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Abstarct: The co-channel interference problem in 5G wireless networks is the subject of this research project. Even with the 

improvements brought forth by 5G, co-channel interference still degrades network speed and signal quality. Particle Swarm 

Optimization (PSO) is the method used in this study to minimize this interference and improve network performance by fine-

tuning resource allocation settings. PSO-based interference mitigation, network modeling, simulation, an overview of the 

literature, and comparative analysis are all included in the study. The study is valuable for communication engineers since it 

explores PSO as a means of improving network quality and expanding our knowledge of wireless technology, even though it 

is restricted to co-channel interference and PSO. In the sphere of 5G wireless communication, this discovery represents a 
substantial advancement. The application of particle swarm optimization has shown to be innovative in addressing the 

complex problem of co-channel interference. Insights into the possibilities of clever optimization strategies for interference 

reduction can be gained from the applied models and results. With 5G networks set to revolutionize the digital environment, 

these findings provide a strong basis for future research efforts focused at refining interference avoidance techniques and 

ultimately boosting the performance and dependability of these networks. 

Keywords: Particle swamp optimization, Modelling, 5G network, co-channel interference, wireless communication, 

Simulink 

I. Introduction 

This research holds substantial significance for communication engineers and the field of wireless communication technology. 

By delving into the implementation of Particle Swarm Optimization (PSO) to enhance 5G network signal quality and 

mitigate co-channel interference, the study provides valuable insights and practical knowledge. Communication engineers 

stand to gain a comprehensive understanding of how to effectively harness PSO as a powerful optimization technique. The 

study's outcomes will equip them with the expertise to implement PSO strategies that progressively improve 5G network 

signals, minimizing the adverse impact of co-channel interference over time. This knowledge contributes not only to 
enhanced network performance but also to advancing the overall quality and reliability of 5G communication systems, 

thereby shaping the future of wireless technology. The scope of this research is centered around the utilization of Particle 

Swarm Optimization (PSO) for mitigating co-channel interference within a simulated 5G network model. The study 

encompasses a comprehensive modeling approach to capture the intricate dynamics of a 5G network, particularly 

emphasizing the resolution of co-channel interference challenges. However, The implementation of the PSO-based 

interference mitigation technique demonstrated promising results in reducing the interference between the primary and 

secondary signals. The PSO algorithm effectively optimized the interference power, resulting in improved separation 

between the signals. However, it was noted that the achieved separation might still be susceptible to changes in network 

activity, emphasizing the need for ongoing optimization and adaptive strategies. 

One of the keystones in the continuous evolution of international communication networks is the phenomena of network 

generations. This chapter explores the fundamentals of network generations, tracing the complex evolution from the First 
Generation (1G) to the Fifth Generation (5G). Fundamentally, this investigation captures the astounding development that 

communication networks have experienced over the years, from the early days of simple voice communication to the 

revolutionary age of hyper-connectivity and cutting-edge data services. 

Building on the achievements of its predecessors, each successive generation of networks brought previously unheard-of 

breakthroughs and capabilities as technology advanced. The story of network generations offers an enthralling look into the 

never-ending quest for better communication experiences. It shows a progression of technological advancements, with the 

early days of wireless communication mostly concentrated on enabling voice communication free from the limitations of 

wired connections. 
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But as the next generation came into being, the options became even more expansive. The movement from analogue to 

digital, voice to data, and isolated connections to a hyper-connected world is reflected in the evolution from 1G to the current 

5G. globe. This voyage demonstrates the amazing ability of human ingenuity to push the envelope of what is possible, 

allowing communication networks to overcome their original constraints and embrace a future characterized by never-

before-seen connectivity and opportunities. 

The study of network generations goes beyond technology since it reflects the social changes that have coincided with them. 
The transition from 1G to 5G is analogous to the way that communication networks have evolved from simple instruments to 

essential components of the contemporary world, propelling innovation across industries, societal interactions, and economic 

growth. Every generation has advanced us towards a digital nirvana that was previously unthinkable, from facilitating basic 

voice communications to enabling sophisticated applications like augmented reality, driverless cars, and Internet of Things 

ecosystems. 

II. Overview 

2.1 Network Generations: Development and Advancement 

In-depth coverage of the fundamentals of network generations is provided in this part, which also explains the complex path 

from the First Generation (1G) to the Fifth Generation (5G). This study essentially captures the amazing transformation that 

communication networks have experienced over the years, from the early days of simple voice communication to the 

innovative era of hyper-connectivity and advanced data services. 

