estimated noise power and a
constant weight 9. Although av = 9 can surely remove most of
the noise power, it will also remove most of the useful CIRs.
So, &« = 9 can not be chosen as candidate either.It is obvious
that the threshold is optimal when o = 5. Our main purpose
is to reduce the noise interference in order to improve the
system performance and also keep most of the useful channel
information in order to reform the channel frequency response.
The result shows that the larger threshold may cause path
information leakage and the smaller threshold may introduce
noise effect.

In Figure 8, the proposed channel estimation method has
better performance than the DPNP TDS-OFDM CE with
conventional LS technique. The conventional LS channel
estimation method simply takes all the estimated frequency
response. The conventional LS channel estimation method will
introduced large noise interference, because the noise did not
be removed. Based on the main idea of DFT-based channel
estimation method, we know that the channel information is
only included in the prior CIRs. Therefore, DFT-based channel
estimation method can remove part of the noise interference
(i.e., By removing the CIRs large than L taps), but it can
not remove the noise inside the prior CIRs. Therefore, we
takes the advantage of the SCTD method, because SCTD
method can effectively remove the noise effect inside the
prior CIRs. But, the SCTD can not be directly used for TDS-
OFDM system because the TDS-OFDM CE performs only
in M taps (i.e., the conventional SCTD performs in N taps).
That means the conventional SCTD must choose the estimation
part which only contains noise. The CP-OFDM system use
pilot to estimate the channel response, so it can be sure that
the CIRs large than CP length only contains noise. If the
conventional SCTD chose the estimation part which contains
channel information, the SCTD will cause estimation error.
The TDS-OFDM uses preamble to perform the estimation.
It is possible that the whole estimation CIRs can contains
channel information. The simulation applies the last 32 taps
for the SCTD method in order to calculate the noise power
in the TDS-OFDM system. That means if the channel has
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Fig. 9. BER performance comparison with various CE algorithms under
COST 207 TU.

large spread like CTS, even the last CIRs can contains channel
information which can cause the SCTD estimation error. Based
on the idea of SCTD method, we change the way to estimate
the noise by using the convolution of two preambles in order
to extract the noise power. The simulation result shows the
proposed channel estimation can effectively remove the effect
of noise and achieve better performance.

Figure 9 shows the BER performance in TU channel. That
means the proposed algorithm also has better performance in
the relatively small delay spread and more path environment.
We can note that the CT8 channel has few paths and two
significant CIRs compared with TU channel. Figure 8 shows
that « = 3 and a = 5 have similar performance at high
SNR. That is to say, if we get enough channel information
power (i.e., we use the proposed estimation method to remove
the noise and get the 2 significant CIRs), the MSE and
BER performance would be similar. However, TU channel
is exponentially decayed. It is hard to define which channel
tap is the significant CIR. Therefor, the threshold should be
carefully chosen. Figure 9 shows that @« = 5 has better
performance than a = 3, because the chosen threshold can
not only remove the noise interference but also save most of
the channel information. The simulation results demonstrate
that the proposed algorithm can improve the BER performance
over various multipath channel environments.

V. CONCLUSIONS

A modified DFT-based channel estimation technique has
been proposed for DPNP TDS-OFDM systems over various
multipath environments. The main contribution is the proposed
estimation scheme combined and modified the conventional
estimation scheme which originally used in CP-OFDM can be
suitable performed in TDS-OFDM system. The proposed esti-
mation scheme adopted a DFT-based channel estimation and a
significant channel tap detector with the use of a noise power
predictor to improve the channel estimation performance. The
proposed technique has taken advantage of a DFT-based CE
method to obtain the CIR by using IDFT with only preamble-
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length taps which are less than those of the conventional DFT-
base CE methods. While choosing the significant CIR, the
proposed technique has taken advantage of SNR estimation
in order to estimate the noise power and does not require
any information about the channel statistics. It could roughly
predict the noise power for choosing the significant CIR.

Some comparative simulations have been given to show
that using the proposed technique can improve the bit error
rate performance compared with the conventional least-squares
channel estimation, because the proposed technique not only
can effectively remove the noise interference but also can keep
most channel information. It would not leak the main path
information to cause performance degradation in high SNR.
The proposed estimation scheme is suitable for TDS-OFDM
system over a variety of multipath environments.
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