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A Generalized Blind Adaptive Multi-User Detection
Algorithm for Multipath Rayleigh Fading Channel
Employed in a MIMO System

Yasmine A. Fahmy, Hebat-Allah M. Mourad, and Emad K. Al-Hussaini

Abstract: In this paper, a generalized blind adaptive algorithm is
introduced for multi-user detection of direct sequence code division
multiple access (DS-CDMA) wireless communication systems. The
main property of the proposed algorithm is its ability to resolve
the multipath fading channel resulting in inter symbol interference
(ISI) as well as multiple access interference (MAI). Other remark-
able properties are its low complexity and mitigation to the near-far
problem as well as its insensitivity to asynchronous transmission.
The proposed system is based on the minimization of the output en-
ergy and convergence to the minimum mean square error (MMSE)
detector. It is blind in the sense that it needs no knowledge of the
other users’ signatures, only the intended user signature and tim-
ing are required. Furthermore, the convergence of the minimum
output energy (MOE) detector to the MMSE detector is analyti-
cally proven in case of M-ary PSK. Depicted results show that the
performance of the generalized system dominates those previously
considered. Further improvements are obtained when multiple in-
put multiple output (MIMO) technique is employed.

Index Terms: Blind adaptive techniques, multipath Rayleigh fad-
ing channel, multiple input multiple output (MIMO), multi-user
detection.

I. INTRODUCTION

In recent years, code division multiple access (CDMA) pro-
viding potential increase of system capacity, has received a great
amount of interest among other multiple access techniques. In
particular, direct sequence CDMA (DS-CDMA) by offering ca-
pacity increase, satisfies the rising demand for higher data rate
transfer for multimedia services and raises as the main candi-
date for future multi-user wireless communication systems. By
selecting mutually orthogonal signatures for all active users in
a DS-CDMA system, multiple access interference (MAI) does
not occur. However, it is not possible to ensure orthogonality
among received signatures, the MAI increases and the system is
interference limited.

In 1], the optimum multiuser detector for asynchronous mul-
tiple access Gaussian channel has been obtained and overcome
the presence of other interfering users by a complex receiver. Its
complexity is exponentially related to the number of users. It
also requires the knowledge of the other interfering users’ sig-
natures, timing, and complex amplitudes.
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The focus has turned to sub-optimal receivers based on the
minimization of méan square error (MMSE) between the out-
put and the data [2] and to the decorrelating detector [3], [4].
Although the adaptive MMSE exhibits good near-far resistance,
it substitutes the need to know the other users signature wave-
form by the need of training data sequences for every active user
which strongly reduces the system efficiency.

In order to avoid the need of training sequences, Honig
et al. [5], have proposed an adaptive receiver, for multi-user
CDMA systems, based on the minimization of the mean out-
put energy. This minimization is done subject to certain con-
straint to guarantee no cancellation of the desired signal. They
proved that their minimum mean output energy multi-user de-
tector (MOE-MUD) receiver is equivalent to a MMSE receiver
for the case of AWGN and binary transmission. The algorithm
applies a steepest stochastic descent technique to minimize the
effect of interfering signals.

On the other hand, high data rate communications are limited
not only by noise or MAI but sometimes more significantly by
the inter symbol interference (ISI) effect produced due to the
delay spread resulting from multipath propagation especially in
case of bad urban channels where the multipath problem is dom-
inating.

Notable work has been presented in [6] and [7] where four
suboptimum detection techniques based on zero forcing (ZF)
and MMSE equalization with and without decision feedback
(DF) are presented and compared. They combat both ISI and
MAI. The main drawback is again the need for all users’ wave-
form signatures to be known.

In [8], the authors have presented a modification to [5] to re-
solve the multipath by using a MOE-MUD for each path with
preselected constraints and then combining the resulting out-
puts according to some criteria such as maximum ratio com-
bining. The structure is similar to a Rake receiver that employs
MOE-MUD receiver at each finger. The same structure has been
studied in many publications such as [9], where the constrained
MMSE receiver of [10] replaces the MOE-MUD at each finger.

