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Summary 

 

  

Wireless communication systems have existed for more than a century 

and have developed from the wireless telegraph to 5G communications. In the 

future they are likely to provide ever larger benefits for mankind. The current 

focus on 5G is due to the need for interoperability produced by connecting 

multiple sensors in an array to analyze real-time data. In addition to 

connection, 5G networks should provide multi-gigabit per second data rates, 

incredibly small delays, increased dependability, and better user experience.  

5G networks are faster and with lower latency and more capacity than 

4G LTE networks. 5G networks are in all respects better than 4G LTE 

networks and this will impact our daily life. Businesses are expected to become 

more effective when customers have speedier access to information due to 5G. 

However, 5G networks are exposed to interference which decreases their 

effectiveness. Mitigation of interference is significant for proper functioning 

of 5G wireless systems. 

This thesis presents a review on interference issues related to 5G. The 

review discusses the present state of research and different techniques for 

mitigating the effects of interference. 

Surveys of the literature on interference management in 5G network 

that are described in this thesis, deal with algorithms, frameworks, and 

techniques to reduce interference in these systems. The articles chosen for this 

thesis discuss research outcomes and possible research. 
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Abstract 

 

This thesis could provide a structured and extensive literature review 

on mitigation of interference in 5G wireless communication networks. The 

thesis could also guide scholars with an analysis of the present state-of-the-art 

research in the field, as well as future challenges. To this end, papers were 

grouped into a structure with five broad themes which explain the algorithms, 

hardware and techniques to manage interference. Some shortcomings are 

mentioned that may affect future research and be relevant for upcoming 

researchers. 
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Preface 

 

This thesis uses a review procedure to discuss some characteristics and 

use cases associated with 5G networks. Some of these networks have 

malfunctioned due to interference and the reasons for this are discussed. A 

thorough literature study of the present state of research assesses the 

interference problems in 5G. The analysis offers insights into the issues, 

solutions, and potential of future applications. 
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1 Introduction 
 

The advances of technology led to the development of mobile 

networks. The initial incentive for developers was to make communication via 

the internet faster and cheaper. The mobile networks developed and progressed 

over time. The present mobile networks deal with electronic sensors and the 

interconnectivity of electronic devices for faster communication within 

different networks. With the escalation of electronic gadgets, more networking 

devices are now in use. The demand for reliable connections has increased, 

which led to the development of 5G. 

The lure of 5G is related to the human inclination to interconnect many 

sensors and thus make life easier. Along with the connectivity, 5G networks 

are developed to provide very high data rates, remarkably reduced latency, and 

greater dependability. 5G offers uninterrupted user experience for a vast 

number of clients. 5G promotes accessibility and offers a promising future for 

the evolution of huge wireless networks [1].  

Wireless systems employ radio waves to send data over a large area. 

5G uses 3 frequency bands depending on the number of clients. The lowest 

band is reasonably good for handling obstacles. Due to this, 5G can now 

transmit far more data at a much higher rate. The huge capacity enables the 

Internet of Things (IoT) with better communication among the devices. In 

addition, the market of autonomous vehicles will be supported by the reduced 

latency of 5G [2]. Many latest technologies like Telemedicine, Device to 

device (D2D), intelligent gaming, vehicular communication and live 3D video 

can be set up by means of 5G. However, these technologies need huge data 

volumes and amplified signals. To cope with the data requirements 5G needs 

effective, economical, and productive techniques like the use of the millimeter 

wave (mmWaves) frequency band [23]. The mmWaves correspond to the high 

frequencies. Higher bands provide more bandwidth but delivering information 

over a vast area is a major problem. Physical objects in the path of propagation 

are more problematic at high frequencies [3]. To tackle this challenge, 5G is 

to deploy multiple input, multiple output (MIMO) technique, to amplify 

signals.  

With the rapid development in wireless technology, the number of 

mmWave devices is expected to increase and so does interference. Interference 

is typically between the signals, wanted and unwanted. In addition, noise is 

always added to the original signal and degrades communication. The prime 

causes of interference are natural radiators, i.e., those which emit 
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electromagnetic waves through different means, for example, electronic 

gadgets or electric trains.  Signals could be due to intentional or unintentional 

radiation or induction [4].  

This thesis presents a review on interference issues related to 5G. The 

review discusses the present state of research and different techniques for 

mitigating the effects of interference. These techniques include using Filtered 

Orthogonal Frequency Division (FOFD) multiplexing, non-orthogonal 

multiple access (NOMA) downlink, MIMO, channeling on small and macro 

cells and smart backhauling with mmWave using a greater number of 

transmitters and receivers [5,6,7,8,9,10]. The review also discusses the game 

theoretic approach to enhance D2D communication [11]. There is also a 

presentation of challenges and prospects. This thesis presents some ongoing 

research and the perspective that some authors have on 5G interference 

matters. 

Methodologically, the latter part of the thesis deals with the shortlisted papers. 

Also, the authors' view on future research is presented. 
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2 Review of Literature on Interference in 5G 
 

Wooseok Nam et al., 2014 gave a detailed analysis and interpretation 

of the challenges, requirements, and future scope of interference management 

in 5G. The article has carried out detailed categorization of interferences and 

an extensive literature review on the interference effects in different domains: 

heterogeneous networks, relay nodes, Internet of Things, and device-to-

device. The article also presented and gave an overview of many new 

techniques related to interference removal and directs the future scope toward 

the parallel functioning of heterogeneous networks, relay nodes, Internet of 

Things, and device-to-device, which would improve the overall system 

operation, enhance user experience as well as increase efficiency of the 

network, serving different functionalities at the same time [12].  

