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Blind Adaptive Multiuser Detection for Asynchronous
Dual-Rate DS/CDMA Systems
Stefano Buzzi, Member, IEEE, Marco Lops, Member, IEEE, and Antonia M. Tulino

Abstract—In this paper, the authors consider an asynchronous
direct-sequence code division multiple access (DS/CDMA) system
wherein users are allowed to transmit their symbols at one out of
two available data rates. Three possible access schemes are considered, namely, the variable spreading length (VSL), the variable
chip rate (VCR), and the variable chip rate with frequency shift
(VCRFS) formats. Their performance is compared for the case
that a linear one-shot multiuser receiver is employed. It is also
shown that detection of the users transmitting at the higher rate
requires a periodically time-varying processing of the observables.
Moreover, the problem of blind adaptive receiver implementation
is studied, and a cyclic blind recursive-least-squares (RLS) algorithm is provided which is capable of converging to the periodically
time-varying high-rate users detection structure.
Numerical results show that the proposed receivers are near–far
resistant, and that the VCRFS access technique achieves the best
performance. Finally, as to the adaptive blind receiver implementation, computer simulations have revealed that the cyclic RLS algorithm for blind adaptive high-rate users demodulation outperforms the conventional RLS algorithm in most cases of primary
importance.
Index Terms—DS-CDMA, multirate systems, multiple access interference, multiuser detection, recursive-least-squares.

I. INTRODUCTION

A

SUBSTANTIAL amount of work is available in the literature about multiuser detection for direct-sequence (DS)
code division multiple access (CDMA) communication systems
(see [1] and references therein). The main result of such works
is that multiple access interference (MAI), when explicitly accounted for at the design stage, does not represent a heavily limiting factor, so it is possible to achieve satisfactory performance,
even in a near–far scenario, at the price of a complexity increase
in the receiver.
Based on this result, there has recently been a focus on the
design of blind adaptive multiuser detectors which, while maintaining the MAI rejection capabilities of their nonadaptive counterparts, do not require explicit knowledge of the MAI structure,
i.e., the number of interfering users, their relative delays, and
their spreading sequences [2]–[4]. These blind adaptive detection structures have been shown to perform very well, and turn
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out to be very attractive when considering adoption of multiuser
detection strategies in portable handset terminals.
However, most parts of the existing literature on DS/CDMA
share one common hypothesis, i.e., that all of the users simultaneously accessing the channel transmit their information
sequences with one and the same data rate. On the other hand,
future multimedia wireless communication networks will
have to accommodate a heterogeneous variety of information
streams, including, beyond voice, packet data, low-resolution
video, multimedia electronic mail, etc.; these information
streams possess inherently different data rates, and are to
be transmitted with different quality of service (QoS) requirements. Additionally, many of the existing CDMA-based
standards for the forthcoming third-generation wireless networks, for instance, the wideband CDMA (WCDMA) [5],
support the provision of multirate traffic with different QoSs.
It is thus of primary interest to investigate possible modulation formats able to accommodate information streams with
different data rates over a CDMA network, as well as to devise
proper detection structures and blind adaptive algorithms taking
into account the multirate nature of the received signal.
So far, two types of multirate access schemes have been
mostly considered, namely the multicode (MC) and the variable
spreading length (VSL) ones. The MC method [6] amounts to
considering a single rate system, and to assigning to each user
a number of spreading sequences tied to its bit rate; otherwise
stated, high-rate users are able to transmit, in just one signaling
interval of the single-rate system, several bits in parallel, and
each high-rate user is thus converted in two or more virtual
users transmitting at a lower rate. In the VSL access method,
instead, all the users are characterized by the same chip rate
(so as to maintain the same bandwidth requirements for each
user) and signals with different data rates are accommodated
by assigning spreading sequences with different lengths. Due
to the serial/parallel and parallel/serial conversions, executed at
the modulation and demodulation stages, respectively, the MC
strategy is inherently affected by a decision lag, and has been
shown to achieve poorer performance than the VSL access
scheme [7], [8]. For the VSL access scheme, the decorrelating
(zero-forcing) detector [9], [10], the minimum mean square
error (MMSE) detector [11], [12] and a decision-feedback
decorrelating detector [13] have been derived and analyzed
under the assumption that the CDMA system is synchronous.
In this paper, we focus on an asynchronous dual-rate
DS/CDMA network and deal with the issue of blind adaptive
linear multiuser detection. We consider three possible access
schemes, namely the VSL method, the variable chip rate (VCR)
technique, which has been considered also in [14], and the
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variable chip rate frequency shifted (VCRFS) method [15].
Overall, the main contributions of this paper may be summarized as follows: 1) to carry out a comparative performance
assessment for the three considered access schemes, and in
particular to show that the VCRFS, which amounts to adopting
complex signatures for the low-rate users, outperforms the
other two formats; 2) starting from the now well-established
result that detection of the high-rate users requires periodically
time-varying processing, to show how an adaptive (cyclic)recursive-least-squares (RLS)-based receiver can be designed,
taking into account such a periodicity; 3) to present a sensitivity
study, aimed at comparing the new cyclic RLS algorithm to the
classical time-invariant RLS procedure, so as to emphasize the
respective advantages and drawbacks. Finally, a nice byproduct
of this paper is also an analysis of the convergence properties of
the cyclic RLS, which can be obtained by generalizing similar
results holding for time-invariant algorithms.
II. THE MULTIRATE ACCESS SCHEMES
Let us consider an asynchronous dual-rate DS/CDMA network wherein users are allowed to transmit with one out of two
different data rates. Even though all of the results presented
throughout the paper can be easily generalized to a multirate
system, in this paper we consider a system with only two possible data rates. In the following, all the active users will be
grouped in two categories: those transmitting with the larger
of the two available data rates will be referred to as high-rate
users, while the remaining users (transmitting with the slower
data rate) will be referred to as low-rate users.
Assuming that the signaling time of the low-rate users,
say, and that of the high-rate users,
say, are related as
1
, with an integer positive number, and denoting
and
the number of high-rate and low-rate active
by
users, respectively, the complex envelope of the received wavesay, can be written as
form,

