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ABSTRACT

MIMO technology plays a vital role in wireless communication which uses multiple
antennas at both transmitter and receiver side. As the demand of data rate is increasing day
by day, there is a need of high throughput, wide coverage, capacity and improved reliability.
Integration of OFDM with MIMO holds the potential to drastically increase the data rate in
future wireless communication system without increasing the transmit power and bandwidth.
In this paper we mainly focus on the advantage of using MIMO-OFDM system and the
drawback of using SISO, SIMO, MISO systems which have been verified using simulation.
Performance of the systems is measured with respect to BER, capacity and finally the data
rate is determined. The simulation results are obtained using MATLAB/SIMULINK
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Introduction

The requirement of mobile communications, wireless
internet access for high data rate is growing exponentially and
there is a strong demand for advanced wireless technique. The
goal of wireless communication are narrower bandwidth, high
throughput, error free transmission and low power consumption.
The demand is not only for voice and data services but also for
the multimedia services [1], [2].As the user demand are
increasing Multiple antennas used at both transmitter and
receiver are widely used to form multiple input multiple output
(MIMO) system used in wireless communication offers various
benefits such as better transmission quality (low bit error rate)
and higher capacity [3].

Channel in the wireless communication is mainly affected
by multipath fading. In wireless telecommunication, multipath is
the propagation phenomenon which results in the arrival of
transmitted signal at receiver with two or more path and with
different time delays and frequency. To mitigate this problem
MIMO diversity schemes were developed [4], [2]. If the delay
caused by multipath is large enough there will be bit errors in the
packets and receiver won’t be able to distinguish between
symbols. By using traditional MIMO and OFDM technique it is
difficult to meet the above requirement however the hybrid
MIMO-OFDM can meet these requirements [5]. OFDM is a
frequency division multiplexing scheme used as a digital
multicarrier modulation method in which large number of
closely spaced orthogonal subcarrier signals are used to carry
data on several parallel streams or channel.

MIMO system takes the advantage of multiple signals to
improve the quality and reliability of transmitted information
signal and it also increases the capacity of the system while
OFDM minimizes the intersymbol interferences (ISI) and
utilizes the spectrum very efficiently.
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MIMO System

MIMO system consists of Mt transmit antennas and Mr
receiver antennas as shown in fig.1 [8], the MIMO channel may
be represented as a Mr x Mt matrix
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The MIMO signal model is described as
r=Hs+n (2)

Whereas r is the received vector, s is the transmitted vector, n is
the noise vector and H is the channel matrix.

m transmit antennas nreceive antennas

Fig 1. Multiple Input Multiple Output System Block
Diagram

Capacity of the MIMO system increases linearly while there is a
logarithmic increase for SISO, SIMO and MISO system.
Capacity for the SISO system is given as

C=Blogz(1+%) (3)
Where C is the Capacity of the system, B is the bandwidth and
S/N denotes signal to noise ratio.
Capacity for the MIMO system is given as

CzMBlogz(1+%) (4)
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Where M= min (Mt, Mr) is the smaller of Mt and Mr, B is the
signal bandwidth and S/N is the signal to noise ratio [4, 5, 6].
OFDM Technology

Orthogonal frequency division multiplexing is a special case
of multicarrier transmission where data bits are encoded to
multiple subcarriers, while being sent simultaneously. OFDM is
a combination of modulation and multiplexing technique. In
OFDM multicarrier are used so under fading condition, only
small percentage of subcarrier are affected while in case of
single carrier if signal get fade then entire link gets failed.
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Fig 1. Comparison between FDM and OFDM
As seen from the fig 2, FDM uses guard band between
different carriers which makes inefficient use of spectrum while
in OFDM orthogonality between subcarrier is maintained to
avoid ISI and makes efficient use of spectrum [5, 7].
Experimental design setup
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Fig la. Experimental System Model-MIMO-OFDM with 4
Transmit and 1 Receive Antenna

In the present study block OFDM with MIMO is designed.
As seen in the figure block diagram represents the whole system
model. Here we have discussed only for four transmitter and one
receiver antenna. The block diagram consists of 3 main sections
namely OFDM transmitter, MIMO channel and OFDM receiver.
MATLAB Simulink is selected due to its real time environment
which resembles its real time design. Parameters used in this
model are given in the following table. The data is generated
using the random data source (Bernoulli Binary). The
transmission is completed block wise. Generated data is passed
to the next block that is FEC block. Reed and Solomon encoder
is used where the data is encoded and the padding of bits is done
here whose constraint length is 7 and code rate is 1/2. 16 QAM
modulation scheme is used which maps the bits to symbol. For
16 QAM 4 bits/symbol is transferred. These symbols are passed
to the space time encoder block which converts one single input
data streams into multiple output data streams. To reduce the
noise interference different symbols are simultaneously
transmitted over these antennas.
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Table 1. Parameters used for 16QAM MIMO and OFDM

MIMO

Parameters

Specifications

1)Sample Time

8.2333e-08

2)Samples per frame 1728
S)Number of Guard band =)

per subcarrier

a4)Coded bits per a4
subcarrier

5)Coded bit per OFDM 192
symbol

6)Channel Bandwidth 5MNH=z
7)Gain 18.109
E)Maximum Doppler shift 0.5
9)Modulation 16QANMN

10)Channel model

Rician Fading

Channel

11)Noise AWVWGN
12)FFT size 256,512
13)Cyclic Prefix 1/8

14)Number of pilot 60
subcarriers

OFDM Transmitter
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Fig 1b. OFDM Transmitter

