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ABSTRACT

In this letter, we propose an efficient training sequence structure for adaptive linear multiuser detectors in 

space-time block coded multiuser systems, by exploiting a particular property of the minimum mean square error 

multiuser detectors used in these systems. The proposed structure wastes less overall system capacity than the 

straightforward training structure, without any corresponding loss of performance, as confirmed by the simulation 

results.
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Ⅰ. Introduction

  Increasing system capacity without requiring ad-

ditional bandwidth is of major significance for 

spectrally-efficient high-rate wireless communicati-

on systems. Space-Time block codes(STBCs) help 

increase reliability over wireless networks [1], and 

they can achieve full diversity gains with simple 

linear processing at the receiver. It was shown 

in[2] that   co-channel users, each equipped with 

 transmit antennas and transmitting uncorrelated 

signals, can be detected with  -order diversity 

gains if the receiver is equipped with 

       antennas. However, the structure of 

the STBC can be exploited to reduce the number 

of receive antennas. It was shown in [2] that on-

ly   receive antennas are needed to provide   

order diversity gains and suppress signals from 

    co-channel users. 

  A simple interference cancellation scheme for 

two co-channel users employing Alamouti’s STBC 

scheme[3] was previously reported in [2]. With this 

scheme, by using two transmit antennas for each 

user and two receive antennas at the base station, 

it is possible to double the system capacity by 

applying only linear processing at the receiver
[2]. 

This scheme was extended to the case of multiple 

users equipped with more than two transmit an-

tennas in
[4], where it was shown that the system 

capacity can be further increased by allowing for 

more co-channel users. The effectiveness of the 

minimum mean square error (MMSE) interference 
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Fig. 1. Mutiuser systems with   co-channel users using space time block codes

cancellation technique for the STBC multiuser 

systems described in 
[2] relies on the accuracy of 

the channel estimation available at the receiver. 

An interference cancellation scheme based on the 

recursive least squares algorithm(RLS) for STBC 

multiuser systems is presented in 
[5]. In contrast 

to the MMSE detector, this scheme does not re-

quire any explicit knowledge of the channel and 

the interferences, and its complexity is less than 

that of the MMSE technique. However, it requires 

a long training period for the weight vector co-

efficients to converge in an environment consist-

ing of many co-channel users.

  In this paper, the training sequences for the 

adaptive linear multiuser detectors used in STBC 

multiuser systems, such as those using the least 

mean squares (LMS) and RLS algorithms
[6], are 

considered. We show the specific algebraic prop-

erty of the MMSE detector for multiusers employ-

ing three or four transmit antennas while the 

property in two transmit antennas is inferred from 

the previous work of STBC spatial multiplexing 

system
[7]. By exploiting the property, an efficient 

training sequence structure is designed, in order to 

reduce the system overhead, without any corre-

sponding loss of performance. The RLS adaptation 

is considered for the evaluation of the bit error 

rate(BER) performance. The simulation results 

show the applicability of the proposed scheme to 

the adaptive linear implementation.

  This paper is organized as follows. In section 

II, we introduce the system and channel model. 

In section III, we review MMSE multiuser de-

tectors and their properties. In section IV, an effi-

cient training sequence structure is described. 

Simulation results are provided in section V, fol-

lowed by our conclusions in section VI.

  Notation: All boldface letters indicate vectors 

(lower case) or matrices (upper case).    and 

   indicate the transpose and the conjugate 

transpose operation, respectively.  denotes the 

complex conjugate, and    denotes matrix 

inverse.   denotes the    -th element of 

matrix  , and    represents the  -th row vec-

tor of matrix or the  -th element of vector. 

Ⅱ. System Model

  We consider a multiuser system with   syn-

chronous co-channel users, in which each user is 

equipped with   transmit antennas as depicted in 

Fig.1. In addition, a receiver is equipped with   

receive antennas, in order to suppress the interfer-

ence from the co-channel users, without sacrific-

ing the diversity order afforded by the STBCs. It 

was shown in [1] that only   antennas are re-

quired at the receiver to suppress the interference 

from the    co-channel STBC users. A 

STBC matrix,   for the -th user is defined by 
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a ×  matrix over   symbol times[8]. The en-

tries of   are linear combinations of the trans-

mission symbols,   and their conjugate where 

  ⋯ . The rate,   of the code is defined 

as    . In this paper, the rate one code 

proposed in [3] for     and the rate half codes 

proposed in [8] for     and 4 are considered. 

The STBC matrices for       are given in 

order by [8]

     
 
  




,

     

  
    
   
    
  
  


  




  

 

   

 




, and

     

   
     
     
     
   
  


  


 




  

   




   

 


 

.

(1)

  We assume that the channel is quasi-static 

flat-fading, i.e., constant over a frame as in [1, 4, 

5]. Let   denote the ×  channel matrix for 

the -th user. The   -th element,   of   

is the fading path gain between transmit antenna 

 and receive antenna . The fading path gains 

are modeled as independent and identical dis-

tribution (i.i.d.) complex gaussian random varia-

bles with zero mean and unit variance
[1, 4, 5].   

can be expressed as a collection of   transmit 

vectors,       ⋯    where   is the 

×   column vector. The received signal over  

symbol times is 

  
 



 

 

  ≡  ≡   ⋯  

(2)

where   and   are ×  received signal and 

noise matrices, respectively, and    is the ×   

column vector. The ×  stacked STBC block 

is defined as     ⋯   
 , and the ×  

stacked channel matrix is defined as     ⋯

  . Normalization is imposed such that the 

mean total power transmitted on   transmit an-

tennas for the -th user is  , and then 

   
     ⋯     . 

