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Abstract— The main objective of any communication system is 

to transmit and receive the data accurately. We can achieve this 

accuracy using various ways devised at transmitter side or 

receiver side. Beamforming in SU-MIMO is one of the ways to 

achieve the same when number of users is less. Nowadays 

number of users is increasing exponentially meanwhile all are 

expecting accurate and speedy data communication to take 

place. To provide service to all the users SU-MIMO is turned to 

MU-MIMO. As number of users increased, interference (MUI) 

between them also increases. To avoid this type of interference 

precoding schemes are used. The project entitled “ANALYSIS 

OF DIFFERENT PRE-CODING TECHNIQUES IN MU-

MIMO SYSTEM”, is implemented to analyze the performance 

of various precoding schemes available to mitigate MUI.  

In this project we had implemented linear type of 

precoders which consists of Channel Inversion and Block 

Diagonalization. In the last few years, there has been a 

significant increase in transmission of data over wireless 

channels due to increase in users. This transmission however is 

very error prone due to MUI and thus demands a higher 

quality in terms of mitigation of MUI. In this project, linear 

precoding schemes are studied and a software program is 

developed for these schemes using MATLAB. From the 

simulation results, the performance of these schemes with 

various combinations of frames and packets is evaluated. 
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I. INTRODUCTION 

 

ultiple-input multiple-output (MIMO) channels arise 

in many different scenarios such as when a bundle of 

twisted pairs in digital subscriber lines (DSLs) is treated as a 

whole, when multiple antennas are used at both sides of a 

wireless link, or simply when a frequency selective channel 

is properly modeled by using, for example, transmit and 

receive filter banks. In particular, MIMO channels arising 

from the use of multiple antennas at both the transmitter and 

at the receiver have recently attracted significant interest 

because they provide an important increase in capacity over 

single-input single-output (SISO) channels under some 

uncorrelation conditions [1–6].  

NOWADAYS, the ever-increasing population of 

wireless communication technology consumers demands 

faster and more convenient communications in radio 

frequency (RF) bands. In Wireless communications, the 

capacity of the channel, channel band width, signal power 

parameters are initially identified design parameters. In 

addition to this, Multi-input and Multi-output(MIMO) 

technique is adapted recently for better wireless 

communications and other design parameters such as 

dimension, space are included. This can be exploited to 

increase the data throughput of a wireless system, without 

requiring an increase in transmission power or expansion of 

bandwidth [1].The researches on MIMO systems are 

extended to the multiuser cases which can be classified as 

MIMO multiple access channel (MAC) and MIMO broadcast 

channels (BC) [2].  

 

II. BASIC SYATEM MODEL 

 

A. MU-MIMO  

Increasing demand for higher data rates in mobile wireless 

system with limited resources has motivated the starting of 

MU-MIMO system as shown in Fig.1  

 

 
 

 Fig.1 SU-MIMO vs MU-MIMO 

 
The basic difference between SU-MIMO and MU-

MIMO is as shown in above figure. In SU-MIMO single 

UE1 is having multiple antenna. The data stream is firstly 

received by eNB1 then it will transmit it to UE1. In contrast 

with this, MU-MIMO having multiple users with each 

configured with single or many antenna. In MU-MIMO, the 

data streams are initially collected by UE1 and UE2 then it 

will forwarded to eNB1.  

B. Mathematical Analysis of MU-MIMO  

Let us consider K independent users in the MU-

MIMO system. We assume that the Base station (BS) and 

each Mobile station(MS) are equipped with Nb and Nm 

antennas, respectively. Figure 2 shows the uplink channel 

known as a multiple access channel (MAC) for K 

independent users[4] Let Xu ∈ C(Nmx1) and Ymac ∈ 

C(Nbx1) denote the transmit signal from the u user, u = 1, 

2….K, and the received signal at the BS, respectively. The 

channel gain between the u user MS and BS is represented 

by Hu ∈ C(Nb x Nm), u=1,2,3…,K and received signal 

expressed as given in equation 1. 

 

M 
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Fig.2 Uplink channel model for Multi-user MIMO system (MAC)[2] 

 

 
 

On the other hand Figure 3 shows the downlink 

channel, known as a broadcast channel (BC) in which X ∈ 

C(Nb x 1) is he transmit signal from BS and Yu ∈ C(Nm x 1) 

is the received signal at the uth user , u=1,2,3….K. let Hu ∈ 

C(Nm x Nb) represent the channel gain between BS and the 

uth user.  

