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Abstract—This paper deals with a modified version of a blind
adaptive multiuser detector for direct sequence code-division
multiple-access (DS-CDMA) wireless communication systems
which is named precombining blind adaptive multiuser detector
(PBA-MUD). The main properties of this receiver are low com-
plexity, multiple-access interference mitigation and remarkable
near–far resistance in time-varying multipath fading scenarios. In
particular, the PBA-MUD is based on a blind adaptive algorithm
that allows the detector to avoid deep fading impairments and the
cancellation of the desired signal due to signature sequence mis-
match. Nevertheless, such a receiver experiences a performance
degradation in fast fading channels. In order to overcome this
problem, a window reprocessing technique (Del Re et al. 2001) was
introduced which yielded a new blind detection algorithm. It will
be shown that this receiver, together with this new algorithm [pre-
combining reprocessing window blind adaptive multiuser detector
(PWBA-MUD)] allows a high performance without requiring
training sequences or the knowledge of the interfering signature
waveforms in multipath fast fading channels.

Index Terms—Blind adaptive techniques, CDMA communica-
tions, interference suppression, multi-user detection.

I. INTRODUCTION

RECENTLY, code-division multiple-access (CDMA) based
on spread spectrum techniques has been recognized as

having a significant role in cellular and personal communica-
tions. In particular, the DS-CDMA scheme was found to be at-
tractive because of its potential capacity increase and anti-mul-
tipath, anti-jamming and soft-handover capabilities. Thanks to
these features this technique is to be considered for future 3G
wireless standards in order to guarantee a higher transmitting
capacity and to satisfy the rising multimedia request for ser-
vices. As is known, the multiple-access capability of DS-CDMA
systems is achieved by assigning a distinct signature waveform
for each user from a set of waveforms with low cross-correla-
tion. When different CDMA user signals are simultaneously re-
ceived on the same frequency, the transmitted information can
be recovered by using a filter matched to each user signature
sequence (conventional detector). This detection scheme fol-
lows a single user strategy according to which each user is de-
tected separately regardless of other users, but despite of its low
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complexity, two conditions must be satisfied so as to mitigate
the multiple-access interference (MAI): 1) all the used signa-
ture waveforms should have low cross-correlations for all pos-
sible time shifts and 2) power levels of the received users’ sig-
nals cannot be too much dissimilar. Unfortunately, these condi-
tions are not fulfilled in frequency-selective time-varying chan-
nels, e.g., in mobile radio channel, due to the presence of mul-
tipath, fading or other type of distortions. Moreover, the con-
ventional detector suffers from a substantial performance loss
as the number of the interfering users increases or the signals
are received with different power levels (near–far effect).1

Multiuser detection (MUD) techniques [15], [23], [24] were
proposed in order to cope with the near–far effect and nonorthog-
onal spreading code scenarios: the matched filter outputs and the
parameters of the multiple users are used to jointly perform an
optimum detection for each individual signal. MUD is able to
mitigate the MAI which is the main limit for a CDMA system
capacity as bandwidth is for frequency division multiple-access
and time division multiple-access systems. The optimum mul-
tiuser detector [14] consists in a bank of matched filters and a
Viterbi decoder whose complexity is exponentially related with
the number of users and usually results to be excessive in sev-
eralpracticalapplications.Hence, researchhasfocusedonsubop-
timal detectors which allows a lower implementation complexity
[15], [23]. Recently, some attention has been devoted to adaptive
blind MUD approaches which avoid the knowledge of the signa-
ture waveforms, the timing and the complex amplitudes of the in-
terfering users. These techniques are based on the minimization
ofthemeansquareerror(MMSE)betweenthedetectoroutputand
thetransmitteddata[16].Unfortunately, thisentailstheuseofspe-
cific training sequences, one for each active user, thus preventing
the application of the MMSE receiver in fast time-varying multi-
path fading environments (transmission of training sequences at
short intervals strongly reduces the system efficiency). The use of
training sequences was avoided in the blind receiver proposed by
Honig et al. [1]. This type of receiver isbased on theminimization
of theoutputenergy (MOE).2 As for theMMSEscheme, theMOE
detectorisknowntosufferfromastrongperformancedegradation
infast time-varyingmultipathfadingenvironmentsduetothemis-
match between the received and the nominal spreading sequence
of the desired user. It is worth stressing that blind adaptive detec-

1The near–far effect can be avoided by the implementation of a strict power
control with a consequent complexity overhead (see IS-95 standard [17]).