Another structure has been recently proposed in [11] to over-
come the multipath fading channel. The time alignment and
channel compensation are done prior to a MOE-MUD that uses a
modified adaptive formula. A windowing technique for the time
varying channel was also provided.

However, the pre-selection of constraints does not grant
optimality to the receiver. Multipath components need to be
optimally combined to yield satisfactory detection perfor-
mance [12]. This problem has been tackled in [13], which pa-
rameterizes the constraints and performs further optimization of
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constraints. It has been shown that the method not only provides
a multi-user receiver but a blind channel estimator in the mean-
time. However, the receiver considered in [13] is not adaptive.

In the current work, the blind adaptive algorithm first pre-
sented in [5] is generalized to be used for MAI and the ISI
resulting from multipath Rayleigh fading channel. The general
case of transmitting M -ary PSK symbol is considered instead
of the simple case of transmitting BPSK previously considered
in [5], [8], and [11].

A final contribution is the consideration of multi input multi
output (MIMO) system where N transmitting antennas are used
by each user and the receiver has M antennas.

The organization of this paper is as follows: First, the mathe-
matical presentation of the system model is given in Section II.
In Section III, the generalized algorithm is derived and the
equivalence to the MMSE receiver is proved in Section IV. The
formula governing the steepest stochastic descent adaptation
rule is then derived in Section V. Computer simulations given
in Section VI show the performance of the proposed system
compared to those previously considered. Results are depicted
in terms of the average bit error rate versus the average SNR per
bit for different cases including the asynchronous transmission
and the near-far problem. As the MIMO-CDMA system is of
great interest for the future communication systems, this case is
also considered and simulations are given for a system with two
transmitting and two receiving antennas. Section VII concludes
the paper. Through the text, vectors are represented by small
letters while matrices are represented by capital letters.

II. SYSTEM MODEL

Consider a K user communication system that employs NV an-
tennas at the transmitter of each user and M antennas at the re-
ceiver. The F' information bits for the k-th user, 1 < k£ < K,
can be written in vector form as

T
where [-]7 designates the transposition. The information bits
are then mapped to a particular signal constellation where all the
symbols have the same average power (i.e., M -ary PSK) and are
equally probable. This mapping results in P symbols at each of
the N transmitting antennas. This can be viewed as N vectors
of length P each, where for user £ and antennan, 1 <n < N,
this vector of complex symbols can be expressed as
T
n k,n) ;(k,n n
) = [amdf gl ] 1<p< P @
Each of these symbols is spread using a CDMA code (spreading
sequence) defined as

cen) — [cgkvn>c§kyn>.. Sl

T
g 12a<Q @

with a processing gain (spreading factor) @ = T /T, where T
is the symbol duration and 7. is the chip duration. Therefore,
the transmitted symbols from antenna n of user & are given by

gem)

Sy = 5™, 1<p< P 1<q<Q

C))

yielding the transmission vector

.SPQ

glkm) _ [Sgk,n)sgk,n) - (5)

wmr

Signals from different antennas are transmitted simultane-
ously and they all have the same transmission period 7.

Assume a MIMO multipath channel where the transmitted
signals are added. This model can be fitted to a mobile radio
channel in the up or down link. Define the discrete channel re-
sponse of user k, 1 < k < K, from transmitting antenna n,
1 < n < N, toreceiving antennam, 1 < m < M, as

T
h(k,n,m) — [hgkvnvm)hgkvnvm) N h,(uf:’n’m) . h&f]:”,m)] (6)

1<w<W

where W is the channel response length. The channel low pass
impulse response for the signal of the path w from the n-th trans-
mitting antenna of the k-th user to the m-th receiving antenna
can be expressed as a complex variable with a Rayleigh dis-
tributed attenuation factor and a corresponding phase uniformly
distributed in the interval 0 to 2. The received signal at the
receiving antenna m will be

pm) PW%M.¢$L

pm) g
e ew_1] @)
1<j<PQ+W-—1

with elements r](-m)

