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ABSTRACT

In third generation commercial wideband code division multiple access (WCDMA) systems, orthogonal codes
are used to spread transmitted signal in the downlink channel to accommodate different users. But, the frequency
selective fading destroys the orthogonility and produces multiple access interference (MAI). One can use Rake
receiver in the WCDMA downlink channel. Although a Rake receiver provides reasonable performance due to
path diversity, it doe not restore the orthogonality. A linear equalizer followed by a spreader may be an attractive
alternative receiver to restore the orthogonality and to suppress the MAI. However, the performance of a linear
equalizer depends on the spectral characteristics of the channel and thus may not be satisfactory for some
channels. To overcome this difficulty, a decision feedback equalizer (DFE) can be used. In this paper, we have
investigated a decision feedback equalizer (DFE) for WCDMA downlink channel with multiple antennas. The
work includes the design of the DFE when the space-time spreading scheme is employed at the transmitter.
Simulation results show significant performance gains compared to the Rake receiver and the linear equalizer.

Keywords : Decision feedback equalizer (DFE), Wideband Code Division Multiple Access (WCDMA), Rake

receiver, multiple access interference (MAI).

1. INTRODUCTION

Recent advances in communications are driven by
the requirements of next-generation wireless systems
to provide high data rate and high quality services
anywhere at anytime. But the spectrum continues to
be scarce and expensive, which creates new
challenges in the development of telecommunication
systems [1]. The increasing demand for very high
capacity data rates and quality of services for wireless
communications systems require wideband wireless
systems with reliable links. Wireless cellular
systems are known to suffer from fading and
intersymbol interference (ISI) caused by multipath
propagation, which may degrade the system
performance significantly. Therefore, the effective and
efficient interference mitigation is required for a high
quality signal reception. A major factor limiting the
capacity of wireless channels is the unreliability due
to slow fading, which is generally treated by

increasing the degrees of freedom in the system,
especially by means of multiple antenna diversity. The
multiple antennas at both transmitter and receiver
ends can effectively improve the quality of the wireless
link by giving advantage in space diversity.
Improvement of downlink capacity is one challenge
facing the effort toward third generation wireless
system. In commercial wideband code division
multiple access (WCDMA), the transmitted signal in
the downlink channel is spread by orthogonal codes.
[2]. In a flat fading channel where the propagation
delay of multipath signal is negligible, a simple
desperader is sufficient to suppress multiple access
interference (MAI) resulting from the effects of the
interference from other users within a cell. However,
once we have a frequency selective fading channel,
the orthogonality cannot be retained. Therefore, MAI
exists at the output of the despreader and the
performance degrades.
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We can design a receiver to improve the
performance by mitigating multipath fading for the
WCDMA downlink channel. For instance, the RAKE
receiver can be used to get path diversity [3].
Although, a RAKE receiver can provide reasonable
performance due to path diversity, its performance is
still limited by MAI, the numbers of multipaths, power
control in the downlink channel, and channel
estimation error. Because of this, better approaches
such as MAI suppression must be considered. Many
innovative receivers have been proposed to suppress
MAI. Multiuser detection techniques that use joint
code, timing and channel information can be
employed to improve performance by mitigating MAI
[4-5]. Although multiuser detection techniques out
perform the RAKE receiver, the complexity is high.
Therefore, itis impractical to apply these techniques
in mobile terminals due to computing constraints.

Equalization can be adopted to restore
orthogonality without significantly increasing the
complexity. Then, a despreader can suppress MAI
from the orthogonal signal. A linear equalizer (LE)
restores the orthogonality of the chip sequence and
performs better than the RAKE receiver [6-8].
However, if the channel equalization is not perfect, the
performance of a linear equalizer is degraded by MAI.

We can consider a more powerful receiver
algorithms in the form of a decision feedback
equalizer. A decision feedback equalizer (DFE) [9]
can have better immunity against spectral channel
characteristics, reduce the noise enhancement effect,
shorten the length of equalizer tap, and give the
forward linear filter greater flexibility in handling
intersymbol interference (ISI) resulting from the
interference from other symbol at the sampling
instant. Hence, the DFE outperforms the LE. The
standard DFE for nonspread signal has been
considered in many papers [10].

To improve the performance further, multiple-input
multiple output (MIMO) channels (by using multiple
antennas) can also be employed [11]. MIMO channels
can provide additional diversity gain to the mobile
station and thus, can improve the performance.
Different schemes such as space-time spreading [12]
were developed to achieve diversity gain in CDMA
systems.
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Space-time spreading (STS) [12] spreads each
signal in a balanced way over the transmitter antenna
elements to provide maximal path diversity at the
receiver. The simplest STS scheme is when each user
is assigned with a different orthogonal code for each
transmit antenna.

A DFE based on the minimum mean square error
(MMSE) criterion [10] for nonspread signals in
multiple antennas has been derived in literatures [13].
An MMSE-DFE has better performance when
compared to the MMSE-LE, especially with the highly
dispersive and non-minimum phase characteristic
channel. In this paper, we investigate a decision
feedback equalizer (DFE) based on space-time
spreading (STS) scheme. We apply the DFE for a
WCDMA downlink channel using STS scheme in
single-input single output as well as in multiple-input
multiple output channels. Simulation results show
significant performance improvement on a WCDMA
downlink channel compared to RAKE receiver.