2It has been demostrated in [1] that the MOE approach is equivalent to the
MMSE.
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tion in fast fading channels with a moderate complexity is a goal
of many recent contributions [30]–[32].

The PBA-MUD proposed in this paper relaxes this drawback
and achieves a good performance in both additive white Gaussian
noise (AWGN) and multipath-fading environments. The basic
idea lies in suppressing MAI in received signals by generating an
adaptive vector whose determination takes into account all signal
replicas. Each replica of the user of interest is delayed and time
aligned before performing a maximal ratio combining. Hence,
an adaptive sequence is obtained so that it is orthogonal to this
precombined signal. This makes the detector more robust against
near–far effects and mitigates mismatch drawbacks. Moreover,
in order to counteract the negative effect of the time-varying
characteristics of the transmission channel a suitable window
reprocessing algorithm [20], [28] is used, so that a notable perfor-
mance enhancement with a low increase in the implementation
complexity is achieved. In particular, the reprocessing technique
expounded in thispaper isverysuitable in theso-calledfast fading
vehicular channels. Because of its inherent low complexity, the
PBA-MUD is of particular interest in reducing MAI effects at the
mobile receiving end, taking also into account the interference
contributions due to the uncoordinated transmissions in adjacent
cells. However, it is important to point out that this may be also
effective in applications at the base station receiving end.

The organization of this paper is as follows. In Section II, the
system model is described. Section III gives a brief description of
the blind detector proposed in [1]. Section IV deals with an exten-
sionof thestandardblinddetector [1] tomultipath fadingenviron-
ment and, then, the precombining blind adaptive (PBA) detector
is presented. Section V describes the reprocessing window algo-
rithm. Numerical results are reported in Section VI.

II. SYSTEM MODEL

Under the assumption of asynchronous CDMA users
sharing the same band in multipath fading channels, the
equivalent baseband received signal can be represented as

(1)

where
number of resolvable paths;
number of transmitted symbols;
white Gaussian noise with double side power
spectral density ;
symbol interval;
amplitude of the th user;
time delay of the th user;

th bit of th transmission: these are inde-
pendent identically distributed (i.i.d.) random
values in with equal probability 0.5;

and respectively, the channel coefficient and delay
characterizing the th path of the th user.

It is worth stressing that, for the sake of simplicity, the time de-
pendency of parameters and was dropped. Moreover,

Fig. 1. Blind adaptive multiuser detector basic scheme.

it was supposed that are perfectly known according
to the specifications in [5].

Channel coefficients are defined as

(2)

where are i.i.d. Rayleigh random values and are i.i.d.
uniform random values in .

User signature waveform is defined, upon symbol
interval, as in the following:

(3)

where is the processing gain, the chip interval,
the th chip of the th spreading code, and

the chip pulse function.3 Assuming that the user of interest
is the first, the associated bit sequence has to be demod-
ulated only by means of the signature waveform and timing. No
hypothesis is made about interfering users amplitude, timing,
and phase offset.

III. BLIND ADAPTIVE MULTIUSER DETECTOR (BA-MUD)

The well-known BA-MUD [1] is based on the minimiza-
tion of average output energy subject to a constraint. Since this
constraint freezes the contribution of the desired vector to the
output, the receiver can only suppress the sum of the noise and
interference energies, that is the same quantity minimized by
MMSE receivers.4 The practical implementation of this detector
is achieved by means of two orthogonal filters (Fig. 1): one of
them is matched to the signature waveform of the desired user,
while the other is an adaptive structure that is used to limit the
MAI. By considering the impulse response filter coefficients as
vectors whose length is equal to the processing gain,5 a vector
has to be added to the desired vector so that the sum vector

is orthogonal step by step to the subspace
spanned by the interfering user vectors [Fig. 2(a)]. If we assume
that vector is orthogonal to the signature vector , the en-
ergy of the impulse response of the composed filter is

(4)

where is the surplus energy of the composed filter due to the
adaptive filter. Without loss of generality, all the spreading code
energies have been assumed as unitary.