-3 3 (e )

k=1n=1

given by

®

where the noise samples ng.m) are modeled as independent sam-
ples of a zero mean complex Gaussian random variable with

variance Ny /2 per dimension. Now, let us define

(k,n,m) (k,n) (k,n,m)
b] (»-1)Q Z h] (r—-1)Q—g+1 ®
and using (4) and (9) into (8), we obtain
( ) e v ( ) (m)
m k k,n,m m
=20 D AR g + g (10)
k=1n=1p=1

In the following derivation, and without loss of generality, we
assume that the intended symbol is the ¢-th symbol transmitted
by the first user on the first transmitter, that is d;(1, 1). To sim-
plify the notation, we define a vector of length M(Q + W — 1)
which groups together in one entity z(z) all received signals that
are related to replicas of the intended symbol (7).

dﬁ=&mw%®@T ﬂM@T”ﬂW@ﬂT

where each of the vectors associated with a receiving antenna is
given by

an

T
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and the elements are given by

m) (
Zf (Z)"71::i 1)Q
K N P N
(k,n) k n,m) m)
=D D D AN e T e (13)
k=1n=1p=1
which can be rewritten as
(m) (k,n)y (ki M) nm
Z Z Z &l b iy (4

k=1n=1u=-U

where —U to +U, U = INT[(Q + W — 2)/Q)], is the range
of indices covering the desired and interfering signals with
(v = 0,k = 1,n = 1) corresponding to the desired signal.
Equation (14) can be rewritten as

Zl(m) (i) = dgl’l)bl(l’l’m) required signal (15)
(1,1),(1,1,m)
+ Eu‘—U ,u#0 dz u bl+uQ
ISI from same antenna
(1,n)1(1,n,m)
+ Zn 2 Zu——U i—u bl+uQ
ISI from other antennas of user 1
K N (k,n)y (k,n,m)
+ ke D mes Zu——U d; bl—i—:Q
MAI from other users
+nl(—T()i—1) @  @added white Gaussian noise
or in a more compact form
Z(m) ('L) — dz(-l’l)b(l’l’m) + nll(rrl,) (Z) (16)

where n”/ (™) (2) represents ISI, MAI, and the noise terms. Equa-
tion (16) is used in (12) and (11) with the concatenation of the
vectors b(11:7) and n”(™) for all receiving antennas in one vec-
tor each, to give
z(i) = d*Vb + n” (4).
In this final form, we recognize n’ () as the equivalent noise
plus interference vector.

a7

I1I. GENERALIZED BLIND ADAPTIVE MULTIUSER
DETECTOR

At the receiver, perfect channel estimation for the intended
user is assumed. Treating each transmitting antenna as a virtual
user, we therefore have KV virtual users in the system.

The practical implementation of the Generalized MOE
(GMOE) detector is as shown in Fig. 1. The received signals
are passed through a time alignment that groups together in one
vector z(1) all received signals related to replicas of the specific
transmitted symbol (¢). This set of signals is then fed to two
orthogonal filters. The first filter is matched to the combined
spreading code and the channel response vector, b, of the de-
sired user while the other, x(2), is an adaptive filter that limits
the effect of interference and noise. This latter filter is controlled
by a steepest descent adaptation rule based on the minimum out-
put energy principle to get the value of x(3) from the previous
value x (¢ — 1) and the current value of z(3).

- Output
r Ti
7 aligrllnr:ent b @
x() T
MOE(x)
Fig. 1. The GMOE-MUD block diagram.

When the input to the equalizer is given by (17), and assuming
orthogonality of the two filters b and x (), the estimated output
value is given by

b+ x(@)]*T 2(5) = d"Vb*Tb + [b + x(i)]"T 0 (). (18)

1IV. EQUIVALENCE OF MOE AND MMSE FOR M-ARY
PSK SIGNALS

The equivalence of MOE and MMSE for binary transmission
was derived in [5]. For complex M -ary signals, this equivalence
does not hold any more with QAM modulation as the MOE is
not the right algorithm when using symbols with different en-
ergy. However, for M-ary PSK modulation where the symbols
still have the same energy the algorithm is valid.

For simplicity, in the following, indices and superscripts ap-
pearing in (17) are dropped whenever no confusion arises.

