
Abstract: Nowadays, we are living in the era of modern 
communication technology. The number of the mobile 
users is increasing tremendously day by day all over 
the world. Due to the increasing of the mobile users, the 
wireless communication systems are highly required a 
communication system that provides data transmissions 
rates and more reliability to the users. Multiple Input 
and Multiple Output Orthogonal Frequency Division 
Multiplexing (MIMO-OFDM) is being considered to get 
those facilities. MIMO-OFDM has the ability to serve a 
large number of users with an enormous data transmission 
speed communication as well as utilizing the bandwidth 
efficiently. The multicarrier modulation technique is 
cap-able of reducing the inter symbol interference and  
multipath fading problems. In this paper, we mainly 
focused on analysis the performance of MIMO-OFDM 
systems and the performance of MIMO-OFDM has been 
measured in terms of the Bit Error Rate and Signal to Noise 
Ratio based on different channels such as- AWGN, Rayleigh 
fading, Rician fading and different modulation techniques 
such as- BPSK, QPSK, M-PSK, D-BPSK, D-QPSK, 
DPSK and QAM. All the simulations are performed by  
MATLAB framework.
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I. Introduction

The exploration for high data usage at a high speed transmission 
with extreme reliability is promptly aggregating in the modern 
world. The telecom providers witness this to be a dominant 
issue and are actively researching on an ideal solution [1] 
[2]. The OFDM is widespread over the decade and is one of 
the promising schemes. Its significance is prominent in areas 
such as reliability, robustness, frequency selective fading and 
provides ease of implementation [3] [4] [5]. 

In the recent years, the idea of using MIMO is protuberant as it 
uses multiple carrier technology. This uses multiple antennas at 
the transmitter as well as the receiver. The best received signal 
form a transmitter is chosen at the receiver. MIMO spreads an 
equivalent total transmit power over the antennas to realize an 
array gain that improves the spectral efficiency (more bits per 
second per hertz of bandwidth) or to realize a diversity gain 
that improves the link reliability (reduced fading). This thus 
provides high resolution and reliability. The fact that high  
data rate and high performance is necessary made wireless 
systems prefer MIMO to SISO (Single Input Single Output) [5] 
[6]. 

The MIMO-OFDM pair is regarded favorable, by wireless 
communication systems operating with a narrow band 
spectrum. In order to implement this in physical networks, a 
number of modifications is needed which may include time 
and frequency domain synchronization, channel estimation and 
MIMO detection [8]. 

The aim of this work is to classify the MIMO-OFDM systems 
based on their channel estimation and modulation techniques 
utilization. The modulation techniques BPSK, QPSK, M-PSK, 
D-BPSK, DQPSK, DPSK, and QAM are implemented in 
AWGN, Rayleigh, Rician channels. The performance is 
measured with respect to Bit Error Rate and Signal to Noise 
[2] [8].

All the simulations are implemented on MATLAB 9.0 (2016a) 
and the system configuration is Core i3-2.40 GHz processor 
with windows 10 based 64 bit operating system.

Rest of the paper is organized as follows: Section II describes 
about various channels, Section III explains about different 
modulation techniques, Section IV describes about the principle 
of MIMO-OFDM system, Section V presents the proposed 
work, Section VI shows the simulation results and discussion, 
and finally conclusion of this research work is drawn in Section 
VII.
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II. Channels

Depend on the fading environments and noise channel, the 
communication channel can be categorized into three types 
such as- Additive White Gaussian Noise (AWGN) channel, 
Rayleigh fading and Rician fading channel. In this paper, the 
performance of MIMO-OFDM has been analyzed with respect 
to these three types of channel.

A. AWGN Channel

The AWGN channel is very popular due to its non-fading 
properties and simplicity. The time of passing signals through 
the channel the AWGN channel adds White Gaussian noise 
to the signal [9] [10] [11]. The Probability density function 
is always following Gaussian distribution and the equation of 
Gaussian distribution is expressed as-

	

 

𝑓𝑓𝑔𝑔(𝑥𝑥) =  1
𝜎𝜎√2𝜋𝜋

𝑒𝑒
−(𝑥𝑥−𝜇𝜇)2

2𝜎𝜎2                           (1) 

 
Where x = Random variable 
𝜇𝜇 = Mean value 
𝜎𝜎 = Standard deviation 
Through AWGN channel a received signal is expressed as- 
 

𝑟𝑟(𝑡𝑡) = 𝑥𝑥(𝑡𝑡) + 𝑛𝑛(𝑡𝑡)                                 (2) 
 
Where 𝑥𝑥(𝑡𝑡) = Transmitted signal 
𝑛𝑛(𝑡𝑡) = Additive White Gaussian noise 
 
The model of the AWGN channel is shown in Fig. 1. 

