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Abstract — The performance of space time trellis coded
orthogonal frequency division multiplexing (STTC-OFDM)
systems relies on accurate channel state information at the
receiver for proper decoding. One method of obtaining channel
state information is by inserting known pilot symbols periodically
at the transmitted symbols. This paper investigates the
performance of the STTC-OFDM system when non overlapping
pilot structures are employed in channel estimation at the
receiver. In this paper, the Frame Error Rate (FER) and Bit error
rate performance of the STTC-OFDM scheme under various
channel delay spread is compared with the case when channel
state information is present at the receiver.

Index Terms— Space time trellis codes, frequency selective
channel, comb-type estimation, OFDM

I. INTRODUCTION

Next generation communication systems promise to
offer a wvariety of multimedia services which
requires reliable transmission at high data rate over
wireless links. Multiple antennas when combined with
orthogonal frequency division multiplexing (OFDM) is a
promising technology in achieving spectral efficiency
and throughput in wireless networks. Various forms of
multiple antenna OFDM schemes have been proposed in
the literature. These schemes include space time trellis
coded-OFDM, space time block coded —OFDM and
super-orthogonal space time trellis coded-OFDM
schemes. The performance of the schemes as
demonstrated in the literature assumes ideal channel
state information, which is usually difficult to obtain,
especially for time variant dispersive fading channels.
This paper focuses on the space time trellis coded
OFDM schemes.
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In the earlier works, various forms of STTC-OFDM
schemes have been investigated in the literature [1] [2].
In [1] the STTC-OFDM scheme with no interleavors
over quasi-static frequency selective fading channel was
considered. The performance analysis of STTC-OFDM
under various channel conditions in terms of the coding
gain was presented. Through the analysis, two extreme
conditions that produce the largest minimum
determinant for a STTC-OFDM over multiple-tap
channels were pointed out. The analysis show that the
performance of the STTC-OFDM under various channel
condition is based on: 1) the minimum determinant tap
delay of the channel and 2) the memory order of the
STTC. New STTC-OFDM schemes were later designed
in [2] taking into account some of the designed criteria
shown in [1].

The STTC-OFDM schemes are capable of achieving
near optimal diversity gain when the receivers have
perfect knowledge of the channels. In practice, the
channel parameters have to be estimated at the receivers.
Channel estimation techniques for conventional OFDM
schemes have been studied in the literature extensively
[3] [4]. However, channel estimation for STTC-OFDM
schemes is complicated by the fact that signals
transmitted simultaneously from multiple antennas
become interference for each other during the channel
estimation process. In [5], a decision-directed minimum
mean square error (MMSE) channel estimator for space
time coded-OFDM transmit diversity systems was
proposed. The work noted that the MMSE channel
estimation approach has a shortcoming of high
complexity. The work later proposed the use of
significant tap catching [6] method as a way of reducing
the complexity of the decision-directed minimum mean
square estimator. The significant tap catching approach
only considers taps with large power impulse response.
This method selects M, taps with large power among K,
taps and set the unselected taps to zero. The estimator



then estimates the channel response corresponding to the
selected M, taps.

Although the significant tap catching approach reduces
the complexity of the decision-directed minimum mean
square estimator, this was at the expense of degradation
in the channel estimation of the scheme. In [7], it was
proposed that instead of estimating the multiple time
varying channel impulse response using the decision-
directed algorithm that would require the MMSE
solution as in [5], the channel could be estimated by
interpolating a set of estimated channel impulse response
obtained by periodically inserting pilot symbols on the
transmitted OFDM symbols. The pilot symbols are
constructed to be non-overlapping and evenly distributed
in frequency to allow for simultaneous sounding of the
multiple channels. In this paper we use the approach in
[7] to estimate the channel of the STTC-OFDM scheme
but without the modified chirp sequence. The paper is
organized as follows. Section II introduces the system
model and in Section III, the channel estimation of the
space time trellis coded OFDM scheme based on the
non-overlapping pilot symbol and the time domain
interpolation technique is described. In section IV,
simulation results are shown to demonstrate the
performance of the channel estimation algorithm.
Finally, conclusions are drawn in Section V.

