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Abstract: Over the last decade, technological advances in wireless communication have been particularly 
rapid. An excellent overall spectral activity of a wireless communication system may be accomplished at 
several manners of system design .The MIMO technology is widely considered as one key enabler for 
filling the capacity  gap towards the next generation of wireless communications .MIMO systems are 
wireless systems with multiple antenna elements at both ends of the link. MIMO systems can be used for 
beam forming, diversity combining or spatial multiplexing. The  growth of multimedia and internet services 
demands for a system which offers high throughput, wide coverage, and improved reliability. The alternate 
solution will be to adopt some bandwidth efficient techniques like MIMO systems. The objective of this 
project is to design and evaluate the performance of MIMO systems over Rayleigh fading  channels  , that 
in turn improve Bit Error Rate( BER) performance , increase channel capacity and diversity gain using 
anaconda navigator. 
 
Keywords:MIMO Systems,BER,SNR,BPSK,Rayleigh fading ,spatial multiplexing,Maximum Ratio 
combining detector . 
 
I. INTRODUCTION 

Wireless communication is rapidly evolving, 
with increased demand for speed, coverage, and 
reliability. MIMO technology allows 
simultaneous transmission of data using multiple 
antennas, improving spectral efficiency and data 
throughput.  
 
The development of 5G technology began in the 
early 2000s, with researchers exploring new 
wireless communication paradigms. 
 
 In 2008, the International Telecommunication 
Union (ITU) set forth the IMT-Advanced (4G) 
standards, laying groundwork for 5G. By 2012, 
the ITU's 5G research initiative, "IMT-2020," 
outlined visionary goals for 5G, including ultra-
high speeds, low latency, and massive 
connectivity. 
 
 In 2016, the 3GPP (3rd Generation Partnership 
Project) released the first 5G New Radio (NR) 
specification, enabling commercial deployment. 
South Korea's SK Telecom launched the world's 

first commercial 5G network in April 2019, followed 
by Verizon's 5G launch in the United States.  
 
The global rollout accelerated in 2020, with major 
carriers deploying 5G networks across Asia, 
Europe,and the Americas. Today, 5G technology 
boasts speeds exceeding 20 Gbps, latency below 
1ms, and supports applications like enhanced mobile 
broadband, massive machine-type communications, 
and ultra-reliable low-latency communication. we 
analyze the Bit Error Rate (BER) of Rayleigh Fading 
Channels in MIMOOFDM systems using BPSK and 
QPSK Modulation Schemes. Keywords—BER, 
BPSK, Diversity, Fading, MIMO, Modulation, 
QPSK Abbreviations—Bit Error Rate (BER), Binary 
Phase Shift Keying. 
 
Unlike Single Input Single Output (SISO), MIMO 
systems can exploit multipath propagation for 
performance gain. This paper focuses on simulating 
the BER performance for different MIMO 
configurations over Rayleigh fading, which 
realistically models wireless channels in urban and 
dense environments. 
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II BOTTLENECKS IN EXISTING    
IMPLEMENTATION  

Conventional SISO systems suffer from poor 
reliability and inefficient spectral usage under 
fading channels. Although MIMO offers 
improved performance, challenges exist in 
implementation due to increased complexity. 
This project addresses: 
BER degradation in SISO systems under fading. 
 Comparative analysis of 1x1, 2x2, and 4x4 
MIMO systems. 

 
III. LITERATURE SURVEY 

Several studies have explored the impact of 
Rayleigh fading on MIMO performance. M.S. 
Alouini emphasized the importance of channel 
modeling in predicting BER behavior. Lan et al. 
presented STBC coding under matrix Kalman 
estimator-based detection. Fakunle et al. 
proposed detection and estimation strategies for 
Massive MIMO. These studies underline the 
significance of MIMO channel estimation, 
diversity order, and detection algorithms in 
optimizing BER. 
 
Subrato Bharati, Prajoy Podder, Niketa 
Gandhi, and Ajith Abraham (2005) along with 
B. Holter and G.E. Oien investigated the effect of 
spatial correlation on the amount of fading in 
MIMO systems employing Space-Time Block 
Coding (STBC). Their work focused on 
Nakagami-m fading channels and presented 
analytical expressions for fading behavior. They 
found that higher spatial correlation across 
transmit antennas reduces diversity gain, 
impacting system performance in practical 
correlated fading environments. 
 
