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ABSTRACT 

In this paper, blind adaptive multiuser detection with Mean Output Energy (MOE) are designed in 

receivers for synchronous MC-DS-CDMA systems in Rayleigh fading channels. Pre and post detection in 

multiuser detectors are implemented in the system to detect their effects in the outputs. On the basic of 

the delayed received signals, we proposed Affine Projection Algorithm-link multiuser detector (APA) and 

its performance is evaluated with the existing multiuser blind detectors (Normalized blind LMS and 

Kalman Filter). Compared to existing multiuser detectors APA-link detector outperformed the BER 

performance and provided a tradeoff between performance and computation cost. The analysis if 

further extended by implementing, decorrelating multiuser detector based receivers in SC-DS-CDMA 

and MC-DS-CDMA to eliminate the MAI caused by other users. 

Keywords: MC-DS-CDMA, MOE, APA, BER, MAI, SC-DS-CDMA 

1 Introduction 

Unlike the adaptive MMSE receivers, blind adaptive interference suppression receivers do not require 

training sequences. It has been shown in the original work by Honig et al. [1] that, by knowing only the 

spreading code and the timing of the desired user, the MMSE multiuser receiver can be implemented 

blindly. They have developed the first blind LMS-based multiuser detection receiver in the absence of 

multi-path fading. It is based on the minimization of a MAI criterion by using a stochastic gradient 

approach. However, this method is not convenient in a time-varying environment. For this reason, other 

approaches have been proposed. (i) On the one hand, blind detectors based on Recursive Least Square 

RLS [2] and Kalman filter [3] algorithms make it possible to improve the convergence features and 

tracking capabilities in a dynamic environment and interferers. (ii) On the other hand, Mucchi et al. [4] 

have proposed a derived version of the pioneering blind LMS-based detector, which makes it possible to 

operate in a time-varying frequency-selective multi-path fading channels. For this purpose, they first 

completed channel compensation and time alignment on the signal replicas along each independent 

path and then combine the resulting signals before or after multiuser detection, resulting in two 

receiver schemes. The first scheme is called the RAKE blind adaptive multiuser detection receiver where 

combining is performed after multiuser detection. The second scheme is called pre-detection combining 

blind adaptive multiuser detection receiver where combining is performed before multiuser detection. 

The pre-detection combining based receiver has the advantage of using only one detector for the 
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combined replicas instead of one detector for each signal replica. In addition, according to [4], this yields 

a remarkable complexity reduction, more reliable decision variable and more robust convergence 

procedure. 

However, the above blind adaptive multiuser detection techniques were only developed for single-

carrier DS-CDMA systems. In this work, our purpose is to design blind adaptive multiuser detection 

receivers for synchronous MC-DS-CDMA systems in Rayleigh fading channels. For this purpose, we first 

reformulate the ideas presented in [4] to design two blind adaptive receivers for MC-DS-CDMA systems. 

Namely: 

• The first receiver provides a blind adaptive multiuser detector for each carrier followed by a post-

detection combiner. 

• The second receiver consists of a pre-detection combiner followed by a single blind adaptive multiuser 

detector. 

To implement them, we have proposed a blind APA-like multiuser detector [5]. The proposed detector 

can be seen as a generalization of the blind LMS-based detector [1], on the basis of multiple delayed 

input signal vectors. A comparative study is then carried out with existing blind LMS [1] and Kalman filter 

[3] based multiuser detectors initially developed for single-carrier DS-CDMA systems. 

1.1 Receiver Structure with Post-Detection Combining 

In this subsection, we propose a blind adaptive multiuser receiver with post-detection combining for 

synchronous MC-DS-CDMA systems in time-varying fading channels (see Figure 2.1). Thus, to retrieve 

the symbol sequence of the first user  1
d n we first recall the N × 1 discrete-time received vector over 

the mth carrier given as follows: 

                                  1 1 1 2

K
X n P d n h n c P d n h n c nkm m m mk kk

  


                            (1) 

Here, as our goal is to suppress the MAI, we assume that the fading processes    1, 2,...,h n m mm  are 

available at the receiver. Thus, channel compensation over the mth carrier can be performed in the 

following manner: 

         

      

            

*
Re

2 2 *
Re

1 1 1 2

X n h n X nm m m

K
P d n h n c P d n h n c h n nm m m mk k kk







  


                (2) 

where the multiplication with      * j nmh n h n em m


 compensates for the phase and weights the 

signal amplitude by a positive time-varying factor  
2

h nm . 