(1)

and
refer to the low-rate and
In (1), the superscripts
represents a complex
high-rate users, respectively;
gain accounting for the propagation effects on the signal from
and
are the delay and
the generic user,
the signature waveform assigned to the generic th user, respectively, while
and
represent the
bit information streams, modeled as sequences of independent
1Such an assumption is made for sake of simplicity, but can be easily removed
with minor modifications in subsequent derivations.

binary variates taking on values in the set
. Finally,
is the baseband equivalent of the thermal noise, modeled as
a sample function from a zero-mean, white, complex Gaussian
.
random process with power spectral density
In the VSL access method, both high-rate and low-rate users
share the same chip rate, whence users with different data rates
are assigned spreading sequences with variable length. Accordingly, for the VSL system we have

(2)
where

is a unit-height rectangular pulse supported on

, and
is the spreading sequence
the interval
2
is the
assigned to the th user. Finally, in (2),
.
common chip-interval and
Beyond the VSL, in this paper we consider two additional access schemes. The first one, which will be referred to as variable
chip rate (VCR), amounts to considering spreading sequences
with the same length and different chip rates, i.e., we let
and
. Notice that with such a choice, the
low-rate users occupy a bandwidth smaller than that occupied
by the high-rate users; as a consequence, it is possible to allocate the carrier frequency of the signals from the low-rate users
at some distance from the carrier frequency of the signals from
the high-rate users, so as to reduce mutual interference between
high-rate and low-rate users. This idea thus leads to the VCRFS
access method, in which the spreading sequence for the th
low-rate user is given by
(3)