 

Mayada Osama et al., 2021 proposed a technique to minimize 

interference in 5G HetNets. HetNets or heterogeneous networks provide high 

capacity in communication. HetNets use an interference contribution rate 

(ICR) based mechanism which is used to minimize power consumption. The 

proposed methodology in the paper, based on on/off switching the small cells 

based on their ICR or interference contribution rate values, has reduced 

interference, diminished traffic loss, and minimized power consumption. The 

paper further showed a comparison between two distinct shapes for the center 

zones of the small cells. Results showed that on the implementation of the 

suggested method, there is an increase in power efficiency and enhancement 

of the system data rate [13]. 

 

Faizan Qamar et al., 2019 presented a review of the interference 

management issues in 5G. The paper discussed current issues along with 

research on how these issues are dealt with. Numerous research challenges like 

inter-cell interference issues, heterogeneous networks, device-to-device, 

coordinated multipoint, and coordinated scheduling were also discussed, along 

with some proposed methodologies by 3rd Generation Partnership Project 

(3GPP). The article additionally detailed techniques presented by 3GPP for 

reducing interferences by various approaches like wireless backhauling, BS 

identification, rank calculation, receiver designing, reference signal finding 

adjacent interference cell, and control channel identification [14]. 
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Hyun-Ki Kim et al.,2018 discussed the problems caused due to 

adjacent channel interference (ACIR). The vision of the paper had been 

identified the use of minimum coupling loss (MCL) and Monte Carlo method 

(MC) to overcome interference in Earth station in motion in satellite service. 

Paper suggests that if 5G networks incorporate these technologies, the 5G 

network can enhance [15]. 

 

Cetin et al., 2021 studied D2D communication central to a cellular 

network. The paper's central attention is the delay aware resource allocation 

problem for maximum sum rate. The scheduling order of D2D pairs and the 

transmission pairs are the main decision parameters to boost the sum-rate 

subject to delay restrictions. Further, the delay tradeoff and throughput are 

explored. The results from the paper showed that with an increasing number 

of allowed D2D pairs on a sub-channel, the maximum delay in these D2D 

devices decreases [16]. 

 

Qaddus et al., 2018 suggested developing a robust and reliable channel 

for minimizing 5G cellular heterogeneous networks and cross-tier 

interference. By solving these problems at MUEs and FUEs on the downlink 

route from the communicating signals of MBSs and FBSs, bit error rates can 

be lowered. This further resulted in an elevated magnitude for keeping up high 

data-rate bandwidth applications. As a result, the author proposes that 5G 

heterogeneous cellular networks be used to create an elevated speed cellular 

network [8]. The author's perspective about this and our understanding.   

 

In the paper of Belikaidis et al., 2017, heterogeneous networks with 

macro-cell and small cells were considered. Because the macro-cell base 

stations share the same spectral means as tiny cell base stations, there is an 

increase in cochannel interference. The prime challenge was identified to be 

the efficient management of CCI. This article suggested a technique for 

dynamically allocating the optimal channel by obtaining information 

regarding interference and QoS levels [17]. 

 

Bonati et al., 2020 provided readers with an extensive collection of 5G 

wireless network open-source software and frameworks, with an end-to-end 

perspective on the present state of research in the domain. The capabilities and 

functionalities of these frameworks and software have been discussed, along 

with the interactions among the solutions that are a part of the survey. Further 

testbeds and hardware have been reviewed on which this software run [18]. 
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Cai et al.,2017, published detailed modulation and multiple access 

surveys in 5G networks. New modulations for orthogonal multiple access have 

been established and can be used. While fulfilling the varying expectations of 

5G, this will decrease out-of-band leakage. Non-orthogonality has also been 

proposed which has been considered a pivot keeping in mind the current state 

of research that is shown to have enhanced throughput [19].  

 

Do et al., 2020, published an article with FD and HD relay-aided CR-

NOMA networks being the subject of a performance investigation. The 

analytic formulae for extremal volume and asymptotic outage probability have 

also been published, along with their derivations. The results reveal minimal 

modifications in the FD relay-aided CR-NOMA network's interruption 

likelihood. The analytic expressions are expected to aid these networks' 

practical realization [20].  

 

Majhi et al.,2017, discussed a class of twofold-band 2X2 GIC, in which 

interference-free reception at an assigned receiver can be allowed because of 

their narrow wavelength and the utilization of exceptionally directive antenna 

arrays. The proposed power allocation estimates the influence of high 

bandwidth point-to-point mm-wave mediums on sum-rate execution [10]. 

 

Huang et al., 2021, studied the execution variation for various RS 

schemes, namely, TRRS, SRS, and ORRPS. AN's influence on the suggested 

HSTSs' dependability, and security is also explored. The dependability of the 

TRRS scheme is lower than the SRS scheme. The most reliable of the three 

RS schemes are found to be the ORRPS scheme. AN technology increases the 

system's security, while ILS gives maximum reliability [21]. 

 

 Mehdi Bennis et al., 2017, discussed the interference issues in 

heterogenous networks. It also discussed the joint loading balancing problems. 

They considered the heterogenous networks macro base stations (multiple-

input multiple-output) having abundance of antennas which are topped with 

self-backhauled small cells They standardized these two issues as a network 

utility maximization subject having backhaul constrains. They proposed to use 

stochastic optimization and solve the problems. Interference and joint load 

balancing is decoupled into dynamic scheduling of macro cell users, backhaul 

provisioning of self-backhauled small cells and offloading macro cell users to 
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small cells. They further provided numerical results which showed the 

enhanced performance of the proposed framework [22]. 

