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Abstract-This work aims at investigating the performance of
a Decoupled Space-Time processing structure based on a
Delayed Decision-Feedback Sequence Estimator (D-ST-DDFSE),
in the context of the Enhanced Data rates for GSM Evolution
(EDGE) system. The main idea in using Decoupled Space-Time
(D-ST) processing structures is to separate Co-Channel
Interference (CCI) reduction from Inter-Symbol Interference
(ISI) suppression. Consequently, all degrees of freedom of a
space-time (ST) front-end are dedicated to treat CCI, leaving
ISI to be suppressed by a temporal equalizer. Due to the 8-PSK
modulation and the large delay spread values compared to the symbol
period, optimum detection becomes too complex in the EDGE system,
which makes DDFSE a promising scheme for ISI suppression. The
performance of D-ST-DDFSE is analyzed through link-level
simulations under the context of COST 259 channel models for
Typical Urban (TU) and Bad Urban (BU) propagation
scenarios. Improved performance of this D-ST technique over a
space-time linear equalizer is observed.

I. INTRODUCTION

In high-data rate mobile communications, co-channel interference
(CCD) and intersymbol interference (ISI) are key factors that limit
performance and capacity. In the incoming third ion systems
as the Enhanced Data Rates for GSM Evolution (EDGE), delay
spread can affect several symbol intervals causing a significant

distortion on the transmitted signal. The presence of strong CCI .

sources further contributes to degrade signal quality and system
capacity.

Several signal processing techniques have been applied in order
to fulfill the requirements of the incoming third generation of mobile
communications, The use of antenna diversity is a classical solution
for those problems of combating multipath fading and canceling
interfering signals [1]. However, practical propagation environments
are characterized by rich multipath and it would be required too
many antennas to overcome the effects of ISI and CCL

Improved performance is obtained with space-time (ST)
processing techniques. A Space-Time Linear Equalizer (ST-LE) is
characterized by the inclusion of a temporal filter at each antenna,
which allows exploiting also temporal diversity [2]. The use of
fractionally spaced taps may improve CCI reduction, but noise
enhancement may degrade performance [2). Other approaches
employ a temporal equalizer following the antenna array, where
signal-to-interference-plus-noise ratio (SINR) at the array output
should be maximized [3].

However, simultaneous ISI and CCI mitigation may degrade
equalizer performance, since the the difference on the characteristics
of ISI and CCI may cause ST algorithms based on the Minimum
Mean Square Error (MMSE) criterion to combat ISI more, thus
causing the presence of residual CCI. Furthermore, in ISI-dominated
scenarios with small values of angular separation, mainbeam user
paths may severely reduce output SINR and degrade BER
performance. Thus, it is reasonable to state that it would be desirable
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to treat ISI with an MLSE equalizer , which is the optimum detector
in the presence of ISL Similarly, CCI is better combated with an
MMSE equalizer.

A Decoupled Space-Time (D-ST) processing technique can make
use of the individual advantages of an MMSE-based algorithm for
CCI reduction and an MLSE-based algortthm for ISI supression.
This is done by separating CCI and ISI mitigation in two
Based on a joint optimization criterion, the coefficients of the ST
front-end and the channel estimator filter are jointly adapted in order
to maximize the Signal-to-Interference-plus-Noise-Ratio (SINR) at
the output of the ST front-end, preserving ISI structure of the
desired signal. A temporal equalizer, employed at the output of the
ST front-end, treats only ISI of the desired signal.

The D-ST processing concept was already applied in previous
works. In [4] and [5], the joint optimization criterion is developed
and simulation results are presented in the GSM system context. In
[6), an ST Viterbi equalizer is employed at the output of the ST
front-end in order to provide both spatial and temporal diversity
gains. In [7], adaptive algorithms are described for joint adaptation
of an Antenna Armray (AA) front-end and the channel estimator filter.
Additional simulation results concerning D-ST processing can be
found (8] and [9].

In this work we evaluate the performance of @ D-ST processing
structure based on a Delayed Decision-Feedback Sequence
Estimator, namely D-ST-DDFSE, in the context of the Enhanced
Data rates for GSM Evolution (EDGE) system. Due to the 8-PSK
modulation and the large delay spread values compared to the
symbol period, an optimum detection becomes too complex, which
makes DDFSE a promising scheme for EDGE since it presents a
good trade-off between performance and complexity [10]. The
performance of D-ST-DDFSE is compared it to that of ST-LE for
Typical Urban (TU) and Bad Urban (BU) propagation scenarios of
the context of the COST 259 channel model [11]. Link-level
simulation results show that improved performance is achieved with
this D-ST structure. .

