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Abstract— This paper deals with an adaptive multiuser detector 

for direct sequence code division multiple-access (DS-CDMA) 
systems. A modified receiver, precombinig LMMSE is considered 
under time varying channel environment. Detector updating is 
performed with two criterions, mean square estimation (MSE) and 
MOE optimization technique. The adaptive implementation issues of 
these two schemes are quite different. MSE criterion updates the 
filter weights by minimizing error between data vector and adaptive 
vector. MOE criterion together with canonical representation of the 
detector results in a constrained optimization problem. Even though 
the canonical representation is very complicated under time varying 
channels, it is analyzed with assumption of average power profile of 
multipath replicas of user of interest. The performance of both 
schemes is studied for practical SNR conditions. Results show that 
for poor SNR, MSE precombining LMMSE is better than the blind 
precombining LMMSE but for greater SNR, MOE scheme 
outperforms with better result.   
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I. INTRODUCTION 

  major technical hurdle faced by CDMA systems 
designer is that the performance of CDMA demodulator 

is greatly affected by relative differences in desired user’s and 
interferer’s received power levels, called near-far problem and 
multiple access interference. The conventional approach to 
demodulation in CDMA systems is to neglect multiple access 
interference and near-far problem. This makes the system 
capacity-limited even under the strict power control. 
Furthermore, since CDMA systems operate in flat or 
frequency selective fading multipath channels, it is difficult to 
guarantee that the difference between the received signal 
power for the desired user and multiple access interference is 
kept to a minimum. One of the efficient ways to detect 
different users in CDMA systems is based on multiuser 
detection (MUD). An optimal multiuser receiver requires joint 
estimation of channel parameters and data symbols [1,2] with 
implementation complexity. The optimum MUD [3] consists 
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of bank of matched filters and decoder whose complexity 
grows exponentially with the number of users. The algorithms 
in flat fading channel [4] or multipath environment such as in 
mobile base station [5, 6,7] suffer from signature mismatch 
and inability to optimally combine signal components from 
different paths. The convergence of batch processing 
approach [7] has not been established analytically. The linear 
minimum mean squared error (LMMSE) structure can be used 
to obtain near-far resistant receiver. The postcombining 
LMMSE detector has potentially lager capacity but it is not 
suitable to cope up with fast fading channels due to severe 
tracking problems. The precombining adaptive MUD 
proposed in this paper minimizes this drawback and achieves 
good performance in multipath time varying channels. 
The paper is organized as follows. In Section II, the 
asynchronous CDMA system model is described. The 
principle of precombining LMMSE detectors is presented in 
Section III. Section IV deals with modified adaptive detectors.  
Numerical results are presented in Section V, followed by 
concluding remarks in Section VI. 

II. SYSTEM MODEL 
A general DS-CDMA system with K users and L discrete 

mutlipath components transmitting at same time is considered. 
The K users are sharing the common communication channel 
and assumed that they are transmitted through standard 
multipath fading environment with independent paths. User 
data is antipodal modulated while the spreading is obtained by 
multiplying the transmitted data bit with signature waveform 
given by 

where sk (n) ∈ {-1, +1} is nth chip of a binary pseudo random 
sequence related to user k, N=T/Tc is processing gain of 
spreading process which is a measure of total number of chips 
per symbol duration T and Tc is chip period. p (t) is chip 
waveform.  

A user of interest k ∈ {1,2,…K} transmits, a complex 
signal  

                            (2) 
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 m is symbol interval, bk
(m) ∈ {-1,+1} is original transmitted 

 bit and amplitude is 

 
is transmitted complex amplitude which is assumed 

constant over period of transmission, Ek,l is kth symbol energy, 
φk,l  is carrier phase, τk,l ∈ [0,T) is uniformly distributed 
transmission delay for lth path and sk (t) is signature waveform 
of the kth user. With no loss of generality, signature 
waveforms are assumed to be normalized and real 

 
 

                     (3) 
The delay profile of τk is extended to the user paths in a 

multipath fading channel case so that τk,l are also uniformly 
distributed in the interval [0,T)∀ k, l. This is because of the 
assumption that the transmitted signals pass through separated 
and independent channel in an asynchronous system. The 
channel acts like a linear filter with impulse response hk

m (t) 
which consists of L discrete multipath path components and 
given as 

                                                                                     (4) 
where h(m)

k,l is the complex channel gain with respect to lth 
path of the kth user at symbol interval m, τk,l is channel delay 
spread, assumed much smaller than symbol period T and δ(t) 
is the impulse function.  