The transmitter block consists of selector, IFFT, cyclic
prefix, parallel to serial convertor and gain is added. Selector
block is used to reorder the subcarriers. IFFT is used to convert
the signal to time domain and also it maintains the orthogonality
between subcarriers. IFFT reduces the computational
complexity. On the time domain signals only cyclic prefix is
added. Cyclic prefix is the copy of the last portion of the data
symbol appended to the front of the symbol. And then parallel
data is converted to serial and it is transmitted over multipath
MIMO channel. Guard band are introduced to each symbol for
the removal of ISI.
MIMO Channel
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Fig 1c. MIMO Channel

Based on fading distribution, variety of fading model is
there and in this we have used rician fading model. Rician fading
is a stochastic model for radio propagation caused by partial
cancellation of a radio signal by itself-the signal arrives at the
receiver by different paths (exhibiting multipath interference),
and at least one of the path is changing. Rician fading occurs
when at least line of sight signal, is much stronger than the
others. After this the signal is passed through AWGN channel.
OFDM receiver

Receiver block consists of removal of cyclic prefix, serial to
parallel convertor, FFT and again parallel to serial converter.
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Fig 1d. OFDM Receiver

First task done here is a removal of cyclic prefix which
removes inter-symbol interference. The data is then passed
through serial to parallel convertor after which FFT is used for
frequency domain transformation. As signal is passed through
channel it might be distorted so to overcome this and to obtain
the original transmitted signal demodulation and equalization is
used.
Simulation Results and Discussion

The simulation model has been implemented in MATLAB
R2013a Simulink. In this section SISO (1x1), SIMO (1x2),
MISO (2x1, 3x1, 4x1) and MIMO (2x2, 3x3, 4x4) systems BER
along with capacity results are presented. By using Monte Carlo
simulation BER graph is obtained. BER is the ratio of the
number of errors in the bits to the total number of bits
transferred.
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Fig 1. Comparison between SISO, SIMO, MISO, MIMO
In the above figure it is clearly seen that there is a
drastically decrease in BER for MIMO system. For higher SNR
decrease in BER is high. Variation in BER is very less for SISO
(1x1) and SIMO (1x2). By an ellipse it is shown that there is a
high decrease in BER when we are using MIMO system.
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Fig 2. Comparison for MISO (2x1, 3x1 4x1) system using
16QAM and OFDM
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Above figure shows performance of system when we are
using 16QAM as a modulation and 16QAM with OFDM as a
modulation, code rate is % and number of FFT points 512,
channel is Rician Fading for MISO system (2x1,3x1,4x1).
Performance of all these three system have been simulated and
observed. It is observed that for the same system like 2x1 when
16QAM is used BER is 0.34 is higher than 2x1 with
16QAM+OFDM is used i.e. BER for this is 0.256 at SNR 30 db.
For the same SNR at 30 dB when 3x1 is used with 16QAM BER
is 0.214 and for 3x1 with OFDM+16QAM BER is 0.087. It is
clear from above that with use of 16QAM+OFDM+ MIMO
system results are better than normal 16QAM+MIMO system.
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Fig 3. Comparison for MIMO (2x2, 3x3, 4x4) systems using
16QAM and OFDM

Above graph is for comparison of MIMO system (2x2, 3x3,
4x4) using 16QAM and 16QAM+OFDM. OFDM performance
is better than 16QAM. As seen from the graph the values of
BER for 2x2 OFDM and 3x3 16QAM are approximately same
for low SNR values and for high SNR 2x2 OFDM performs
better than 3x3 16QAM and BER performance is evaluated for
remaining 3x3 16QAM+OFDM+MIMO, 4x4 16QAM+MIMO
and 4x4 16QAM+OFDM+MIMO.
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Fig 4. Comparlson between 2x2 3x3, 4x4 OFDM MIMO
Fig (4) shows the comparison between MIMO systems i.e.
2x2, 3x3, 4x4 OFDM+ 16QAM +MIMO system in the rician
fading channel, code rate is ¥ and FFT points used is 512.
Results shows that with more antennas and with use of OFDM
with it there is a drastically decrease in BER. Hence 4x4 OFDM
shows the better performance.
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Data Rate Measurement

Data rate can be measured by varying sampling frequency
(Fs) and sampling time period (Ts). Here sampling time
Ts=8.333e-6 then sampling frequency will be Fs=1/8.333e-6 =
0.1 MHz i.e., 0.1 Mbps. To obtain the high data rate Ts is set to
4.762e-8, Fs= 1/Ts = 21MHz so data rate for single stream
becomes 21 Mbps and then data rate of four streams (4x4
MIMO) becomes 84 Mbps. When Ts= 3.762e-8 then Fs becomes
26 MHz which is data rate for single stream and then data rate of
four streams (4x4 MIMO) becomes 104 Mbps. By increasing the
number of antennas the data rate is also increased.
Conclusion

We have designed a model for SISO (1X1), SIMO (1X2),
MISO (2X1, 3X1, 4X1) and MIMO (2x2, 3x3, 4x4) system
using MATLAB Simulink. BER is obtained using Monte Carlo
simulation. Capacity for the MIMO system is higher than the
SISO, SIMO and MISO system which shows that MIMO
technology will have maximum data rate. There is a possibility
of achieving high data rate by increasing the number of antennas
and also by varying the sampling time and this high data is the
requirement of future generation wireless communication.
OFDM MIMO gives better performance than MIMO used with
normal modulation (i.e. 16QAM is used here). There is a drastic
decrease in BER performance when the system is used with
OFDM MIMO which shows probability of error is very less.
This hybridization technology has been proposed for future
generation wireless technologies and has a significant growth in
existing applications to enhance the capacity, data rate and
decreases the bit error rate. For better enhancement of data rate
and for decrease in bit error rate Generalized Frequency Division
Multiplexing can be used for future wireless technology which
uses special pulse shaping filter.
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