 

 Hanning Wang et al., 2018 studied the dynamic time division duplex 

method to mitigate cross link interference in 5G wireless network. The authors 

provided the solution to manage interference by using receiver i-e enhanced 

minimum mean square error interference rejection and cancellation (MMSE-

IRC) receiver. The theoretical analysis was also provided to support the 

proposed scheme. The papers also proposed the interference measurement 

method to further strengthen proposed scheme. Finally, the system-level 

simulation results confirmed that the advanced receiver effectiveness [23]. 

 

 Lajos et al., investigated the full duplex techniques for 5G wireless 

networks like passive suppression, active analog cancellation, and active 

digital cancellation including their advantages and disadvantages. Issues like, 

self-interference, high-performance full duplex medium access control layer 

protocol design, congestion, end to end delay and less power usage are also 

discussed in detail. Moreover, decode and forward-based relay selection 

scheme is studied in congestive network having Rayleigh and Nakagami-m 

fading channels in the context of full duplex relaying which resulted in reduced 

outage probability. The authors further pointed out that self-interference can 

be reduced by using expensive hardware, cost efficient algorithms which are 

less complicated to enhance the half duplex mode-based devices [24]. 

 

 John.L.Volakis et al., developed a receiver which was quite effective 

in reducing interference by ultra-wideband code spreading. The receiver could 

facilitate multiple users. The receiver involved hybrid frequency and coding 

division multiplexing. Moreover, the receiver was highly efficient as it showed 

improved results as compared to other coding division multiplexing protocols 

[25]. 

 

 Jintae Kim et al., conducted a survey of research for reduction of cross 

link interference. They studied the dynamic time division complex systems for 

5G and beyond wireless communication networks. They discussed the 

signaling details as well as conducted the theoretical analysis of systems in 

variety of environments. The authors provided in detail the future research 

scope and challenges with cross link mitigation schemes [26]. 
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 Hassan et al., worked on the cross-tier interference issue in femto cell 

user equipment and macro cell user equipment in urban dense heterogenous 

5G networks. Although many techniques have been applied by researcher 

previously, but downlink interference remains a major problem in dense urban 

zones. So, to cope up with that the authors suggest applying Evolutionary 

Biogeography-based Dynamic Subcarrier Allocation (EBBDSA) algorithm to 

mitigate cross tier interference. This technique can dynamically designate the 

subchannels in femto and macro cells. The authors conducted system level 

stimulation and the results showed high SNIR performance, low outage 

probability and increased spectral efficiency. This technique was better than 

fractional frequency reuse (FFR) based DSA technique used previously [27]. 
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3 Methodology 
 

Systematic Literature Reviews (SLRs) provide researchers and readers 

with a vast and extensive knowledge with access to the literature, adhering to 

a standard set of protocols. Reviews assist in the research questions and gaps, 

the corresponding solution approaches, and the future challenges and scope of 

the domain. This SLR tries to find as much relevant research as possible to 

understand the 5G network and interference issues thoroughly. The research 

gaps found can be analyzed and studied in detail for future research. 

The Scopus and Web of Science databases were identified as popular 

sources of information for papers related to fifth-generation networks and 

interference issues in those wireless networks. The articles collected initially 

enforced specific inclusion and exclusion measures and conditions. The 

keyword combinations that were considered relevant for the search of the 

articles are "5G networks", "interference," "interference issues in wireless 

mediums," and "scope of 5G". The string used for the Scopus search was “ALL 

( ( "5G networks" AND "interference" ) OR ( "interference issues in wireless 

mediums" ) OR ( "SCOPE OF 5G" ) ) AND ( LIMIT-TO ( PUBYEAR , 2022 

) OR LIMIT-TO ( PUBYEAR , 2021 ) OR LIMIT-TO ( PUBYEAR , 2020 ) 

OR LIMIT-TO ( PUBYEAR , 2019 ) OR LIMIT-TO ( PUBYEAR , 2018 ) 

OR LIMIT-TO ( PUBYEAR , 2017 ) ) AND ( LIMIT-TO ( DOCTYPE , "ar" 

) OR LIMIT-TO ( DOCTYPE , "cp" ) ) AND ( LIMIT-TO ( LANGUAGE , 

"English" ) )” and the string for Web of Science was “ALL=( ( "5G networks" 

AND "interference" ) OR ( "interference issues in wireless mediums" ) OR ( 

"SCOPE OF 5G" ) )”. The total number of search results from Scopus was 

7,584 and for the web of science was 319. Out of these, 208 papers appeared 

to be duplicated.  

The Scopus and Web of Science databases were identified as popular 

sources of information for papers related to fifth-generation networks and 

interference issues in those wireless networks. The articles collected initially 

enforced specific inclusion and exclusion measures and conditions. The 

keyword combinations that were considered relevant for the search of the 

articles are "5G networks", "interference," "interference issues in wireless 

mediums," and "scope of 5G". The string used for the Scopus search was “ALL 

( ( "5G networks" AND "interference" ) OR ( "interference issues in wireless 

mediums" ) OR ( "SCOPE OF 5G" ) ) AND ( LIMIT-TO ( PUBYEAR , 2022 

) OR LIMIT-TO ( PUBYEAR , 2021 ) OR LIMIT-TO ( PUBYEAR , 2020 ) 

OR LIMIT-TO ( PUBYEAR , 2019 ) OR LIMIT-TO ( PUBYEAR , 2018 ) 
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OR LIMIT-TO ( PUBYEAR , 2017 ) ) AND ( LIMIT-TO ( DOCTYPE , "ar" 

) OR LIMIT-TO ( DOCTYPE , "cp" ) ) AND ( LIMIT-TO ( LANGUAGE , 

"English" ) )” and the string for Web of Science was “ALL=( ( "5G networks" 

AND "interference" ) OR ( "interference issues in wireless mediums" ) OR ( 

"SCOPE OF 5G" ) )”. The total number of search results from Scopus was 

7,584 and for the web of science was 319. Out of these, 208 papers appeared 

to be duplicated. 