 
Fig. 1: AWGN Channel Model 

B. Rayleigh Fading Channel 
In a Rayleigh fading channel, the signal passing through the 
channel is distorted by a Rayleigh distribution. Multipath 
Reception is the root cause of Rayleigh Fading. The 
antennas receive a large number reflected and scattered 
waves. The effects of multipath causes constructive and 
destructive interference. Rayleigh fading is more accurate 
when there is a non-line of sight communication established 
between the transmitter and receiver [11]. The Probability 
density function (pdf) of the Rayleigh random variable is 
given by – 
 

𝑝𝑝(𝑧𝑧) =  𝑧𝑧
𝜎𝜎2 𝑒𝑒

−𝑧𝑧2
2𝜎𝜎2 ,    𝑓𝑓𝑓𝑓𝑓𝑓  𝑧𝑧 > 0                             (3) 

 
Where 𝜎𝜎2 is the time-Average Power of the received signal. 

C. Rician Fading Channel 
In Rician fading Channel the amplitude gain is characterized 
by the Rician distribution. Here the channel involves a line of 
sight signal between the transmitter and the receiver. The 
Rician fading occurs when one of the received signal is 
stronger (typically line of sight component) is stronger when 
compared to the other [11]. The Rician distribution is 
represented by the following equation. 

𝑝𝑝(𝑟𝑟) =  𝑟𝑟
𝜎𝜎2 𝑒𝑒

−(𝑟𝑟2 + 𝐴𝐴2)
2𝜎𝜎2 𝐼𝐼0 (𝐴𝐴𝐴𝐴

𝜎𝜎2)   𝑓𝑓𝑓𝑓𝑓𝑓( 𝐴𝐴 ≥ 0, 𝑟𝑟 ≥ 0)    (4) 

Where 𝐴𝐴  represents the peak amplitude of the dominant 
signal. 𝐼𝐼0[. ] is the modified Bessel function. 

III. MODULATION TECHNIQUES 
Modulation techniques play a significant role in wireless 
communications. It is a method of processing the data 
symbols to be transmitted in the carrier. Nowadays most of 

the wireless transmissions are in digital in nature and critical 
utilization of bandwidth is important. The type of modulation 
used plays a vital role in this step, where in the constellation 
determines the bandwidth usage [12]. One of the goal of 
modulation, is to achieve maximum spectral efficiency (i.e.) 
squeeze as much data into the least amount of spectrum 
possible. Spectral efficiency measures how quickly data can 
be transmitted in an assigned bandwidth. The unit of 
measurement is bits per second per Hz (b/s/Hz). Multiple 
techniques have emerged to achieve and improve spectral 
efficiency. In this project we use BPSK, QPSK, M-PSK, D-
BPSK, DQPSK, DPSK, and QAM [13] [14]. 

A. Binary Phase Shift Keying (BPSK) 
The Binary shift keying has two message signals. In BPSK, 
the transmitted signal is a sinusoid of fixed amplitude. It has 
one fixed phase when the data is at one level and when the 
data is at the other level, phase is different by 180 degree 
[15]. A Binary Phase Shift Keying (BPSK) signal can be 
defined as- 

𝑉𝑉𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 =  ± √2𝑃𝑃 𝑐𝑐𝑐𝑐𝑐𝑐2𝜋𝜋𝑓𝑓𝑐𝑐𝑡𝑡 , 0 < 𝑡𝑡 < 𝑇𝑇         (5) 
 
Where 𝑓𝑓𝑐𝑐is the carrier frequency, andT is the bit duration.  
Signal power  𝑃𝑃 =  𝐴𝐴2

2 , so that 𝐴𝐴 =  (2𝑃𝑃)
1
2 , where 

Arepresents the peak value of sinusoidal carrier.  
 
