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Abstract- In this paper, we investigate the performance
of transmit diversity technique operating in IS-136 T D M A
systems where the Doppler frequency can be as high as
184Hz. Transmit diversity transforms a pat fading channel
into a frequency selective fading channel, thus we use finite
length decision feedback equalizers to estimate the desired
signal at the receiver. The channel parameters are trained
via the training symbols and tracked using decision-directed
symbols. It is shown that systems with transmit diversity
can provide a significant performance improvement over
systems without transmit diversity for Rayleigh pat fading
channels when the Doppler frequency is less than 40 Hz;
however for systems with high Doppler frequency, transmit
diversity alone cannot totally mitigate the fast fading effect since the effects of the channel estimation errors may
cancel the benefit of the transmit diversity.

I. INTRODUCTION
In mobile wireless communication systems, the
transmission quality is usually limited by multipath
fading and fast movement of mobile users. Spatial diversity is a well-known technique to combat such fading effects. Two types of spatial diversity can be used:
receive diversity and transmitdiversity [l].In receive
diversity systems, multiple antennas are equipped at
the receiver to acquire multiple copies of the transmitted signal which experiences independent fading channels. Receive diversity is a powerful technique for mitigating rapid fading, suppressing intersymbol interference (ISI) and even cochannel interference (CCI),
and can be easily implemented in mobile-to-base (upThe work was done when he worked at University of Maryland
at College Park.
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link) transmission in cellular systems. However, this
technique is impractical in base-to-mobile (downlink)
transmission due to implementation difficulty. In such
settings, transmit diversity can be used to improve the
downlink transmission quality. On the other hand, in
the applications where receive diversity is applicable,
transmit diversity can also be exploited in conjunction
with receive diversity t o provide further improved performance! e even when a few antennas at the base and
mobile unit are used.
Many schemes have been proposed to implement
transmit diversity technique for wireless communication systems. When the downlink channel fading parameters are known, we may obtain the best SNR
at the receiver by choosing a proper set of transmit weights [2]. Although probing-feedback approach
can be used t o measure the channel parameters, this
method is inefficient when the Doppler frequency is
high, especially in IS-136 TDMA systems. In [3], multiple antennas transmit delayed versions of a signal,
creating frequency-selective fading, which is equalized
at the receiver to provide diversity gain. More general approach which extends the delayed operation to
a class of linear transforms were proposed in [4,5].
This paper investigates the performance of a transmit diversity system operating in a mobile environment with rapid fading channels. Our analysis is
based upon the transmit diversity technique presented
in [ 5 ] . We first present a general transmit diversity
system model, then focus on the feasibility of transmit diversity for IS-136 TDMA systems in which the
Doppler frequency may be as high as 184 Hz when
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the carrier frequency is 2GHz and the mobile user is
moving at 60miles/hour. Since the channels parameters are time-varying within one IS-136 time-slot, we
use adaptive recursive least-square (RLS) algorithm
to track the channel parameters. Monte Carlo simulations show that transmit diversity systems have better
performance than systems without transmit diversity
for Rayleigh flat fading channels, when the Doppler
frequency is less than 40 Hz. However, when the
Doppler frequency is getting higher, the effects of the
channel estimation errors may cancel the benefits of
transmit diversity, thus systems with transmit diversity may work poorer than systems without diversity.
Based on this fact, we suggest to use both transmit
and receive diversity for IS-136 TDMA systems with
rapid flat fading channels. Simulations show that systems with !2transmit antennas and 3 receive antennas
can attain
BER performance when the Doppler
frequency is 184 Hz and signal-to-noise (SNR) is 20dB.

11. TRANSMIT
DIVERSITY
F O R IS-136 TDMA
SYSTEMS

C;f"=-,h , [ k ] e - p k . Hence, the received signal can
be further expressed as
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is the impulse response of the eflectiwe channel generated by the antenna precoding. This channel has
frequency response
M-1

(5)
m=O

Note if there is only one transmit antenna, the channel is just a flat fading channel, thus linear transform operation effectively transforms the original nonselective fading channel into the frequency selective
fading channel, which makes transmit diversity systems be able to mitigate multipath fading effects.
The antenna signatures should satisfy the conditions
M-1

Suppose that M antennas are equipped in the transm=O
mitter and the transmitted signal from the mth anand
tenna is denoted in baseband form by ym[n],m =
0,1, , M - 1. For convenience, we consider the flat
(7)
fading channel case only, although the results can be
m=O
extended to frequence-selective fading channel case when w # p and M -+ 00. Based on these requireimmediately.
ments, four admissible sets of signatures were proThe received signal at the receiver is given by
posed in [5]: ideal bandpass filter, one-symbol delay
filter, exponential filter and Hardmard filter. Note
M-1
41. = %&7&1 t 41
.
(1) for any admissible filter and any number of antennas,
m=O
the summation of the transmitted powers are kept
where am stands for the flat fading coefficient of the the same, which means that no additional powers are
mth channel, and w[n] denotes the receiver noise, needed.
which is complex-valued, zero-mean white Gaussian
111. C H A N N EPARAMETER
L
TRACKING
noise with variance No. We assume that the fading
Since the received signal at the receiver is the output
coefficients ao, a l , - ,UM-1 are mutually independent , complex valued, zero-mean Gaussian random of a frequency-selective fading channel driven by the
variables with variance 0,'.In each transmit antenna, desired signal, when the fading coefficients are known,
the transmitted signal ym[n]is obtained by mapping the "effective" channel impulse response can be computed, and linear equalizer (LE) or decision feedback
]
a linear transform,
the desired signal ~ [ nthrough
equalizer (DFE) can be implemented to estimate the
03
desired signal. Specifically, we focus on finite length
ym[.I =
hm[k]z[n- h]
(2) DFE. Let the equalizer output be
k=-m