M. Kand and M.S. Alouini (2006) analyzed the 
capacity of MIMO systems under correlated 
Rayleigh fading. Their study highlighted that 
spatial correlation, often caused by antenna 
placement and environmental factors, leads to a 
reduction in system capacity. They proposed that 
techniques like beamforming can mitigate these 

effects and emphasized the importance of antenna 
configuration in optimizing performance. 
 
P. Varzakas (2006) explored the average channel 
capacity of MIMO systems under Rayleigh fading 
combined with spread spectrum techniques. The 
study showed that increasing antennas and SNR 
improves capacity, and spread spectrum enhances 
robustness to fading. However, the gain from adding 
antennas diminishes, highlighting a trade-off in 
system design. 
 
Stephen Lan (2007) proposed a self-matching STBC 
system integrated with a Matrix Kalman Estimator-
based ML detector to improve MIMO performance 
in fading channels. The integration significantly 
enhances signal detection and robustness to fading, 
providing a practical approach for real-time tracking 
of channel variations with improved performance 
and manageable complexity. 
 
J. Huang and S. Signell (2007) focused on adaptive 
modulation techniques like MQAM in uncorrelated 
Rayleigh fading channels for 2x2 MIMO systems. 
Their work included switching between 
Beamforming, SVD, STBC, and ZF based on 
channel conditions to enhance spectral efficiency. 
They demonstrated significant gains through 
adaptive switching and modulation strategies. 
 
Bhasker Gupta and Davinder S. Saini (2012) 
examined the role of equalization techniques such as 
ZF and MMSE in improving BER performance in 
MIMO systems. Their study showed that applying 
these techniques in flat fading environments helps 
mitigate inter-symbol interference, leading to more 
reliable and efficient wireless communication. 
 
P. Sunil Kumar, Dr. M.G. Sumithra, and M. 
Sarumathi (2013) analyzed the performance of 
MIMO-OFDM systems under Rayleigh fading using 
BPSK and QPSK. They concluded that diversity 
coding significantly improves BER, and higher-order 
modulation schemes offer better throughput. The 
study quantified performance differences between 
different antenna configurations and fading impacts. 
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M.M. Haque and M.S. Rahman (2013) 
investigated MIMO-OFDM for 4G systems over 
Rayleigh channels. Their results showed 
improved throughput and BER compared to 
SISO systems due to the benefits of spatial and 
frequency diversity. The findings confirmed 
MIMO-OFDM’s effectiveness in combating 
signal degradation in wireless networks. 
 
Keerti Tiwari and Davinder S. Saini (2014) 
compared BER performance of STBC and MRC 
in MIMO systems across various fading 
channels. The results indicated that STBC 
improves BER through spatial diversity while 
MRC maximizes SNR using coherent 
combination. Both techniques enhance system 
resilience against fading. 
 
Junil Choi (2016) tackled the challenge of using 
one-bit ADCs in uplink massive MIMO systems. 
He proposed a near-maximum likelihood 
detector and a robust channel estimator using 
Bussgang’s theorem. The study demonstrated 
near-optimal performance with reduced 
hardware complexity and energy consumption, 
making it viable for efficient wireless systems. 
 
K.S. Ahn (2017) evaluated beamforming in MU-
MIMO systems over Rayleigh fading channels. 
His research confirmed that beamforming 
improves spectral efficiency, BER, and SINR by 
effectively directing energy and mitigating user 
interference. The method also optimized power 
use, showing its value in practical deployments. 
 
Elvira V. and Santamaria (2021) applied 
Multiple Importance Sampling (MIS) for 
estimating the Symbol Error Rate of ML 
detectors in MIMO channels. Their method 
reduced estimator variance and improved 
computational efficiency, making it an effective 
tool for accurate performance analysis in MIMO 
systems. 
 
Moses M. Fakunle, Kazeem B. Adedeji, and 
Yekeen O. Olasoji (2021) developed a 

mathematical model for massive MIMO under 
Rayleigh fading and analyzed detection techniques 
using MATLAB and Python. Their study provided 
insights into optimizing BER, SER, MSE, and SNR 
using various linear and non-linear detection 
methods. 
 