The bit error rate- 

𝑃𝑃𝑏𝑏 =  1
2  𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 (√𝐸𝐸𝑏𝑏

𝑁𝑁0
)                    (6) 

B. Quadrature Phase Shift Keying (QPSK) 
QPSK (Quadrature Phase Shift Keying) is type of phase 
shift keying. QPSK is a modulation scheme which sends 
two bits of digital information a time (without the use of 
another carrier frequency). The amount of radio frequency 
spectrum required to transmit QPSK reliably is half that 
required for BPSK signals, which in turn makes room for 
more users on the channel [16].  
Hence, the signal constellation consists of the signal-space 4 
points. 

± √𝐸𝐸𝑠𝑠/2 , ± √𝐸𝐸𝑠𝑠/2 
 

The factors of 1/2 indicate that the total power is split 
equally between the two carriers.  
 
The Probability of error- 

𝑃𝑃𝑏𝑏 = 𝑄𝑄 (√2𝐸𝐸𝑏𝑏
𝑁𝑁0

)                    (7) 

The probability of symbol error- 

𝑃𝑃𝑆𝑆𝑆𝑆 = 2𝑄𝑄 (√𝐸𝐸𝑠𝑠
𝑁𝑁0

) − [𝑄𝑄 (√𝐸𝐸𝑠𝑠
𝑁𝑁0

)]
2

               (8) 

C. Quadrature Amplitude Modulation (QAM) 
Quadrature amplitude modulation (QAM) conveys the two 
digital bit streams, by changing (modulating) the amplitudes 
of two carrier waves, using the amplitude-shift keying 
(ASK) digital modulation scheme or amplitude modulation 
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Where x = Random variable

m = Mean value

s = Standard deviation

Through AWGN channel a received signal is expressed as-
	 r(t) = x(t) + n(t) 	 (2)

Where x(t) = Transmitted signal

n(t) = Additive White Gaussian noise

The model of the AWGN channel is shown in Fig. 1.
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2

2𝑁𝑁0
)               (10) 

D. M-PSK 
A PSK could be constructed with any number of phases 
When more than 8 phases, the error-rate becomes too high 
and there are better, though more complex, modulations 
available such as quadrature amplitude modulation (QAM) 
[19].  
 
The probability of error- 
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𝑃𝑃𝑠𝑠 ≈  1
𝑘𝑘 𝑃𝑃𝑠𝑠                                 (12)

E. Differential Phase Shift Keying (DPSK) 
Differential phase shift keying (DPSK) is a common form of 
phase modulation that conveys data by changing the phase 
of the carrier wave. The problem of the rotation of the 
constellation due to some effect is overcome by using the 
data to change rather than set the phase. In differentially 
encoded QPSK (DQPSK), the phase-shifts are 0°, 90°, 180°, 
−90° corresponding to data '00', '01', '11', '10'. This kind of 
encoding may be demodulated in the same way as for non-
differential PSK but the phase ambiguities can be ignored. 
Thus, each received symbol is demodulated to one of the 
points in the constellation and a comparator then computes 
the difference in phase between this received signal and the 
preceding one [20]. The difference encodes the data as 
described above. 
 
The probability of error- 
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IV. MIMO-OFDM 
A. OFDM (Orthogonal Frequency Division 

Multiplexing) 
The main idea of OFDM is to divide a channel into N sub-
channels, one carrier on each sub-channel, called a 
subcarrier, and each subcarrier is orthogonal to each other.  
 
The basic block diagram of an OFDM system is shown in 
Fig. 2. 
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usually sinusoids, are out of phase with each other by 90° 
and are thus called quadrature carriers or quadrature 
components. The modulated waves are summed, and the 
final waveform is a combination of both phase-shift keying 
(PSK) and amplitude-shift keying (ASK). In the digital 
QAM case, a finite number of at least two phases and at 
least two amplitudes are used. Arbitrarily high spectral 
efficiencies can be achieved with QAM by setting a suitable 
constellation size, limited only by the noise level and 
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The probability of error for a Rectangular QAM- 