and
. The paramwhere, again,
is the frequency offset between the carrier frequeneter
cies of the low-rate and high-rate CDMA signals. It is underincreases, the mutual interference between
stood that, as
the high-rate and low-rate users vanishes; on the other hand,
cannot be chosen arbitrarily large, as it influences the bandwidth requirements of the overall multirate system. Here, we
, so that the main lobe of the
let
Fourier transform of the low-rate users signature waveforms is
entirely contained in the frequency range occupied by the main
lobe of the Fourier transform of the high-rate users signature
waveforms.
Let us assume, without any loss of generality, that the low-rate
, and that we are inuser “0” is the user of interest, that
. To this end, we consider as
terested in decoding the bit
2Notice that we are here focusing on periodic spreading sequences; indeed,
even though aperiodic (i.e., longer that one bit interval) sequences have been
considered in current third-generation standards, periodic sequences are of great
interest as they enable adoption of standard adaptive filtering techniques, and are
also optionally supported in the uplink of the WCDMA standard proposal [5], as
well as in the downlink of some proposals for third-generation satellite CDMA
networks [16].
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processing window the interval
, namely we focus on the received signal as observed in
signaling intervals including and surrounding the
the
th interval [17]. Since it is desirable to deal with a discrete-time
signal, we are to project the signal, as observed in the interval
, along a proper orthonormal set. Here, we adopt the following orthonormal system [15]:
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cyclostationarity period for the high-rate signals but not for
the low-rate users. As a consequence, since
,
it can be easily shown that the interference covariance matrix
is periodically time-varying with
period , and so is its range span [15]: in other words, the
situation here is akin to that outlined in [19] and [20] where a
single-rate CDMA system is affected by a digital narrowband
interfering signal and the ratio between the respective signaling
intervals is a rational number.
III. LINEAR MULTIUSER DETECTION
NETWORKS

wherein
for the VSL or VCR access scheme, and
for the VCRFS scheme, while
and
is
and the VSL
an integer positive number. Notice that, if
scheme is in force, projection onto the above set coincides with
plain chip-matched filtering and chip rate sampling, while letcorresponds to oversampling the received waveting
form [18].
-dimensional vector,
say,
The
obtained upon projection of the received waveform (1) along
can be written as
(4)
wherein the first term on the right-hand side of (4) represents the
to be decoded, while the other
contribution from the bit
, and the
terms represent the low-rate and high-rate MAI
thermal noise contribution, respectively.
Let us now specify the signal model for the detection of the
high-rate users. Assuming that the high-rate user “0” is the user
, and that we are interested in decoding
of interest, that
, we consider as processing window the interval
the bit
. Considerations similar to those already illustrated suggest projecting the received
waveform onto the following orthonormal set:

IN

DUAL-RATE

To begin with, let us consider the problem of decoding the bit
based on the processing of the
-dimen. To this end, we resort to a linear one-shot
sional vector
detection rule, i.e.,
(7)
is the signum function,
denotes conjugate
wherein
denotes real part. As to
, it is an
transpose, and
-dimensional vector representing the receiver
operation. The most popular linear receivers are the MMSE detector, which corresponds to
(8)
and the decorrelating detector which, instead, is given by
(9)
In the above equations, the covariance matrices
are defined as

and

(10)

(5)
and
is an integer positive number.
wherein
Such a set can be now adopted for any of the considered access
-ditechniques. We thus obtain the following
mensional discrete-time sequence:
(6)
wherein, again, the first term on the right-hand side represents
the contribution from the user of interest, while the other two
terms represent the MAI and the thermal noise contributions.
and
With a slight notational abuse, we still denote by
these terms, even though their expressions do not obviously coincide with those in (4).
It is worth noticing that in (6) an unitary increment in the
, which is a
index corresponds to a temporal shift of

denotes the Moore–Penrose generalized inverse [21], and
on the temporal index has
the dependence of the filter
been dropped as not actually present. Notice that, if the vector
does not lie in the range span
of the interference
, then the interference
covariance matrix
contribution at the output of the decorrelating receiver is totally
nullified as the filter (9) performs a projection of the observables
onto the orthogonal complement of the interference subspace
.
As regards detection of the high-rate users, once again we
consider the following linear decision rule:
(11)
with
as

a

-dimensional vector expressed
(12)
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for the MMSE detector, and
(13)
for the decorrelating detector, respectively. Of course, in (12)
and
are the coand (13) the matrices
and
variance matrix of the vectors
.
is
Notice that, even though in (12) and (13) the filter
time-varying, it is actually a periodically time-varying quantity
with period , implying that receiver implementation does not
require an on-line (heavy) computation of the filter at any bit
interval: the high-rate receiver is just defined by coefficient
, to be cyclically employed in order to desets,
code the information stream from the high-rate user “0” [15].
A. Numerical Results
In this subsection, we present some sample plots illustrating
the performance of the linear multiuser detectors in a multirate
environment. To this aim, we consider a dual-rate asynchronous
, namely one of the two available
DS/CDMA system with
data rates is twice as large as the other. Gold codes have been
adopted as signature sequences, with processing gain
. For the VSL access technique, the low-rate spreading sehave been built by repliquences of length
cating Gold codes of length 31. Moreover, the following plots
are the result of an average over 100 randomly generated realizations of the CDMA signals delays.
First of all, let us carry out a comparative analysis of the performance of the three considered access schemes. In Figs. 1 and
2, the bit error rate (BER) of the MMSE and decorrelating detectors for the high-rate and low-rate users signals are presented,
respectively, versus the received energy contrast per bit, defined
as