II. SYSTEM MODEL

An OFDM transmission system with N, transmit
antennas, N, receive antennas and N sub-carriers are
considered.

Each transmitted frame consists of N;*N M-PSK space
time trellis coded symbol where the encoded symbol
si(n) represent the symbol transmitted from sub-carrier n
(n €{0,1,2,...,N-1}) at the i™ transmit antenna. After
matched filtering, sampling and fast Fourier transform
(FFT), the received signal at the j” received antenna, on

the n™ sub-carrier is given by
Ny

rj(n)zzGij(")sf(n)"'ﬂj(n) (1)
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where Gl.j (n)is the channel frequency response from

the i transmit antenna to the j™ receive antenna for the
nth sub-carrier and 7, (n)is the noise component at the

receive antenna j and sub-carrier n. The noise
components are independently identical complex
Gaussian random variables with zero-mean and variance
N, /2 per dimension. The time domain channel impulse

representation between the transmit antenna i and the
receive antenna j” can be modeled as a K, tapped-delay
line.

The channel response at time ¢ with delay t, can be

expressed as
K,-1 . n
£ (0= 3 a5 - 7
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where d(e)is the Kronecker delta function, K denotes

the number of non-zero taps, g, (k,z) is the complex
amplitude of the k" non-zero tap with delay of n, /NAS .
Also, n,is the normalized time delay for the k" tap and
Af is the tone spacing of the OFDM system. In (2)
g; (k,r)is modeled by the wide-sense stationary (WSS)
Gaussian with

narrowband  complex

power EUgU (k’t)r] =0,

processes

which is normalized

as Zf‘rl o; =1. The time index ¢ in (2) can be omitted

since we assume that the channel in one STTC-OFDM
frame is static i.e. a quasi-static channel.

For an OFDM system with proper cyclic prefix, proper
sampling and tolerable leakage, the channel response is

expressed as
K,-1

Gij(n): z 8 (k)exp(=j2zmenen /N) (3)

k=0
where g, (k) ’s for k=0,1,2,...,K,-1 are narrowband zero-

mean complex Gaussian processes for different i and j.

III. CHANNEL ESTIMATION OF STTC-OFDM

A System Description

Channel state information can be obtained through two
types of methods. One is called the training-based (i.e.
Pilot symbol assisted) channel estimation [7], which is
based on the pilot data sent at the transmitter and known
a-priori at the receiver. The other is called blind channel
estimation [8], which explores the statistical information
of the channel and certain properties of the transmitted
signals. Though the blind estimation method has no
overhead loss, it is only applicable to slowly time
varying channel due to its need for long data record and
has high complexity. Pilot symbols assisted channel
estimation has been shown in literature to be very
attractive for wireless link where the channel is time
varying. The two main pilot approaches to channel
estimation are; 1) Block-type pilot channel estimation
and 2) Comb-type pilot channel. The estimations for the
block-type pilot arrangement can be based on least



square (LS), MMSE and modified MMSE. The comb-
type pilot channel estimation is an algorithm that
estimates the channel at pilot frequencies and
interpolation for the data sub-carrier. The estimation at
the pilot sub-carrier can be based on LS, MMSE or Least
Mean-Square (LMS) while the interpolation to obtain
the channel at the data sub-carrier can depend on linear
interpolation, second order interpolation, low pass
interpolation, spline cubic interpolation and time domain
interpolation. The time domain interpolation has been
proven to give lower bit-error (BER) when compared
with linear interpolation [9].