𝑃𝑃𝑏𝑏𝑏𝑏 =  4
𝑘𝑘 (1 − 1

√𝑀𝑀
) 𝑄𝑄 (√ 3𝑘𝑘

𝑀𝑀 − 1
𝐸𝐸𝑏𝑏
𝑁𝑁0

)             (9) 

 
The probability of error for a Rectangular QAM- 

𝑃𝑃𝑠𝑠 =  (𝑀𝑀 − 1) 𝑄𝑄 (√𝑑𝑑𝑚𝑚𝑚𝑚𝑚𝑚
2

2𝑁𝑁0
)               (10) 

D. M-PSK 
A PSK could be constructed with any number of phases 
When more than 8 phases, the error-rate becomes too high 
and there are better, though more complex, modulations 
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[19].  
 
The probability of error- 
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E. Differential Phase Shift Keying (DPSK) 
Differential phase shift keying (DPSK) is a common form of 
phase modulation that conveys data by changing the phase 
of the carrier wave. The problem of the rotation of the 
constellation due to some effect is overcome by using the 
data to change rather than set the phase. In differentially 
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−90° corresponding to data '00', '01', '11', '10'. This kind of 
encoding may be demodulated in the same way as for non-
differential PSK but the phase ambiguities can be ignored. 
Thus, each received symbol is demodulated to one of the 
points in the constellation and a comparator then computes 
the difference in phase between this received signal and the 
preceding one [20]. The difference encodes the data as 
described above. 
 
The probability of error- 
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(PSK) and amplitude-shift keying (ASK). In the digital 
QAM case, a finite number of at least two phases and at 
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constellation size, limited only by the noise level and 
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And 𝑋𝑋(𝑡𝑡) = complex equivalent baseband of the transmitted 
signal. 
 
Sampling 𝑋𝑋(𝑡𝑡) with a sampling rate of 1/𝑇𝑇𝑠𝑠, then when 𝑘𝑘 =
𝑘𝑘𝑇𝑇𝑠𝑠, the sampled value 𝑋𝑋(𝑘𝑘) satisfies 
 

𝑋𝑋(𝑘𝑘) =  𝑋𝑋(𝑘𝑘𝑇𝑇𝑠𝑠) =  ∑ 𝑑𝑑(𝑛𝑛)𝑒𝑒𝑗𝑗2𝜋𝜋
𝑛𝑛
𝑁𝑁𝑇𝑇𝑠𝑠

𝑡𝑡
𝑁𝑁−1

𝑛𝑛=0
                  (17) 

 
𝑋𝑋(𝑘𝑘) is exactly the result of the N-point inverse discrete 
Fourier transform (IDFT) of d(n). In practical applications, 
we can use the IFFT operation to complete the subcarrier 
modulation process of the OFDM complex equivalent 
baseband signal, and complete the demodulation process 
with Fast Fourier Transform (FFT) [16]. 

B. MIMO (Multiple Input and Multiple Output) 
MIMO system refers to the data transmission scheme which 
contains multiple antennas at both transmitter and receiver 
end. This system is also known as transmit and receive 
diversity. The MIMO system provides higher capacity, 
spectral efficiency and higher data transmission rates than 
any other data transmission scheme. This system is more 
reliable due to its multipath in the transmitter to the receiver. 
Although in MIMO system processing is required at both 
transmitter and receiver, it will provide channel robustness 
and data throughput capacity [21] [22] [23]. 
 
Consider a MIMO system with NT transmit and NR receive 
antennas as illustrated in Fig. 3. For getting transmit and 
receive signal in the both sides indiscriminately, let the 
antennas be omnidirectional. 
 

 
Fig. 3: NT x NR MIMO System Model 

 
In the MIMO system, the linear link model between the 
transmit and receive antennas can be represented in the 
following vector notation as- 
 

𝑦𝑦 = 𝐻𝐻𝐻𝐻 + 𝑛𝑛                           (18)

Where y is the NR x 1 receive signal vector and x is the NT x 
1 transmitted signal vector, n is the NR x 1 complex 
Gaussian noise vector and H is the NR x NT normalized 
channel matrix which can be represented as- 
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Each element ℎ𝑚𝑚𝑚𝑚 represents the complex gain between 𝑛𝑛𝑡𝑡ℎ 
transmit and 𝑚𝑚𝑡𝑡ℎ receive antennas. 
For the number of NT and NR in transmit TX and receive RX 
antennas respectively, the capacity of the MIMO system is 
expressed as-  
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𝐻𝐻𝐻𝐻†)] 𝑏𝑏𝑏𝑏𝑏𝑏𝐻𝐻𝐻𝐻                 (20)

Where 𝑑𝑑𝑑𝑑𝑑𝑑(. ) denotes the determinant of a matrix, I is an 
NR x NT identity matrix, 𝜌𝜌 is the average received Signal to 
Noise Ratio (SNR) and 𝐻𝐻†  is the complex conjugate 
transpose of H. 

