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Abstract 

Behavior of communication medium play vital role in the growth of 

wireless communication system. To understand various wireless 

channel environments such as additive white Gaussian noise (AWGN) 

and Rayleigh fading channels in orthogonal frequency division 

multiplexing (OFDM) along with multiple input and multiple output 

(MIMO) system, we analyze mathematical relation of bit error rate 

(BER) against Signal to Noise ratio (SNR) and verified the same using 

MATLAB simulation, while considering the BPSK modulation scheme. 

The performance measured in terms of BER is evaluated for various 

channels of OFDM-MIMO system along with variation in number of 

antennas at transmitter and receiver side. It has been demonstrated that 

the BER and probability of detection improves against SNR per bit, as 

the diversity employs at transmitter or/and receiver end. 
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1. INTRODUCTION 

Recent growth in wireless communication supports new 

applications with the requirement of high data rates as well as 

facing problem of fading due to multipath propagation which is 

considered as one of the major challenge for the current 

technology. Multipath phenomenon defined as: when multiple 

radio signals received at the receiver side with different 

amplitudes, delayed and different phase values. As the demands 

of higher data rates rapidly increasing day by day for advanced 

applications of 3G/4G/5G cellular networks with other wireless 

services. While designing a wireless communication model, we 

need to consider the free space channel environment with its 

effects over the transmitted signal. So we have incorporated the 

estimation of channel characteristics with respect to the given 

wireless environment. In this paper, we have studied and analysed 

the performance of various communication channels named as 

additive white Gaussian noise (AWGN) and Rayleigh channels 

along with proposed OFDM-MIMO system model. 

In this paper, we have gone through different channels as 

prerequisite for the data transmission however we have 

considered the fading environment in case of wireless 

communication. We emphasized on the AWGN, Rayleigh, 

OFDM and MIMO channels to estimate their performances based 

on BER analysis with respect to signal to noise ratio (SNR). 

As far as this paper is concern; first we have literature review 

in section 2. In section 3, system model for OFDM based MIMO 

channel have been described. Then section 4, contains 

mathematical expression of BER for AWGN, Rayleigh and 

OFDM based MIMO channels. Simulation results have been 

described under section 5 and section 6 presents the conclusion. 

2. LITERATURE REVIEW 

During literature review, we observed that as signal to noise/ 

interference ratio is increased; it will provide improvement in the 

management and maintenance of wireless network [1] that meets 

the requirement for the next generation technologies. In addition 

to the same, some authors [2] [3] have been researched on the 

evaluation to the OFDM based MIMO channel where BER and 

SNR performance analysed over various wireless channel. In one 

of the paper [4], author presented research on analysis of BER of 

multi-processing gain which is carried out for spreading sequence 

with respect to AWGN and slow Rayleigh fading channels. In 

paper [5], author presents performance evaluation of BER for a 

massive MIMO system with M-ary PSK scheme over fading 

channel. 

In the research study we found that following factors are 

responsible for multipath and investigated as reflection and 

refraction from ionosphere, ducting in environmental space, 

scattering due to physical structures of surroundings [6] [7]. We 

have considered both constructive as well as destructive case of 

interferences under the multipath phenomenon [8]. Additional 

issues such as spectrum scarcity and interference with the 

presence of other mobile users, this obligation calls for the 

improvement in the wireless connections with higher spectral 

efficiency. In order to improve system performance while 

considering all such challenges, we approached with Orthogonal 

Frequency Division Multiplexing (OFDM) as multi-carrier 

modulation technique for Multiple Input Multiple Output 

(MIMO) model to achieve high data rates and reduction in Inter-

symbol interference (ISI) [9] [10]. 

3. OFDM-MIMO SYSTEM MODEL 

As shown in Fig.1, during transmitting stage, serial input data 

symbols are converted into parallel data symbols and loaded with 

respective subcarrier. Using IFFT these symbols are converted 

into samples. To avoid ISI problem, cyclic prefix are added, due 

to this process, circular convolution get change into linear 

operation at receiver side, when we perform FFT. After adding 

cyclic prefix, OFDM blocks are going to be transmitted through 

Multiple Input and Multiple Output circumference through 

various wireless channels as AWGN and Rayleigh channel. At the 

receiving side, reverse process has been carried to estimate input 

sequence. 
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Fig.1. OFDM-MIMO System Model 

4. MATHEMATICAL REPRESENTATION OF 

VARIOUS CHANNELS 

In this section, we have represented mathematical expression 

of BER for various channels [11]. 