After channel compensation, the resulting vector 
 X nm

over the mth carrier defines the input to a blind 

adaptive multiuser detector whose canonical linear representation for user 1 was firstly established in 

[1], as follows: 
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   1

W n c a nm m 
                                                            (3) 

subject to the constraint: 

                                                                        
  0

1
T

c a nm 
                                                                      (4) 

or equivalently, since 
1

1 1
T

c c 
: 

                                                                          
1

1 1
T

c c 
                                                                            (5) 

Where c1 is the normalized spreading vector of the first user and 
 a nm is the adaptive part of the 

detector. Thus, the practical implementation of this detector is achieved by means of two orthogonal 

filters (see Figure 2): the spreading code of the desired user c1 and the adaptive part 
 a nm that is used 

to eliminate the MAI. 

 
Figure 1: Blind adaptive receiver structure with post-detection combining. 

 The detector  W nm is designed to minimize the Mean Output Energy (MOE) cost function: 

                                                  
2

T
J W n E W n X nm m mMOE


 

    
 

                                                        (6) 

 

 

Figure 2: Blind Adaptive Multiuser Detector    1
W n c a nm m  . 

It should be noted that the MOE criterion given by (6) is related to a “scaled” version of the MSE 

criterion given as follows: 
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                                               

 

2

1 1

1

T
J W n E P d n W n X nm m mMSE

J W n PmMOE

 

 

 
    

 

 
 

                                                     (7) 

Where it is assumed that  
2 2

1E h nm h
 

 
  

. As P1 is a constant, minimizing the MOE criterion will also 

minimize the MSE criterion. Hence, the MOE multiuser detector is equivalent to the MSE based one [1]. 

Since the MOE criterion does not depend on the data symbol  1
d n , there will be no need for training 

sequences. Therefore, this leads to the blind adaptive implementations that will be presented in 

subsection [1.2]  

The outputs of the blind adaptive detectors over all carriers are finally combined by a post-detection 

combiner resulting in the following decision about the desired user data symbol: 

                                                                 ˆ sgn
1 1

M T
d n W n X nm m

m
 



 
 
 

                                                    (8) 

In the next subsection, as the post-detection based receiver structure requires M blind adaptive 

multiuser detectors, we propose a blind adaptive receiver based on pre-detection combining which 

requires only one multiuser detector. 

1.2 Receiver Structure with Pre-Detection Combining 

The proposed blind adaptive MOE receiver with pre-detection MRC is shown in Figure 2.3. Thus, after 

channel compensation and time alignment, the resulting vectors    1,2,...,
X nm m M

given by (2) are 

combined before detection as follows: 

                                                                  
1

M
X n X nmtot

m
 


                                                               (9) 

The combined vector  X ntot is then processed with a single blind adaptive multiuser detector 

   1
W n c a n  as in (3), in order to minimize the following MOE criterion: 

                                                        
2

T
J W n E W n X ntotMOE


 

    
 

                                                (10) 

Where a (n) is the adaptive part of the detector which satisfies   0
1
T

c a n  . Finally, the symbol decision 

of the desired user can be obtained as follows: 

                                                                 ˆ sgn
1

T
d n W n X ntot                                                        (11) 

Where the detector W (n) will be implemented adaptively in the next subsection. 

It should be noted that the pre-detection combining receiver structure has the advantage of reducing 

greatly the computational cost by using only one detector for the combined vector instead of a detector 

for each carrier. 
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Figure 3: Blind adaptive receiver structure with pre-detection combining. 

To implement the post-detection and predetection based blind adaptive receivers, various blind 

adaptive algorithms are considered in the next subsection. 

1.3 Blind Adaptive Implementation 

To use unique notations, let  X n  and  W n respectively denote: 

• The received vector  mX n and the filter weights when considering the post- detection receiver 

structure.  

• The combined received vector  X ntot  and the filter weights W(n) when using the pre-detection 

receiver structure. 