Let us consider the linear detector (b + x) that minimizes the
mean output energy (MOE)

MOE(x) = E [||(b +x)*Tz|%] (19)
when the input to the equalizer is given by
z=db+n". (20)

It is intended to find the necessary and sufficient conditions on
the vector x to make the minimization with respect to x of MOE
equivalent to the minimization of the mean square error (MSE)
given by

MSE(x) = E [[[(b+x)"(z — bd)|?] . 1)

Expanding the terms in (21) we obtain
MSE(x)=E [((b +x)*T(z — bd)) (b +%)*T(z ~ bd))*]
=B |((b+%)"T2) ((b+x)T2)"]
+E[((b+x) *de) ((b+x)"bd)"]
e[ 4170 (2772
E[((b+ x)*Tz) (b +x)Tba)]. 2)

The first term is the MOE. Replacing z by bd + n” in the last
two terms, expanding and grouping, we obtain

MSE(x)=MOF(x)
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— B [((0+%)"Tb) (b +x)"Tb)" dd"]
~ B [((6+%)"b) (b +x)Tn")"d]
—E [((b +x)*Tn”) (b +x)*"b)" d*] 23)

Using the facts that E(d*d) = A? where A is the amplitude
of the intended user symbols, and that E(d) = 0, (23) is finally
modified to

MSE(x)=MOE(x)
— 42 [(b"Tb + x*Tb) (b*Tb + x )|
=MOE(x)
~ 42 [[I*b|[2 + |x*TbI|? + 26" (x*7b) ]
(24)

which shows that it is necessary and sufficient condition to have
both the real and imaginary parts of (x*Tb) equal to zero to
set the equivalence between minimizing MOE and MSE with
respect to x since in this case we have

MSE(x) = MOE(x) — A?||b*"b||%. (25)

This is the same (21) of [5] with the exception of the replace-
ment of b with the spreading sequence when there is no channel
spreading. To simplify the required condition without any per-
formance loss, we may restrict vector x to be real and orthogo-
nal to both the real and imaginary vectors forming the complex
vector b, that is

xTR(b) = xT¥(b) =0, or

xI'b = xTb* = 0. (26)

V. STOCHASTIC STEEPEST DESCENT ADAPTIVE
ALGORITHM

The stochastic steepest descent technique consists in search-
ing for the real vector x orthogonal to both the real and imagi-
nary vectors forming the complex vector b such as to minimize
the effect of interfering signals.

Pre-multiplying (20) by (b* + x)7, we obtain

(b* +x)7z =bThd + (b* +x)Tn". 27

The objective now is the search for the vector x that satisfies
the constraints in (26), and that minimizes the energy of the in-
terference and noise components in the detected signal as given
by the left hand side of (27). This is equivalent to the minimiza-
tion of the total output energy as defined by the cost function

F=1[b"+x)72] [(b* +x)72]" + \xTb + Aox"b" (28)

where A; and Ay are the Lagrangian multipliers to ensure the
constraints given by (26). Differentiating (28) with respect to
the elements of the vector x, we obtain

grad(f) = [(b*+x)"z]z"+ [(b* +x)"Z] "z

+ A1b + A2b". (29)
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The steepest stochastic descent adaptation rule is given by
x(3) = x(i — 1) - ugrad(f)

where u is a step control multiplier to be selected, and x(0) is an
initial value of the vector x. Take into consideration the fact that
ab* +a*b = 2R(ab*), the adaptation rule can then be re-written
as

x(i) = x(i—1) — p [m ([0 +x(i = 1)72()]" 2(7))

+ A1b + A3b*] (30)
or more compactly
x(1) =x(i — 1) — p[¥ + A b + A2b™]. 31

Selecting x(0) = 0, the Lagrangian multipliers can be found
by pre-multiplying (31) once by b” and another time by b*7
and applying the constraints (26) giving

bT¥ + A bTb + Aob"b* = 0 and

b* T + A\ b*Thb + Xb*Tb* = 0 (32)

solving for A; and Ao, we obtain

(b*Tb*bT _ bTb*b*T) U
(b*Tb)* — ||bTb|?