 

Initial screening followed the qualitative evaluation in the following 

sequential steps:  

1. The author deleted duplicates (i.e., common documents from both 

databases).  

2. Exclusion Criteria set by the author have been implemented on the 

dataset.  

3. Papers left after exclusion criteria but did not fulfill the inclusion 

criteria were excluded.  

4. After the previous three rounds of scrutiny, the author selected papers 

based on his understanding of quality and the scope of the thesis.  

5. The papers finally selected for inclusion were checked for forwarding 

and backward citation to ensure no worthy paper had been left for the 

thesis’s dataset.  

6. After multiple rounds of qualitative evaluation, we were left with 38 

papers from Scopus, and 11 papers from Web of Science were left.  

7. Four papers from forward and backward citations were selected to be 

included in the thesis.  

8. The dataset created has 53 papers.  

 

The inclusion criteria include papers only after 2016 to include only recent 

state-of-the-art research in the domain, making the thesis novel. Further, 

considering the credibility of journals, only journal articles are being 

considered. The included studies are the ones published in the English 

language for the ease of the author understanding [28][29]. 

The quality of the articles selected for review was thoroughly assessed and 

evaluated for transparent and unbiased outcomes. The authors discussed the 

inclusion and exclusion criteria, and a consensus was reached. Finally, 11 

papers from the Web of Science, 38 papers from Scopus, and four papers from 

forward and backward citation were selected to become a part of the final 

sample. The journal articles studied and analyzed for the review above discuss 

various aspects of fifth-generation networks, their usability issues, the effects 
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of interference, measures to cope with the problems these networks face due 

to interference, and various network-related issues. The papers also discuss the 

prospects of these wireless networks, and the challenges researchers face in 

carrying out studies and surveys in the field. 

 

 

 
 

Fig. 1: The workflow of the quality evaluation doen for the papers procured 

from Web of Science and Scopus.  
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4 Discussion 
 

All the papers from Web of Science and Scopus databases have been 

categorized into five broad themes, which are as listed below: 

 

● The technology of 5G wireless communication networks. 

● Design of the components and hardware involved in 5G. 

● Algorithms working behind 5G communication networks. 

● Schemes and frameworks of software involved. 

● Deployment options of these networks. 

 

Articles under the first theme highlight features and services of 5G, 

wireless sensing networks, surveys on open questions, research issues of 5G 

wireless communication systems, 5G radio access network energy efficiency, 

technologies like Machine Learning, Internet of Things, reliability, and 

confidentiality aspects of 6G enabled technologies in automobiles, coalition 

games in 5G, modulation and multiple access of open and virtualized 5G 

networks.  

Papers under second theme discuss design aspects like multiband antenna 

design for 5G mobile phone applications, multiuser detection techniques, 

resource allocation games in 5G small cell networks, microstrip patch antenna 

design, ultra-dense network surveys, etc. Components are so designed that the 

systems become both hardware and energy efficient. The antenna design 

described in some articles on this theme aims to be low-cost, lightweight, and 

easy to fabricate with wide bandwidth and high directivity.  

The third theme would help readers understand and know the algorithms 

behind these networks for providing reliability and security along with high 

speed. Papers under third theme discuss authentication protocols for 5G 

network applications, access-point association algorithms, congestion 

detection algorithms, security algorithms, and resource management 

algorithms for wireless communication networks. 

The fourth theme discusses various deployment approaches and related 

schemes, which help readers understand how these networks are extended 

through deployment. Papers under this theme discuss the simulation of 

deployment of small cells in fourth-generation networks, routing approaches 

for the Internet of Things 5G network, optimization and game theory for these 

wireless networks, issues in deployment, and resource allocation schemes.  
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Papers under the fifth theme discuss various schemes of interference 

management, backhaul routing, and assessments of designs for downlink 

transmissions, multiplexing schemes, dual-band interference channels, and 

channel distribution schemes. Reviewing papers under this theme helps 

readers understand the schemes applied in working these networks.  

 

Theme 1: Technology of 5G wireless communication networks 

 

Javaid et al. presented an article on the features, services, and 

facilitators of 5G for imminent manufacturing units. The authors discuss 

various possible implementations and use-cases of 5G for these manufacturing 

units. As 5G allows rapid data transfer and high connectivity speeds, Internet 

of Things devices show significantly better performance using 5G networks. 

5G provides flexible connectivity and high speeds for Industry 4.0, which 

makes the entire manufacturing process more efficient. The versatile feature 

of 5G, namely, mobility, makes industrial processes help overcome the 

restriction of a specific location that further helps scale processes. Remote 

video surveillance and remote meter reading help connect to places that aren't 

physically reachable or have high time and costs to reach. This feature of 5G 

has been extremely useful to industries. 5G is cost-efficient and helps industry 

people to optimize their resources as the cost would be relatively lower than 

other communication systems. 5G has enabled smart factories through 

customization and virtual and augmented reality. Wired communication 

systems become a barrier for Industry 4.0 as Wi-Fi and cables are not built for 

mobility and hence become inappropriate. Various linkages that connect 5G 

with upcoming manufacturing units are Big Data, Internet of Things, Industrial 

Internet of Things, smart factories, system integration, Cybersecurity, 

augmented reality, and simulation tools. The production sector in 5G will 

significantly improve its operations on the acceptance and deployment of 5G. 

