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Abstract: Problem statement: Multiple-Input Multiple-Output systems (MIMO) were regarded as
one of the most promising technologies in field of wireless communication. Generally considered as
one of the several forms of smart antenna technology, it offers considerable increase in data throughput
and link range without additional bandwidth or transmit power. The general idea involves the use of
several antennas at the transmitter and the receiver to improve system performance. One of the
approaches employed in combating ISI in MIMO transmission was through the use of equalizers.
Approach: In this study a proposed MIMO system was simulated using MATLAB software. The
different equalization schemes Zero Forcing (ZF) equalizer and Minimum Mean Square Error
(MMSE) which aid in the elimination of Inter Symbol Interference (ISI) thus improving overall
performance were compared to analyze the BER of the designed system. Results: From the
simulation results, the MMSE equalizer clearly had a better performance over the ZF equalizer in
the region of about 3 dB. Conclusion: MIMO transmission with MMSE equalization offers greater
performance over ZF equalization. This helps in nullifying the effects of ISI thus improving overall
performance. Thorough understanding of these techniques provides a good platform for future
research in areas such as MIMO-OFDM.
Key words: Multiple-Input Multiple-Output (MIMO), Zero Forcing (ZF), designed system, Minimum
Mean Square Error (MMSE), transmit antennas, multipath propagation, MIMO system,
diversity gain, MIMO transmission
individual user is demultiplexed into Nt separate substreams where Nt is equal to the number of transmit
antennas employed in such a system. The sub-streams
are then encoded into channel symbols. It is common
practice to implement the same data rates on all the
transmitters but adaptive modulation could also be
employed (Holter, 2001). The signals are then
propagated through the wireless channel. The signals
are received by Nr receive antennas.
MIMO technology has much channel capacity by
configuring many antennas on the transmitters and
receivers compared to traditional SISO channel. Study
proves that under the precondition of keeping the
channel bandwidth and transmitting power fixed,
system capacity is proportional to the smaller of the
transmitting antennas number and the receiving
antennas number. The other is the obvious spatial
diversity. In view of the shortage of bandwidth
spectrum nowadays, in order to transmit data with high
speed and high capacity, such as in HDTV (High

INTRODUCTION
One of the major bottlenecks encountered in the
wireless channel has been multipath propagation. Over
the years, methods have been devised to reduce its
effect on the quality of information being transmitted.
Multiple-Input Multiple-Output (MIMO) can be used to
reduce power consumption and increase capacity it can
also reduce both infrastructure deployment costs and
combat shadow fading (Zhou et al., 2010).
Using multiple antennas both at the receiver and
transmitter, Multiple Input Multiple Output systems are
very famous for the high capacities and degrees of
freedom that they provide in rich scattering
environments (Ershadi and Bakhshi, 2010). MIMO has
emerged as one of the most promising technologies in
wireless communication due to its ability to turn
multipath propagation normally considered as a
drawback into a benefit for the user (Gesbert et al.,
2003). In a MIMO system the data stream from an
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Definition Television) we should have very high
spectrum efficiency and the capacity of overcoming the
channel fading in the environment of multi-path
channel (Ling, 2010).
With this transmission scheme, there is a linear
increase in spectral efficiency compared to a
logarithmic increase in more traditional systems
utilizing receive diversity or no diversity (Holter,
2001). The high spectral efficiencies attained by a
MIMO system are enabled by the fact that in a rich
scattering environment, the signals from each
individual transmitter appear highly uncorrelated at
each of the receive antennas. When the signals are
conveyed through uncorrelated channels between the
transmitter and receiver, the signals corresponding to
each of the individual transmit antennas have attained
different spatial signatures. The receiver can use these
differences in spatial signature to simultaneously and at
the same frequency separate the signals that originated
from different transmit antennas (Holter, 2001).

Where:
U and V
=
M×M and N×N =
H
=
S

If we process the signal by multiplying UI at the
transmit side and V at the receive side, then the
equivalent channel will be like Eq. 4:
U l = U H HV =
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HI is a diagonal matrix, with gains S11 and S22. Equation
1 then becomes Eq. 5:
S x 
y
( 1 ) =  11 1 
y 2  S22 x 2 

Principle: Consider a MIMO system with two
transmits antennas and two antennas at the receiver
(2×2), the channel can be represented as Eq. 1 and 2:
Y = Hx

=

Unity matrices of size
Respectively and the subscript
Stands for Hermitian transform
unity means N×Nl = l
A diagonal matrix

(5)

this indicates that two independent channels are created
(Penchong and Hong, 2009).