Yanrui Wang, Yue Xiao, Lilin Dan, and Han Chen 
(2023) studied BER performance of CE-OFDM with 
ML detection in frequency-selective MIMO 
channels. They showed that CE-OFDM offers energy 
efficiency and robustness at low SNR but faces 
performance degradation in highly selective 
channels. The research recommended optimal 
modulation and accurate CSI for best performance. 
 
IV. PROPOSED METHODOLOGY 

Simulation was carried out in Python using Jupyter 
Notebook in the Anaconda environment. Steps 
involves  the Generation of random binary data 
BPSK modulation,Simulation of Rayleigh fading 
and AWGN,Use of Maximum Ratio Combining at 
receiver ,BER computation for various SNRs. 
 
Configurations studied: 
1x1 SISO, 2x2 MIMO, and 4x4 MIMO. A flowchart 
and block diagram were implemented to visualize 
signal flow.Methodology defines the outline of the 
project that takes place and also it represents steps 
that should be followed one after the other to achieve 
the desired output. In this project we have total of 9 
stages and each will do their function which is 
interconnected with each other. 

Fig 1 
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The simulation begins with the generation of 
binary data, which serves as the input 
information for the digital communication 
system. This data typically comprises a random 
sequence of binary bits (0s and 1s) that represent 
the information to be transmitted over the 
communication channel. 
 
Following data generation, Binary Phase Shift 
Keying (BPSK) modulation is applied to map 
each bit of binary data into a corresponding 
BPSK symbol. In BPSK modulation, binary '0' is 
typically represented by a negative amplitude (-
1), while binary '1' is represented by a positive 
amplitude (+1). This modulation technique is 
known for its simplicity and robustness in noisy 
environments. 
 
Once the data is modulated, it is passed through 
a simulated communication channel 
characterized by Rayleigh fading and Additive 
White Gaussian Noise (AWGN). The Rayleigh 
fading model simulates the multipath 
propagation effects that are common in wireless 
communication environments, while AWGN 
introduces random noise to the signal, emulating 
real-world interference and channel 
imperfections. 
 
At the receiver side, the distorted signal is 
subjected to BPSK demodulation. The 
demodulator interprets the received signal based 
on its polarity, reconstructing the original binary 
information by mapping the received amplitudes 
back to their respective binary values. This stage 
is crucial for retrieving the transmitted data from 
the noisy and faded signal. 
 
The demodulated data is then compared with the 
original transmitted data to evaluate the accuracy 
of the communication system. This comparison 
enables the identification of bit errors introduced 
by the channel impairments, which is essential 
for assessing system performance. 
 
To quantify the performance, the Bit Error Rate 

(BER) is calculated across various levels of Signal-
to-Noise Ratio (SNR). The BER vs. SNR curve is 
plotted to illustrate how the system performance 
improves as the SNR increases. This plot serves as a 
key metric in analyzing the robustness of the 
communication system under different noise and 
fading conditions. 
 
Finally, the results obtained from the BER analysis 
are interpreted to draw conclusions about the 
system's effectiveness. The simulation process 
concludes after summarizing the observed outcomes, 
thereby providing insight into the behavior of BPSK 
modulation over Rayleigh fading channels with 
AWGN. 
 
After modulation, the BPSK-modulated signal is 
transmitted through a simulated Rayleigh fading 
channel combined with Additive White Gaussian 
Noise (AWGN). The Rayleigh fading model 
accurately reflects the characteristics of mobile 
wireless environments where signals arrive at the 
receiver via multiple indirect paths, causing phase 
shifts, attenuation, and signal distortion. 
Concurrently, AWGN simulates the background 
thermal noise and other sources of interference 
typically encountered in practical communication 
systems. This combined channel model provides a 
realistic testbed for evaluating the performance of 
BPSK in non-ideal conditions. 
 
V. MAXIMUM COMBINING RATIO 
TECHNIQUE 

Fig 2 
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The diagram illustrates a wireless 
communication system that employs diversity 
combining to improve the reliability and quality 
of the received signal. The process begins with a 
Transmitter, which sends the same signal through 
multiple independent paths or antennas. This 
method is used to counteract the effects of signal 
fading and interference that can occur in wireless 
channels. 
 
The transmitted signal travels through multiple 
communication channels, labeled Channel 1, 
Channel 2, up to Channel M. Each channel may 
have different characteristics due to 
environmental factors such as obstacles, 
reflections, and interference. As a result, each 
path carries a slightly different version of the 
original signal, denoted as r1, r2, ..., rM in the 
diagram. 
 