Since the different signals from the STTC-OFDM
scheme tends to interfere with each other, pilot symbols
can be constructed for this scheme to avoid this form of
interference and thus, simplify the task of channel
estimation at the pilot mode. An obvious choice is to
have the pilot symbols at the transmitter to non-
overlapping. Figure 1 shows the pilot symbol patterns
for a two transmit STTC-OFDM scheme.
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Figure 1: Pilot Symbol pattern for STTC-OFDM with
N=2

Since the pilot symbols are known at the receiver and,
during the pilot instant, each received symbol contains
only the contribution from one transmitter, the least
square estimate at that instant can be easily calculated.
The estimate of the channel at pilot instant p based on
the least square estimation is given by

G:ij(p)z rl:(p)

s;i(p)

(4)

where G, (p) is the estimate of the channel frequency

response for the /™ transmit antenna to the ;™ receive
antenna , r,(p)is the received signal for the ;" and

s;,(p) is the known pilot symbol for the i® transmit

antenna.

B Time Domain Interpolation

The time domain interpolation is a high-resolution
interpolation based on zero-padding and DFT/IDFT
[10]. After obtaining the estimated channel at various
pilot instances, we first convert it to time domain by
IDFT

N,)fl _ j27r;n*p
H(p)=Y Ge ™ p=01,...N, —1 (5)
k=0

where N, is the total number of inserted pilot.

The basic multi-rate signal processing properties [11]
can be used to interpolate the signal by transforming the
N, point into N point with the following method

N
Y=—"+1
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0<n<Y-2
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’ N
H, = 0, TPSN—Y (6)
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The estimate of the channel at all frequencies is obtained
by

G, =Y H,(p)e ¥

=
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(=]

IV. SIMULATION RESULTS

In this section, we compare the error rate of a 16-state
STTC-OFDM (whose trellis is shown in Figure 2)
scheme under various delay spreads using the non-
overlapping pilot symbol to estimate the channel with
the scenario when channel state information is present at
the receiver.

The entire wireless channels involved are quasi-static
Rayleigh channels with average power of unity. The
total power of the transmitted coded symbol was
normalized to unity. We assumed an equal-power, two
path channel impulse response (CIR), where the CIR
taps are separated by a delay spread. The maximum
Doppler frequency was 200Hz. The entire multipath
channel undergoes independent Rayleigh fading and the
receiver is assumed to have perfect knowledge of the
channels for the case where the channel has perfect
channel state information (CSI) at the receiver and for



the estimated channel scenario, non-overlapping pilots
are inserted at every uniform distance of six symbol. o
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The STTC-OFDM system is assumed to have a
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bandwidth of 1 MHz, 120 OFDM subcarriers, N, = 2

while N, =1 and K, = 2.
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Figure 4: Performance comparison of the FER of 16-state
STTC-OFDM systems with ideal CSI and estimate CSI
with no delay spread
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Figure 2: QPSK 16-state Space time trellis code
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Figure 3: Performance comparison of the BER of 16-state

STTC-OFDM systems with ideal CSI and estimate CSI
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; Figure 5: Performance comparison of the BER of 16-state
+—ldeal CSI g STTC-OFDM systems with ideal CSI and estimate CSI
with 5us delay spread
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Figure 6: Performance comparison of the FER of 16-state
STTC-OFDM systems with ideal CSI and estimate CSI
with Sus delay spread

Figures 3, 4, 5 and 6 shows the performance comparison
of the BER and the FER for the 16- state STTC-OFDM
systems for various delay spread scenarios.

The figures show an error rate degradation of
approximately 1dB when compared with the ideal
channel state information of the STTC-OFDM for
various delay spread scenarios. Also the result shows
that an increase in coding gain is obtained when there is
an increase in the delay spread.

V. CONCLUSION

This paper shows the performance comparison of a
16-state STTC-OFDM scheme for various delay spread
scenarios when non-overlapping pilot structure is used to
estimate the channel. The results show a simplified
method of estimating channel parameters for transmit
diversity schemes.
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