1.3.1 Normalized Blind LMS Based Multiuser Detector 

By using a stochastic gradient approach, Honig et al. [1] have proposed to derive an adaptive 

implementation for the detector (3) that minimizes the MOE criterion (6). Thus, they first evaluated the 

unconstraint gradient of the MOE cost function (6) as follows: 

                                       
2

2
T T

J W n E W n X n W n X n X n
MOE

   
 

       
 

                             (12) 

The projected gradient, orthogonal to c1 is then obtained: 

                                        2
1 1

1

T T
J W n W n X n X n c X n c
MOE c

           
                                (13) 

Therefore, a stochastic gradient blind algorithm to update the adaptive part of the detector can be 

written as follows: 

                                          

     

       

1 1
1

1
1

a n a n J W n
MOE c

a n z n X n z n c
MF





    

   

  

 
 

                                          (14) 

Where      1
T

z n W n X n  the output of the detector is,    1
T

z n c X n
MF

 is the output of the 

conventional matched-filter, and μ is the step-size that controls the adaptation speed. 
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To avoid the gradient noise amplification problem, a normalized version of this algorithm (as the NLMS 

algorithm) can be written as follows: 

                           
   

 
     1

12
Na n a n Z n X n z n c

MF
X n





   



 
 

                                      (15) 

Where  0, 2
N

  is the normalized step-size and δ is a small positive regularization constant that 

insures stability when  
2

X n is too small. 

1.3.2 Blind APA-like Multiuser Detector 

To improve the convergence features in high MOE environments and time-varying fading scenarios, we 

propose to generalize the algorithm in (15) by using L delayed input signal vectors [5]. Toward this end, 

we first define the following received and code matrices of L column each: 

In addition, the MOE cost function in (6) is modified to account for L delayed input signal vectors: 

                                              1 . . . 1X n X n X n X n L                                                    (16) 

                                                        . . .
1 1 1 1

C c c c  
                                                                      (17) 

                                                  
2

T
J W n E X n W n
MOE


 

    
 

                                                    (18) 

Taking the unconstraint gradient of the MOE cost function: 

                           
2

2
T T

J W n E X n W n X n X n W n
MOE

   
 

       
 

                            (19) 

The projected gradient, orthogonal to C1 satisfies: 

                                    2
1 1

1

T T
J W n X n C C X n X n W n
MOE c

            
                             (20) 

Then, a stochastic gradient algorithm that updates the adaptive part of the detector (3) can be written 

as follows: 

                                             1 1
1

a n a n J W n
MOE c

                                                           (21) 

Where μ is the step-size. 

Substituting (20) in (21) and introducing a factor    
1

T
I X n X n
L




 
 

similar to that in the APA, a 

new blind algorithm (APA-like) to update a(n) can be expressed by [5]:  

                                
1

1
1

T
a n a n X n C Z n I X n X n z n

N MF L
 


      

   
                   (22) 

Where            1 , , 0, 2
1

T T
z n X n w n Z n C X n

MF N
     and δ is the regularization constant. 
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To insure that the orthogonally condition   0
1
T

c a n  is satisfied at each iteration, we replace a (n) by its 

orthogonal projection onto c1:  

                                                        1 1
T

a n a n c a n c                                                                  (23) 

It should be noted that when L = 1, the blind APA-like multiuser detector (22) reduces to the normalized 

blind LMS multiuser detector (15). 

1.3.3 Blind Multiuser Detection Based on Kalman Filtering 

In [3], Zhang et al. have proposed to use an alternative standard representation for the blind adaptive 

multiuser detector: 

                                                             1 1
W n c A a n                                                                            (24) 

Where the columns of the N × N − 1 matrix A1 span the null space of c1, i.e.: 

                                                                0
1 1
T

c A                                                                                     (25) 

It should be noted that A1 can be precomputed off-line via one of many orthogonalization procedures 

such as the Gram-Schmidt orthogonalization. Unlike (3), the adaptive part a(n) in (24) is now of size              

(N − 1) × 1 and has the advantage of being unconstraint.  

Let us define the output of the detector as follows: 

                                                                T
z n W n X n                                                                     (26) 

then z(n) has zero-mean and its variance is given by (due to equations (6) and (7): 

                                      
2

1
E Z n J W n J W n P

MOE MSE
                                                      (27) 

Thus, when the detector is optimal (i.e., JMSE[W(n)] attains its MMSE value), the variance of z(n) 

corresponds to the minimum MOE and is dominated by the power of the desired user P1. 