In the remainder of this paper, we organize the sections as
follows: The D-ST-DDFSE structure is presented in section II. In
section III, TU and BU scenarios of COST 259 channel model are
characterized. Link-level simulations results are presented in section
IV; and in section V we conclude the paper drawing some
conclusions and perspectives.

1I. D-ST-DDFSE STRUCTURE

As shown in Fig. 1, D-ST-DDFSE structure is composed
by three basic elements: /) An antenna array and a temporal
filter at the output of each antenna, which we will call a
space-time (ST) linear front-end; if) An FIR filter that acts as
a channel estimator; iij) A DDFSE equalizer, which can be

divided in two parts: A MLSE and a feedback filter.
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Fig. 1. D-ST-DDFSE structure.

Let us assume a ST linear front-end of N antennas with L
taps per antenna and a channel estimator filter of L taps. Let
us call W={w,", w;" ,..., Wi 1", where w =[wir, Wiz, ..., W],
and k=[h,, hs,..., h;)" the coefficients of the ST filter and the
channel estimator respectively. The vector of received
samples is denoted by x=[x1T, x;T,..., xLT]T, where
X; = [Xi1, Xi2, ..., Xin]' and d =[d}, d»,..., d;]" is the vector of
training symbols. The optimum solution for both W and h
maximizes the SINR at the output of the antenna array as
defined below:

H
(ww',hm) = argn‘x‘:athINR = argmaxM——

wh Hwnx_hudlll' )

It can be shown that the maximization of (1) is equivalent to
the minimization of the following cost function:

J(w,b) = Jwe X -n*d| @
subject to a constraint imposed on b to avoid the trivial
solution. We highligth two different constraints, where the
first one is linear while the second one is quadratic. Thus, our
problem may be re-written in two ways:

min J(W:h) subject to ¢'h =1, ¢=[0...,¢;,...01, ¢=1; 3)
n;yl_ip J(W,h) Subject to "l]"2=1. . (4)

In (3) the selected value for j will identify the number of
causal and anti-causal taps of the estimated channel impulse
response (CIR). In the second approach the taps of the
estimated CIR are normalized to have unity energy. In [7],
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classical adaptive algorithms as the Least Mean Square
(LMS) and the Recursive Least Squares (RLS) were
described concerning the linearly constrained problem of (3).
In [9] simulation results were obtained for this optimization
approach. In [8] optimum solutions for W and h are derived
for (3) and (4), while some authors [4,5,6] deal with the
optimization approach of (4). Here, we center our attention
on the adaptive implementation of (3) to obtain the results.

The purpose of the ST front-end is to provide both spatial
and temporal diversity for CCI reduction when fading is
frequency selective. However, it may be reduced to an AA
front-end when fading for all CCI sources is flat.

The channel estimator is used to synthesize an estimate of
the overall CIR of the desired user. This is done by joint
adapting the array weights and the FIR filter coefficients in
order to minimize the mean square value of the error signal
indicated in Fig. 1. The order of the channel estimator should
be sufficiently large to capture the most delayed paths of the
desired user. On the contrary, ISI due to the most delayed
paths are supressed by the ST front-end.

At the end of the training period, ISI suppression is done
by employing the estimated CIR within the DDFSE
equalizer, while CCI reduction is performed at the ST
front-end.

1II. COST 259 CHANNEL MODEL

The channel model suggested by COST 259 [11] is a wideband
directional channel model capable of providing CIRs in both
spatial and temporal domains. It was validated using
measurements in the 1GHz to 2GHz range, but it is expected to be
applicable at least in the range 450MHz to SGHz
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Fig. 2. Example of a TU channel realization showing azimuth
x time delay x power profile: Small delay spread and
uniformly distributed scatterers.

In this work we use the macrocell radio environment of the
COST 259 simulator to generate CIRs of the Typical Urban (TU)
and the Bad Urban (BU) scenarios.

In order to generate CIRs, the desired user and the co-channel
interferer were uniformly distributed within a 120° sector and cell
radius was assumed to be 1 Km. Due to high bit rates of the
EDGE system (T = 3.7us), where T is the symbol interval,
channel time-variations during a time-slot are very small, and it
will not be considered in this work.

Fig. 2 and 3 show a typical channel realization of TU and BU
channels, respectively. In Fig. 4 and Fig. 5 we plot the CDFs of
the RMS delay spread and RMS angle spread, respectively,
for both TU and BU scenarios. The CDF curves were
obtained from a total 5000 snapshots of the COST 259 directional
channel response. It can be seen that in 80% of the cases, delay
spread is not superior to 10% of a symbol period in the TU
case while in the BU case it reaches 70% of the symbol
period. Similarly, the angle spread does not exceed 10° in TU,
while it reaches 30° in BU. From Fig. 2 to 5 we observe that
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Fig. 4. CDFs of the RMS delay spread for TU and BU.
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Fig. 3. Example of a BU channel realization showing azimuth
X time delay x power profile: Larger delay and angle spreads
and the presence of clusters. )

TU scenario is characterized by the presence of a unique cluster of
scatterers which are located local to the base station, in most of
times, leading to small delay and angle spreads. In BU scenario,
additional cluster of scatterers lead to larger delay and angle
spreads.