V. PROPOSED WORK 
The implemented work includes MIMO-OFDM as well as a 
comparative analysis of different modulation techniques 
according to various wireless communication channels. The 
MIMO-OFDM systems is the combination of MIMO 
systems and OFDM systems. The MIMO-OFDM systems 
that we have been implemented is shown in Fig. 4 and the 
required parameters for MIMO-OFDM is listed in the Table 
I. 
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TABLE I: IMPLEMENTED PARAMETERS FOR MIMO-OFDM 

SYSTEM 
 

Properties Values 
FFT Length 64 
Number of Guard Band Carriers [6 ; 5] 
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PilotInputPort True 
CyclicPrefixLength 16 
Windowing False 
Number Symbols 1 
No. of TransmitAntennas 2 
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Each element hmn represents the complex gain between nth 
transmit and mth receive antennas.
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𝑋𝑋(𝑘𝑘) is exactly the result of the N-point inverse discrete 
Fourier transform (IDFT) of d(n). In practical applications, 
we can use the IFFT operation to complete the subcarrier 
modulation process of the OFDM complex equivalent 
baseband signal, and complete the demodulation process 
with Fast Fourier Transform (FFT) [16]. 

B. MIMO (Multiple Input and Multiple Output) 
MIMO system refers to the data transmission scheme which 
contains multiple antennas at both transmitter and receiver 
end. This system is also known as transmit and receive 
diversity. The MIMO system provides higher capacity, 
spectral efficiency and higher data transmission rates than 
any other data transmission scheme. This system is more 
reliable due to its multipath in the transmitter to the receiver. 
Although in MIMO system processing is required at both 
transmitter and receiver, it will provide channel robustness 
and data throughput capacity [21] [22] [23]. 
 
Consider a MIMO system with NT transmit and NR receive 
antennas as illustrated in Fig. 3. For getting transmit and 
receive signal in the both sides indiscriminately, let the 
antennas be omnidirectional. 
 

 
Fig. 3: NT x NR MIMO System Model 

 
In the MIMO system, the linear link model between the 
transmit and receive antennas can be represented in the 
following vector notation as- 
 

𝑦𝑦 = 𝐻𝐻𝐻𝐻 + 𝑛𝑛                           (18)

Where y is the NR x 1 receive signal vector and x is the NT x 
1 transmitted signal vector, n is the NR x 1 complex 
Gaussian noise vector and H is the NR x NT normalized 
channel matrix which can be represented as- 
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Each element ℎ𝑚𝑚𝑚𝑚 represents the complex gain between 𝑛𝑛𝑡𝑡ℎ 
transmit and 𝑚𝑚𝑡𝑡ℎ receive antennas. 
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Where 𝑑𝑑𝑑𝑑𝑑𝑑(. ) denotes the determinant of a matrix, I is an 
NR x NT identity matrix, 𝜌𝜌 is the average received Signal to 
Noise Ratio (SNR) and 𝐻𝐻†  is the complex conjugate 
transpose of H. 

V. PROPOSED WORK 
The implemented work includes MIMO-OFDM as well as a 
comparative analysis of different modulation techniques 
according to various wireless communication channels. The 
MIMO-OFDM systems is the combination of MIMO 
systems and OFDM systems. The MIMO-OFDM systems 
that we have been implemented is shown in Fig. 4 and the 
required parameters for MIMO-OFDM is listed in the Table 
I. 
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SYSTEM 
 