where hm[n]is called the mth antenna signature,
whose associated Fourier transform is H m ( w ) =
0-7803-4320-4/98/$5.000 1998 IEEE
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where f [ k ]is an estimate of the lcth information symbol, c[-K1], .,c[O]are the feedforward coefficients,
and c[O], - ,c [ K z ] are the feedback coefficients, and
Z[IC - 11, - -,$[IC - K2] are previously detected symbols. Based on minimum MSE criterion, the DFE
tap coefficients are related to the “effec ive” channel
parameter g[n]by

-

-

--

-,-LO

(9)

where
-1

9*[m]g[m
4- - j 1 -k NoS[l,jl,

d’[i7j1 =
m=O

r , j = -K1,..’.,-1,0

and
l N
r[n - I C ] ~ E-* IC]
[~
p[n] = Q

where 3[m]= z[m]if m is less than or equal to the
length of training sequence, and Z[m]
= Z[m]if m is
larger than the length. When the channel parameters
change slowly, the longer the window length is, the
more accurate the tracked parameters are. However,
in order for the DFE to accurately track fast fading
channel parameters, the window length cannot be too
long. On the other hand, in IS-136 TDMA systems,
the training sequence contains only 14 symbols, thus
the window length N is usually less than or equal to
14.

(10)

EVALUATION
THROUGH
IV. PERFORMANCE
SIM U L ATIO N

and
0

c[j]g[IC- j ] , IC = 1,2,

c[k]= -

.,K 2

(11)

j=-Kl

We consider two sets of antenna signatures: onesymbol delay filter and Hardmard filter. For these two
kinds of filters, the “effective” channels are ( M - 1)
order FIR filters, thus from (11) only (M-1) feedback
coefficients are needed.
Since the channel parameters can change fast within
one IS-136 time slot, the channel parameters must be
estimated and tracked adaptively via training symbols
and decision directed symbols.
Another simple method is to estimate the equalizer
coefficients directly. Let r[n]denote the observation
vector at time n, and c[n]denote the parameter vector
at time n. Note r[n]consists of the outputs at the
receiver and the previous decided symbols for k < n.
The parameter vector c[n]can be found by minimizing
. N

where Q is the window length.
Direct calculation yields that the optimum parameter vector c[n]is given by

~ [ n=]R-’[n]p[n]
where
i

N
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(13)

(15)

k=l

Transmit diversity is applied to mobile wireless
communication environment.
Especially, IS- 136
TDMA systems with high Doppler frequency are considered. Adaptive RLS algorithm is exploited to
equalize the received signal using 14 symbol training sequence followed by decided symbols. The
134 transmitted symbols are randomly drawn from
{M
-l+j -1-j
, A }. DQPSK modulation is used
with coherent detection. The parameters of the equalizer are initially estimated by using the training sequence, and after the training period, they are tracked
via decision-directed symbols. Monte Carlo simulations are performed over 1000 time slots. For transmit
diversity system, two transmit antennas are used and
one-symbol delay filter signatures are implemented.
The reason why we use two transmit antennas is that
when the transmit antenna number increase from 1
to 2, we obtain the largest performance improvement!
while when the antenna number further increases, the
performance improvement becomes lesses and lesser,
and moreover, this may result in a difficulty in implementing the equalizer. At the receiver, a onefeedback-tap and three-feedforward-tap DFE is employed to estimate the desired signal.
Figure 1 shows the BER versus SNR for different
Doppler frequency fd and transmit antenna number
M . Figure 2 shows BER versus Doppler frequency
when the SNR is fixed at 18dB and 20dB. It is seen
that transmit diversity systems have better performance than systems without transmit diversity for
2323
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Fig. 1. BER versus SNR for different antenna number and
Doppler frequency
10-1

Rayleigh flat fading channels, when the Doppler frequency is less than 40 Hz. However, when the Doppler
frequency increases, the performance improvement is
not obvious, and on the other hand, systems with
transmit diversity may work worse than systems without diversity for flat fading. This is because for high
Doppler frequency, the transmit diversity system cannot track the channel parameters accurately, thus the
DFE may not work well due to serious error propagation. Based on these observations, we suggest to use
both transmit and receive diversity for IS-136 TDMA
systems with rapid fading channels. Figure 3 shows
BER verus SNR for different transmit antenna number M and! receive antenna number N . It is seen
that systems with 2 transmit antennas and 3 receive
BER performance when the
antennas can attain
Doppler frequency is 184 Hz and SNR is 20dB.

V. CONCLUSIONS
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Fig. 2.

BER versus Doppler frequency for different ant e n n a number a n d SNR

In this paper we have investigated the performance
of communication systems with transmit diversity.
While transmitter diversity can provide a significant
performance improvement over a system without diversity for Rayleigh flat fading channel when the
Doppler frequency is less than 40 Hz; for IS-136 systems with high Doppler frequency, transmitter diversity alone cannot totally mitigate the fast fading effect. This is because that the effects of the channel estimation errors may cancel the benefit of the transmit
diversity. Hence, the combination of transmit diversity and receive diversity is a promising way in these
systems.
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