IV. SIMULATION RESULTS

Simulation results are presented here in order to evaluate
the BER performance of the D-ST-DDFSE on TU and BU
scenarios of the COST 259 channel model. The modulation
scheme (8-PSK), slot format and symbol rate used in all
simulations follow those of the EDGE system [12,13], except
the pulse shaping function, where we use a raised cosine with
a roll-off factor of 35%. The RLS algorithm is used as the
adaptation algorithm with a forgetting factor of 0.98. The first
26 symbols are used for training while the remaining 114
symbols are used for adaptation in the decision-directed
mode. In all simulation results the BER performance is

F®)
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i+ | — - BUscenario
60 80 100

Angle Spread {degrees]
Fig. 5. CDFs of the RMS angle spread for TU and BU.
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Fig. 6. Performance of D-ST-DDFSE on the TU scenario.
The performance improvement of D-ST-DFSE increases as
Ey/Ny increases.

plotted versus the E,/N, per antenna.
A. Performance evaluation for a pure ISI scenario

The performance of D-ST-DDFSE is evaluated here on BU
and TU scenarios, with no co-channel interference. The
performances of the AA and the ST-LE, where no D-ST
processing is done, are evaluated as a reference for
comparison.

We use a 2 antenna-element array in all the structures. The
channel estimator of the D-ST-DDFSE has 4 taps on the TU
scenario and 6 taps on the BU scenario. The MLSE memory
of the D-ST-DDFSE is set to 1. The DFE employs 3 feedback
taps on TU scenario and 5 feedback taps on the BU scenario.
The ST-LE has 3 taps per antenna and the D-ST-DDFSE uses
an AA front-end in this pure ISI scenario. In order to provide
full spatial diversity, the 2 antenna elements are separated by
10A, where A is the wavelength.

When only ISI is present, it is expected that the
D-ST-DDFSE can exploit both spatial and temporal diversity
of the desired user channel in order to mitigate ISI. In Fig. 6,
it can be seen that the D-ST structure has the best
performance on the TU scenario. We observe that the Ey/Np
gain of D-ST-DDFSE incrases with E/Ng. In Fig. 7 the BU
scenario is considered. We observe that the improvement of
D-ST-DDFSE over ST-LE is much greater in the BU where
more spatial and temporal diversity is present. For a target
uncoded BER of 107 the Ey/N, gain of D-ST-DDFSE over
ST-LE is remarkably 5dB.

B. Performance evaluation in the presence of CCI

In the next simulations we include a single co-channel
interferer. The SIR is 0dB and both the desired user and the
co-channel interferer follow the same channel profile.
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Fig. 7. Performance of D-ST-DDFSE on the BU scenaric.

The Ey/N, gain of D-ST-DDFSE over ST-LE is 5dB for a

BER of 107,

We first consider the TU scenario. In Fig. 8 we observe
that the performance of ST-LE is superior when the
D-ST-DDDFSE employs an AA as the front-end, i.e. no
temporal processing is done at the front-end. When 2 taps are
employed at each antenna, we observe an inversion in
performances. Still in Fig. 8 it can be seen that the

-performance of D-ST-DDFSE exhibits a slight improvement

when 3 taps per antenna are used instead of 2.

In Fig. 9, BU scenario is considered. We observe that
considerable performance gains are obtained by
D-ST-DDFSE over ST-LE when more taps are added at each
antenna. In opposition to the TU case, the performance
improvement is significant on the BU scenario when 3 taps
are employed instead 2. This is reasonable, since in BU
scenario the delay spread is larger.

V. CONCLUSIONS AND PERSPECTIVES

The D-ST-DDFSE has presented good results on COST 259
BU and TU scenarios, indicating the advantage of using the idea
of D-ST processing together with DDFSE, even for practical
propagation environments. In the TU case, performance gains of
the proposed D-ST equalizer are pronounced for medium to high
Ew/Np values. This was verified for pure ISI scenarios as well as in
the presence of CCL. In the BU ‘case the performance
improvement of D-ST-DDFSE over ST-LE is great, indicating the
robustness of the proposed D-ST structure in worst-case situations,
where a high level of CCI and ISI is present. These simulation
results reinforce that D-ST-DDFSE can perform quite well within
the EDGE system.

The continuity of this work include a system-level evaluation of
D-ST-DDFSE in order to clarify the potential user and data
rate capacity gains when employing this D-ST structure in
tight frequency reuse pattern scenarios.
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