As is shown in Fig. 2(a), the BA-MUD needs a minimum
surplus energy in order to have the vector
orthogonal to the interfering space . In real communication

3For simplicity, a rectangular pulse shaping is considered herein.
4It is important to stress that this goal is achieved without using a training

sequence.
5This assumes a chip waveform matched filter prior to MF and blind adaptive

filters.
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(a)

(b)

Fig. 2. Surplus energy � of adaptive filter x that gives a total interference
cancellation. (b) Surplus energy � of adaptive filter x that gives a total desired
signal cancellation.

systems, the detector does not exactly know the spreading wave-
form of interest because of signal distortion introduced by the
wireless-fading channel. In fact, it is not possible to assume
the original spreading waveform knowledge for the signal de-
spreading since the actual received waveform may include ad-
ditional multipath components or other channel distortions. This
phenomenon is known as a mismatch and can prevent the adap-
tive blind algorithm from correct convergence. Mismatch could
cause the desired signal cancellation if the surplus energy in-
creases uncontrollably; hence, has to lie below a specified
threshold value [Fig. 2(b)]. Moreover, it is straightforward
to note that the following condition must be fulfilled:

(5)

otherwise, the detector is not able to limit MAI without cancel-
lation of the informative signal.

If we denote with the inner product, i.e.,
in the th observation interval,

the minimum output energy detector aims at determining the
vector that minimizes the strictly convex cost function

(6)

and satisfies the constraint

(7)or equivalently

(8)

By the application of the stochastic gradient algorithm in order
to find the minimum point for the output energy, the adaptation
rule results in [1]

(9)

Fig. 3. A possible scheme for a first extension of the blind adaptive MOE
detector (BA-MUD) of [1] to a multipath fading environment. This structure
was named RAKE blind adaptive multiuser detector (RBA-MUD).

where is the Lagrangian multiplier that assures the con-
straint on surplus energy . This algorithm converges to
the MMSE solution regardless of initial condition if step
decrease as , where index represents the iteration number
[3]. In the case of synchronous users, the optimum MOE
solution was derived in [1] and it is equal to

(10)

where

(11)

(12)

(13)

and is the Lagrangian multiplier to assure .

IV. PRECOMBINING BLIND ADAPTIVE MULTIUSER DETECTOR

The BA-MUD [1] was proved to be effective in static envi-
ronments, while its performance rapidly degrades in the case
of a time-varying environment. This section proposes a mod-
ified BA-MUD in order to relax this drawback. We focus on
a time-varying multipath fading channel with amplitudes and
phases with Rayleigh and uniform statistics, respectively. In par-
ticular, we have adopted a channel model consistent with the
GSM specifications [5] for a suburban environment. In this case
a possible approach is to insert a single BA-MUD in each finger
of a RAKE structure (Fig. 3) in order to counteract the MAI
effect in each desired signal significant path [25]–[27]. This de-
tector was called “RAKE” BA-MUD (RBA-MUD).

In this scheme, each detector has its own independent MOE
convergence process matched to a specific replica of the desired
signal, by considering other informative replicas as interference
to be eliminated. The main shortcomings of this scheme are the
following:
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Fig. 4. PBA-MUD.

1) if only one of the information replicas is received during
a deep fade situation, the symbol transmitted cannot be
successfully reconstructed;

2) the larger the mismatch between locally generated
spreading waveform and the received waveform, the
smaller the surplus energy which gives the desired
signal cancellation, with the result that the condition

may not be obeyed;
3) each finger has its own independent adaptive vector

, so that one of these may not reach
the stability region with impairments in the replica
combining process.

All these problems give rise to a loss of performance. In the
proposed PBA multiuser detector (PBA-MUD) the vector is
forced to be orthogonal not to the nominal spreading vector ,
but to the space spanned by its path directions in order to cope
with the problem caused by mismatch phenomena. Therefore,
the vector is forced to be orthogonal to the space spanned by
all replicas carrying the desired information. Since the received
informative signal vector must lie in this space, the risk of can-
cellation of the desired signal is avoided. Hence, surplus energy
constraint could be neglected. In practice, a surplus energy con-
straint must be maintained in multipath fading channels because
of high variability of channel characteristics and nonexact esti-
mation of channel parameters.