Substituting (24) in (26) results in the following measurement equation:                                             

        T
Z n d n a n Z n

MF
                                                                 (28) 

Where    1
T

Z n c X n
MF

  and     1
T T

d n X n A . 

 If the detector is assumed to be time-invariant, one can write: 

                                                                  1a n a n                                                                           (29) 

As (28) and (29) define a state-space representation of the adaptive part of the detector, Kalman 

filtering makes it possible to recursively update a (n) [3]. 

1.3.4 Computational Cost of the Various Algorithms 

Here, we provide the computational cost of the various blind adaptive multiuser detectors when used to 

implement the post-detection and pre-detection combining receiver structures. According to Table 1, 
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the predetection combining receiver structure with the Table 1: Computational complexity of the 

various blind adaptive multiuser detectors when considering the post-detection and predetection 

combining receiver structures. 

Table: 1 

Blind Adaptive 
Detector 

Post-detection 
Combining 

Pre-detection 
Combining 

LMS based detector  O MN   O N  

APA-like Detector  2
O MNL   2

O NL  

Kalman Based 
Detector 

 2
O MN   2

O N  

 

Various blind adaptive detectors has the advantage of greatly reducing the computational cost when 
compared with the post-detection combining based one. In addition, the proposed blind APA-like 
detector has the advantage of providing a scalable complexity by adjusting the parameter L which is 
usually much less than the filter length (i.e., L << N). The scalable complexity of the APA-like detector 
can be traded with the performance as we will see in the simulation results presented in the next 
subsection. Therefore, the APA-like detector with the pre-detection combining scheme is a priori 
preferable to design the receiver. 

2 Simulation Results 

In this subsection, we first carry out a comparative study between the following blind adaptive multiuser 

detectors: 

• The normalized version of the standard blind LMS multiuser detector [1], 

• The proposed blind APA-like multiuser detector, 

• The blind Kalman filter based multiuser detector [3], when they are used to implement the pre-
detection and post-detection combining receiver structures. 

In addition, we compare the performances of the proposed blind APA-like detector with the training 

based APA filter presented in subsection III. 

A synchronous MC-DS-CDMA system with K active users and M = 4 carriers is considered. The spreading 

sequences used are gold codes of length N = 31. The fading processes    1, 2,..., Mh nm m
 are 

generated according to the complex Gaussian distribution with zero-mean and unit-variance. User 1 is 

assumed to be the desired user with SNR per transmitted carrier kept constant at 10 dB. 

In the first example, a high MAI scenario is assumed with 14 multiple-access interfering users              

(i.e., K = 15), among which five users have ISR (see equation 1.50) of 10 dB each, five users have ISR of 

20 dB each, two users have ISR of 30 dB each and two other users have ISR of 40 dB each. According to 

Figure 2.4, the pre-detection combining receiver slightly outperforms the post-detection receiver with 

the various blind adaptive detectors, when considering the BER performance. In addition, the proposed 

blind APA-like detector provides much better BER performance and convergence features than the 

normalized blind LMS detector. Nevertheless, the blind Kalman detector yields the best BER 

performance and convergence features, but at the price of increased computational cost (see Table 2.1). 
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Figure 2.5 demonstrates the average Signal to Interference- plus-Noise Ratio (SINR) performance of the 

various blind detectors in the pre-detection combining receiver. The average SINR is defined as follows: 

 

                                     
 

    

     

2

1 1 1 1,

2

1 1 1 1,

loop T
W n P d n c

l tot
SINR n

loop T
W n X n P d n c

l tot

 


 
 
 

                                             (30) 

Where 

                                                                 
2

1, 11

M
c h n cmtot m

 


                                                            (31) 

and the average is performed over loop = 300. The SINR improvement of the proposed APA-like detector 

is better than that obtained with the normalized blind LMS detector and approaches that of the blind 

Kalman detector, when L is getting higher. Therefore, for the various reasons mentioned above, we 

recommend to use the blind APA- like detector with the pre-detection combining scheme to design the 

receiver. 