In BC the received signal expressed as given in equation 2.  

Yu=Hu(X) + Zu, u=1,2,3,….,K ………………………….(2)  

Where Z ∈ C(Nm x 1) is the additive noise at the uth user. 

The effect of self-interference due to the increase of spatial 

correlation in a MIMO channel has become one of the 

limiting factors towards the implementation of future 

network downlink transmissions. To reduce the effect of 

interference in a downlink MU-MIMO transmission different 

transmission methods had been proposed [5]-[10]. 

 
Fig 3 Downlink channel model for MU- MIMO system: BC[2] 

 

C. Precoding Techniques  

As we increase user equipment at transmitter side 

there may be chances of interference due to multiple users it 

is referred as multi user interference. To mitigate this type of 

interference precoding schemes were evolved.  

Basically there are two types of precoding schemes present-  

1. Linear Precoding  

2. Non-linear Precoding  

Linear precoding consists of two type i.e. Channel 

Inversion and Block Diagonalization while non-linear 

consists of Dirty Paper Coding and Tomlinson Harashima 

Precoding. In this project we studied the effect and impact of 

linear precoding techniques.  

a. Channel Inversion  

The first class of multi-user transmission 

approaches we consider is based on linear processing. A 

simple way of dealing with inter-user interference is by 

imposing the constraint that all interference terms be zero. 

We assume N=1 for all users and K =NB. Let Xu denote the 

uth user signal while HDL 1*K denotes the channel matrix 

between BS and the uth user, u = 1,2, . . . K. The received 

signal of the uth user can be expressed as denotes the channel 

matrix between BS and the uth user, u=1; 2; .. . ; K. The 

received signal of the uth user can be expressed as shown in 

equation (3). 

 

….

3 

The received signal at each user terminal in the 

above equation is a scalar while each user’s received signal 

in equation yu=Hu
DL 

+ Zu is a vector. Since each user is 

equipped with a single antenna, interferences due to other 

signals cannot be canceled. Instead, pre-coding techniques 

such as channel inversion and regularized channel inversion 
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can be considered.Ultimately, the drawbacks of channel 

inversion are due to the stringent requirement that the 

interference at the receivers be identically zero. 

b. Transmitter and Receiver Side Blocks in Channel 

Inversion  

Figure 4 shows the transmitter side blocks for 

channel inversion implementation in matlab. 

 
Fig:4 Transmitter Side Blocks 

Initially message bits were generated which will act 

as data in real situation in the binary form. Then this data is 

mapped using QPSK mapper. 

 
Fig:5 QPSK Mapper 

 

This is the block which converts integer valued 

sequence into complex valued sequence in the form of X=I + 

jQ where I is in-phase component and Q is quadrature 

component. The  i/p o/p relation of QPSK mapper is given in 

the Table 1 which is derived from QPSK constellation 

diagram.  

Table 1: QPSK Mapper i/p and o/p 

i/p bits I Q 

00 1/√2 1/√2 

01 1/√2 -1/√2 

10 -1/√2 1/√2 

11 -1/√2 -1/√2 

  

After mapping the data into complex form, channel 

is normalized and then data is weighted by some constant 

value say Beta followed by data transmission. At receiver 

side reverse procedure is take place. First received data is 

sliced by QPSK slicer and then data is demapped using 

QPSK demapper which is opposite process of QPSK mapper. 

c. Block Diagonalization 

Block Diagnolization (BD) is a linear pre-coding 

technique for the downlink of MU MIMO systems. It 

decomposes a MU MIMO downlink channel into multiple 

parallel orthogonal single-user MIMO channels [4]-[6]. The 

signal of each user is pre-processed at the transmitter using a 

modulation matrix that lies in the null space of all other 

users' channel matrices. Thereby, the MUI in the system is 

efficiently set to zero. BD is attractive if the users are 

equipped with more than one antenna.  