for
(i.e., the processing window equals the signaling
, and for all of the three contime), an oversampling ratio
sidered access schemes. The users number has been set equal to
. For the MMSE detector, it has
20, assuming
been assumed that all of the interfering users possess an amplitude which is five dB greater than that of the user of interest;
conversely, the interfering users amplitudes are not a relevant
parameter for the BER of the zero-forcing detector. As expected,
and in keeping with well-known results for single-rate systems,
the curves show that for any of the three access techniques, the
MMSE detector outperforms the decorrelating detector. Additionally, it is seen that, for the high-rate users, the VCR access
technique performs better than the VSL while, on the contrary,
for the low-rate users, the VCR is worse than the VSL. These
results can be easily justified. Indeed, in the VCR technique, the
low-rate users are assigned a chip interval which is twice as large
as that of the high-rate users; the low-rate users are thus a minor
source of interference for the high-rate ones, in that they occupy half the bandwidth required for the VSL method, and have
higher degree of coherence. On the other hand, under the VCR

technique, the low-rate users are assigned a spreading sequence
with half the processing gain as compared to the VSL, and are
affected by a wideband disturbance (i.e., the high-rate CDMA
system whose chip rate is twice that of the low-rate users). The
VCRFS access technique, instead, is seen to outperform the
other two access schemes for both the low-rate and high-rate
signals. This result confirms the previously anticipated intuition
that, due to the low-pass nature of the waveforms
, allocating the carrier frequency of the low-rate signals at some distance from that of the high-rate system results in reduced mutual
interference between the two systems, and, eventually, in better
performance.
In Fig. 3, the effects on the system BER of oversampling and
of the processing window enlargement is investigated for the
high-rate users. Precisely, we have considered the MMSE detector and the VCRFS access technique, which have been shown
to yield the best performance; the number of users accessing simultaneously the channel is still 20. As expected, results show
that both an enlargement of the processing window and an increase in the oversampling factor result in improved system performance.
Finally, similar conclusions can be drawn by inspecting
Fig. 4, wherein the system near–far resistance, averaged over
100 randomly generated other-users delays, for the high-rate
and
and
users, has been plotted, for several values of
for the VCRFS access technique. The Abscissa represents the
: precisely, the even numbers
overall users number
refer to the case that the low-rate and high-rate users numbers
, while the odd numbers refer to
are equal, i.e.,
the case in which the high-rate users are in excess by one on
the low-rate users.
IV. BLIND ADAPTIVE MMSE DETECTION
In this section, we dwell on the exposition of an RLS-based
algorithm for blind adaptive MMSE detection, wherein no prior
knowledge on the interfering signals parameters is available to
the receiver.
To this end, we recall that the linear MMSE multiuser detector
may be implemented in a blind adaptive fashion by exploiting its
equivalence with the minimum-output-energy (MOE) receiver
[2], [23]. In particular, as regards decoding of the low-rate users,
, a blind adaptive
based on the observables
implementation of the (time-invariant) receiver (8) may be obtained by solving the following exponentially windowed constrained minimization problem:

(14)

is the estimate, available at epoch , of the
wherein
specified in (8), and , usually referred to
true solution
as “forgetting factor,” is a scalar constant slightly smaller than
unity which ensures the tracking capability of the solution. The
solution to the problem (14) may be iteratively computed by resorting to well-known procedures, for instance, those developed
in [3] and [23].
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BER for the MMSE and zero-forcing detector for the high-rate users.