The entries for   are i.i.d. complex gaussian  

random variables with zero mean and   variance. 

In the case of the modified model of (1), we 

stack the column vectors and rewrite this as 

   

 ⋯ 


 


 ⋯ 


    , (3)

where   and   are the ×   vectors 

    
     ⋯     . 

The symbol vector transmitted by   users is 

    

 ⋯ 


 
 , where      ⋯   

  

for the -th user. The entries of   are also i.i.d. 

with  ∼  . The coded channel matrix, 

    ⋯   , is given by equation (4) for 

  

              
   
  




 (4)

and as follows for     and 4, respectively

     

,1 ,2 ,3

,2 ,1 ,3

,3 ,1 ,2

,3 ,2 ,1
* * *

,1 ,2 ,3
* * *

,2 ,1 ,3
* * *
,3 ,1 ,2

* * *
,3 ,2 ,1

k k k

k k k

k k k

k k k
k

k k k

k k k

k k k

k k k

⎡ ⎤
⎢ ⎥− −⎢ ⎥
⎢ ⎥−
⎢ ⎥

− −⎢ ⎥= ⎢ ⎥
⎢ ⎥

− −⎢ ⎥
⎢ ⎥−⎢ ⎥

− −⎢ ⎥⎣ ⎦

0
0

0
0

0
0

0
0

h h h
h h h
h h h

h h h
H

h h h
h h h
h h h

h h h

and  
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Property 1 : Let the linear filters decoding the first symbol of the -th user be

                  ,                         for    ,

                                ,   for     and 4,                    (10)

where   are the ×  row vectors. Then, the filter decoding the other symbols of the -th user is 

given by

                 

 ,                                 for    ,

     





                        
                       
                        

,  for     and 4.           (11)

     

,1 ,2 ,3 ,4

,2 ,1 ,4 ,3

,3 ,4 ,1 ,2

,4 ,3 ,2 ,1
* * * *

,1 ,2 ,3 ,4
* * * *
,2 ,1 ,4 ,3

* * * *
,3 ,4 ,1 ,2

* * * *
,4 ,3 ,2 ,1

k k k k

k k k k

k k k k

k k k k
k

k k k k

k k k k

k k k k

k k k k

⎡ ⎤
⎢ ⎥− −⎢ ⎥
⎢ ⎥− −
⎢ ⎥

− −⎢ ⎥= ⎢ ⎥
⎢ ⎥

− −⎢ ⎥
⎢ ⎥− −⎢ ⎥

− −⎢ ⎥⎣ ⎦

h h h h
h h h h
h h h h
h h h h

H
h h h h
h h h h
h h h h
h h h h

.       (5)

Ⅲ. Efficient Adaptive MMSE Multiuser 
Detectors

  A zero forcing (ZF) detector completely elimi-

nates multiuser interference (MUI) and inter-sym-

bol interference (ISI) at the expense of noise 

enhancement. An MMSE receiver balances 

MUI/ISI mitigation with noise enhancement and 

minimizes the mean square error (MSE) 
[9]. The 

MMSE filters are given by the following ex-

pression 
[6, 9]

           


║  ║ . (6)

where ║⋅║ denotes the squared Frobenius 

norm of a matrix. Utilizing the orthogonality prin-

ciple,   is easily derived as follows [6, 9]

       




     

   . (7)

The estimate of   for the -th user, 

    ⋯  
  is given by 

                       (8)

where   is the  ×   MMSE filter matrix 

which consists of the     -th row to 

-th row of  and decodes  symbols within . 

The MSE for  is given by [10]

    




   


    
 
             




      

(9)

  We proved the specific algebraic property of an 

MMSE detector in alamouti’s STBC multiplexing 

systems
[7]. The property can be exploited effi-

ciently in multiuser systems where each user em-

ploys the two transmit antennas. In the case of 

co-channel users with three and four transmit an-

tennas, the property given by Eq. (10) and (11) 

can also be shown by investigating Eq. (7) and 

using block matrix inversion. 

  Equation (7) requires knowledge of the trans-

mission power of all of the users and channels, 

as well as the noise variance. Thus, it appears to 

suffer from the problem of requiring a large 

amount of assumed knowledge, as is the case in 

many multiuser receivers
[6]. Repeated matrix in-

versions would be necessary if the channel was 

nonstationary, so this technique would also be 

computationally expensive. However, the adaptive 

implementation of MMSE detectors
[11] may solve 

the problems of excessive assumed knowledge and 

complexity simultaneously. 

  It is well known 
[10] that the MMSE filter can 

be approximated adaptively by many algorithms. 

Property 1 suggests that only one adaptive filter 

may be calculated and updated for the desired 
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