In order to face fading and stability issues, a unique adap-
tive vector is generated, aiming to suppress MAI from all
precombined replicas of the desired signal at the same time,
instead of a set of independent adaptive vectors
(Fig. 4). In this way, a single receiver has been implemented
after the RAKE recombination structure, thus yielding a remark-
able complexity reduction.

Thanks to the precombining approach, a convergence situ-
ation is more easily obtained for the whole received signal of
the user of interest. In particular, the weaker received replicas,
e.g., those corresponding to deep fading propagation, are con-
sidered as a part of the overall signal and not as a single informa-
tive signal, thus yielding a more reliable decision variable and a
more robust convergence procedure.

The received continuous-time signal is assumed to be sam-
pled at the rate and to be passed through a multipath com-

biner6 before approaching the detection filter (Fig. 4). Hence,
the vector at the input of the composed filter , in a single
observation interval, is

(14)

where the vector is the AWGN vector, the coefficients
are the estimated channel coefficients associated

with each received replica of the user of interest, and
represents

the part of the th replica of th spreading waveform, after
its time alignment to th replica7 (as in a RAKE structure),
that modulates the th bit falling in the decision interval

. For simplicity we assume, without loss of
generality, that .The detector output can be written as

(15)

The first term is the desired decision variable, the second term
is the self-interference due to the disarranged replicas of the

6A Maximal Ratio Combiner is supposed herein.
7In practice, the anticipated-time � should be replaced by � � � be-

cause only time-delays are admitted by real devices. In that case, the decision
time is delayed of one bit, i.e., at bit time n the receiver decides on bit n� 1.
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desired signal in the th symbol interval, the third term is the
MAI, and the last term represents the noise contribution at the
detector output.

A modified steepest descent stochastic gradient algorithm is
proposed herein to update

(16)

where

(16a)

and

(16b)

As can be seen in (15), the blind filtering is performed with
the nominal spreading sequence of the desired user , but the
updating algorithm (16) of the adaptive part of the blind filter

was modified by forcing it to be orthogonal to the desired
signature “combined” vector . This modification assures
that the vector was orthogonal to the desired user spreading
waveform as well as to each replica created by the channel, thus
limiting the negative effects of the self-interference [the second
term in (15)] on the decision variable.8 .

If we denote as the subspace spanned by the basis vectors
associated with the orthonormal signals constructed by means
of the Gram-Schmidt procedure (see Appendix A), by starting
from the significant paths of the desired signal after multipath
recombination, is constrained to be orthogonal to . Let

be the projection matrix onto the subspace or-
thogonal to , the component of orthogonal to can be
taken into account by simply replacing with (see (A1)
in the Appendix). Analytically, this modification implies that
the Lagrangian multiplier in (13) now must assure condition

(see Appendix B).
As can be seen in (16), there is a unique adaptive sequence
for all the desired signal replicas which affords the min-

imum value of the total output energy function. As a conse-
quence, the precombined approach allows to obtain the con-
vergence for the whole received signal of the user of interest:
in particular, weaker received replicas, e.g., the replicas corre-
sponding to deep fading propagation, are considered as a part of
the overall signal and not as an individual informative stream,
thus yielding a more reliable decision variable and a more ro-
bust convergence procedure. Moreover, precombining of dif-
ferent replicas allows the derivation of one adaptive sequence
for multipath signals with a low complexity even in real chan-
nels.

It was observed that using the PBA-MUD scheme, the
final decision variable is completely impaired when two/three
replicas (not just one) of the received signal of interest are

8It could be objected that the “optimum” filtering is achieved by using sss
for both the “constant” part as well as for updating the adaptive part of the blind
filter. The problem is that sss is not constant, but it depends on the instanta-
neous values of the channel coefficients and path timings bit-by-bit. In such a
case, it has not been proven yet that it is possible to divide the blind filter in the
canonical form (Fig. 1). The proposed scheme is, thus, a tradeoff between the
receiver performance and its practical implementation.

received during a deep fade situation. Moreover, due to the
orthogonal imposition between and , i.e., constraint

, the bad influence of the self-interference terms in (15)
on symbol decision can be limited, which is caused by the
partial autocorrelations of the signature waveform of interest.