2.2 Initial Generated (1G) 

A turning point in the development of communication systems was reached with the introduction of First Generation (1G) 

wireless telephony. This section takes readers on a tour of 1G's early years, exploring its history, features, and the first steps 

towards reinventing global connectivity. 1G, the first generation of mobile communication, liberated people from the 

limitations of wired connections and completely changed the way people interacted by introducing the idea of wireless 

speech transmission. 

Analogue technology was a defining feature of 1G devices, allowing users to have simple voice conversations while on the 

go.  

Even though they were primitive by today's standards, these early technologies laid the groundwork for the development of 

mobile communication later on. The advent of wireless mobility and the subsequent shift from traditional landline 

communication to portable phones was made possible by 1G networks. 

A substantial advancement in communication technology was brought about by the transition from First Generation (1G) to 

Second Generation (2G) networks. With the advent of 2G, communication underwent a paradigm change from analogue to 

digital, bringing with it increased capacity, better speech quality, and the introduction of data services. This development 

paved the way for the spread of mobile devices and the onset of the digital era while also enhancing the potential of wireless 

communication. 

The evolution of mobile communication technology was marked by the switch from 1G to 2G, which opened the door for 

the wide range of features and services that contemporary users frequently take for granted. The transition from the 

rudimentary voice-centric 1G systems to the data-enabled 2G networks was a seismic shift that lifted the bar for 

communication and allowed for previously unheard-of levels of freedom and mobility. This change sparked an era of 

constant innovation and shaped the linked world we live in today, laying the groundwork for future generations to build 

upon. 

2.3 Generation Two (2G) 

In the history of wireless communication, the transition from First Generation (1G) to Second Generation (2G) networks was 

a momentous milestone. This section begins an investigation of the 

The advent and development of 2G networks have revealed the crucial role they have played in influencing the direction of 

mobile communication technology. 

The advent of 2G networks signified a revolutionary transition from analogue to digital communication. This change brought 

new features that paved the way for the digital era while also enhancing voice quality. 2G networks introduced effective 

digital modulation techniques, improved spectral efficiency, and the capacity to provide voice and data services concurrently 
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as the technological infrastructure advanced. These developments sparked the emergence of text messaging, a ground-

breaking idea that revolutionised communication and established the framework for contemporary messaging apps. 

2G network evolution went beyond technical improvements. Global interoperability was made easier, allowing users to stay 

connected even when travelling to various parts of the world. Mobile device popularity skyrocketed due to this seamless 

connectivity feature, which made mobile devices indispensable for both personal and professional communication. 

Third Generation (3G) networks were made possible by the momentum that 2G networks created. A quantum leap in data 
capacities marked the 3G shift, with networks able to provide multimedia services, mobile broadband, and high-speed 

internet access. This change heralded a departure from networks focused on communication and an embrace of data-

intensive applications, opening the door for the mobile internet era and improving user experiences. 

Essentially, the transition from 2G to 3G networks represents the constant innovation that characterises the wireless 

communication space. The transition from the analogue world of 1G to the digital world of 2G and then to the data-driven 

world of 3G demonstrates the ongoing attempts to improve connectivity, expand capabilities, and reimaging what is possible 

for international communication. 

1. Wi-Fi Networks 

In Wi-Fi networks, neighboring access points that operate on the same channel can interfere with each other, resulting in 

reduced network performance and slower data transfer rates. 

2. Radio Broadcasting 

Co-channel interference can affect radio broadcasting stations that share the same frequency within a certain geographic 

area. This can lead to overlapping signals and poor audio quality for listeners. 

To mitigate co-channel interference, various techniques are employed, such as frequency planning, power control, and the 

use of directional antennas. Additionally, advanced modulation and coding schemes can improve a system's tolerance to 

interference, helping to maintain better communication quality in crowded frequency bands. 

3 Adjacent-Channel Interference 

Adjacent-channel interference occurs when signals from neighboring frequency bands encroach upon the desired channel. 

This can result in cross-talk and a decline in signal integrity due to interference from adjacent frequencies. 

4 Intermodulation Interference 

Non-linearities in transmission equipment can cause unwanted frequencies to emerge, interfering with nearby channels and 

degrading overall signal performance. 

Crosstalk 

In wired communication, crosstalk involves signals from one channel unintentionally affecting adjacent channels, leading to 

interference and diminished signal quality. 

Atmospheric Interference 

Environmental factors such as rain, fog, and atmospheric absorption can attenuate and scatter signals, causing signal 

degradation and raising noise levels. 