(bTbb*T — b*TbbT) v

Ao = . 33
2 bbb Gy

A =

Noting that Ay and A, are complex conjugates and upon sub-
stitution in (30), grouping and rearranging terms we obtain

x(@) = x(i—1)
—2uR ([(b* +x(i — 1))72()]

(i) + baTz(3) + b*a*Tz(4)]) (34)

where
T (b*Tb*bT _ bTb*b*T)

(b*Th)* — |bTb]|*

Several suggestions for the selection of the step control mul-
tiplier 11 appear in different references using the MOE technique
with binary data. These suggestions only give trends and bounds
on the selection. During the current work, the most suitable val-
ues were determined experimentally and were found to be given
by p = po/(z*Tz) where pg varies in the simulations between
0.03 and 0.1 depending on the number of users and the frame
length. These values of pg are chosen by using ad hoc optimiza-
tion.

(35

VI. SIMULATION RESULTS

In this section, the performance of the proposed blind adap-
tive algorithm based on the MOE rule and referred to as gen-
eralized minimum output energy multi-user detector (GMOE-
MUD), is simulated for different cases and compared with the
conventional rake receiver to show its effect on MAI rejection
as well as its effect on ISI rejection.
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Fig. 2. BER performance for the single user case showing the equaliza-
tion effect of the GMOE-MUD.

In the following simulations, the information bits are modu-
lated using a QPSK modulation scheme. Each symbol is then
spread using a randomly generated binary signature sequence
where the number of chips per data symbol Q is 14 unless oth-
erwise mentioned and the chip duration 7., is equal to 0.5us.

The channel impulse responses of the K users are different
and independent. They are derived from the COST207 [14]. The
COST207 channel models are based on the discrete time Gaus-
sian wide scheme stationary uncorrelated scattering (GWSSUS)
model. They are seen as being time invariant during the trans-
mission of the data block. Furthermore, for the different data
blocks they are independent. The statistics of the GWSSUS
channel model are completely given by the power delay pro-
file. The bad urban area channel case with maximum delay time
spread equal to 10us is considered. This implies a channel re-
sponse length W equal to 21. At the receiver side the GMOE-
MUD is used to combat both MAI and ISI.

In the following results, the GMOE-MUD is first compared
with the conventional rake CDMA receiver and with the pre-
combining rake MOE (PR-MOE) of [11]. The parameters of
the PRE-MOE are the same as mentioned above in this sec-
tion. Then the near-far problem is investigated. Next, the asyn-
chronous transmission effect is shown. The frame length affect-
ing the algorithm performance is also studied. Finally, the case
of MIMO system is considered for two different cases.

A. Simple Case

First, consider the case of single user to show the perfor-

mance of GMOE-MUD as an ISI rejection adaptive algorithm.
In Fig. 2, the BER versus the signal to noise ratio per informa-
tion bit is plotted for the proposed algorithm and the conven-
tional rake receiver that spans all the interfering symbols of the
intended symbol. The figure shows that the GMOE can combat
IST as well as the rake receiver, it even contributes a gain more
than one dB at higher SNR where the noise effect is negligible
and the ISI problem is dominating. The PR-MOE performance
is the same as the rake receiver.

Next, Fig. 3 considers a communication system where four
users are active. The GMOE-MUD is compared with the rake

BER
1.LE+00

B * S — —Rake
N T
\
1.E-02 GMOE
1.E-03

1 3 5 7 9 11 13 15 17
SNR (dB)

19 21 23 25

Fig. 3. BER performance for four active users with perfect power control.

BER
1.E+00
i . PR-MOE
LE-01 i 1 ‘ |
T ' E ! :
! GMOE =
1.E-02
1 3 5 7 9 11 13 15 17 19 21 23 25

SNR (dB)

Fig. 4. BER performance for four active users with 10 dB power untal-
ance.

receiver and with the PR-MOE of [11]. Considerable gains are
obtained over the rake receiver and the PR-MOE-MUD. All of
the three algorithms exhibit steady state performance at high
SNR.