The timing information on significant paths has been as-
sumed to be perfectly retrieved. If a timing estimation error
occurs, the detector is aimed at forming a vector
whose direction is far away from that of the desired vector
as well as from that of the interfering vector. Moreover, in a
practical scenario, each path of the desired user signal is chip
asynchronous and may lead to a signal loss if the filter output
is sampled to the chip rate. In this case, an over-sampling tech-
nique should be employed. For simplicity, in our simulations all
the paths are supposed to be chip synchronous, i.e., we assume
that paths delays are an integer multiple of the chip time .

Although it is known [1] that a constant step, which was
chosen by taking into account the maximum eigenvalue of the
output channel correlation matrix (Appendix C), can assure con-
vergence and stability, we are also interested, in actual envi-
ronments, in facing the MOE minimum value displacements.
Hence, step was chosen as [2]

(17)

where is the iteration number and is the mean output power
of the matched filter calculated upon 10-bit epochs interval

(17a)

This value is used to calculate step by (17) for the next ten bit
intervals and so on. Index increases monotonically until it
reaches , then it restarts from and so on9

(17b)
The updating rule of the algorithm (16) starts from the initial
condition , then it let energy grow until threshold
is reached and energy constraint is applied.

Threshold is estimated as [1]

(18)

if the users are synchronous and

(18a)

if the users are asynchronous. The term is the number of ac-
tive users in the cell and is the processing gain. This threshold
is derived by taking into account relation between and the
near–far resistance [4]

(19)

9Step � must be small enough to assure algorithm convergence [3], but not
so large to prevent from an efficient MOE point tracking in time-varying envi-
ronments.
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An estimation of the mean value of is

(20)

where represents the (random) value of the subspace dimen-
sion of the interfering users. Parameter may be limited as

(21)

where . The estimation of
is obtained by selecting the lower bound in (21) to avoid the

desired signal cancellation and substituting it in (19).
In order to adapt this threshold to a more realistic environ-

ment, such as multipath fading channels, its value was set to

(22)

where is the number of active users, is the number of paths,
and is a parameter experimentally optimized for each contest.
The optimum value of increases with the number of inter-
fering users or the power level of the received signals. Hence,
we can derive the optimum value of as

(23)

This represents the comparison term on energy to assure
energy constraint at each step of gradient algorithm, i.e., if

, adaptive algorithm is carried on, otherwise the
detector imposes a new equal to

(24)

The initial condition value strongly influences the conver-
gence of the stochastic gradient algorithm (Appendix C). This
algorithm guarantees a large convergence region, but not a good
convergence speed. Due to the fast variation of mobile channel
characteristics, the minimum output energy point changes its
position with time so that the steepest descent algorithm is not
able to track it. In order to relax this drawback, we propose the
processing algorithm described in Section V.

V. REPROCESSING WINDOW BLIND ADAPTIVE ALGORITHM

A window reprocessing steepest descent strategy is proposed
herein to track the minimum output energy point in fast fading
environments. The reprocessing window blind algorithm was
previously introduced in [20] and [28] for a BA-MUD receiver.
In our case, the information data frame is divided in length
subframes; then, each subframe is buffered into the detector and
processed more than once (Fig. 5). Each subframe is stored se-
quentially in different buffers in order not to loose information.

In this case, the th iteration has the advantage to start from
vector calculated at previous iteration, so that the new initial
condition is close to the convergence region and allows the blind
detector to better follow MOE displacements.

The adaptive algorithm procedure at th iteration [Fig. 5(a)]
can be written as

(25)

where represents the th bit in the th subframe of length .
The last bit of iteration is used as starting condition to calculate
the first bit on th iteration [Fig. 5(b)]

(26)

where is the optimum value of the reiterations number in
each window.