Due to the flexibility, expandability, and operational effectiveness of 5G, 

supply chains would highly benefit. 5G helps in automation abilities that 

further boost virtual reality and augmented reality applications. 5G 

applications in Industry 4.0 enhance all sorts of processes, from logistics to 

supply chain, automation, optimization, manufacturing, warehousing, and 

maintenance [30]. 

Hsiao et al. discussed wireless sensing networks in the circumstances 

of the 5G communications system. Wireless sensing networks include various 

kinds of devices or data, namely, data related to images or patterns that need 

to be transmitted efficiently. But due to the limitation of the insufficient 
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network bandwidth provided by the existing communication systems, 

transmission is hampered. The communication architecture and effectiveness 

can solve this transmission problem. The Narrowband-IoT method with 5G is 

more effective than the original LTE networks. The proposed approach in this 

article used MATLAB software to simulate 5G signals with different 

parameter settings. The simulated system further classified and evaluated the 

sensed data through AI algorithms and transmitted outcomes to cloud database 

systems through 5G communication, which allowed immediate transmission, 

presentation, and perception [31].  

Lopez-Perez et al. surveyed the state-of-art present energy 

effectiveness research. Categorization of power utilization prototypes and 

energy regulation parameters was done. A detailed survey was done from a 

practical and theoretical perspective on the energy effectiveness of the 

technologies that 3GPP NR provides. Mahdi et al. presented an investigation 

of 5G wireless networks and important technological drawbacks and gave an 

evaluation of the expected challenges of sixth-generation communication 

networks. Machine learning applications, the Internet of Things, and energy 

have also been considered. Three hundred seventy papers from Web of 

Science, ACM Digital Library, and IEEE Xplore were reviewed for this 

analysis. Future generation networks will be more complicated. So, energy-

efficient devices would be a need for future generations. This paper provided 

a thorough and detailed discussion and analysis of recent research in 6G, 

specifically concerning important domains like machine learning and the 

Internet of Things. The purpose of this article was to set a roadmap for 

researchers working in the domain of sixth-generation wireless 

communication networks [32].  

Osorio et al. analyzed and discussed the security and privacy 

expectations of 6G enabling technologies such as physical layer 

authentication, visible light communication, blockchain, edge computing, 

artificial intelligence, network slicing, and network software for the Internet 

of Vehicles. It is believed that to transform towards a smart transportation 

structure and comprehend smart cities by filling the gaps of 5G, strong support 

of 6G is required. This can be achieved by keeping in mind the data gathered 

from sensors, people, their habits, security, and privacy which is the top 

priority when building these systems. This paper paved the way for developing 

6G technologies over the Internet of Vehicles landscape [33]. Shaik et al. 

reviewed the architecture and design requirements of 5G wireless 

communication systems. For 5G communication systems, multiple-input 

multiple-output (mMIMO) is an expanding revolution. It has the potential to 



 

20 

provide great spectral efficiency while also improving connection 

dependability and catering to many clients. Many channel estimations 

methodologies have been developed, concentrating on channel efficacy, 

accuracy, and estimation. The emphasis of suggested CE schemes is frequently 

on improving CE exceptional performance and complexity to ensure enhanced 

system throughput and signal reception quality [34].  

Singh et al. presented a survey that provided a base about 5G and 

coalition games that gave an understanding of the present research course in 

5G. The survey was carried out in mind three categories: resource control, 

interference conduct, and miscellaneous. The goal of the 5G network is to keep 

up with a large aggregate of linked devices. Game theory plays a significant 

role in wireless network governance. Game theory is a method of studying and 

modeling a system in which numerous individuals are involved in decision-

making and have their own goals and behaviors. Game theory is an intriguing 

tool for controlling players' strategic behavior and generating an efficient 

result. Coalition game theory can be useful in assuring device cooperation 

when there are many [35].  

Huang et al. presented the multi-relay hybrid satellite-terrestrial 

systems (HSTSs) with artificial noise (AN) to investigate their security and 

reliability. He considered both the relay systems as Optimal Relay Receiver 

Pair Selection (ORRPS) and Suboptimal Relay Selection (SRS). For Artificial 

Noise (AN) and non-AN conditions, the precise technique of interpretive 

formulations of Outage Probability and Intercept Probability concealed by 

various Relay Selection theories were developed. The diversity orders of the 

HSTSs were determined using the asymptotic analysis of Outage Probability. 

The following points summarize the findings of this paper. ORRPS scheme 

outperforms all other schemes regarding reliability, whereas the Traditional 

Round-Robin Selection (TRRS) scheme performs the worst, keeping in mind 

reliability [21]. 

Cai et al. presented an overview of Multiple Access (MA) and 

modulation schemes for 5G networks. 5G cellular networks must overcome 

several obstacles to accommodate massive amounts of heterogeneous data and 

users. To address these issues, novel modulation, and Multiple Access (MA) 

methods were presented to the authors. Analyzing the various ways becomes 

more crucial as this research area expands continuously. The performance of 

several modulation schemes was compared based on spectral efficiency and 

bit-error rate, giving a pathway to the introduction of potential for orthogonal 

MA (OMA). Different non-OMA (NOMA) candidates were greatly 

considered, such as power-domain NOMA, code-domain NOMA, and NOMA 



 

21 

multiplexing across multiple domains [19]. Bonati et al., 2020 provided 

readers with an extensive collection of 5G wireless network open-source 

software and frameworks, with an end-to-end perspective on the present state 

of research in the domain. The capabilities and functionalities of these 

frameworks and software have been discussed along with the interactions 

among the solutions. Further testbeds and hardware have been reviewed on 

which this software run [18]. 