Multi-path Interference 

Wireless signals can take various paths to reach a receiver due to reflections and scattering. When these signals arrive at 

different times, they can interfere constructively or destructively, resulting in signal fading. 

Self-Interference 

Self-interference occurs when a transmitted signal leaks into the receiver due to imperfect isolation between transmit and 

receive antennas. This is particularly relevant in full-duplex communication systems. 

Frequency Selective Fading 

Certain frequencies within a signal may experience more attenuation or fading than others due to channel characteristics, 

leading to variations in signal strength across different frequency components. 
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Electromagnetic interference (EMI) 

It refers to the disturbance or noise that affects the performance of electronic devices or electrical systems when they are 

subjected to electromagnetic fields. EMI can come from various sources, including other electronic devices, power lines, 

radio waves, and more. It can disrupt the normal operation of equipment and lead to malfunctions or data corruption. 

To mitigate EMI, shielding, grounding, and filtering techniques are often used in the design and construction of electronic 

devices and systems. Additionally, electromagnetic compatibility (EMC) standards and regulations are in place to ensure that 

electronic equipment can operate without causing or being susceptible to excessive interference. 

External Interference 

Signals from external sources like electronic devices, power lines, or other wireless systems can inadvertently interfere with 

communication systems. 

a. Methods of Mitigating Signal Interference 

In the quest to mitigate the disruptive impact of signal interference within wireless communication systems, innovative 

methodologies have emerged as potent solutions. This section delves into the diverse approaches employed to counteract 

signal interference, shedding light on their underlying principles, intricacies, and potential implications. 

i. Interference Avoidance Strategies 

Interference avoidance strategies encompass a range of techniques aimed at preventing interference from occurring in the 

first place. These strategies often involve careful spectrum management, resource allocation, and frequency planning. By 
intelligently distributing frequencies and assigning resources to different users, the potential for interference is minimized. 

This approach is particularly effective in scenarios where the interference sources are known and can be anticipated. 

ii. Interference Cancellation Techniques 

Interference cancellation techniques involve sophisticated signal processing methods to identify and cancel out interfering 

signals. These methods leverage advanced algorithms to analyze the received signals, identify the interference components, 

and then subtract them from the desired signal. This approach can be effective when dealing with specific types of 

interference, especially if the characteristics of the interfering signals are well understood. 

iii. Beam forming and Directional Antennas 

Beam forming is a powerful technique that exploits the spatial dimension to mitigate interference. By using an array of 

antennas, beamforming focuses the transmission and reception of signals in specific directions, thereby reducing the impact 

of interference coming from other directions. This approach is particularly useful in environments with multiple users and 

potential interference sources. 

i. Frequency Hopping and Spread Spectrum Techniques 

Frequency hopping and spread spectrum techniques involve transmitting signals over a wide range of frequencies. These 

methods distribute the energy of the signal, making it less susceptible to narrowband interference. Frequency hopping, in 

particular, involves rapidly changing the carrier frequency during transmission, making it challenging for interferers to disrupt 

the communication. 

ii. Cognitive Radio and Dynamic Spectrum Access 

Cognitive radio systems are designed to intelligently adapt to changing radio frequency environments. These systems can 

detect unused or underutilized frequency bands and opportunistically utilize them, thereby avoiding areas with high 

interference. Dynamic spectrum access enables cognitive radios to dynamically switch frequencies, optimizing 

communication while avoiding regions with significant interference. As wireless communication’s significance in society 

deepens, ethical and regulatory implications of interference mitigation strategies gain prominence. Ensuring that mitigation 
efforts align with ethical standards, regulatory frameworks, and do not inadvertently disrupt other services or violate privacy 

expectations constitutes an area warranting thoughtful examination. 

III. Materials and Methods 

Throughout this investigation, the following resources were used: 
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i. Simulink: This software is used to model 5G clean signals, simulate co-channel interference, and carry out particle 

swarm optimisation. 

ii. MatLab: This tool is used to create charts and graphs. 

iii. Excel: This programme is used for organising data and 

iv. Microsoft Office work: This is used to organise reports. 

The digital cellular technology is the foundation for mobile wireless communication systems. This technology enables users 
to communicate with each other through wireless communication. Cellular technology provides a voice and data 

communication between radio base station site and mobile units. A cell site contains a radio transceiver (BTS) and a base 

station controller (BSC) whose function is to manage, receives and sends signals from mobile devices in its area of 

jurisdiction to a telephone switch. It can also employ a tower and antenna which provides links to a distant cellular switch. 