The first iteration on the first bit in subframe uses the
last bit of previous window [Fig. 5(c)]

(27)

This yields that the trajectory of the steepest descent proce-
dure is preserved.

The window length must be chosen as

(28)

where is the coherence time of the channel and signaling
interval ratio. At the same time, should not be too large in
order to efficiently pursuit MOE point dislocations caused by
the nonstationary environment.

The optimum value of the reiterations has to be empiri-
cally determined as a trade-off between two different sides. The
number of reiterations has to be high enough to assure the con-
vergence of the algorithm and to face the impairments caused
by time-varying channel features. On the contrary, cannot
be indefinitely high in order to avoid the introduction of corre-
lation properties among the bits. In that case, the equivalence
between MMSE and MOE detectors would not be verified and
a performance degradation would be introduced.

Although the advanced blind algorithm obtains a significant
increase in performance in the uplink channel, where each user
undergoes independent fading, a high number of reiterations
per subframe is needed, thus yielding a bit decision delay near
the present implementation limit. However, precombining re-
processing window BA-MUD (PWBA-MUD) has its main ap-
plication in mobile terminal and in the downlink where only few
reiterations are requested.

Although the proposed reprocessing window algorithm yields
a more robust detection in rapid fading channels, this benefit is
counterbalanced by a computational complexity increase. As to
PWBA-MUD, it can be noted that, in the same hypothesis, the
following operations must be performed for each bit

additions (29)

multiplications (30)

The computational load is nearly equal to BA-MUD complexity
times the number of iteration upon the buffered stream so that an
adequate processing speed has to be provided. Even if the com-
putational complexity increase is apparent, it is worth stressing
that the implementation complexity is not related to the number
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(a)

(b)

(c)

Fig. 5. Flow chart of the advanced blind adaptive algorithm. (a) The steepest descent algorithm is run through the stored bits in each subframe. (b) The adaptive
algorithm is run more times in each subframes. (c) When all the reiterations have been performed in one subframe, those bits can be decided and the following
subframe is taken into account by the reprocessing procedure.

of active users. Conversely, this linearly grows with the number
of active users in the case of classical MUD methods.

VI. NUMERICAL RESULTS

We have focused here on both up and down links in wireless
terrestrial and satellite suburban channels according to specifi-
cations [5] and [6]. A BPSK transmission scheme was consid-
ered with the following main parameters.

• Symbol rate equal to 31.496 Ksymb/s.
• Gold spreading sequences of length 127 (therefore, the

processing gain is ).
• Number of channel paths : six for the terrestrial and

three for the satellite channels.
• Channel bandwidth equal to 4 MHz.
• Rayleigh classical Doppler spectrum is assumed with

Doppler spread Hz for the terrestrial scenario

for (31)

• Rice (relative to direct path)—Rayleigh (relative to
echoes) Doppler spectrum with Doppler spread

100 Hz and 40 Hz is assumed for the LEO
satellite scenario (it is worth noting that an automatic
frequency compensator is supposed which performs the
compensation of the Doppler shift due to the satellite
deterministic movement)

(32)

(33)

• Length of reprocessing window : 40 bits.
• Number of reiterations per window : 25 in the up-

link; 2 in the downlink channels.
• Perfect tracking of the phase and delay of the significant

paths of the desired signal.
The PBA-MUD performance is compared, in terms of bit

error probability , with conventional RAKE detector (CRD)
and RAKE version of BA-MUD (RBA-MUD), with a different
MAI level, i.e., a different number of interfering users and a
different received power ratios between interfering signals and
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Fig. 6. Error probability comparison between PBA-MUD, RBA-MUD, CRD and single user bound in the uplink GSM suburban channel (see Table I for
parameters) with four 10 dB stronger asynchronous interfering users.

TABLE I
MAIN PARAMETERS OF THE GSM SUBURBAN CHANNEL MODEL

the desired signal (assuming that the interference-to-signal-ratio
(ISR) is equal to 0, 10, or 20 dB, this means that the interfering
signals are received with a power level 0, 10, or 20 dB higher
than the desired signal). Moreover, in order to take into account,
in the downlink case the adjacent cells interference scenario, an
equivalent asynchronous interfering signal with received power
level 15 dB10 higher than that of the desired user signal11 is
introduced. For each case under examination, an optimization
procedure is adopted to obtain the value that minimizes
the probability of bit error 12 .