 

 

Theme 2: Design of the components and hardware involved in 5G  

 

Khabba et al. presented a close-packed multiband antenna with 

elementary geometry devoted to the mm-wave of 5G cellular networks. The 

design was made concerning specific dimensions and features. The antenna 

was presented with a firm radiation pattern and 93% being the maximum 

regulation which also expresses high emission performance. The equivalent 

antenna circuit was also investigated, and the obtained reflection coefficient is 

in acceptable agreement with the computer-generated model. The achieved 

outcomes reveal that the proposed antenna is well suited for 5G mobile phone 

applications [36]. Kumari et al. proposed a radix-factorized FFT 

multibeamforming (RF-FFT-MBF) architecture that could reduce hardware 

complexity and energy consumption. The effectiveness of the ML sub-detector 

setups was contrasted with standard ML detectors with the help of simulation 

results. Multiuser-multiple-input multiple-output (MU-MIMO)- based cellular 

communication systems have various advantages like high channel capacity 

and data rate over conventional MIMO systems. This paper introduced the 

maximal likelihood-MU detection (ML-MUD) approach as an optimal signal 

subdetector resulting in intolerable error rate performance and considerable 

complexity reduction. The experimental results found that the suggested 

detector provided energy and hardware efficiency along the lowest achievable 

error rate production. Reliable MU-MIMO radio signal transmission at 

mmwave could be provided by the radix twiddle factors methods discussed in 

the paper. Following 5G devices that use MU-MIMO radio signal transmission 

with applicable approaches for boosted QoS, such as MBF (at the uplink side) 

and MU detection (at the downlink side), have had compactness as well as 

high data rate demands presented and examined [37].  

The paper of Mawatwal et al. on resource assignment in interference-

prone 5G small-cell networks was discussed. Studies found that there is fierce 

competition and inter-cell interference in the condensed packing of tiny cells 
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over a specific region. Hence for maximizing users' experience quality and for 

fulfilling user quality demands, this paper formulated a state-based probable 

game for resource division issues. A decentralized plan for mutual 

development of spectrum allocation, user scheduling, and power selection was 

suggested. The simulations found that the proposed method outperformed 

previous schemes based on computational intricacy, quality of experience, and 

convergence rate for secured resource assignments. Also, the proposed 

algorithm showed comparatively lower performance deterioration than 

previous schemes. It also portrayed strong wireless link interruption and state 

transition in the communication graph [38].  

Md. Imran et al. proposed the design of a distinctly directional single 

band 2X2 and 4X4 antenna array for 5.8 GHz and 28 GHz frequency for 

uncrewed aerial vehicle (UAV) applications keeping deploying UAVs with 

5G wireless networks in major focus. The use of UAVs has been rapidly 

increasing because of their high performance reported with ground clients and 

their properties like mobility, flexibility, and adaptive altitude. UAV 

installment could be controlled and monitored through 5G wireless networks. 

Because of the distinct features of being low-cost, lightweight, and easy to 

fabricate of wide bandwidth and high directivity microstrip patch antenna, 

these are recommended for UAVs. The high directivity of the antenna boosts 

its coverage and eliminates cochannel interference with nearby UAVs, 

allowing for untroubled UAV deployment over the 5G network. Results found 

that compared to 5.8 GHz and 28 GHz can help with elevated speed and 

reduced latency in 5G communications [39]. 

Salem et al. investigated and analyzed ultra-dense networks (UDNs) 

design criteria. Keeping apart software packages of 5G networks, coverage 

performance evaluation based on stochastic geometry was introduced. The 

bottleneck of 5G system capacity is UDNs. Stochastic geometry delivers vital 

insights for quantifying system operation by combining network parameters 

with design features. A complete paradigm for going through UDNs was 

presented in this paper [40]. Zaidel et al. extended previous works by authors 

in the domain of equal power sparse non-orthogonal multiple access (NOMA), 

a technology for applications past 5G communications. The domain is not yet 

fully explored. In extreme SNR regions, closed-form analytical inner and outer 

bounds on the achievable rate in large system limits were investigated 

comparatively. The inner bound depends on the conditional vector entropy 

power inequality, whereas the outer bound depends on the latest version of the 

EPI. The subject of present and further planned investigations is to extend 

work to account for multiple user classes and multicell networks [41].  
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Do et al. utilized the spectrum sharing model and discussed and 

explored the relay selection problem in cognitive radio (CR) networks. One of 

the most favorable solutions to address the problem of spectrum shortage in 

networks beyond 5G is non-orthogonal multiple access (NOMA). To begin 

with integrating NOMA in cognitive radio (CR) networks, a new era of 

dependable, seamless, and extensive connection is anticipated. The 

mathematical formulas of asymptotic failure likelihoods and ergodic capacity 

were offered, revealing the key elements influencing CR-NOMA networks' 

performance. Extensive simulations were run to confirm the generated 

equations and show the precision of analytical formulations for half duplex 

and full duplex relay-aided CR-NOMA networks [20].  

 

 

Theme 3: Algorithms working behind 5G communication networks. 

 

Chen et al. proposed an anonymous authentication protocol with 

Denial of Service (DoS) resistance for smart cities. Two validation tools, 

namely, ProVerif and BAN logic, were introduced to verify the scheme's 

security. The development and construction of smart cities have reached new 

levels of progression with the advancement in 5G wireless communication 

networks. Such wireless networks are prone to security issues. Various 

roaming authentication protocols are put forward to mitigate this issue. The 

suggested algorithm helps solve this problem. Security analyses carried out on 

the proposed protocols showed that not only do the protocols meet known 

security features, but those protocols outperformed but also showed higher 

effectiveness when contrasted with the related works. It was also found that 

the suggested protocol achieved an acceptable balance between user 

anonymity and DoS attack resistance which is suitable for smart cities [42]. Su 

et al. proposed a video stream scheduling model based on reinforcement 

learning and a buffer starvation evaluation model based on deep learning. 