Let us instead consider the problem of blind adaptive
high-rate users detection. In this situation, indeed, the detection rule is periodically time-varying with period , whence
conventional adaptive methods, which assume that the solution
to be tracked is stationary or slowly varying, are not suited for
high-rate users detection, as they are not able to converge to
a periodically time-varying receiving structure. Accordingly,
in what follows, we propose a cyclic RLS algorithm, which
enables blind adaptive implementation of the high-rate users
detector.
A. Cyclic RLS Algorithm
In a periodically time-varying scenario, i.e., when a high-rate
user is to be decoded, an adaptive RLS-based receiver is to track
a periodical solution, which entails reformulation of the constrained minimization problem (14). Dropping, for notational
, we define by
the estisimplicity, the superscript
, available
mate of the periodically time-varying sequence
. Such an estimate
after observing the vectors
is subsequently employed to make the decision

determine the estimate
, once again we resort to minimizing the exponentially weighted output energy. More prein place of the
cisely, a receiver adopting the estimate
true periodically time-varying vector sequence achieves an exponentially-weighted output energy

wherein, again, is the “forgetting factor.” The optimum (in
the MOE sense) estimator is, thus, the solution to the following
constrained minimization problem

(16)

Deferring to the Appendix the mathematical details, if we define

(15)
where the equivalence between the last two terms of the above
should
equation stems from the fact that the estimator
be periodical in its second argument with period . In order to

(17)
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BER for the MMSE and zero-forcing detector for the low-rate users.

then the solution to (16) may be obtained through the following
recursive algorithm:

with
the identity matrix of order . Some remarks about the
proposed algorithm are now in order. First of all, notice that it
may be implemented based on the knowledge of the signature
waveform and of the timing of the user to be decoded, as well as
of the high-rate signaling interval or, equivalently, of . Moreis a square
-dimensional block-cirover,
culant matrix with the following structure:

..
.

(18)
wherein

denotes Kronecker product [21], and we have let

(19)

..
.

(20)

is the exponenwhere
tially weighted time-averaged counterpart of the cyclic corre[24]. As
lation matrix with cycle frequency parameter
a consequence, based on the block-circulant nature of the involved matrices, it can be shown that the actual algorithm comcomplex
plexity is linear in , i.e.,
;
multiplications are needed so as to update the filter
thus the complexity is just times larger than that of a conventional RLS algorithm [25]. Additionally, since the modified
, it is easily seen that it
RLS algorithm processes the vector
may be implemented through the so-called FREquency-SHift
(FRESH) realization [24, Ch. 12] as depicted in Fig. 5. The
time-varying receiver may be realized through a time-invariant
processing preceeded by a set of complex oscillators, keyed to
; the time-varying part of
the harmonical frequencies
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Fig. 3. BER for the high-rate signals MMSE detector with VCRFS access method.

Fig. 4.

Near–far resistance for the high-rate signals detectors with VCRFS access method.

the algorithm is thus confined to the bank of complex oscillators. The time-invariant processing amounts obviously to a mul-

tiplexer (MUX) and to a block implementing the RLS procedure
(18) followed by the final decision circuits implementing the
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FRESH implementation of the adaptive receiver.

decision rule
. Finally, we notice that the FRESH solution presents a highly modular structure, which may turn out useful if the period is very large:
in this situation, indeed, one could resort to a FRESH structure containing a smaller number of complex oscillators. This
choice would obviously lead to a suboptimal receiver, but would
also permit to reduce the receiver complexity. Of course, the set
of cyclic frequencies (to which the complex oscillators are to
be keyed) should be chosen as a compromise between the conflicting requirements of achieving satisfactory performance and
affordable receiver complexity. We do not dwell any longer on
this point, which is the object of current investigation.
V. ANALYSIS OF THE BLIND RECEIVER
The proposed cyclic RLS-based adaptive procedure differs
from the conventional RLS algorithm for two reasons: 1) it is
blind, i.e., it does not require the periodical transmission of
known training sequences; 2) for the case that an high-rate user
is to be decoded it is cyclic, namely it is able to converge to a periodically time-varying receiving structure. As a consequence,
well-known results on the convergence capabilities of the conventional RLS algorithm [25] do not apply to our context. Recently, a convergence analysis of the blind RLS algorithm has
been presented in [3]; the results of this study obviously hold
with no modification for the case of blind adaptive implementation of the low-rate users receiver but they are not valid for the
companion case of blind adaptive high-rate users demodulation,
since in this latter situation the receiver to be tracked is periodically time-varying.
In order to verify the effectiveness of the new algorithm, in
what follows we focus on the case of periodically time-varying
interference background. Unfortunately, a thorough convergence analysis of the algorithm (18) turned out to be unwieldly.
As an indirect proof, and to establish somewhat reassuring
results, in this paper we consider the case that no exponential
is the sample
windowing is adopted and the matrix
covariance matrix, i.e.,