B. Near-Far Problem

In Fig. 4, we consider a power unbalance between different
users. The three interfering users are each 10 dB higher than the
intended user. The gain for the GMOE-MUD over the rake re-
ceiver is even higher than the balanced case. The GMOE-MUD
compared with the PR-MOE gives better improvement relative
to the balanced situation.

C. Asynchronous Transmission and Spreading Sequence Length

Fig. 5 shows that the effect of Asynchronous transmission
is insignificant. Only small fluctuations can be seen. This can
mainly be explained by the fact that the total number of in-
terfering symbols is not much affected by the asynchronous
transmission, due to the presence of ISI. Actually the main pa-
rameter affecting the performance is not to be synchronous or
asynchronous. It is more about the relation of the spreading
sequence (Q)) and the channel spreading (W) giving the total
number of interfering symbols.
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Fig. 5. Effect of asynchronous delay at different signal to noise ra-

tios. Users are randomly delayed by 7T, normally distributed in
(0, 2700 Te)
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Fig. 6. Effect of frame length at different signal to noise ratios.

D. Effect of Frame Length

Fig. 6 is a plot of the BER with different signal to noise ratios
versus the frame length. It clearly shows that the BER decreases
with larger frame lengths. This is expected as the preliminary
adaptation phase, i.e., the convergence to the right value of z
becomes smaller with respect to the frame size. Note that we
assumed the channel to be constant over the frame transmission
and that the counting of the error bits starts from the beginning
of the frame and assume no training phase.

E. MIMO System

In Fig. 7, the performance comparison for different number
of transmitting and receiving antennas are shown for the case
of four balanced users. Curves are labeled (N, M) where N is
the number of transmitting antennas and M the number of re-
ceiving antennas. The dotted curves refer to the conventional
rake receiver. When using two transmitting antennas the same
information symbol is sent on both but with different spreading
sequences. More than 8 dB gain is depicted at 1072 BER when
using two receiving antennas. Further improvement, around one
dB, results from transmitting diversity. Finally, lower BER can
be obtained if higher processing gain and coding are employed.
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Fig. 7. Performance of four users in MIMO system using the GMOE-
MUD, dotted lines refer to the conventional rake receiver.

VII. CONCLUSIONS

In the present article, a generalized blind adaptive multi-user
detector is proposed. The main contribution lies in its ability
to resolve both the MAI and the ISI resulting from a multi-
path channel with a low complexity. The GMOE-MUD does
not need the other users signatures, timing or complex ampli-
tudes. Depicted simulation results show that this algorithm is
robust for the near-far problem. Synchronous as well as asyn-
chronous transmissions have been considered, showing the al-
gorithm capabilities to maintain almost the same performance
for both situations. Furthermore, simulations were conducted
for MIMO systems yielding appreciable performance improve-
ments. Correlation effect among branches can be considered in
a future work.

REFERENCES

[11 S. Verdu, “Minimum probability of error for asynchronous Gaussian mul-
tiple access channel,” JEEE Trans. Inform. Theory, vol. IT-32, pp. 85-96,
Jan. 1986.

[2] U. Madhow and M. Honig, “MMSE interference suppression for direct
sequence spread spectrum CDMA,” IEEE Trans. Commun., vol. COM-42,
pp. 3178-3188, Dec. 1994.

[3] R.Lupasand S. Verdu, “Linear multiuser detectors for synchronous code-
division multiple-access channels,” IEEE Trans. Inform. Theory, vol. 1T-
35, pp. 123-136, Jan. 1989.

[41 R.LupasandS. Verdu, “Near-far resistance of multiuser detectors in asyn-
chronous channels,” IEEE Trans. Commun., vol. COM-38, Mar. 1990.

[5]1 M. Honig, U. Madhow, and S. Verdu, “Blind adaptive multiuser detection,”
IEEE Trans. Inform. Theory, vol. IT-41, pp. 944-960, July 1995.

[6] A. Klein, G. Kaleh, and P. Baier, “Zero forcing and minimum mea-
n-square-error equalization for multiuser detection in code-division
multiple-access channels,” IEEE Trans. Veh. Technol., vol. 45, pp. 276—
287, May 1996.

