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Abslrcrcl-This work aims at investigating the performance of 
a Decoupled Space-Time processing structure based on a 
Delayed Decision-Feedback Sequence Estimator @-ST-DDFSE), 
in the context of the Enhanced Data rates for GSM Evolution 
(EDGE) system. The main idea in using Decoupled Space-Time 
@-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 
IS1 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 IS1 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 highdata rate mobile communications, mchannel interfme 

(CCr) and intersymbol inwmce QSI) are key ficbrs that limit 
perfommce and capacity. In the incoming third gene" systems 
as the Enhand 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 
CapQCity. 

Several signal processing techniques have been applied in order 
to l l f i l l  the nxpirements of the incoming third genedon of mobile 
communications. The use of antenna diversity is a classical solution 
for those problems of combating multi- fading and caneling 
interking signals [ 11. However, practical Propagation environments 
are Charactenzed . by rich multipatfi and it would be required too 
many antemas to overwme the effects of IS1 and CCI. 

pmxsing techniques. A SpacsTime Linear Equalizer (ST-LE) is 
c h a " d  by the inclusion of a temporal filter at each antenna, 
which allows exploiting also temporal &verity [2]. The use of 
fiacfionally spaced taps may improve CCI reduction, but noise 
enhancement may degrade performance [Z]. otha approaches 
employ a te4npoml equalizer following the antema amy, where 
signaI-t4nhfmceplwnoise ratio (SINR) at the amy output 

However, simultanmus IS1 and CCI mitigation may degrade 
equalizer performance, since the the d i h c e  on the characteristics 
of IS1 and CCI may cause ST algorithm based on the Mini" 
Mean Square Error (MMSE) criterion to combat IS1 more, thus 
causing the presence of residual CCI. Furthmoq in ISI-daminated 

paths may severely reduce output SINR and degrade BER 
p e r f m c e .  Thus, it is " a b l e  to state that it would be desirable 

Improved paformance is obtained with space-time (ST) 

shouldbemaximized 131. 

scenarios with snail values of angular separatioll, " user 
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totreat IS1 with an MLSE equaIiim, which is theopbmumdehtor 
in the presence of ISI. Similarly, CCI is better combated with an 
M M S E e q " .  

A Decoupled SpaceTime @ST) p " h g  technique can make 
use of the individual advantages of an MMSE-based algorithm for 
CCI reduction and an MLSE-based algorijhm for IS1 supression. 
This is done by separating CCI and IS1 mitigafion in two stages. 
Based on a joint optimization criterion, the coefficients of the ST 
hnt-end and the channel &mator filter are jointly adapted in order 
to maximize the Signal-tdntederenceplus-NoiseRatio (SINR) at 
the output of the ST h n t a d ,  preserving IS1 structure of the 
desired signal. A temporal equalizer, employed at the output of the 
ST hnt-end, treats only IS1 of the desired signal. 

The DST processing wnqt  was already applied in pwious 
works. In [4] and [5], the joint opthimon Criterion is developed 
and simulation results are presented in the GSM system context In 
[6], an ST Viterbi equatizer is employed at the output of the ST 
hnt-end in order to provide both spatial and temporal diversity 
gains. In [7], adaptive algorithms are d m i  for joint adaptaton 
of an Antenna Amy (AA) frontad and the channel estimator filter. 
Additional simulation results con&g DST processing can be 
found [SI and [9]. 

In this work we evaluate the performance of a D-ST procesSing 
structure based on a Delayed DecisimFdback Sequence 
Eshator, namely DST-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 Mod, 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 [IO]. The 
&?awe of DST-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 [l 13. Link-level 

this DST structure. 
sinlulationresulls &ow illat improvedperformance is achieved with 

In the remainder of this paper, we organk the sections as 

section III, TU and BU scenarios of COST 259 channel model are 
characterized. Link-level simulations results are presented in section 
W, and in section V we conclude the paper drawing some 
conclusions and paspectives 

f o l b ~ :  The D-ST-DDFSE is presented in Section II. In 

11. D-ST-DDFSE STRUCTUFS 
As shown in Fig. 1, D-ST-DDFSE structure is composed 

by three basic elements: i> An antenna array and a temporal 
filter at the output of each antenna, which we will call a 
space-time (ST) linear front-end; i i)  An FIR filter that acts as 
a channel estimator; iii) 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=[wIT, w2? ,..., wLTIT, where wi =[wilr wi2, ..., w*IT, 
and h=[h,, h2, ..., h'lT the coefficients of the ST filter and the 
channel estimator respectively. The vector of received 
samples is denoted by x=[xlT, xzT, ..., X L ~ ] ~ ,  where 
xi = [xi,, xi2, . .., x*IT and d =[d,, dz,. . ., dLlT is the vector of 
training symbols. The optimum solution for both W and h 
maximizes the SMR at the output of the antenna array as 
defined below: 

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

subject to a constraint imposed on h 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: 

(3) min J(w,h) subject to cTb =1, c=[O ..., c j  ,... 01, c,=1; 
W L  

min J(w,h) subject to llh112=1. 
W.6 (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], 

classical adaptive algorithms as the Least Mean Square 
(LMS) and the Recursive Least Squares (US) 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 spatia' 
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, IS1 due to the most delayed 
paths are supressed by the ST front-end. 

At the end of the training period, IS1 suppression is done 
by employing the estimated CIR within the DDFSE 
equalizer, while CCI reduction is performed at the ST 
front-end. 

111. COST 259 CHANNEL MODEL 
The channel model suggested by COST 259 [ 1 I] is a wideband 

directional channel model capable of providing CIRs in both 
spatial and temporal domains. It was validated using 
measurements in the lGHz to 2GHz range, but it is expected to be 
applicable at least in the mnge 450MHz to 5GHz 
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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 (SU) scenarios. 

In order to geneme CIRs, the desired user and the co-channel 
interfm were uniformly distributed within a 1200 sector and cell 
radius was assumed to be 1 Km. Due to high bit rates of the 
EDGE system (T S 3.7p.9, where T is the symbol interval, 
channel timevariations 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 h m  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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Delay [PI 
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 charactarzed . 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 RFSULTS 

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 
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Fig. 6. Performance of D-ST-DDFSE on the TU scenario. 
The performance improvement of D-ST-DFSE increases as 

E n 0  increases. 

plotted versus the E n 0  per antenna. 
A. Performance evaluation for a pure IS1 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 IS1 scenario. In order to provide 
full spatial diversity, the 2 antenna elements are separated by 
1 Oh, where h is the wavelength. 

When only IS1 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 E a 0  
gain of D-ST-DDFSE incrases with EDo. 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 
u n d e d  BER of the E D o  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 OdB and both the desired user and the 
co-channel interferer follow the same channel profile. 

0-7803-7484-3/02/$17.00 02002 IEEE. 
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Fig. 7. Performance of D-ST-DDFSE on the BU scenario. 
The E O 0  gain of D-ST-DDFSE over ST-LE is 5dB for ii 

BER of IO”. 

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 DST-DDFSE has presented g d  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 
p r o m o n  environments. In the TU case, performance ms of 
the proposed D-ST equalizer are pronounced for medium to €ugh 

values. This was verified for pure IS1 scenarios as well as in 
the presence of CCI. In the BU’case the PerformamCe 
improvement of D-ST-DDFSE over ST-LE is great, indicating the 
robustness of the proposed D-ST structm in worst-case situations, 
where a high level of CCI and IS1 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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Fig. 8. Performance of D-ST-DDFSE on the TU scenario 

with CCI. A ma11 performance gain are verified when 3 taps 
per are employed instead of 2. 
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