4.1 AWGN CHANNEL 

It defines the basic wire line communication system with noise 

to illustrate the following characteristics of the thermal noise-

additive noise means that the received signal defined by addition 

of transmitted signal and noise in such way that noise independent 

of transmitted signal. White noise exhibits the flat response of 

PSD. In wired mode of communication AWGN considered for 

modeling the channel as it is only impairment for the transmitted 

signal. According to the wire line communication model as shown 

below for the received signal o(k) as, 

 o(k) = i(k) + n(k) (1) 

where, i(k) is the signal to be transmitted and n(k) specifies the 

white Gaussian noise. 

If transmitted signal is real then real part of the AWGN added 

to the signal and if the transmitted signal is complex then complex 

AWGN added that provides complex signal for the received side. 

BER for AWGN channel can be expressed as: 
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4.2 RAYLEIGH CHANNEL 

In real world of wireless communication system by 

understanding Rayleigh channel, we can define the fading 

environment for the multipath propagation of the transmitted 

signal. Factors such as scattering, dispersion, Doppler effects that 

occurs during the signal transmission and reception have been 

studied under the fading issues in the wireless communication 

system. We considered that due to the fading signal magnitude 

reduced as per the Rayleigh distribution in the multipath 

propagation environment. 

Rayleigh channel output can be characterized as: 

 o(k) = hi(k) + n(k) (5) 

where, 
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BER for Rayleigh fading channel under normal SNR can be 

given as: 
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At high SNR value: 

 
2

0.5 1 0.5 1
2

1
2

Rayleigh

SNR
BER

SNR





 
   
          
 

 (8) 

where, 
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4.3 ORTHOGONAL FREQUENCY DIVISION 

MULTIPLEXING (OFDM) 

OFDM technique is the combination of multi-carrier 

modulation and multiplexing to achieve higher data rates as well 

as spectral efficiency. This technology bears the challenges of 

wireless communication and finds applications in various 

advanced wireless services. Using OFDM we divided a wideband 
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into several frequency components known as subcarriers, which 

carries the data. Further we transmitted various subcarriers 

simultaneously without any interference as they are orthogonal to 

each other. BER calculation for OFDM channel is given as, 

 O(k) = H(k)I(k) + N(k) (9) 
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4.4 MULTIPLE INPUT MULTIPLE OUTPUT 

(MIMO) 

MIMO considered as one of the technology which fulfill the 

requirements of higher spectral efficiency, through gain of spatial 

multiplexing and reliable connections, through diversity achieved 

by multiple antennas. 

 Model for MIMO: 

Let number of transmitter and receiver antennas are T and R 

respectively. For MIMO channel, the received signal o can be 

written as, 

 o = H*i + n
 

(16) 
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5. SIMULATION RESULT 

Comparison among various channels have been simulated in 

Fig.2, Which shown relation between BER and SNR, with respect 

to increasing the SNR corresponding BER value has been 

decreased in all channels. Due to absence of multipath and fading 

effect, AWGN provides best SNR characteristic. The Fig.3 will 

provide the verification result of MIMO channel in case of 

transmit and receive antenna are same as 2. 

 

Fig.2. Comparison among various wireless environments 

 

Fig.3. MIMO Channel for T = R = 2 

As we employ diversity at receiver end, while increasing 

number of antennas, BER value significantly decreased. For 

example, here in Fig.4, it is clear that for a fixed value of 25dB 

SNR, BER value changes from approximate 10-3 to 10-10 as 

number of antennas changed from R = 2 to R = 5. 
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Fig.4. MIMO with variable number of antennas at receiver 

In Fig.5, we represent relation among probability of detection 

with SNR for different value of antennas at receiver end while 

keeping number of transmitter antenna fixed as 2. Here also we 

can observe that as diversity employs, probability of detection 

gets better. Let’s consider the fixed value of sensing SNR is 5dB, 

we gets much better detection if R = 5 in comparison of R = 2, 3, 

4, which shows diversity plays significant role to provide 

accuracy in the process of detection. 

 

Fig.5. Probability of Detection 

6. CONCLUSIONS 

Performance of wireless communication system depend on 

various factors, one of them is behavior of communication 

medium which play vital role. In this paper we provide 

comparative study among various wireless channel environments 

such as additive white Gaussian noise (AWGN) and Rayleigh 

fading channels in orthogonal frequency division multiplexing 

(OFDM) along with multiple input and multiple output (MIMO) 

system.  

While taking BPSK modulation scheme in consideration, we 

have also analyzed mathematical relation of bit error rate (BER) 

against Signal to Noise ratio (SNR) and verified the same using 

MATLAB simulation. In order to understand effect of diversity 

on BER and probability of detection for various channels of 

OFDM-MIMO system, number of antennas at transmitter and 

receiver side has been varied. When we employ diversity, it has 

been demonstrated that the BER and probability of detection 

improves against SNR. 
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