To illustrate the advantages of the blind adaptive MOE detectors over the training based adaptive 

MMSE filters presented in the previous section, we consider a high MAI scenario with 8 interfering users 

for which the ISR=20 dB (this hence corresponds to a severe near-far scenario). Figure 6 shows the SINR 

performance improvement of the proposed APA-like detector and the training based APA filter in the 

pre-detection combining receiver. According to this figure, the blind detector yields better SINR 

performance improvement than the training based filter which suffers from slow convergence in this 

severe near-far scenario. This is due to the fact that the blind detector uses the code sequence of the 

desired user in addition to an adaptive part, whereas the training based filter starts adaptation from a 

zero initial weight vector. Thus, in a high MAI environment, it is recommended to use a blind adaptive 

detector to efficiently suppress the MAI and to mitigate the near-far problem. 

 
Figure 4: BER performance of the pre-detection and post-detection receivers with the various blind adaptive 

multiuser detectors. 
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Figure 5: SINR improvement of the various blind 
adaptive detectors in the predetection combining 

receiver. 

Figure 6: SINR improvement of the proposed blind 
APA-like detector and the training based APA filter in 

the pre-detection combining receiver. 

3 Receiver Design Based on Decorrelation Detection 

As an alternative to the MMSE multiuser receivers, the decorrelating multiuser detector based receivers 

are designed to completely eliminate the MAI caused by other users, using the spreading sequences of 

all users [7]. In this section, we first present the state of the art on single-carrier DS-CDMA receiver 

design based on the decorrelating detector. Then, we propose a MC-DS-CDMA receiver structure 

consisting of a decorrelating detector, a Kalman filter based channel estimator and a MRC [6]. 

3.1  Decorrelation detection for single-carrier DS-CDMA 

Given the spreading codes of all active users  
1,...,K

c
k k 

 the decorrelating multiuser detector for 

user 1 can be written in the following form [8]: 

                                                                    1
1

1 1

K
W R kc

kk


 



 
 

                                                                (32) 

Where ... ...
1 2 1 2

T
R c c c c c c

k k
    
   

the normalized cross-correlation matrix of the 

spreading is vectors and 1
R

ij

 
 

denotes the  ,
th

i j element of the inverse of the matrix R. 

Such decorrelating multiuser detector satisfies: 

                                                                      1
1 1
T

W c                                                                               (33) 

and 

                                                             0, 2,...,
1
T

W c k K
k
                                                                (34) 
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Equations (33) and (34) can be verified as follows: 

 

                                                                
 

 

1
1 1 1

1

11

1

1

1

1 1

0 2,..., K

KT
W c R

k Ti ic ci k

K
R R

ii ik

R R
k

I k

k

k


 



 












 
 

 
 

 
 





                                                              (35) 

It is obvious from (34) that the decorrelating detector is orthogonal to the subspace spanned by the 

spreading sequences of all interfering users. Therefore, the decorrelating detector can completely 

eliminate the MAI and can achieve optimal near-far resistance whatever the ISR of the interfering users. 

It should be emphasized that the decorrelating detector does not require the knowledge of the power of 

all users. 

The decorrelating detector based receiver for synchronous DS-CDMA systems is first proposed by Lupas 

and Verd´u [9]. The generalization to asynchronous DS-CDMA systems is then reported in [10]. However, 

only AWGN channels are considered. Since then, the extension of these receivers to operate in fading 

channels has been extensively studied by several authors. Thus, Zvonar et al. [11] have analyzed the 

performance of the decorrelating detector in slowly time-varying flat-fading channels. Nevertheless, the 

fading processes are assumed to be available at the receiver. In [12], Kawahara et al. have proposed to 

combine decorrelation multiuser detection with channel estimation for asynchronous DS-CDMA systems 

in multi-path slowly fading channels. The fading processes are estimated by using a training based RLS 

algorithm. In [13], a decorrelating detector based receiver structure is considered for application in 

rapidly time-varying Rayleigh fading channels where the fading processes are estimated adaptively using 

the LMS or the RLS algorithm. Recently, in [14], Wu et al. have compared the performances of a Kalman 

filter based channel estimator combined with various multiuser detectors, such as the decorrelating 

detector, the decision-feedback detector, the parallel and successive interference cancelation. 

According to their study, the decorrelating detector is the most robust detector against the MAI and the 

near-far problem. 