(21)

Notice that this assumption just causes a more limited capability
of tracking changes in the interference structure (i.e., for instance, the birth of new users or changes in their amplitudes),
while having no effects on the steady-state performance, i.e., on
its capability of converging, in a stationary environment (i.e.,
with no changes in the interference structure), to the true periodically time-varying solution.
Finally, we validate the effectiveness of the new algorithm
(18) through some computer simulation results.
A. Convergence Analysis
Here, we show that the proposed cyclic blind algorithm with
as in (21) converges almost surely (a.s.) and in the mean
value to the true solution, while the blind algorithm in [3] is not
able to converge to the periodically time-varying true solution.
To begin with, we notice that, under mild assumptions, the
matrix (21) converges a.s. to the following matrix [26, Ch. 7, p.
275]:
a.s.

(22)

denoting time-average. The matrix
is a
-dimensional square block-circulant
matrix, with a structure similar to that in (20), and whose
)
coincides with
generic th block (with
the observables cyclic correlation matrix with cycle frequency
[24]. Since, from (18) we have
parameter

with

(23)
following the same steps as in the Appendix, it can be shown
that, skipping irrelevant positive proportionality factors,
converges a.s. to the true solution (12).
is
Since the modulus of each entry of the vector
uniformly integrable (with respect to the probability measure),
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K

K

Fig. 6. Convergence dynamics of the cyclic and of the conventional blind RLS algorithms. System parameters:
= 5;
= 12; the upper plot refers to a
power-controlled scenario, while in the lower plot the low-rate users amplitudes are 20 dB stronger than the high-rate users’ amplitudes.

it follows [26, p. 297] that
converges in the mean value
to the true solution.
Let us now consider the classical blind algorithm in [3]. Since,
again, no exponential windowing is adopted, the said algorithm
operates on the following sample covariance matrix:

(24)
Under these circumstances, it is easy to show that, for increasing
, we have
a.s.

(25)

converges to the time-avOtherwise stated, the matrix
, with
erage of the statistical covariance matrices
. Since this limit is actually time-invariant, it
is evident that the blind algorithm in [3] cannot converge to a
periodically time-varying solution.
B. Simulation Examples
Once again, we have adopted Gold codes as spreading se; we have considered
quences, with processing gain
, i.e., the
the VCRFS access technique, and we have set
secondary CDMA network transmits at a rate three times slower
than the primary network. In order to lower the simulation time

we have considered a synchronous system, so as to skip the average with respect to the random delays. This assumption, however, as explained, for instance, in [2] and [3], does not imply
any loss of generality. The forgetting factor has been set equal
to 0.9995.
Since the convergence capabilities of the “time-invariant”
blind RLS algorithm have been already illustrated in [3], we
dwell here on the performance of the cyclic algorithm, i.e., we
consider the problem of blind adaptive high-rate users demodulation. First of all, let us focus on the convergence dynamics
of the algorithm. In Fig. 6, we have represented the correlation
and the “true”
coefficient between the estimated filter
, whose expression is given by (12), versus the
filter
number of iterations. The plots are the result of an average
over 100 random independent runs. The upper curve refers to a
and
; all of the signals have
scenario with
the same amplitude (i.e., perfect power-control is assumed) and
the average received energy contrast is 13 dB. The lower curve,
instead, is similar to the former one, except for the fact that the
low-rate users amplitudes are assumed to be 20 dB stronger
than the high-rate amplitudes. It is seen that in the upper curve
the cyclic algorithm and the conventional blind RLS (i.e., the
one reported in [3]) achieve the same asymptotic value, but the
convergence time of the cyclic algorithm is noticeably larger
than that of the conventional one. In the lower curve, instead,
the cyclic RLS algorithm largely outperforms the conventional
one. Such a behavior is easily justified. Indeed, the need for a
periodically time-varying detection rule is due to the presence
of the low-rate users: in a perfectly power-controlled situation,
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Fig. 7. Tracking capabilities of the cyclic and of the conventional blind RLS algorithms. Before epoch 3000, there are five high-rate users and nine low-rate users;
at epoch 3000, 4 new low-rate users enter the channel. In the upper (lower) plot, the new users have 10-dB (20-dB) power advantage on the high-rate users.