The complex envelope of the received signal at symbol time 
m can be expressed as 

 
 
                     

                          (5) 
where n (t) is AWGN with zero mean and variance σ2, 
(2M+1) is the frame length of each user. For convenience the 
number of paths is assumed to be equal for all users, time 
invariant known delays, AWGN channel noise and signature 
waveform is periodic. 
 

III. PRECOMBINING LMMSE 
Precombining and postcombining interference suppression 

type approach may be employed for linear multiuser detection 
in multipath channels. Performance differences of these two 
schemes for known fixed channel have discussed in [8]. If 
user multipath product is minimum, decorrelator performs 
well, but if the product is large, cross-correlation matrix 
become ill conditioned. It may be restored for processing by 

partial pivoting but with high computational complexity. In 
such a case precombining scheme yields stable cross 
correlation matrix inversion and robust performance.  

The precombining LMMSE receiver is 

                      (6) 
where  
∑h = diag [A1

2 ∑n1 ..k2 ∑nK ]∈ ℜKL2M x KL2M  

is the covariance matrix of h and it consists of user powers 
and average channel tap powers with 

 
∑nk = diag. [E[|hk,1|2]….E[|hk,L|2]]∈ ℜL x  L  
 
where E[|hk,1|2] is the average power of the kth user’s lth 

propagation. The output of precombining LMMSE receiver is  
 

                    (7) 

It is evident that precombining LMMSE receiver no longer 
depends upon the instantaneous values of complex channel 
coefficients but on the average power profile. 

III. ADAPTIVE IMPLEMENTATION  

a) MSE Criterion: The precombining LMMSE [8] is actually 
an adaptive RAKE receiver, where each branch is adapted 
independently to suppress MAI. The filter weights are 
calculated iteratively by using LMS algorithm. Filter is 
decomposed to fixed and adaptive components as 
 
w(m) 

k,l  = sk,l + x(m) 
k,l                  (8)   

 
where sk,l  is signature sequence of kth user lth path and x(m) 

k,l  is 
adaptive filter component. The coefficients may be adjusted 
adaptively by  

 

   
This adaptation works under normalized condition if we 

take 
 

where µn is normalized step size, 0<µn <2 and γ is some 
fixed coefficient. 

b) MOE Criterion: 
The blind adaptive (BA) MUD [9] minimizes the mean 

output energy (MOE) subject to constraint. This receiver 
suppresses the sum of noise and interference, same as that by 
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blind MMSE receiver. This is achieved by matching one of 
the two orthogonal filters to signature waveforms of the 
desired user while other is limiting MAI with adaptive 
structure. Adaptation rule for stochastic gradient algorithm is 

 
x1[i] = (1-µλ) x1[i-1]- µ[ < y[i]-y[i]s1> s1]                  (10)  
   

λ is constraint on surplus energy. The BA MUD is sufficient 
detection scheme in stationary environments, while its 
performance degrades rapidly in time varying environment. In 
RAKE BA MUD [9,10] with time varying channel, each 
detector has its own independent MOE convergence process 
matched to a certain replica as interference to be removed. 
This proposal is insensitive to deep fades and larger signature 
mismatch, which yields in a loss of performance. 
 In the proposed precombining BA MUD the vector x1 is 
forced to be orthogonal not only to nominal spread but also to 
the space spanned by all available replicas of desired user. 
The received continuous time signal is sampled at rate N/T 
and passed through multipath combiner before detection. 
Hence the input to the filter is      

 

                     (11) 
for d = m-1, m, m+1; a’*(m) are estimated channel 
coefficients associated with each replica, sk, j-i is the part of jth 

replica of kth waveform aligned with ith replica. A modified 
steepest descent stochastic gradient algorithm is proposed as 

 

 

                       (12)  
V. NUMERICAL RESULTS 

   The main parameters used are:  
BPSK transmission, carrier frequency 2GHz, symbol rate 

31.49kbps, Gold code sequence of length 127, two receiving 
paths, channel bandwidth 4MHz, maximum delay 20µsec, 
processing window size M=3, Doppler spread 100Hz. 

