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Abstract— In this paper, we investigate how to send space time 
codes with full diversity and low decoding complexity for Z 
channels with any number of users using precoders. First, we 
assume that we have J transmitters and J receivers. Each 
transmitter sends code words to respective receiver at the same 
time. We propose an orthogonal transmission scheme that 
combines space-time codes and array processing to achieve 
low-complexity decoding and full diversity for transmitted 
signals. To our best knowledge, this is the first general scheme 
which can achieve low-complexity decoding and full diversity 
for any transmitted code word in Z channel with any number of 
uses when all the users transmit at the same time. Simulation 
results validate our theoretical analysis.  
Key Words— Space-time codes, array processing, full diversity, 
precoder design, interference cancellation, Z channels. 

I. INTRODUCTION 
In recent years, wireless multiple-input multiple-output 
(MIMO) systems with multiple antennas employed at both the 
transmitter and receiver have gained attention because of their 
promising improvement in terms of performance and band-
width efficiency. In the uplink, several single-user techniques 
have been proposed such as vertical Bell Laboratories layered 
spaceCtime (V-BLAST), maximum likelihood detec-
tion(MLD), and singular value decomposition (SVD)-based 
techniques. Here we introduce a multiuser MIMO transmit 
preprocessing technique for the uplink of multiuser MIMO 
systems. The technique is based on decomposing a multiuser 
MIMO uplink channel into parallel independent single user 
MIMO uplink channels. Once the multiuser channels are de-
composed, any single-user MIMO technique (such as MLDand 
BLAST) can be applied in the usual way to each user. Previ-
ously, there has been only limited work on multiuser MIMO 
systems for the uplink. Another issue is that particular linear 
receiver structures are assumed in both of the systems and these 
impose certain restrictions on the systems [1]–[6].    
    Recently, several space-time processing techniques have 
been used in multiple access channels to reduce the decoding 
complexity and enhance system performance by canceling the 
interference from different users [7]–[31]. 
    In this paper, we investigate how to achieve the low com-
plexity decoding and the highest possible diversity to improve 
the transmission quality for space-time codes in Z channels [11] 
without losing symbol rate. Our idea to solve this problem is to 
design proper precoding and decoding schemes based on 
space-time coding with the assumption of full channel infor-
mation at the transmitter. The idea of combining space-time 
coding and precoding in multiuser systems is not new [12], [13]. 
Note that one can use interference alignment methods to 

achieve the highest degree of freedom [16]. But under our 
assumptions, using interference alignment, the diversity will be 
one. The concentration of this paper is to achieve the highest 
diversity with low decoding complexity for space-time codes, 
not achieving the highest degree of freedom. 

The outline of the paper follows next. Section II introduces 
our motivation and the Z channels we discuss in this paper. In 
Section III, we propose an orthogonal transmission scheme 
which is necessary to achieve low complexity decoding, high 
coding gain and full diversity as shown in later sections. In 
Section IV, our decoding scheme is proposed. We analyze the 
performance of our scheme in Section V. Simulation results are 
presented in Section VI and Section VII concludes the paper. 
    Notation: We use boldface letters to denote matrices and 
vectors, super-scripts (·)T , (·)∗ , (·)†  to denote transpose, 
conjugate and transpose conjugate, respectively. We denote 
the element in the ith row and the jth column of matrix X by 

X(i, j). We denote the jth column of a matrix X by X(j). 
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