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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 using precoders. First, we introduce our channel model 

and assume that we have 2 transmitters and 2 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 scheme which 

can achieve low-complexity decoding and full diversity for any 

transmitted code word in Z channel when all the users transmit 

at the same time. Simulation results validate our analysis.  

 
Index Terms—Space-time codes, array processing, full 

diversity, precoder design, interference cancellation, Z channels 

I. INTRODUCTION 

ecently, several space-time processing techniques [1]–[6] 

have been used in multiple access channels to reduce the 

decoding complexity and enhance system performance by 

canceling the interference from different users [7]–[28]. When 

it comes to Z channels [11], a scenario when there are two users 

each transmitting different code words to two receivers 

simultaneously, how to achieve low-complexity decoding and 

high performance such as full diversity is still an open problem. 

In this paper, we investigate how to achieve the low 

complexity decoding and the highest possible diversity to 

improve the transmission quality for space-time codes in Z 

channels 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 

information at the transmitter. The idea of combining 

space-time coding and precoding in multiuser systems is not 

new [12], [13]. We assume that our system operates under 

short-term power constraints, fixed code word block length and 

limited delay. Under these constraints, there will always be 

some outage probability [14], [15]. For example, [14] shows 

that outage probability exisits for the block-fading channel with 

limited delay and block length. [15] points out that when the 

delay is finite, for any finite rate, as small as it may be, there is a 

nonzero outage probability independent of the code length. 
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Thus, the diversity is an important tool to evaluate the system 

performance. In this paper, we will show that our proposed 

scheme can achieve the highest diversity with low decoding 

complexity for space-time codes. To our knowledge, this is the 

first scheme that can achieve low decoding complexity and full 

diversity for Z channels, with short-term power constraint, fixed 

code word block length, limited delay and complexity for 

practical constellations. 

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. 

 

 II. MOTIVATION AND CHANNEL MODEL 

 

In a point-to-point MIMO system, i.e., one transmitter with N 
transmit antennas and one receiver with M receive antennas, one 
can use space-time codes to achieve symbol by symbol 

decoding and full diversity when the transmitter does not know 

the channel. The symbol rate is one. Let us consider a channel 

model as shown in Figure 1. We assume there are 2 users each 

with 3 transmit antennas and 2 receivers each with 3 receive 

antennas. Both users want to send different space-time codes to 

Receivers 1 and 2 on the same frequency band at the same time. 

As shown in Figure 1, User 1 wants to send code word C to 
Receiver 1 without causing interference to Receiver 2. User 2 

wants to send code word S to Receiver 2 and causes 
interference to Receiver 1. When channel knowledge is not 

available at the transmitters, space time codes combined with 

TDMA can be used to achieve symbol-by-symbol decoding and 

full diversity. But the symbol rate reduces to one half. A 

solution to keep the symbol rate unchanged when space-time 

codes are used, is to combine space-time coding and array 

processing. In other words, we allow all transmitters to send 

space-time codes simultaneously to keep rate one and utilize 

special array processing techniques to achieve low-complexity 

decoding and full diversity. In this paper, we achieve the above 

goals under short-term power constraints, fixed code word 

block length and limited delay, when there is outage. We do not 

claim that our scheme can achieve capacity or full degree of 

freedom.  
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