It is worth stressing that the curves of the probability of error
of the blind receiver are calculated by considering also the

errors coming from the training period before the blind algo-

10This value is chosen to simulate transmission from base-station to mobiles
near the edge of the cell (worst case of interference).

11Higher values of equivalent intercell interference signal imply a soft-han-
dover procedure start.

12It is worth to stress that no other coding techniques are considered in simu-
lations, e.g., no interleaving, no channel coding, and so on. In this case, the goal
for the Pe level is normally fixed to 10 .

rithm convergence. Therefore, they have to be considered as a
worst case.

Fig. 6 shows the better performance of the PBA-MUD with
respect to the RBA-MUD (in particularly in uplink communi-
cations with bad near–far level (ISR 10 dB) and in downlink
communications with a nonnegligible intercell interference
level). Fig. 7 highlights that the performance of this detector
is just lightly impaired as the number of interfering users
increases, i.e., a level is achieved which assures a good
symbol demodulation. Fig. 8 shows that our detector exhibits
a high performance independently of intercell interfering
signal delay, while the CRD has a lower performance strongly
dependent on the received intercell interfering signal delay. The
same is true for the uplink communications. This demonstrates
that the detector performance is independent of the delays oif
the other users and, hence, it is effective even in the case of
asynchronous users. Since the mobile terminal cannot know
all spreading codes of active users, the PBA-MUD appears
to be an attractive solution in terms of MAI mitigation and
complexity because it needs only one filter with respect to the

filters needed by the RBA-MUD.
In Fig. 9, the performance of the reprocessing window

algorithm for the precombining BA-MUD (PWBA-MUD) and
the RAKE BA-MUD (RWBA-MUD) in terms of bit error rate
as a function of the signal-to-noise ratio in the uplink suburban
multipath fading channel is reported. The performance of the
PBA-MUD, RBA-MUD and classical RAKE detector is also
reported in the same figures for comparison purposes. All the
blind receivers are just lightly impaired by the power level
increase of the interfering users, i.e., they exhibit remarkable
near–far resistance, but it is still evident that the PBA-MUD
has a better performance than the RBA-MUD. Moreover, the
reprocessing window technique coupled with the proposed
precombining scheme is able to gain 3 dB in terms of perfor-
mance compared to the PBA-MUD, thus allowing a significant
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Fig. 7. Error probability comparison between PBA-MUD and CRD in the uplink GSM suburban channel with 10 dB stronger two-four-six asynchronous
interfering users.

Fig. 8. Error probability comparison between PBA-MUD and CRD in the downlink GSM suburban channel with ten interfering users plus an intercell
asynchronous interfering signal with different time delays (delay1 > delay2).

improvement in CDMA wireless systems capacity. Even in
the downlink connection the reprocessing window algorithm
affords a performance improvement when the intercell interfer-
ence is present (Fig. 10).

In Fig. 11 the performance of the above receivers are re-
ported for the satellite LEO communication system scenario.
The better performance of the proposed PBA-MUD is main-
tained with respect to the RBA-MUD, but in this case the repro-
cessing window technique does not yield an appreciable per-
formance gain due to the “slower” variability of the satellite
channel. Anyway, these results are of special interest for the im-
plementation of the on-board demodulation method foreseen in

the ESA report [12]. The performance of a single-user RAKE
receiver (lower bound) is also reported in all these figures for
comparison purposes.

VII. CONCLUSION

In this paper a blind adaptive multiuser detector for
DS-CDMA wireless communication systems has been dis-
cussed. It has been demonstrated by means of computer
simulations that this receiver is capable of mitigating the
problems which affect the standard blind detector [1], in
particular in the case of a time-varying environment. A blind
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Fig. 9. Error probability comparison between PBA-MUD, PWBA-MUD, RBA-MUD, RWBA-MUD and CRD in the uplink GSM suburban channel with four
20 dB stronger asynchronous interfering users.