2. Conventional decision feedback Eqqualizer
(DFE)

We first investigate the standard decision
feedback equalizer (DFE) receiver for a nonspread
signal. A DFE is a nonlinear equalizer that employs
previous decisions to eliminate the intersymbol
interference (ISI) caused by previously detected
symbols on the current symbol to be detected [9].
Figure 1 shows a base band model for the standard
DFE. The DFE consists of a feed forward filter c[m]
and a feedback filter g[m], where m is the symbol
index. Because the feedback filter sits in a feedback
loop, it must be strictly causal. The signal propagates
through a discrete time-variant frequency selective
fading channel h[m]. Let P be the number of channel
multipath, and the complex channel is assumed time-
invariant, i.e. h[p; m] = h[p] for p=1, ..., P. The
received signal fm] can be written as

rfm] = [; h* [p] b[m - p] + h[m] - @)

Where b[m] is the transmitted symbols
information, {h[p]} is the discrete channel impulse
response, n[m] is the additive white Gaussian noise
with mean zero and variance o,2.
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Figure 1 : The conventional DFE structure

3. Decision feedback equalizer (DFE) with
the STS Scheme

In this section, we investigate the performance of
a DFE for WCDMA downlink channel when the STS
scheme is employed at the transmitter. In the STS
scheme, a set of different orthogonal codes is
assigned to multiple transmit antennas for each user.
In principle, any number of transmit antennas can be
employed as long as we have a sufficient number of
distinct orthogonal codes. In order to estimate
channels, the pilot signals are utilized. It is assumed
that each antenna continuously transmits its pilot
signal (i.e., code multiplexed pilot is assumed). Let
us consider that the base station employs user
specific orthogonal Walsh-Hadamard spreading
codes and a site-specific base spreading codes. We
assume perfect carrier recovery at the receiver site
and there are K users in a WCDMA downlink channel.

different pilot signals using different orthogonal
spreading sequences. Each user is assigned with a
different orthogonal spreading codes for each transmit
antenna.

Let u® [n] be the total base band transmission
signal, transmitted from antenna i at the base station.
The received signal at the jth receive antenna is
written as

I -1

o= 2, bl

i= p=

un=pl+n”[n] . (2)

Where

K
uo [N+ = Y, u’[mN +1],+u""[mN +1]
k=1

u? [mN +1] :akb,([m]sf:) [mN +1]

Let us also consider | transmit antennas and J wOImN +1] = ab[m] s O[mN +1]
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Figure 2 : The DFE based on the STS scheme with J receive
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In the vector notation, the J x 1 received signal
vector can be written as

I

rinj=), Hu"[n]+n[n]

i=1

Where the channel matrix H,, the received signal
vector r[n], the transmitted signal vector is u®[n] and
the noise vector is n[n]. Figure 2 shows the block
diagram of DFE with the STS scheme. ADFE with the
STS scheme consists of a feed forward filters ¢;with
a temporal span of N; taps and a feedback filters g;
with atemporal span of N, taps. We also assume that
the decision delays are the same for every data
stream, i.e.,

D,=Dfori=1, ..... A

The forward filter of the DFE with STS scheme
works on maximizing the desired user's energy and
minimizing the effects of existing interference in the
channel using the MMSE criterion. On the other
hand, a RAKE receiver combines the energies of the
desired user received through the multipath channel
without taking into account the presence of interferes.
Also, the structure of the feedback filter of DFE with
STS scheme is different from the conventional DFE.
For the conventional DFE, the input signal to the
feedback filter is a nonspread (symbol) signal. For the
modified DFE with STS scheme, the input signal to
the feedback filter is spread (chip) signal. The
objective of the modified DFE is to estimate the chip
rate sequence u® [n], i=1, ..., I, from which the
desired symbol sequence b,{m] is recovered by
despreading the estimated chip rate sequence using
the desired user's spreading sequence.

The total output of the DFE with the STS scheme
is

i [n=D]=WH dn]

Where W; and d[n] are the complete equalizer
vector and complete data vector, respectively, and
they can be written as :

Wi = g/)
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din] = (Q"[n]-u"[n-D-1])"

Let us denote:
N-1

Zm =2, dmN+1+D] s~ [mN +1]
=0

Then, the MSE function of the modified DFE-
despreader can be written as :

MSE; = (| b[m]-W/ Z[m]["), 1=1,2,..,1

4. Simulation Environments

In simulation work, we have used MATLAB to
perform Monte Carlo Simulation. We consider single
antenna systems and multiple antenna (MIMO)
systems. For the MIMO system, two transmit and
two receive antennas are employed. Time-variant
frequency selective fading channels with 4 multipaths
using Jakes model are considered. The carrier
frequency is assumed to be 2 GHz and the speed of
the mobile is set to 60 km/hr. The spreading
sequences from the Walsh codes of length 32 and
scrambling are used. The data rate is set to 128 Kbps
and the chip rate is set to 4.096 Mcps.

