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ABSTRACT

In multiple access channels, when users know each other’s channels, precoders can be 
designed utilizing channel information to cancel the interference at the receiver without 
sacrificing the diversity or the com plexity o f  the system. Recently, it was shown that when 
there are only two users, a receiver can com pletely cancels the interference o f the two users
and provides full diversity for each user. Unfortunately, the scheme only works for two users.

*

In this paper, a system  is proposed to achieve interference cancellation and full diversity with 
low  com plexity for any number o f users.The main idea is to design precoders, using the 
channel information, to make it possible for different users to transmit over orthogonal 
directions. Then, using the orthogonality o f  the transmitted signals, the receiver can separate 
them and decode the signals independently.

Keywords: M ulti-user detection, multiple antennas, interference cancellation, precoder,
orthogonal designs

1. INTRODUCTION
Multiple-input multiple-output (MIMO) w ireless channels, created by deploying antenna 
arrays at both transmitter and the receiver, promise high capacity and high quality wireless 
communication links. A  lot o f attention has been given to multi user detection schemes 
withsimple receiver structures. The multiple transmit and receive antennas are used to 
improve the gain, rate and reliability o f wireless system 1.
In this paper a multiple antenna multi access scenario where interference cancellation is 
achieved by channel information is considered. When there is no channel information at the
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transmitter, simple array processing methods using orthogonal space-time block bodes
V  —

(OSTBC) and quasi-orthogonal space-time block codes (QOSTBC) have been proposed2.

The common goal and the main characteristics o f the above multi user system  require less 
number o f receive antennas and low  com plexity array decoding. However by using maximum  
likelihood detection, full diversity for each user is achieved. But maximum likelihood  
detection is usually not practical, as number o f transmit and receive antennas increases, the 
number o f users and bandwidth efficiency is also increased3. To overcome this drawback, 
channel information is utilized at the transmitters to increase the diversity o f  the system while 
keeping the low  com plexity o f  the decoding6. In other words, unlike the above mentioned 
methods, receive antennas are not used to cancel the interference. Instead, the channel 
information at the transmitter is used to design precoders that align different groups o f signals 
along orthogonal directions 4. A s a result interference suppression is achieved without 
utilizing the receive antenna resources and therefore full diversity is achieved naturally.
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2. EXPER IM EN TAL
Raestvar

Figure 1: B lock diagram o f proposed system

In this paper, a quasi-static flat Rayleigh fading channel model is assumed. The path.gains are 
independent complex Gaussian random variables and are fixed during the transmission o f one 
block. In addition, a short term power constraint is assumed. For the sake o f simplicity, the
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scheme is only presented for four users each with four transmit and one receive with four 
receive antennas. The block diagram o f the system is shown in Figure 1. The channel 
matrices for users 1 ,2 , 3 ,4  are assumed as3,
Hi-[hl(i,j)]4x4 , H2-[h 2(i,j)]4x4 , H3-[h3(i,j)]4x4 , H4-[h4(i,j)]4x4 
respectively .At the 1th time slots 1=1,2, 3, 4 the precoders for user 1,2,3,4 are,
A*i =[ a\{\j)]4x4, AZ2=[ a^ij)]4x4, A73 =[ a/3(i,j)]4x4, AU=[ a/4(ij)]4x4 [2] 
In every 4 time slots, Users 1, 2 , 3,4  send Q O STBCs5,

[1]

O
—c2 * 
c l  * 

—c 4 * 
c3

c3
c4
c l
c2

S=
—s2 * 

s i  * 
—s4  * 

s3

s3
s4
s i
s 2

2.1 Encoding:
According to the block diagram encoding and decoding parts are there along with the 
channel, as the channel is a quasi-static flat Rayleigh fading channel model. In this paper for 
results and for explanation only 4 users have been used. That is 4 users one receiver and 4 
receiving antennas.I

The four users at four different time slots suppose as 1=1, 2, 3, 4. A t the 1th time slots 1,1=1,
2, 3 ,4  the input output equation can be written as,

y l= 7 ^ (H lA 'i C(l)+ H2A ;2 S(l)+ H3 A'j T(l)+ H4A '4 Z(l)+nl
= V ^ (H 'i C(l)+ H l2 S(l)+ H‘3 T(l)+ H'4 Z(l)+nl [3]

Where H'i=HiA'i and yl denotes the received signals o f  the four receive antennas at time slot
l. Es denotes the transmit energy o f  each user; nl denotes the noise at the receiver at time slot 
/.Rearranging Equation (3), w e have,

k  ( J ) + "2 (J ) +  H3 +  H 4

Where,

[4]
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N ow  precoders have been chosen that can realize full diversity and interference cancellation 
for each user. To realize interference cancellation, a straight forward idea is to transmit the 
symbols o f the four users along four orthogonal directions. B y doing so, it is easy to achieve 
interference cancellation at the receiver using zero-forcing2. However, the difficulty lies in 
how to achieve full diversity as w ell. Here comes the concept o f precoding technique which 
helps in improving the diversity and also removes the interference for four users. At each o f  
the first 2 time slots, 1, 2, 3 and 4, precoders have been designed such that sym bols o f User 1 
and symbols o f User 2 are transmitted along two orthogonal directions respectively. Similarly 
precoders have been designed for Users 3 and 4, such that the transmit directions o f their 
signals are orthogonal to each other. Finally after combining 1, 2, 3, 4 they all w ill not 
interfere because o f the individual choosing o f precoders symbols for 1,2 and 3, 4. As shown 
in the figure 2 they are placed in orthogonal structure in vector space.

Proc. Annual Symposium on Research & Industrial Training, 02(2015) 165-170
Department of Electronics -  Wayamba University of Sri Lanka

1 |

Figure 2: Orthogonal structure o f signal vectors in 4-dim ensional space.

2.2 Decoding
Using the pre-coders, Equation (3) becom es,

y = V I s f  H l\% i + H2 +  H3 +  H4

Here y and n are the same with y  and n in Equation (3).N ote that using the pre-coders, each
column o f matrix HI is orthogonal to each column o f m atrices//2, H3,H4 .
In order to decode symbols from User 1, both sides o f Equation (5) is multiplied by matrix 
H+ito achieve,

H+iy=y[EsH+iH l Cl
c2
c3
c4

+ H+in [6]
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Similarly for user 2, 3, 4 we can multiply both sides of the equation (5) with matrix
H ~ 2, H  +3 and H + a respectively to remove the signals of other user and use Maximum 

Likelihood Decoding to complete the decoding6. Here, it can be proved that full diversity can 
be achieved using this precoding scheme. Proof for User 1 is presented, since the proof for 
Users 2, 3, 4 is the same. Diversity is defined as:
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Where ‘Pe’ denotes the SNR and ‘p’ represents the probability of error.

3. RESULTS AND DISCUSSION
The performance of the proposed scheme is shown in Figure 3. The proposed scheme cancels 
the interference completely but provides a diversity of 16 by utilizing the channel information 
at the transmitter.

antenna.
4. CONCLUSION
In this paper, interference cancellation for a system with 4 users each with 4 transmits 
antennas and one receiver with 4 receive antennas have been considered. When users know 
all channels, a scheme was proposed to achieve Interference cancellation and achieve
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mayirrinm possible diversity with low  complexity. The main idea is that each user transmits 
signals along a direction that is orthogonal to direction o f  other users. This is achieved by 
designing precoders. Then the receiver can separate signals o f different users using the 
orthogonality o f the transmitted signals and Maximum Likelihood Decoding.
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