Let Nm,u denote the number of antennas for the u
th

 

user, u =1,2,…K. For the u
th

  user signal xu’ 
Nm,u*1 

, the 

received signal yu 
Nm,u*1 

is given in equation (4): 

……(4) 

Where Hu
DL

 
Nm,u*NB

 is the channel matrix between BS 

and the u
th

 user. Wu  
NB *Nm,u

  

is the pre-coding matrix for the u
th 

userand Zu is the noise 

vector. Consider the received signals for three user case (i.e. 

K=3) as given in equation (5): 

…(5) 

 

Where HuDLWk form an effective channel matrix for the uth 

user receiver and the Kth user transmit signal the interference-

free transmission will be warranted as long as the effective 

channel matrix in equation (5) can be block-diagonalized, 

that is,  

HuDLWk=0Nm,u*Nm,u’ where u≠k ………………….……(6)  

In order to meet the total transmit power constraint, the pre-

coder Wu NB *Nm,u must be unitary u=1,2,….K. Under the 

condition of equation (6), the received signal in equation (4) 

is now interference-free that is as given in equation (7):  

yu= HuDLWkxu’ + Zu …………….…….……(7) 

 

III SYSTEM PARAMETERS 

The various system parameters were considered during the 

simulation are as follows-  

1. Number of Antennas at TX= 4  

2. Number of Antennas/Streams at RX= 4(SU)  

3. Number of Users (MU case) =1(CI), 3(BD)  

4. MIMO Precoding= Channel Inversion, Block 

Diagonoaization  

5. Channel Bandwidth = 20 MHz  

6. Modulation type = QPSK  

7. Diversity= Spatial  

8. No. frames = 5 and 10  

9. No. packets in each frame = 200, 500 and 1000  

 

IV RESULT 

 

The results are taken with respect to various 

numbers of frames and packets. All results are examined at 

10dB SNR. 
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Fig: 6 BD with 5 frames and 200 packets 

 

Fig: 7 CI with 5 frames and 200 packets 

 Figure 4.1 gives BER vs SNR plot for BD with 5 

frames and 200 packets. For this precoding we got BER of 

10
-0.11

 and when we compared same for CI we observed BER 

of  

10
-0.076

 as shown in figure 6. 

Now we compared these two schemes for 5 frames 

and 1000 packets, we observed BER increased to 10
-0.114

 in 

CI while it remains constant in BD as shown in figure 7 and 

figure 8. 

 

Fig: 8 BD with 5 frames and 1000 packets 

 

Fig: 9 CI with 5 frames and 1000 packets 

 When we increase frames again then BER is remain 

constant for each of the scheme as shown in the following 

figure 9 to figure 10.  
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Fig: 10 BD with 10 frames and 200 packets 

 

 

Fig: 11 CI with 10 frames and 200 packets 

 

 

Fig: 12 BD with 10 frames and 500 packets 

 

 

Fig: 13 CI with 10 frames and 500 packets 
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All the above obtained results are summarized in the 

following table 4.2: 

Table 1 Results 

Precoding  SNR  BER  

CI 5*200  10dB  
10

-0.076

  

BD 5*200  10dB  
10

-0.11

  

CI 5*1000  10dB  
10

-0.114

  

BD 5*1000  10dB  
10

-0.11

  

CI 10*200  10dB  
10

-0.114

  

BD 10*200  10dB  
10

-0.11

  

CI 10*500  10dB  
10

-0.114

  

BD 10*500  10dB  
10

-0.11

  

 

V. ADVANTAGES AND DISADVANTAGES 

A. Advantages  

a) As seen from the simulation results both the precoding 

schemes perform well i.e. they offer low BER for less 

number of frames and packets.  

b) System complexity is less using these kind of precodings.  

B. Disadvantages  

a) These schemes are less efficient for more number of 

frames and packets  

C. Practical Applications  

These precoding schemes are mainly useful in MU-MIMO 

system which is equipped with less number of users.  

CONCLUSION AND FUTURE SCOPE 

From our simulation results we observed that BD 

gives constant BER for constant SNR while CI initially gives 

less BER but as we increase number of packets BER also 

increases so for more number of packets BD performs well 

than CI.  

Linear type of precoding techniques are restrict themselves 

for particular BER which can be still reduced using Non-

linear type of precoding viz  

a) Dirty Paper Coding  

b) Tomlinson Harashima Precoding  

These types of non-linear precoding can be used in LTE-A 

technology. 
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