The transmission powers are assumed to be the
same with a SNR of 10 dB. The number of users K is
set to 16. The orthogonal pilot signals in each
transmit antenna are continuously transmitted. For
signaling purpose, we use uncoded quadrature phase
shift keying (QPSK). The tap numbers in feed forward
and the feedback filters for the DFE based on the STS
scheme are setto 5 and 3 respectively. The filter tap
numbers have been properly decided to achieve the
best performance and they depend on the variation of
the channel and the SNR. For the performance
indicator, the bit error rate (BER) is used. The average
BER over all users has been computed. In order to
handle the problems caused by channel variations,
we consider the NLMS algorithms.
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Figure 3 :

BER performance of the DFE based on the STS scheme with respect to the number

of users using the NLMS adaptation algorithm

5. Simulation results of the DFE with the STS
scheme

In figure 3, the BER performance with respect to
the number of users using the NLMS adaptation
algorithm is shown. As the number of transmission
increases, the performance for all receivers (the
RAKE and the DFE) becomes worse due to
increasing MAI. Since the equalization is not perfect
under a time-variant fading environment, it is observed
that the equalizer is also affected by the MAI.
However, the DFE generally out performs the RAKE
receiver. From figure 3, it can loss be observed that the
significant BER improvement for both the RAKE
receiver and the DFE can be achieved when multiple
antennas are used.

6. CONCLUSION

In the paper, we have investigated and
compared the performance of (DFE) with STS
scheme. The study has demonstrated that
significant improvement in performance and
capacity can be made when the DFE based on
the STS scheme is used. The improvement can
be achieved since the receiver design exploits
the diversity gain and suppresses the MAI at the

same time. However, this receiver requires extra
spreading codes. Using an MMSE cost function;
the optimal equalization vector and the closed
form expression have also been obtained. It is
shown that ICI of a channel and the interfering
signal from the other transmit antennas can be
suppressed simultaneously. Comparing the
performance of the DFE in the STS scheme for
WCDMA downlink channel e with the RAKE
receiver equipped with multiple antennas, the
proposed method not only provides antenna
diversity gain, but also suppresses MAI, while the
RAKE receiver can only have antenna diversity
gain. Therefore, the proposed method can offer
significantly improvement in performance and
capacity.

REFERENCES

1.

L. M. Corres and R. Prasad, "An overview of
Wireless broadband communications”, IEEE,
Commun. Mag. vol. 35, PP 28-33, Jan. 1997.

Ojanpera, T., & Prasad, R. : 'Wideband CDMA
for third generation mobile communications'.
(Artech House, Boston, 1998)



36

Price, R., Green, P.E. : 'A communication
technique for multipath channels', Proc. IRE,
1958, 46 PP 555-570.

S. Verdu, Multiplier Detection, Cambridge
University Press, New York, NY, 1998.

R. Lypas and S. Verdu, "Near-far resistance
of multiuser detectors in asynchronous
channels," IEEE Trans. Communication, vol.
38, no. 4, PP496-508, April, 1990.

C. D Frank and E. Visotsky, "Adaptive
interference suppression for the downlink of a
direct sequence CDMA system with long
spreading coder," in Proc. 36th Allerton Conf.
On Commn. Contr. And Comp., Monticell, IL,
Sept. 1998.

K. Hooli, M. Latva-Aho, and M. Juntti, "Multiple
access interference suppression with linear
chip equalizers in WCDMA downlink
receivers". In Proc. |IEEE Global
Telecommunications Conf. Rio de Janeiro,
Brazil, Dec. 1999, Vol. General Conference
(PartA), PP 467-471.

Choi, J.: '"MMSE equalization of downlink
CDMA channel utilizing unused orthogonal

10.

11.

12.

13.

Advances in Engineering Science
Sect. C (2), April-June 2008

spreading sequences,' JEEE trans. Signal
Process., 2003, 51 PP 1390-1402.

M.E. Austin, "Decision-Feedback equalization
for digital communication over dispersive
channels,"” M.1.T. Lincoln Laboratory, Aug.
1967.

J. Salz, "Optimum mean square decision
feedback equalization," Bell System
Technology Journal, vol. 53, no. 8, PP 1341-
1373, Oct. 1973.

A.F. Naguib, N. Sesadri, and A. R. Calder
bank, "Increasing data rate over wireless
channels", IEEE Signal Processing Mag., PP
76-92, May 2000.

B. Hochwald, T. L. Marietta, and C. B.
Papadias, "A transmitter diversity scheme for
wideband CDMA systems based on space-
time spreading," IEEE J. Select Area commun.
vol. 19, PP 48-60, Jan 2001.

T. P. Krauss, M.D. Zoltowski,and G. Leus,
"Simple MMSE equalizers for CDMA downlink
to restore chip sequence; Comparison to zero
forcing and rake," in proc. IEEE ICASSP 2000,
2000, PP 2865-2868.

|