Regarding video streaming services, one of the most important factors remains 

the quality of experience, which has become the center of attention since the 

advent of 5G networks. The playback will freeze if there isn't enough buffer 

in the video stream transmission procedure. To find out the correlation 

between the traffic load and the buffer starvation probability distribution, the 

proposed method used the approach of machine learning. The model 

introduced an internal reward mechanism in the scheduling process for the 

agent to fully explore the environment. [43]. 
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Dinh et al. proposed distributed user-to-multiple Access Points (AP) 

association methods. The goal was to augment the long-term sum rate subject 

to application Quality of Service and AP constraints. Wireless networks face 

several issues like growth densification, mobile traffic growth, diversification 

of applications and services, etc. With the growth in users and the number of 

devices operating with wireless networks, these problems and issues would 

continue to accelerate. Also, it is highly expected that future devices need to 

integrate radio services like 5G, IoT or Wireless body area network (WBAN) 

so that the user gets a wide range of functionality. The distributed methods 

discussed in this paper enable users to grasp their Deep Q-Learning 

capabilities and Deep Reinforcement Learning capabilities and also to perform 

the self-optimization of their APS selection depending on their local state 

knowledge. Results showed that the proposed algorithms improved various 

objectives, such as QoS satisfaction levels and sum rate. The proposed 

algorithms have also been shown to have enhanced outage fairness among 

applications, along with the fact that these algorithms could also handle 

heterogeneous types of QoS requirements. Future research would be directed 

towards the extension of joint optimization of other resource allocations like 

transmit power and beamforming, as well as coping with high user mobilities 

and rapid variations of user networks [44]. Singh et al. investigated the effect 

of double shadowing on the performance of Physical Layer Security. 

Investigation of the performance of the physical layer secrecy has been a topic 

of central attention with the rise in 5G mobile communication networks. The 

study of this paper focused on the information-theoretic secrecy outlook in 

which the authorized users conveyed their information through a quasi-static 

channel with each other. Average secrecy capacity, another physical layer 

secrecy metric, was analyzed [45]. 

Lee proposed a new FS-CDA (flow sensing-based congestion 

detection algorithm) to prevent high congestion rates. Several performance 

specifications such as encoding rate, decoding rate, and flow rates, must be 

identified and observed. The suggested algorithm carried out several 

operations like transmission rate monitoring, underflow, overflow of 

operations and rate adjustment functions, and detecting and controlling flow 

imbalance for streaming segments during D2D communications. Results 

showed that the proposed algorithm outperformed link scheduling, clustering, 

and rate allocation [46]. Meshram et al. proposed an efficient, lightweight, 

secure subtree based online/offline signature procedure and aggregation for 

massive devices in 5G Wireless Sensor Network using conformable chaotic 

maps. With massive integration of devices into 5G enabled wireless sensor 
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networks, there's a high risk that 5G WSNs would expose sensitive user data 

to security vulnerabilities. Though key agreements and user authentication 

have been put forward, stricter security methods are required. The distinction 

of this paper from the previous ones was that the subtree-based online/offline 

signature procedure (SBOOSP) proposed in this article enables multi-time 

offline storage access with reduced processing time, due to which the signer 

can use the pre-stored offline information in polynomial time. Also, the new 

method supported a secret key during the pre-registration process. The 

proposed method outperformed formal and informal security investigations in 

that the methods could withstand all well-known attacks with exceptional 

security features [47].  

Xiaomin qi and his colleagues worked on orthogonal frequency 

division multiple access (OFDMA) heterogeneous networks (HetNets) energy 

efficiency. They developed a scheme on genetic algorithm (GA) to enhance 

the spectrum efficiency of 5G networks. They overcame the problem of inter 

cell interference and optimization in heterogenous networks by dividing the 

GA in two steps. Firstly, they allocated the resources efficiently using GA. 

Then, they distributed power using non dominated sorting GA II. Finally, they 

run the system level numerical evaluation process which showed enhanced 

results [48]. 

In the paper of Belikaidis et al., 2017, heterogeneous networks with 

macro-cell and small cells were considered. Due to the macro-cell base 

stations sharing the same spectral resources with small cell base stations, there 

is an increase in cochannel interference (CCI). The prime challenge was 

identified to be the efficient management of CCI. This article suggested a 

technique for dynamically allocating the optimal channel by obtaining 

information regarding interference and QoS levels. The suggested approach is 

compared to the literature's current state-of-the-art channel assignment 

algorithm. Results showed that the suggested algorithm performs better 

considering the air interface latency and throughput [17]. 
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Theme 4: Deployment options of 5G network to mitigate interference. 

 

Shujaa et al. put forward a novel approach for mathematically 

examining the number of small cell deployments. The approach provided a 

balance in the allocation of resources in the network and their arrangement to 

provide maximum capacity and coverage area with decreased interference, 

considering the transmission ability of each small cell. The paper also derived 

the formulas for Critical Handover Location, ds, and Number of Relay Stations 

that facilitate radio planning operators to build high capacity without using 

expensive licensed simulators [49]. Tilwari et al. presented a Mobility, 

Battery, and Queue length Multipath-Aware (MBMQA) routing scheme for 

the IoT 5G network based on D2D communication. Device-to-device (D2D) 

technology is extensively utilized as the communication mechanism on the 

Internet of Things (IoT) fifth generation (5G) network, thanks to the rapid 

growth of future wireless networks. Pervasive intelligent applications are 

provided by the IoT 5G network, which is based on D2D communication 

technology. Several points need to be addressed before realizing this 

technology, some of which include device energy being constrained due to 

limited battery power, which results in connectivity suffering due to link 

failures. Similarly, the device's movement changes the network structure in 

unpredictable ways, posing a threat to established routes. It was found from 

simulation results that MBMQA surpasses MEQSA-OLSRv2 and MP-

OLSRv2 in comparison tests regarding energy consumption, energy cost, 

packet delivery ratio, throughput, packet drop, and average end-to-end delay 

[50]. 