Fig. 10. Error probability comparison between PBA-MUD, PWBA-MUD, RBA-MUD, RWBA-MUD, CRD, and single-user bound in the downlink GSM
suburban channel with ten interfering users plus an intercell asynchronous interfering signal.

algorithm based on a reprocessing window technique and on
a projection constraint approach, was introduced in order to
achieve a better near–far resistance and convergence rapidity
in fast fading channels. The numerical results presented in this
paper clearly demonstrates that such an approach outperforms
different alternatives already published in the literature on the
same subject.

APPENDIX A
SPACE GENERATION

For the sake of simplicity, let us consider the case of two re-
solvable paths. The received vector of interest, in a single ob-

servation interval, is where we have sup-
posed that first path delay is equal to zero. Thus, after RAKE
combination, the received vector is equal to

where the apex indicates which
kind of replica the detector has time aligned.

The space spanned by the replicas can be

calculated with Gram-Schmidt procedure: taking and nor-

malizing it , the part of orthonormal to

is: .
In the same way, the part of orthonormal to the previous
two vectors is equal to:
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Fig. 11. Error probability comparison between PBA-MUD, PWBA-MUD, RBA-MUD, RWBA-MUD, CRD, and single user bound in the uplink satellite LEO
suburban channel (see Table II for parameters) with four asynchronous interfering users.

TABLE II
MAIN PARAMETERS OF THE LEO SUBURBAN CHANNEL MODEL

. Hence, is the space
spanned by the following orthonormal column vectors

.
In general, by denoting with the matrix

whose columns are the orthonormal vectors of the space , we
can express the projection matrix as

(A1)

APPENDIX B
OPTIMUM SOLUTION

An analytical form of the proposed blind algorithm can be
achieved by solving the minimum of

(B1)

conditioned to the following two conditions:

(B2)

(B3)

The latter condition can be rewritten as

(B4)

where each with
represents a received path direction of the

desired signature waveform at the output of RAKE combining,
i.e., they represent all the carrying information waveforms, time
aligned (if ) and not (if ), at the input of the blind re-
ceiver. Thus, the adaptive vector is constrained to be orthog-
onal to the space spanned by the received replicas of the desired
signal. For the sake of simplicity, we consider the case of
synchronous users. By introducing two Lagrangian multipliers
to guarantee the condition on surplus energy and on orthogonal
projection onto the orthonormal space spanned by ,
the constrained MOE is calculated by taking the derivative re-
spect to of the associated Lagrangian. In fact,
it can be demonstrated [2] that, except for a scaling factor, the
gradient vector of a cost function is equal to

, where denotes the complex conjugate and
the complex conjugate transpose. Hence, by taking as cost

function the constraint MOE function

(B5)

results, noting that

(B6)
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Then the optimum solution is

(B7)

where is the output channel autocorrelation
matrix and , are the Lagrangian multipliers to assure the
conditions and respectively.

Thus, the Lagrangian multiplier can be calculated from
(B7) by taking into account the condition

(B8)

APPENDIX C
CONVERGENCE ANALYSIS

We can compute the trajectory of the mean tap vector
in the modified algorithm

(C1)

where we have defined with the orthogonal projection matrix
onto the subspace spanned by the desired signal main paths
directions.

Equation (C1) can be rewritten as

(C2)

Hence, the mean tap error vector is

(C3)

where is the filter tap after convergence.
By writing equation (C1) in terms of , we have

(C4)

By supposing there is no constraint on the surplus energy, if we
take expectation of both sides in (C4)

(C5)

where we have used the relation .
We can observe that converges asymptotically along
modes and decays exponentially with , where

are the eigenvalues of the matrix [2].
Thus, the following condition must be guaranteed for stability

(C6)

Moreover, taking into account the following condition:

(C7)

we can deduce that this algorithm is closer to the minimum of
the output energy cost function. This implies to be closer to de-
terminate the optimum coefficients of the detection filter, or, in
other words, to obtain a faster convergence of this algorithm.
The relation (C7) can be simply demonstrated by observing that
the matrix has been created from an orthonormal base of
column vectors: the projection of onto is necessarily
lower (in terms of modulus) than the output channel correlation
matrix .
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