the time-variations of the interference covariance matrix
are not very strong, whence the conventional RLS algorithm
(which is suited for the tracking of a time-invariant, or slowly
time-varying, interference covariance matrix) achieves satisfactory performance. Likewise, the cyclic algorithm achieves
good performance as well, but converges more slowly due
has a dimensionality
to the fact that its input vector
times larger than the dimensionality of the vector
which is
processed by the conventional algorithm. In the lower curve,
instead, the severe near–far scenario emphasizes the periodicity
, and so the conventional RLS algorithm
of the matrix
is not able to track its variations. The cyclic algorithm, on the
contrary, achieves very satisfactory performance and enables
blind adaptive high-rate users demodulation. Other simulations,
whose results are not shown here for sake of brevity, have
revealed that the conventional algorithm performs poorer
and poorer as the users number increases, even if perfect
power control is assured; the cyclic algorithm, instead, is quite
insensitive to the network load.
Let us now concentrate on the tracking capabilities of the algorithm. In Fig. 7, we have again represented the correlation coefficient between the estimated filter and the true solution (12).
and
The upper curve initially refers to a scenario with
; all of the signals have the same amplitude (i.e., perfect power-control is assumed) and the average received energy
contrast is 13 dB; at epoch 3000, four low-rate users with an
amplitude ten dB larger than that of the other signals enter the
channel. The lower curve, instead, differs from the upper one as
the nine low-rate users have an amplitude which is ten dB larger

than that of the high-rate signals, while the four low-rate users
entering the channel at epoch 3000 have an amplitude 20 dB
stronger than that of the high-rate signals. In both curves, it is
seen that the cyclic algorithm achieves better performance, even
though its initial convergence is somewhat slower than that of
the conventional RLS. Summing up, we can conclude that the
conventional algorithm may converge more rapidly than the new
algorithm, but in many scenarios commonly encountered in mobile communications its steady-state performance is very poor.
The cyclic algorithm, instead, even though it converges more
slowly, appears more robust, in that it achieves good performance in strong near–far scenarios, as well as in heavily loaded
networks; moreover, it is very little affected by abrupt variations
in the users number, as witnessed in Fig. 7.

VI. CONCLUSION
In this paper, the problem of the accommodation of information streams transmitted at one out of two available data
rates over an asynchronous DS/CDMA network has been
considered. Besides the VSL access scheme, two other access
methods have been considered, namely the VCR and the
VCRFS, in which users with different data rates are assigned
signature waveforms with different bandwidths. Two linear
one-shot multiuser receivers—the decorrelating and the MMSE
detectors—have been considered, and their performance has
been analyzed for all of the three cited access methods.
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Furthermore, we have also tackled the problem of blind adaptive detection. We have developed a blind cyclic RLS algorithm which enables blind implementation of the periodically
time-varying MMSE high-rate users detector. Such an algorithm
has been validated through computer simulations, and its performance assessed also in comparison to the conventional blind
RLS algorithm [3].
APPENDIX
In this appendix we briefly illustrate the mathematical details
leading from problem (16) to solution (18). First of all, notice
is periodically time-varying in its
that, since the filter
second argument with period , it admits the following Fourier
expansion:
(26)

the coefficients of the Fourier expansion.
with
Substituting (26) into (16) and elaborating leads to the following
problem:
(27)
the
with
Fourier coefficients of the filter

-dimensional vector of the
, i.e.,

and
and are defined in (17) and (19). The problem
(27) can now be solved with standard lagrangian techniques,
thus yielding the solution
(28)
and not to its
Since we are interested to the filter
, we have to reconstruct the solution
Fourier coefficients
in the time-domain, i.e.,
(29)
substituting (28) into the above equation, we obtain, after some
nontrivial algebraic manipulations

(30)
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with
given by (20). In deriving the above expression,
we have exploited the following decomposition for the blockand :
circulant matrices
(31)
,
,
is a square matrix of order
with
. Finally,
is the following block-diagonal square matrix of order
:

wherein
with
while

is a square matrix of order

with
. Decompositions
(31) may be obtained by generalizing to block-circulant matrices the properties of circulant matrices reported in [27]. We
do not give proofs of their validity for sake of brevity.
Based on the matrix inversion lemma [21], it can be easily
shown that solution (30) can be recursively implemented
through procedure (18).
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