The idea of a cellular system is based on the principle of frequency reuse. A radio channel is a communication medium 

shared by many users in a particular geographical medium. Hence, mobile stations compete with one another for frequency 

resources for onward transmission of their information streams. Without any available measures of simultaneous access 

control of many users, signal collision is meant to occur which is the primary issue in telecommunication industry. The 

primary essence of this study was to implement means of limiting if not eliminating co channel interference in 5G network. 

This outcome was carried out in SIMULINK/MatLab environment. To achieve this, the model of the desired signal was done 

in simulink, followed by the implementation of the interference (co-channel interference). Then particle swarm interference 
reduction method was introduced to the model to view the interference clearing performance and obtain the interference 

reduction approach base on the BER outcome. The summary of the research procedure was presented in the flow chart 

shown in figure 3.1. 

 

Figure 3.1: flow chart of the Research procedure 
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3.3 The Creation of a Clear 5G Signal and Its Interference 

A fifth generation signal (5G) was chosen as the input signal for the transmission. Different codes are utilised to 

distinguish between different users in this system because each user gets access to the complete band width throughout the 

lifespan of the system. The spreading code is used to spread the created signal over a large bandwidth in 5G, which is a 

more modern and improved creation of signals than previous ones. Accordingly, distinct signals with distinct spreading 

codes are modulated onto the same carrier in order to serve various users. Using multiple spreading codes hence leads to 
interferences. Thus, in this case, the clean signal was the modulated 5G signal. The goal of the clean signal was to provide 

the artificial intelligence model with a target. The 5G modulated transmitter's schematic diagram was used  

The clean signal for the receiver (receiving channel) is shown in figure 3.2 

 

Figure 3.2: model of the clean signal receiver 

To recover the spread digital signal, the signal carrier from figure 3.2 was created and combined with the received signal. The 

created pseudo code almost matched the expected signal, and the necessary information was extracted by correlating the generated 

code with the received signal. 

The 5G signal model in figure 3.3 was used as a co-channel interference. The effect was seen when the switch block (named 

as ‘toggle interferrence1’) was switched to 1 which made the inteferrence active. Just as the clean signal generated, BPSK 
was used as a modulator to the signal and the switching (or toggle) outcome was multiplied to -20dB (it is expected that the 

effect of co channel signal interference would be higher than other interference effects because co channel interference 

occurs more often in real time). The frequency offset utilized can be seen in the model in figure 3.3. 

 

Figure 3.3: SIMULINK model for the CO-channel signal interference 

As a co-channel interference, the 5G signal model shown in figure 3.3 was employed. When the switch block labelled "toggle 

interferrence1" was set to 1, activating the inteferrence, the effect was observed. It is expected that the effect of co-channel signal 

interference would be higher than other interference effects because co-channel interference occurs more frequently in real-time. 

BPSK was used as a modulator to the signal in the same way that the clean signal generated, and the switching (or toggle) 

outcome was multiplied to -20dB. The model above in figure 3.3 displays the frequency offset that was used. 
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IV: Results And Discussion 

4.1 Result of the 5G clean signal 

The 5G clean signal transmitted was shown in figure 4.1. 

 

Figure 4.1: 5G transmitted clean signal 

The 5G clean signal was shown in figure 4.1. The clean signal was shown to occupy a frequency bandwidth of between -2.5 to 

2.5MHz. 

4.2  Particle swarm optimization 

The clean signal and the interference were grouped to primary and secondary signals respectively and the power of the 

interference signals were optimized with particle swarm with the outcome shown in figure 4.2. 

 

Figure 4.2: Effect of particle swarm optimization on the signal interference reduction 

Signal interference was reduced by using particle swarm optimisation. Despite the gap as depicted in figure 4.2, it was 

insufficiently wide, suggesting that an increase in activity may cause interference as soon as feasible. The PSO's effect was to 

lower the frequency by lowering the power used for primary and secondary data to the point where it caused the channels to 
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separate, as demonstrated. as shown in figure 4.2. The point would be optimal since any additional decrease in frequency would 

weaken the signals being transmitted. 

It is evident; therefore, that the employment of particle swarms technology enabled the interference to be distinguished from the 

pure signal. 

V. Conclusion 

In conclusion, this research is a significant contribution to the field of 5G wireless communication. It has addressed the 
formidable challenge of co- channel interference through the innovative use of particle swarm optimization. The implemented 

models and findings offer valuable insights into the potential of intelligent optimization techniques for interference 

reduction. These findings lay a solid foundation for future research endeavors aimed at improving interference mitigation 

strategies and ultimately enhancing the performance and reliability of 5G networks, which are poised to reshape our digital 

landscape. 
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