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Abstract—Fourth-generation (4G) wireless communication 
system is mainly based on MIMO (multiple input and multiple 
output) and OFDM (orthogonal frequency division multiplexing). 
The combination of these two techniques leads to a better system, 
known as OFDM-MIMO system, providing higher capacity and 
data rate. This paper demonstrates the BER (bit error rate) 
performance of OFDM and OFDM-MIMO system using 
convolution code to encrypt the data stream that can be sent over 
communication channels. Simulation is made on Matlab using 
three different channels (AWGN, Rician and Rayleigh). The 
simulation results show that the combined system has better 
performance compared to OFDM system. The practical part of 
this study was conducted by using two USRPs B210 (universal 
software radio peripheral) for transmitting and receiving, two 
antennas were used during transmission for both sides. The 
transmitted signal is successfully recovered. 

Keywords-BER; OFDM; OFDM-MIMO; convolution code; 
Racian; AWGN; Rayleigh; USRP 

I. INTRODUCTION 

Wireless communication systems these days have to 
provide higher data rates to fulfill the high demand. MIMO is 
basically about improving the channel capacity by using 
multiple antennas. MIMO offers enhancement to data rate and 
channel capacity. MIMO-OFDM is an essential point of 
today’s broadband wireless systems. In fact MIMO-OFDM 
technology has been being used in 4G, 4.5G and is going to be 
used in 5G. Current generation wireless systems, such as 4G, 
support data rates up to 1Gbps, which seems to be insufficient 
for high demand. In order to achieve this requested data rate, 
the near future generation 5G plans to use MIMO for signal 
processing and OFDM for radio technologies [1]. Upcoming 
mobile and wireless applications will need significantly higher 
data rates and cut-price cost per transmitted bit compared to 3G 
systems. Systems using single antenna fail to meet the 
requirements on data rate, link quality, spectral efficiency etc. 
In MIMO technology high gain is ensured for both channel 
capacity and reliability. The use of multiple antennas instead of 
a single antenna allows to enhance coverage, data transfer rate, 
security of the radio networks [2]. The BER of convolutional 
coded orthogonal frequency-division multiplexing system is 
analyzed in [3]. The BER is evaluated for different modulation 
schemes. This paper gives a generalized BER analysis of 
OFDM and MIMO-OFDM systems.  

II. PRINCIPLES OF OFDM SYSTEM 

OFDM is a way of encoding digital data on multiple carrier 
frequency and is essential to current generation wireless 
technology [4]. OFDM is a multicarrier transmission technique 
based on the theory of frequency division multiplexing. It was 
introduced for 3G networks to improve overall link capacity 
but later on it became a part of the current generation of 
wireless technology [5]. In this technique spaced subcarriers 
are used to carry data on several parallel data streams or 
channels, and that is why it is called a multicarrier frequency 
technique. This helps in minimizing the signal fading as much 
as possible and provides enhanced data rates [6]. The main idea 
behind OFDM is to divide carriers to subcarriers that are 
transmitted in parallel. In the OFDM system [7], the data are 
sent to the serial to parallel block where signal converts to a set 
of data blocks. Then this set of parallel data blocks are sent to 
constellation mapper which can be of three or four types 
(BPSK, QPSK, QAM) and then this data need to be modulated 
[4]. Once it is modulated it is passed on through the IFFT block 
whose prior and most important work is to orthogonalize the 
data [9]. It takes a number of symbols that are the total number 
of subcarriers which are basically multicarrier, and provides 
orthogonal sinusoidal. Each of these outputs has different 
frequencies like a multi carrier frequency technique which has 
different orthogonal frequency onto it and once it comes out of 
IFFT, it goes onto the parallel to serial conversion block, where 
it can get one total serial signal [10]. Once it is ready to be sent 
to the channel, the channel sends it to the receiver, which 
receives it and the inverse process happens first by deleting the 
cyclic prefix and then reversing the IFFT time domain back 
into the frequency domain [3]. Once we get the frequency 
domain parallel signals we equalize them and send them back 
to the constellation demapper, where the entire demodulation 
work occurs. After demodulating the entire signal and getting 
the parallel data, the signal converts finally to serial to get the 
final data [11]. 