[71 E. Al-Hussaini, H. Mourad, and A. Harmal, ‘Joint detection and diver-
sity techniques in CDMA mobile radio systems,” Wireless Pers. Commun.,
vol. 18, pp. 129-147, 2001.

[8] E. DelRe, R. Fantacci, S. Morosi, and A. Pugi, “Advanced blind adaptive
multi-user detector for communications in non-stationary multipath fading
channel,” IEEE Trans. Veh. Technol., vol. 50, pp. 1497-1506, Nov. 2001.

[91 S.Hong, 1. Choi, Y. Jung, S. R. Kim, and Y. Lee, “Constrained MMSE re-

ceivers for CDMA systems in frequency-selective fading channels,” [EEE

Trans. Wireless Commun., vol. 3, pp. 13931398, Sept. 2004.

S. R. Kim, Y. G. Jeong, and 1. Choi, “A constrained MMSE receiver for

DS/CDMA systems in fading channels,” IEEE Trans. Commun., vol. 48,

pp. 1793~1796, Nov. 2000.

[11] L. Mucchi, S. Morosi, E. DelRe, and R. Fantacci, “A new algorithm for

[10]



296 JOURNAL OF COMMUNICATIONS AND NETWORKS, VOL. 8, NO. 3, SEPTEMBER 2006

blind adaptive multiuser detection in frequency selective multipath fading
channel,” IEEE Trans. Wireless Commun., vol. 3, pp. 235-247, Jan. 2004.

[12] Z. Xu, P. Liu, and X. Wang, “Blind multiuser detection: From MOE to
subspace methods,” /[EEE Trans. Signal Processing, vol. 52, pp. 510-524,
Feb. 2004.

[13] M. K. Tsatsanis and Z. Xu, “Performance analysis of minimum variance
CDMA receivers,” [EEE Trans. Signal Processing, vol. 46, pp. 3014—
3022, Nov. 1998.

[14] A.Klein, Multiuser Detection of CDMA Signals-Algorithms and Their Ap-
plication to Cellular Mobile Radio, Ph.D. thesis, VDI-Verlag, Dusseldorf,
1996.

Yasmine A. Fahmy was born in Giza, Egypt. She is
an assistant professor at the Electronics and Commu-
nications Department, Faculty of Engineering, Cairo
University, Egypt. She received her Ph.D., M.Sc.,
and B.Sc. from the same department in 2005, 2001,
and 1999, respectively. Her research interests include
wireless communications and channel coding.

Hebat-Allah M. Mourad received her B.Sc., M.Sc.,
and Ph.D. degrees in Electrical Communications En-
gineering from Cairo University, Egypt, in 1983,
1987, and 1994, respectively. Since 1983, she has
been with the Department of Electronics and Com-
munications, Faculty of Engineering, Cairo Univer-
sity, and is currently an associate professor there. Her
research interests include optical fiber, mobile, and
satellite communications.

Emad K. Al-Hussaini received his B.Sc degree
in Electrical Communication Engineering from Ain-
Shams University, Cairo, Egypt, in 1964 and his M.Sc
and Ph.D. degrees from Cairo University, Giza, Egypt,
in 1974 and 1977, respectively. From 1964 to 1970,
he was with the General Egyptian Aero organization.
Since 1970, he has been with the Department of Elec-
tronics and Communications, Faculty of Engineering,
Cairo University, and is currently a professor there.
He was a research fellow at Imperial College, Lon-

= don, UK, and at the Moore School of Electrical Iin-
gineering, University of Pennsylvania, Philadelphia, PA, USA, in the academic
years 1976/1977 and 1981/1982, respectively. In 1990, he received the Egyp-
tian national encouragement award for outstanding engineering research. He
has written several papers for technical international journals and conferences.
His research interests include signal processing, fading channel communication,
modulation, and cellular mobile radio systems. Dr. Al-Hussaini is a serior
member of IEEE. He is listed in Marquis Who’s Who in the World and in the
IBC (International Biographical Center, Cambridge) for outstanding people: of
the 20-th century.