3.2 MC-DS-CDMA receiver based on decorrelation detection 

Although decorrelation multiuser detection have been extensively used for single-carrier DS-CDMA 

systems, few approaches are developed for MC-DS-CDMA systems. Thus, Yang et al. [15] have proposed 

several decorrelation multiuser detection schemes for TF-domain spreading MC-DS-CDMA systems in 

AWGN channels. However, they did not investigate these schemes in fading channels. In [16], the 

authors have developed a multichannel joint detection scheme for MC-DS-CDMA systems in time-

invariant frequency-selective fading channels. The scheme consists of a decorrelating detector followed 

by a RAKE multi-path combiner for each carrier. Nevertheless, perfect channel knowledge is assumed at 

the receiver. 

Here, we propose to extend, to the multi-carrier case, the combination of decorrelation multiuser 

detection and Kalman channel estimation scheme presented in [14]. In particular, our scheme [6] 

operates in three steps (see Figure 7): 
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1. The decorrelating multiuser detector is carried out along each carrier to completely eliminate the 
MAI, 

2. The fading channel responses, modeled by Auto Regressive (AR) processes, are estimated by 
using Kalman filtering, 

3.  The fading processes estimates are fed into a frequency diversity MRC rule to obtain the data symbol 
estimate. 

Thus, to retrieve the desired symbol sequence of the first user  1
d n from the received signal, let us 

recall the N × 1 discrete time received vector over the th
m carrier given as follows: 

                              1 1 1 2

K
X n P d n h n c P d n h n c nm m m mk k kk

  


                           (36) 

Where the fading processes    1, 2,...,h n Mm m
  are assumed to be rapidly time-varying. At that 

stage, the received vector at the th
m carrier  X nm is processed by the decorrelating detector W1given 

by (32). 

By taking into account (33) and (34), the decorrelating detector yields the following observation: 

 

                                   
         1 1 1

T
y n W X n P d n h n nm m m m  

                                         (37) 

Where 
   1

T
n Wm m  

 is a zero-mean Gaussian noise with variance

2 2 1

11
R  


  
  . From 

equation (37), the decorrelating detector is able to completely eliminate the MAI caused by other users, 

but at the expense of slightly enhancing the additive noise. 

Based on the observations 
   1,...,M

y nm m  and by using an AR model for the fading processes, 

Kalman filtering can be carried out to provide an estimation of the fading processes 

  ˆ
1,2,..,

h nm m M  [6]. 

 
Figure 7: MC-DS-CDMA receiver structure with decorrelation detection for user 1. 
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The estimation of AR fading channels based on Kalman filtering will be investigated in chapter 3. This 

also includes the development of several channel estimation techniques that can be directly applied to 

the proposed receiver in Figure 7. 

Finally, MRC makes it possible to provide the estimate of the desired user data symbol as follows: 

                                                          *ˆ sgn Re
1 1

M
d n h n y nm m

m
 



  
  
  

                                             (38) 

3.3 Simulation results 

In this subsection, we first carry out a comparative simulation study between the proposed 

decorrelating detector based receiver and the correlator based one presented in [15]. 

A synchronous MC-DS-CDMA system is considered with M carriers and K active users, each using a gold 

code of length N = 31 to spread his information. The fading processes    1,2,..,
h nm m M

are 

generated according to the modified Jakes model with 16Lo   oscillators and Doppler rate 

0.05f T
d b

 . Here, to focus our attention on the effect of the MAI on both receivers, the fading 

processes are assumed to be available at the receiver. The performance of the decorrelating detector 

based receiver when the fading processes are estimated by various approaches will be presented in the 

simulation results.  

Figure 8 shows the effects of the ISR on the BER performance of both receivers for number of carriers 

equal to M = 1 and M = 3. On the one hand, the BER of the decorrelating detector based receiver does 

not depend on the ISR and, hence, it is near-far resistant. On the other hand, the BER of the correlator 

detector based receiver is highly dependent on the ISR, where degradation of the BER can be noticed 

starting at low ISR. In addition, for the decorrelating detector based receiver, a high frequency diversity 

gain is obtained when increasing the number of carrier from M = 1 to M = 3. This is not the case for the 

correlator based receiver when the ISR is high. 

According to Figure 9, increasing the number of users greatly increases the BER of the correlator based 

receiver. On the other hand, the decorrelating detector based receiver is insensitive to the number of 

users. This is due to the fact that, contrary to the correlator based receiver, the decorrelating detector 

based receiver can completely eliminate the MAI caused by other users. 