III. MIMO WIRELESS TECHNOLOGY OVERVIEW 

An antenna system, called single input single output 
(SISO), which is a transmitting and receiving antenna, is 
usually also known as conventional mobile radio 
communication system. Greater network capacity, higher data 
rate and better quality are needed in modern telecommunication 
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systems. Both bandwidth and transmit power need to be 
increased, in order to improve the capacity of the SISO system. 
MIMO system is well known as a technique to increase the 
capacity without changing the transmitted power and original 
bandwidth requirements [12]. The basic idea is to improve 
channel capacity by using multiple antennas. MIMO gives 
significant enhancement to data rate and channel capacity. 
MIMO communication promises large gains for both channel 
capacity and reliability. Using multiple antenna instead of a 
single one can enhance data transfer rate, coverage, security 
and overall performance of radio networks. MIMO technology 
uses two main techniques known as spatial multiplexing and 
spatial diversity. In the spatial diversity form of MIMO, the 
same data is sent over different transmitters and this leads to 
augmented reliability. While in the spatial multiplexing the 
bites stream to be transmitted are divided or demultiplexed into 
several data segments. These segments are then transmitted 
through different antennas simultaneously and this leads to 
increased data rate [13]. 

IV. MULTIPATH FADING 

Unlike a wired channel, which uses a fixed path, the signals 
in a wireless channel can reach a user using multiple paths. All 
these signals known as multipath components may have 
different channel gains and time delay. This combined effect 
causes what we know as multipath fading. Fading, usually 
called small scale fading, is caused by multipath signal, when 
signal transmits from source to destination. This signal may be 
constructive or destructive [6]. The time delay between first 
signal at the receiver always (line of sight) and the last signal 
received from multipath is called delay spread [14]. 

A. Rayleigh Model 

The common distribution that is used to describe statistical 
time varying nature of received envelope of flat fading signal is 
the Rayleigh distribution. The main idea of the Rayleigh flat 
fading channel model is that there is no line of sight between 
transmitter and receiver [15]. The received signal is reflected or 
scattered by multipath. The probability density function of 
Rayleigh distribution is given by:  

(ݔ)ܲ = ቐ ଶߪݔ ݌ݔ݁ ቆ− ଶቇߪଶ2ݔ 	0 ≤ ݔ ≥ ݔ	0		∞ < 0 	(1) 
where σ and σ2 are received root-mean-square and a.c power of 
the received signal respectively [16]. The Rayleigh channel 
coefficients computed according to (2).  ℎ = ( ଵ√ଶ) 	∗ 	 (ܰ(0, 1) 	+ 	݆	ܰ(0,1))   (2)	
B. Rician Distribution 

The Rician fading occurs when there is a dominant non 
fading signal component like a line of sight propagation path. 
When the power in the dominant component decreases to zero, 
Rician distribution can be seen as Rayleigh distribution. The 
ratio between the line of sight and the other diffused 
components is known as Rice factor, denoted by KR and 
expressed as follows ܭோ=A2/(2σ2) [15]. 