The precombining LMMSE Rake and precombining BA 
MUD performance is compared, in terms of probability of bit 
error with conventional RAKE detector with different SNR 
conditions as shown in Figure1.  Due to imperfect adaptation, 
the conventional RAKE has better BER performance at low 
SNR’s. The adaptive MOE receivers have a slower rate of 
convergence [9,13] but its performance is better over 
precombining MMSE for higher SNR levels. 

IV. CONCLUSION  
The performance of the LMMSE and blind adaptive 

multiuser detector for DS-CDMA systems has been studied in 
this paper. Numerical analysis has been used to evaluate the 

performance and applicability of multiuser detection in time 
varying multipath channels. Two receivers studied were 
precombining LMMSE RAKE and precombining BA MUD. 
Based on the results it can be concluded that precombining 
LMMSE receiver has no tracking constraint and performs well 
in fast fading.  

 
 
Fig. 1: BER as a function of the average SNR for the conventional RAKE, 
adaptive LMMSE RAKE and precombining MOE     
 

REFERENCES 
 

[1]  S. Verdu, “Minimum probability of error for asynchronous Gaussian 
multiple-access channels”, IEEE Trans. Inform. Theory, vol. IT-32,  pp. 
85-96, Jan. 986. 

[2]  M. Juntii,  “Multiuser Demodulation for DS-CDMA Systems in fading 
Channels”, Ph.D. dissertation, Univ. of Oulu, Oulu Finland, 1997. 

[3] S. Verdu, Multiuser Detection, Cambridge University Press,1998. 
[4] C. Xu and G. Feng. “Comments on ‘ A linearly constrained constant 

modulus approach to blind adaptive multi-user interference 
suppression’,” IEEE Communications Letters, Vol. 4, No. 280-2, Sept. 
2000 

[5] X. Wang and H. V. Poor, “Blind equalization and multiuser detection in 
dispersive CDMA Channels,” IEEE Trans. Comm.. Vol.46, pp.91-103, 
Jan.1998. 

[6]  L. Li and H. Fan, “Blind CDMA detection and equalization using 
linearly constrained CMA”, Proc. of IEEE Intl. Conf. on Acoustics, 
Speech, and Signal Proc. (ICASSP’00), Vol., 5, pp. 2905-8,June 2000.   

[7] 7. J. Tugnait and T.  Li., “Blind asynchronous multiuser CDMA 
receivers for ISI Channels using code-aided CMA,” IEEE Journal on 
Selected Areas in Communications. Vol. 19, No. 8, pp. 1520-1530, 
August 20001. 

[8] Matti Lava-aho and M.J. Jantti, “LMMSE Detection for DS CDMA 
Systems in Fading Channels,” IEEE Trans. on Comm. Vol.48, No.2, 
Feb.2000. 

[9] M. Hoing U. Madhow. and S. Verdu, “Blind adaptive multiuser 
detection,” IEEE Trans. Inform. Theory, Vol.41, pp.944-960, July 1995. 

[10] M. Latva-aho and M Juntti, “Modified LMMSE receiver for DS-CDMA- 
part I: performance analysis and adaptive implementations, spread 
spectrum techniques and applications,” in proc. IEEE 5th Int. Symp. 
Spread Spectrum Techniques and Applications, vol.2, 1998, pp. 652-
657. 

[11]  M Latva-aho, “Bit error probability analysis for FRAMES WCDMA 
downlink receivers,” IEEE Veh. Tech., Vol.47, pp.19-1133, Nov.1998. 

[12] L. Mucchi et al, “A New Algorithm for Blind Adaptive Multiuser 
Detection in Frequency Selective Multipath Fading channel,” IEEE Tr. 
On wireless communications, Vol. 3, No.1, Jan.2004. 

[13] N.R. Mangalwedhe and J.H. Reed, “ Blind CDMA interference rejection 
in multipath channels,” in Proc. IEEE Vehicular Technology 
Conference, vol. I Phonix, Az, May4-7, 1997, pp.21-25 

nsbwaay md
ijk

d
kk

m
j

L

i

L

j

K

k

d
jk

m

t
)()(

,
)()(

,1
1 1 1

)(
,

)(
'* += −

= = =
∑∑∑

〉−+〈−−=
−−−

]1[],[]1[][ 1111 iiii xsyxx t
µ

[ ]1, 1 ssyy tt
〉〈−•