At the output of each channel, the received signal 
is multiplied by a gain factor, labeled G1, G2, ..., 
GM. These gain values are typically determined 
based on the quality or strength of the received 
signal from each channel. This step allows the 
system to give more importance to stronger 
signals and reduce the influence of weaker or 
noisier ones, a process commonly used in 
Maximal Ratio Combining (MRC). 
 
After applying the gain factors, the signals are 
combined in a summation block, represented by 
the Σ symbol in the diagram. This block adds all 
the scaled signals from each channel to produce 
a single combined output. The purpose of this 
step is to maximize the signal-to-noise ratio 
(SNR) at the receiver by using the best aspects of 
all received signals. 
 
Finally, the combined signal is sent to the 
Receiver, which processes the signal to retrieve 
the original transmitted information. Thanks to 
the diversity combining technique, the receiver 
can obtain a clearer and more reliable signal, 
even in the presence of fading or interference. 
This approach is widely used in modern wireless 

communication systems like 4G, 5G, and Wi-Fi to 
enhance performance and reduce error rates. 
 
The diagram represents a diversity reception system, 
commonly used in wireless communications to 
overcome the adverse effects of fading and signal 
degradation. The process begins with the Transmitter 
on the left, which sends out a signal. This signal is 
intended to reach the receiver through multiple 
independent paths. The idea is that while some paths 
may experience fading or interference, others may 
carry the signal more clearly. Thus, transmitting 
through multiple channels increases the chances that 
at least one copy of the signal will be strong and 
clear. 
 
The signal from the transmitter propagates through 
multiple channels, shown as Channel 1 to Channel 
M. Each of these channels represents a unique 
transmission path—such as reflections from 
buildings, vehicles, or other objects—which causes 
variations in the received signal's phase, amplitude, 
and timing. These variations are due to a 
phenomenon called multipath propagation. As a 
result, the received versions of the transmitted signal 
(r1, r2, ..., rM) are not identical. They may arrive with 
different delays and strengths at the receiving end. 
To compensate for the varying quality of these 
signals, the system applies gain factors G1, G2, ..., 
GM to the received signals. These gains are 
determined based on the estimated quality or strength 
of each received signal. For example, in Maximal 
Ratio Combining (MRC), each signal is multiplied 
by the complex conjugate of its channel gain, which 
ensures that stronger signals are given more weight 
during the combination process. This stage is critical 
because it enables the receiver to enhance the quality 
of the received signal by adjusting the contribution of 
each channel accordingly. 
 
Once each received signal is weighted by its 
corresponding gain factor, the signals are fed into a 
combiner, represented by the summation block Σ in 
the diagram. This block adds all the scaled signals 
together to form a single, stronger output signal. The 
goal of this summation is to maximize the signal-to-
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noise ratio (SNR) by constructively combining 
the multiple faded versions of the original signal. 
This is the core idea behind diversity 
combining—using multiple, independently faded 
copies of the signal to create a final signal that is 
less likely to be degraded. 
 
The final output of the combiner is delivered to 
the Receiver block. The receiver then 
demodulates and decodes the signal to retrieve 
the original information sent by the transmitter. 
Because of the diversity combining technique 
used, the received signal is typically much more 
robust and less prone to errors. This technique is 
especially useful in mobile and wireless 
environments where signal conditions can vary 
rapidly due to movement and changing 
surroundings. 
 
The core principle of MCR lies in coherently 
combining multiple received signals from 
different diversity branches, such that each signal 
is weighted proportionally to its signal-to-noise 
ratio (SNR).  
 
This ensures that branches with higher SNR 
contribute more significantly to the final output, 
thereby maximizing the overall output SNR. 
Unlike equal gain combining or selection 
combining, MCR delivers optimal performance 
under the assumption of known channel 
conditions.  
It is particularly effective in environments with 
high mobility or interference, making it a 
preferred method in modern MIMO (Multiple-
Input Multiple-Output) and cooperative 
communication systems. The implementation of 
MCR, while computationally more intensive, 
offers substantial improvements in bit error rate 
(BER) and system capacity, reinforcing its 
significance in robust wireless network design. 
 