Properties Values 
FFT Length 64 
Number of Guard Band Carriers [6 ; 5] 
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Windowing False 
Number Symbols 1 
No. of TransmitAntennas 2 
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Where det(.) denotes the determinant of a matrix, I is an NR x 
NT identity matrix, r is the average received Signal to Noise 
Ratio (SNR) and H† is the complex conjugate transpose of H.
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Fig. 5: Performance of MIMO-OFDM in AWGN Channel 

VI. SIMULATION RESULTS AND DISCUSSION 
A. Comparision in AWGN 
During apply the different modulation techniques to the 
AWGN channel under the MIMO-OFDM system we 
measured the efficiency of the system. The Fig. shows 
performance curve of the simulation results for various 
modulation techniques  under the AWGN channel. We have 
plotted the performance curve based on the Bit Error Rate 
and Signal to Noise Ratio value. We considered the system 
efficiency under the low Signal to Noise Ratio value with the  

 

minimum Bit Error Rate. From the Fig it is shown that at any 
instant value of Signal to Noise Ratio (e.g. 10 dB) we have 
got the minimum Bit Error Rate for QPSK and maximum Bit 
Error Rate for 256-QAM modulation technique. For the 
same procedure for other modulation techniques we will get 
more clear idea on the system efficiency and select the best 
techniques based on our requirements. 

 

 

 

 

Fig. 6: Performance of MIMO-OFDM in Rayleigh Channel
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Ratio (e.g. 10 dB) we have got the minimum Bit Error Rate for  
QPSK and maximum Bit Error Rate for 256-QAM modulation 
technique. For the same procedure for other modulation 

techniques we will get more clear idea on the system  
efficiency and select the best techniques based on our 
requirements.
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B. Comparision in Rayleigh Fading Channel

The similar procedure is applied to Rayleigh Channel retaining 
the same conditions. The efficiency which is obtained based on 
the simulation result (i.e.) Bit Error Rate vs Signal to Noise 
ratio aids in showing the most suitable modulation scheme 
based on the users requirement. The plot shows that the Bit 
Error Rate is minimum for BPSK and is maximum for 8 DPSK 
when plotted against SNR (e.g. 10 dB). This result proves that 
the modulation efficiency varies with the channel as the result 
varies when compared to that of the AWGN channel.

C. Comparision in Rician Fading Channel

The below simulated output proves that the efficiency of 
BPSK is higher when compared to the other considered 
modulation schemes under a Rayleigh fading channel. In the 
accounted modulation techniques for this channel the efficiency 
is observed to be lowest for the 8 DPSK. Hence, in order to 
accompany users with spectral efficiency and accuracy BPSK 
proves to be an optimum technique when compared to the other 
modulation schemes in this paper.
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retaining the same conditions. The efficiency which is 
obtained based on the simulation result (i.e.) Bit Error Rate 
vs Signal to Noise ratio aids in showing the most suitable 
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shows that the Bit Error Rate is minimum for BPSK and is 
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dB). This result proves that the modulation efficiency varies 
with the channel as the result varies when compared to that 
of the AWGN channel. 
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The below simulated output proves that the efficiency of 

BPSK is higher when compared to the other considered 
modulation schemes under a Rayleigh fading channel. In the 
accounted modulation techniques for this channel the 
efficiency is observed to be lowest for the 8 DPSK. Hence in 
order to accompany users with spectral efficiency and 
accuracy BPSK proves to be an optimum technique when 
compared to the other modulation schemes in this paper.

Fig. 7: Performance of MIMO-OFDM in Rician Channel 

 

VII.  CONCLUSION 
 

This paper has attempted to present about the appropriate 
informationof Multiple Input Multiple Output-Orthogonal 
Frequency Division Multiplexing (MIMO-OFDM) system 
and also discussed about different modulation techniques 
which are popularly used in MIMO-OFDM systems. In this 
paper, we have proposed awork based on the MIMO-OFDM 
system with some parameters as well as a comparative 
analysis has been accomplished by analyzing the 
performance of that MIMO-OFDM system for different 
modulation techniques where we have used BPSK, QPSK, 
M-PSK, D-BPSK,D-QPSK, DPSK and QAM modulation 
techniques. By analyzing the performances of MIMO-
OFDM system from the performance curve, we have 
concluded that the QPSK modulation is best suited for 
AWGN channel and BPSK modulation is best suited for 
fading channel like Rayleigh and Rician fading channel. 
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