Here, we also present a simulation example that illustrates the performance of the proposed 

decorrelating detector based receiver compared with that of the adaptive receivers proposed in the 

previous sections. Namely, the training based Separate Detection (SD) receiver with APA and the post-

detection combining receiver with blind APA-like detector. To focus on the MAI suppression capabilities 

of these receivers, we consider only AWGN channels (without the effect of fading) with K = 10, M = 3, 

SNR=5 dB and ISR=15 dB. 

According to Figure 10, the decorrelating detector based receiver provides the lowest BER results 

without the need for any training period. This is due to the fact that it uses the spreading codes of all 

users and, hence, can completely eliminate the MAI. The blind APA based receiver has faster 

convergence than the training APA based one, but it results in higher steady state BER. To take the 

advantages of both adaptive receivers, their combination can also be considered. Thus, the blind APA-
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like detector is first carried out up to iteration number 500. As the blind APA-like detector uses the 

spreading code of the desired user, this will ensure the fast suppression of high amount of MAI. 

 
 

Figure 8: BER performance versus ISR for the 
proposed receiver and the correlator based one 

[Kon96]. Number of carriers considered are M = 1 
and M = 3. K = 10 and SNR=15 dB. 

Figure 9: BER performance versus number of active 
users K for the proposed receiver and the one in [18]. 
Number of carriers considered are M = 1 and M = 3. 

ISR=10 dB and SNR=15 dB. 

 
Figure 10: BER performance versus iteration number for the various receivers. M = 3, K = 10, ISR=15 dB and 

SNR=5 dB. 

At that stage, starting from the final filter weight values provided by the blind APA-like detector (at 

iteration 500), a training based APA can then be used to continue eliminating the residual MAI and can 

provide a BER performance close to that of the decorrelating detector based receiver. 

4 Conclusions 

In this work, we have proposed five MAI suppression receivers for MC-DS-CDMA systems in Rayleigh 

fading channels.  

We first presented two adaptive MMSE receiver structures based on adaptive filters such as NLMS, APA 

and RLS. The so-called Separate Detection (SD) structure consists in considering a particular adaptive 

filter for each carrier, whereas the so-called Joint Detection (JD) structure is defined by the 

concatenation of the adaptive filter weights dedicated to each carrier. Simulation results show that the 

JD structure provides lower BER than the SD structure. In addition, the order of complexity of both 

structures are the same when considering the APA, but this is not the case for the RLS filter where the JD 

structure has higher computational cost than the SD one. Therefore, APA in the JD structure 

corresponds to a trade-off between performance and computational cost.  
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However, as adaptive receivers require training sequences, we have proposed two blind adaptive Mean 

Output Energy (MOE) receivers based on an APA-like multiuser detector, where only the spreading 

sequence and the timing of the desired user are required. The so-called post-detection combining based 

receiver structure provides a blind adaptive detector for each carrier where combining is performed 

after detection. The so-called pre-detection combining based receiver structure uses a single blind 

adaptive detector after combining the signals of all carriers. Therefore, the computational cost of the 

pre-detection combining based receiver is much less than that of the post-detection combining based 

one. Simulation results show that the pre-detection combining based receiver provides slightly lower 

BER results than the post-detection combining based one. In addition, the comparative study is carried 

out with existing blind LMS and Kalman filter based detectors shows that the proposed APA-like 

detector can provide a trade-off between performance and computational cost. Furthermore, the 

proposed blind APA-like detector is shown to outperform the training based APA in severe near-far 

scenarios, when considering the BER and SINR improvement. 

When the spreading codes of all active users are available, we propose a receiver structure based on the 

decorrelating detector which includes also a Kalman channel estimator and a MRC [6]. The comparative 

simulation study we have carried out shows that, while the correlator based receiver is highly sensitive 

to the MAI and the near-far problem, the proposed receiver can completely eliminate the MAI and is 

insensitive to the near-far problem. In addition, the proposed receiver can provide approximately the 

same BER performance as the adaptive receivers without the need of any training sequences for MAI 

suppression.  

Nevertheless, the design of receivers usually requires the explicit estimation of the fading process over 

each carrier to achieve optimal diversity combining and coherent symbol detection. 
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