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Institut Eurécom, 2229 routes des Crêtes, BP 193, 06904 Sophia Antipolis Cedex, France
Email: slock@eurecom.fr

Michael D. Zoltowski
School of Electrical and Computer Engineering, Purdue University, West Lafayette, IN 47907-2035, USA
Email: mikedz@ecn.purdue.edu

The past few years have been marked by a worldwide stan-
dardization activity for third-generation (3G) wireless sys-
tems, which are intended to deliver high data rates and are
expected to handle multimedia applications in addition to
voice. The key multiple-access technique that has been cho-
sen for 3G wireless systems is CDMA.

The performance of 3G wireless systems might not be
sufficient to meet the needs of future high-performance mul-
timedia applications such as full-motion video and telecon-
ferencing. Hence, there will be a need for systems that ex-
tend the capabilities of 3G wireless systems, sometimes re-
ferred to as fourth-generation (4G) wireless systems, what-
ever they might be. It is likely that these wireless systems
will retain a CDMA component, but compared to 3G wire-
less systems, the changed operating conditions will present a
new set of challenges in the development of CDMA detection
techniques.

The aim of this special issue is to cover present research in
the development of improved CDMA detection techniques
for future wireless systems. Following the review process,
thirteen papers have been selected for this issue. They can be
classified into four broad categories: detection techniques for
downlink CDMA, detection techniques for uplink CDMA,
synchronization for CDMA, and combinations of CDMA
with OFDMA.

In most CDMA systems, the downlink constitutes the
bottleneck, since this is the link that has to enable the high-
est data rates. However, since the data streams correspond-
ing to the different users can be organized in a synchronous
manner and all these streams travel through the same chan-
nel from the viewpoint of a specific terminal, the receiver
design can be kept rather simple. In a flat-fading channel,
one generally applies a code-matched filter at the receiver,
which is optimal if the different users are assigned orthog-
onal codes. However, this limits the maximum number of
users to a value given by the spreading factor. To overcome
this problem, one may consider two sets of orthogonal codes
and assign one set of users to one set of codes and the
other set of users to the other set of codes. This doubles the
maximal number of users and does not increase too much
the amount of multiuser interference (MUI) at the output
of the code-matched filter. In the first paper, Vanhaverbeke
and Moeneclaey go one step further and exploit the addi-
tional degree of freedom that one set of orthogonal codes
should not be aligned with the other set of orthogonal codes.
This allows them to reduce the MUI by up to 50% com-
pared to the case where the two sets of codes are aligned. If
a downlink CDMA system suffers from frequency-selective
fading, the code-matched filter generally performs poorly
since the code orthogonality is destroyed by the channel.
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In that case, one generally applies a chip-level equalizer be-
fore the code-matched filter to equalize the channel and re-
store the code orthogonality. The chip-level equalizer that is
often adopted is the MMSE FIR equalizer. In the second pa-
per by Nguyen et al., on the other hand, an attractive alter-
native is presented, namely a Kalman-filter (KF) equalizer,
which can take into account nonstationarity arising from a
time-varying channel or a scrambling code for instance. Two
KF versions are discussed. Both of them outperform the pop-
ular MMSE FIR equalizer.

In the uplink of a CDMA system, the users are generally
asynchronous and their data streams travel through differ-
ent channels when arriving at the base station. This com-
plicates the receiver design considerably compared to the
downlink receiver design. While for the downlink, single-
user detectors are sufficient, that is, receivers that only re-
quire the code and the channel of the desired user to de-
tect a specific user’s data stream, the uplink generally re-
quires multiuser detectors, that is, receivers that need the
codes and the channels of all active users to detect a spe-
cific user’s data stream. Note that it is possible to use a
single-user receiver also for the uplink, but it will gener-
ally perform poorly, especially for high user loads. The op-
timal multiuser detector has been introduced by Verdu in
1986. However, due to its large computational complexity,
linear multiuser detectors have been presented as interesting
alternatives. Other popular multiuser detectors are the par-
allel interference cancellation (PIC) multiuser detector and
the Kalman-filter (KF) multiuser detector. In the third pa-
per by Morosi et al., a turbo version of a PIC multiuser de-
tector for turbo-coded CDMA is proposed, whereas in the
fourth paper by Sayadi and Marcos, a KF multiuser detec-
tor for CDMA in impulsive noise is presented. To decrease
the complexity and improve the performance of multiuser
detectors, it is often important to know how many users
are active at any time and who they are. In the fifth pa-
per, Haghighat and Soleymani propose a MUSIC approach
to deal with this problem, which turns out to provide a re-
liable performance. Finally, in the sixth paper by Del Re
et al., it is shown that under certain circumstances, exist-
ing single-user and multiuser detectors for uplink CDMA
systems can be improved by exploiting the fact that a user
can be in either one of two states: a talk state or a silent
state.