In practical systems, such as MIMO (Multiple 
Input Multiple Output) in 4G/5G cellular 
networks and Wi-Fi, this diversity technique is 
essential. It not only improves the reliability of 

the communication link but also helps in increasing 
the overall data throughput by making better use of 
the available spectrum. 
 
VI. IMPLEMENTATION 

 
VII. RESULTS AND ANALYSIS  
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Simulation shows significant performance 
improvement as MIMO order increases. For 1x1 
MIMO, BER at 20 dB was around 10^-2, while 
for 4x4 MIMO it was 10^-4. This proves 
diversity gain offered by higher MIMO 
configurations. Graphs of SNR vs BER reveal 
exponential decay in error rate as SNR increases. 
 
Introduction 
Briefly introduce wireless communication 
systems.Importance of mitigating channel 
impairments like Rayleigh fading.Highlight how 
MIMO and modulation schemes like BPSK 
address reliability.State the objective: analyzing 
BER performance of BPSK over Rayleigh fading 
for different MIMO configurations. 
 
System Model 
Modulation Scheme: Binary Phase Shift Keying 
(BPSK). 
Channel Model: Rayleigh fading – suitable for 
NLOS (Non-Line-of-Sight) environments. 
MIMO Configurations Studied: 
1x1 MIMO (SISO) 
2x2 MIMO 
4x4 MIMO 
Assumptions: 
Flat fading. 
Independent and identically distributed (i.i.d) 
channel coefficients. 
Perfect channel state information at the receiver. 
 
Simulation Parameters 
Range of SNR: 0 to 30 dB 
Number of bits transmitted (e.g., 10^6 bits) 
BER calculated as ratio of incorrectly received 
bits to total transmitted bits 
Monte Carlo simulations used to ensure 
statistical reliability. 
 
Results  
i. BER Performance Analysis 
BER decreases with increasing SNR for all 
configurations. 
The 1x1 MIMO (SISO) system exhibits the 
poorest BER performance. 

The 2x2 MIMO shows significant improvement due 
to spatial diversity. 
The 4x4 MIMO achieves the lowest BER, 
confirming the benefit of multiple antennas. 
ii. Effect of MIMO Diversity 
As the number of transmit and receive antennas 
increases, the system experiences improved diversity 
gain. 
The increased spatial diversity helps in combating 
fading effects more effectively. 
iii. Logarithmic BER Plot 
The log-scale clearly visualizes the exponential drop 
in BER with SNR. 
Demonstrates performance gap between 1x1, 2x2, 
and 4x4 configurations 
 
Conclusion 
MIMO significantly improves the performance of 
BPSK over Rayleigh fading channels. 
Higher-order MIMO (4x4) achieves superior 
reliability compared to SISO or 2x2. 
Results validate the role of MIMO systems in 
enhancing BER under fading conditions. 
Encourages deployment of MIMO in practical 
systems where robust communication is essential. 
 
Future Work 
Investigate other modulation schemes (e.g., QPSK, 
16-QAM).   Evaluate BER under different fading 
models (e.g., Rician, Nakagami). 
Explore effect of channel estimation errors or 
imperfect CSI. 
 
VIII. CONCLUSION 

MIMO systems with MRC detection significantly 
improve performance in Rayleigh fading. The study 
demonstrates that higher-order MIMO reduces BER 
and increases robustness. This validates its relevance 
in 5G and next-gen wireless technologies. Future 
work includes extending this to OFDM systems and 
evaluating under Rician fading. 

 
REFERENCES 

[1]. M. S. Alouini and A. J. Goldsmith, "Capacity of Rayleigh Fading 
Channels," IEEE Transactions on Wireless Communications. 



Swanirman Sunirmit Publications of Research - 7th ICRTTEAS July 2025 | [2025-26]        
                                                                                                                                       ISSN [Online]: 2583-2654  

  

www.swanirmanconsultancy.in 121 

 

[2].  Lan, S. (2007). Self-Matching STBC for Kalman Estimator-
based Detection. 

[3].  Fakunle, M. M. (2021). BER Improvement in Massive MIMO 
over Rayleigh Channels. 

[4].  Marzetta, T. (2010). Noncooperative Cellular Wireless with 
Massive MIMO. 

[5]. D. Tse and P. Viswanath, "Fundamentals of Wireless 
Communication," Cambridge University Press, 2005. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 