(ݔ)ܲ = ቊ ௫ఙమ ݌ݔ݁ ቀ− ௫మା஺మଶఙమ ቁ ଴ܫ ቀ௫஺ఙమቁ ܣ	 ≥ 0, ݔ ≥ ݔ	0	0 < 0  (3) 

where A represents the peak amplitude of the dominant 
component while and ܫ଴	(. ) is the modified Bessel function of 
the first kind and zero order [12]. The Rician channel 
coefficients can be computed according to (4), where ܭ଴ < 1. ℎ = ଴ܭ + ටଵି௄బమଶ 	൫ܰ(0,1) + ݆. ܰ(0,1)൯	  (4) 

C. The Need for Equalization  

Equalization is used for compensating inter symbol 
interference. Also, an equalizer within receiver compensates 
for the average range of expected channel amplitude and delay 
characteristic [17]. Equalizers must be adaptive as the channel 
is generally unknown and time varying. In the current study we 
used minimum mean-squared error (MNSE). Basically the 
MNSE equalizer for each subcarrier is defined as መܵ = ௥(௞).ு(௞)∗ாబା(ு(௞)∗.ு(௞))		    (5) 

where E0 is noise power, ݎ(݇) is the received symbol, ܪ(݇) is 
the channel in frequency domain at subcarrier ݇. 

V. OFDM-MIMO SYSTEM 

In the future broadband wireless techniques will provide 
big data rates and will improve channel performance. These 
channels may be time or frequency selective. We know that 
MIMO system has the capability to enhance bandwidth and 
diversity. Adding OFDM can help us decrease the effects due 
to multipath fading. The use of MIMO OFDM is to send data 
over wireless communications and to overcome frequency 
selective channel effect [18]. The main idea behind the use of 
OFDM on each subcarrier is to deal with narrowband fading by 
transforming frequency-selective fading channels into flat 
channels. MIMO algorithms can be implemented in broadband 
transmission with the help of the combined MIMO and OFDM 
techniques [19]. At the transmitter, OFDM modulated data can 
be transmitted over multiple antennas simultaneously using a 
MIMO OFDM system. At the receiver, OFDM demodulation is 
required then recovery of the signal is performed by decoding 
techniques on each of the sub-channels originated from all the 
transmitting antennas [18]. Using MIMO OFDM, suppliers will 
have the opportunity to apply a broadband wireless access 
(BWA) system which possesses non-line-of-sight (NLOS) 
features. Other advantages of MIMO-OFDM are that it 
provides flexibility and big throughput, and also, in multiuser 
application, it facilitates a big number of users to access the 
base station or access point. By using OFDM modulator the 
signal is modulated, and then transmitted by the MIMO system. 
The inverse process can be used to recover signals [12]: ݕത = .ܪ ݔ̅ + ത݊      (6) 

where ݕത  and ̅ݔ  are received and transmitted vectors 
respectively, while H and ത݊ are channel matrix and noise. 

VI. UNIVERSAL SOFTWARE RADIO PERIPHERAL 

Software-defined radio is a technology that enables users to 
experiment with radio waves. The USRP B210 is a fully 
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Fig. 3.  BER vs. SNR for OFDM system with and without convolutional 
code 

 
Fig. 4.  BER vs. SNR for OFDM system with and without convolutional 
code 

Figures 5-7 show BER of OFDM-MIMO system with SNR 
in the same three different channels with convolutional code 
and without convolutional code. Overall, results show that 
BER decreases when the number of antennas increases. This is 
because MIMO technology uses spatial multiplexing and 
spatial diversity. In case of spatial diversity the same data is 
sent over different transmitters and this leads to augmented 
reliability, while in the spatial multiplexing the bite stream to 
be transmitted is divided or de multiplexed into several data 
segments. These segments are then transmitted through 
different antennas simultaneously, and this leads to increased 
data rate. One of the drawbacks of this system is that the use of 
more antennas can lead to more power consumption.  

 

 
Fig. 5.  BER vs. SNR for OFDM-MIMO system with convolutional code  

 
Fig. 6.  BER vs. SNR for OFDM-MIMO system with convolutional code 

 

 
Fig. 7.  BER vs. SNR for OFDM-MIMO system with convolutional code 

 

 
Fig. 8.  BER vs. SNR for OFDM-MIMO system with convolutional code  

 

 
Fig. 9.  BER vs. SNR for OFDM-MIMO system with convolutional code  
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