Synchronization plays an important role in CDMA sys-
tems, especially for the uplink. In this issue, a couple of pa-
pers are devoted to timing estimation for uplink CDMA sys-
tems. In the seventh paper by Liu and Li, a novel training-
based near-far-resistant timing estimation algorithm is pro-
posed. It is based on the earlier developed large-sample
maximum-likelihood (LSML) algorithm and is referred to
as the modified LSML algorithm. However, in contrast to
the LSML algorithm, which needs to perform a multidi-
mensional search, the MLSML algorithm provides a closed-
form solution. Next to training-based timing estimation,
it is also possible to estimate the code timing in a blind
fashion using for instance MUSIC. In the eighth paper by
Hu, a new blind timing estimation algorithm is proposed,

which is outperformed by MUSIC only at low SNR, while
having a linear complexity instead of a cubic complexity,
like MUSIC. Synchronization is also important for mobile
positioning. Estimating the delay of the first arriving path
allows one to determine the distance between the mobile and
the base station. However, the use of a bandlimited pulse
shape decreases the accuracy of this delay estimate. In the
ninth paper, Hamila et al. introduce a novel delay estima-
tion process that reduces the effect of the bandlimited pulse
shape.

While CDMA is capable of collecting the multipath di-
versity but suffers fromMUI, orthogonal frequency-division
multiple access (OFDMA) completely eliminates the MUI
but can not collect the multipath diversity and there-
fore suffers from frequency selectivity. To capitalize on
the advantages of both CDMA and OFDMA, combina-
tions of CDMA and OFDMA have been developed. De-
pending on the way they are combined, we can distin-
guish between multicarrier CDMA (MC-CDMA), multi-
carrier direct-sequence CDMA (MC-DS-CDMA), and mul-
titone CDMA (MT-CDMA). The next four papers deal
with some of these combinations. In the tenth paper, Hou
and Dubey derive an exact closed-form BER expression
for downlink MC-CDMA systems applying a matched fil-
ter at the receiver. Previously derived BER expressions are
based on certain assumptions which are not guaranteed
in practice. In the eleventh paper by Tan et al., optimal
power control for uplink multicode MC-CDMA systems ap-
plying successive interference cancellation (SIC) at the re-
ceiver is derived. Note that a multicode CDMA system is
actually a multirate CDMA system, where each user can
be assigned multiple codes, depending on the data rate
this user requests. Since a major drawback of any com-
bination of CDMA and OFDMA is its sensitivity to fre-
quency synchronization errors and nonlinear distortions
from the power amplifier, the twelfth paper by Rugini and
Banelli examines the effect of these impairments on the
performance of downlink MC-DS-CDMA systems apply-
ing a matched filter at the receiver. Finally, in the thir-
teenth and last paper by Giannakis et al., a generalized
MC-CDMA (GMC-CDMA) system is proposed, which truly
combines all the advantages of CDMA and OFDMA: it col-
lects the multipath diversity and completely eliminates MUI.
It is shown how all previously proposed combinations of
CDMA and OFDMA (MC-CDMA, MC-DS-CDMA, and
MT-CDMA), as well as the conventional DS-CDMA sys-
tem can be viewed as special cases of GMC-CDMA. In ad-
dition, frequency reallocation procedures for underloaded
GMC-CDMA systems are presented to increase the perfor-
mance.
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