(1)
Diversity gain: Instead of two independent information
sources, we can send some processed representation of
a single information source in order to achieve
diversity. The four channels can be seen as independent
faded branches. So the MIMO channel now has a
diversity order of 2×2 = 4 for generalized MIMO
channel, the diversity order is M×N.
For traditional systems like SISO, the problem of
detection does not exist (Penchong and Hong, 2009).
But for MIMO we have to separate the mixed signals at
the receiver side. In the presence of noise, Eq. 1
becomes:

(2)

where, x and y are (2×1) matrix representing
transmitted and received signal on each antenna. The
four entries of the channel matrix H correspond to the
channel gains between the antennas as shown in Eq. 2
above. The given formulas 1 and 2 can be generalized
to any number of transmit and receive antennas. MIMO
broadly offers two advantages: Multiplexing gain and
diversity gain (Duman and Ghrayeb, 2008).

Y = Hx+n
Multiplexing gain: Multiple independent spatial
channels are created in order to achieve multiplexing
gain. Independent information sequences can be
transmitted on each channel at the same time. The
maximum number of channels is min (M, N), where M
is the number of transmission antennas (Tx) and N is
the number of receive antennas (Rx). As min (M, N)
increases, the number of spatial channels increase
linearly. The system capacity also increases linearly.
By Singular Value Decomposition (SVD), a matrix
can be decomposed as follows Eq. 3:
H = USVH

When the MIMO channel bandwidth is large
relative to the channel’s multipath delay spread, the
channel suffers from ISI. One of the methods used in
mitigating ISI in MIMO channels is by the use of
equalizers. However, the equalizer is much more
complex in MIMO channels since the channel must be
equalized over both space and time (Goldsmith, 2005).
MATERIALS AND METHODS
System Model: A MIMO 2×2 transmission system
consisting of 2 transmit antennas and two receive

(3)
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antennas was used. This configuration is probably the
simplest form of MIMO transmission.
A multipath channel with a single tap was
employed. The channel experienced by each transmit
antenna is independent from the channel experienced
by other transmit antennas. For the i th transmit
antenna to the j th each transmit symbol gets
multiplied by a randomly varying complex number
h ji. As the channel is a Rayleigh channel, the real and
imaginary parts of h ij are Gaussian distributed having
a mean
and variance µhi,j = 0 and variance
σ2 h j,i =

1
.Where by the channel experienced between
2

each transmit to the receive antenna is independent and
varying in time.
On the receive antenna, the noise n has the
Gaussian
probability
density
function
with
p(n) =

1
2πσ 2

− (n −µ )2

e

2 σ2

with µ = 0 and σ2 =

Fig. 1: BER for BPSK modulation with 2×2 MIMO and
ZF equalizer

N0
. It’s
2

assumed that the channel is known at the receiver
MIMO system design: The following steps were taken
to design the system:
•
•
•
•
•
•
•

Generate random binary sequence of +1’s and -1’s
Modulate the binary sequence using Binary Phase
Shift Keying (BPSK)
Group them into pair of two and send two symbols
in one time slot
Pass them through a multipath fading channel with
Additive White Gaussian Noise
Perform equalization on the received signal
Demodulate the BPSK symbols
Calculate the bit error rate of the system

Fig. 2: BER for BPSK modulation with 2×2 MIMO and
MMSE equalizer

RESULTS
The effect of ZF equalizer and MMSE equalizer on
MIMO transmission system is simulated in this study.
The simulation results are given below.
Simulation results of MIMO with ZF equalizer: A
random binary sequence is generated, which is then
modulated using BPSK. The signal is then passed
through a multipath fading channel with noise. At the
receiver, equalization is performed using ZF equalizer.
The BPSK symbols are demodulated and the BER is
obtained by varying the value of the SNR as the Fig. 13 above indicates.

Fig. 3: Comparison of ZF and MMSE equalization with
MIMO transmission
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DISCUSSION
In this study, the simulation of a MIMO
transmission system was conducted due to its
importance in modern wireless application. The
problem of ISI due to multipath fading has been a
bottleneck in digital communication systems. The
demand for higher data rates and better quality of
service cannot be achieved without mitigating the effect
of ISI. MIMO technology is one of the techniques that
can be applied to solve this problem as it turns
multipath propagation from a disadvantage to an
advantage. Furthermore, Zero Forcing and MMSE
equalizers were simulated and the results compared.
The results show that MMSE equalizer performs better
than ZF equalizer.
CONCLUSION
In this simulation, the BER of a MIMO
transmission with equalization was presented. The
effect of Zero forcing Equalization and Minimum Mean
Square Error Equalization using MATLAB were
investigated. The simulation shows an improvement of
about 3 dB in MMSE over ZF equalizer. This generally
increases the performance of the overall system.
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