Tinh et al. introduced and discussed mathematical techniques, namely 

game theory, and real-time optimization, keeping in mind the optimization of 

Ultra-dense networks (UDNs). Various challenges and problems associated 

with deploying UDNs in a realistic environment were also discussed. For the 

first time, an optimal joint strategy combining real-time optimization and game 

theory (GTA), an exceptional tool for tackling large-scale UDN optimization 

problems of low complexity, was also introduced. UDNs have been used to 

resolve the critical issues that have arisen due to the growing demand for 

increased coverage and capacity in fifth generation (5G) wireless networks. 

The introduction of UDNs on a broad scale is expected to break the basic 

deadlocks beyond 5G or sixth-generation networks, delivering higher orders 

of measure increases over current technology. Numerical simulations done for 

the optimization of current UDNs are time-consuming, and difficulties arise in 
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the context of 6G with high density. An innovative combination of game 

theory and real-time optimization was developed to quickly and precisely 

generate several viable ways for solving large-scale UDN issues [51]. 

Mai et al. proposed a smart and flexible scheme for Enhanced 

Utilization Resource Allocation (EURA) with three new methods that could 

dynamically fit UE's Channel Quality Indicator (CQI) states. 5G wireless 

communication networks are built to meet high demands. The Long-Term 

Evolution Technology provides a time and cost-efficient solution for 

deploying 4G/5G network infrastructure. The proposed mechanism was 

compared against other schemes such as Max-Rate, Exponential/Proportional 

Fair and Maximum-Largest Weighted Delay First. It was found from the 

results that the proposed algorithm could retain rare radio capacity and 

enhance the utilization of radio resource management [52]. Cetin et al., 2021 

studied D2D communication central to a cellular network. The paper's central 

attention is the delay aware resource allocation problem for maximum sum 

rate. The scheduling order of D2D pairs and the transmission pairs are the main 

decision parameters to maximize the sum-rate subject to delay constraints. 

Further, the delay tradeoff and throughput are explored. The results from the 

paper showed that with an increasing number of allowed D2D pairs on a sub-

channel, the maximum delay in these D2D devices decreases [16]. 

Fujdiak et al. focused on the Long-Range Wide Area Network 

(LoRaWAN) technology and the public and private deployment options. The 

performance comparison was done considering the public and private 

LoRaWAN deployment options. The comparison has mostly been focused on 

three parameters –communication performance, cost analysis, and security. 

Modern low power wide area technologies (LPWAN) technologies have been 

put forward for providing connectivity access to many devices, maintaining 

the tradeoff between price and utilization and the span of communication. The 

results of this paper would help better understand the LoRaWAN technology 

covering the advantages and disadvantages of private and public deployment 

options. The paper provides both the theoretical and experimental grounds for 

the results. This study focused specifically on the uplink-only traffic of sensor 

devices. The downlink traffic for actuator devices introduces new challenges 

and optimization dimensions. Cost structures and security aspects of both the 

public and private deployment options were also considered in this study. The 

results show clear differences between the two options, supporting choosing 

the most effective deployment option for a specific target application. Future 

research includes developing easy-to-use models for planning and assessing 

LoRaWAN networks [53].  
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Theme 5: Schemes and frameworks of software involved in interference 

management. 

 

Manjunath et al. proposed a hybrid communication framework that can 

look over interference management and routings in backhaul links. He also 

formulated an effective data access framework using distance-based cluster 

head selection that could solve the interference problems. The proposed 

method also supported the collective issue of the on/off status of the mobile 

using 5G mmWave backhaul links. Development of backhaul links using 

heuristic search methods was also done. Results showed that the throughput 

rate, energy consumption rate, and mobility rate were maximized with the 

proposed framework. Simulation analysis helped prove the efficiency of the 

method [9]. Pavia et al. presented a detailed system-level evaluation of a cloud 

radio access network (C-RAN) for beyond 5G systems with access points 

(APs) operating in the mmWave/THz bands. Investment in the design, testing, 

and deployment of wireless communication systems has been fueled by the 

rapid growth of the telecommunications field. One possible technology option 

to achieve rates above 100Gbps and low latency is terahertz communication. 

The Terahertz band has issues like scattering and reflection losses through the 

transmission path, along with several hardware challenges. Arrays of 

subarrays (AoSAs) or dynamic arrays of subarrays (DAoSAs) are combined 

with hybrid precoders based on fully connected phase-shifter architectures or 

partially connected architectures (DAoSAs) with massive/ultramassive 

antenna arrays. It was found from the results that there was an increase in 

throughput and coverage performances on using C-RAN deployments in two 

indoor office scenarios. It was also found that compared to the indoor-open 

office scenario, the indoor-mixed office scenario gave better coverage and 

higher throughput [7]. 

Sanyal et al. described a user association system based on game theory 

for determining optimal affiliations in D2D wireless networks by finding the 

Nash Equilibrium for games involving each pair of devices, using factors like 

the signal to interference and noise ratio, route loss, and remaining battery 

charge for each device serving as a network node. An evolutionary game-

theoretic model for D2D link formation in the network has also been 

developed to help identify evolutionarily stable strategies. D2D networks can 

effectively supplement traditional cellular communication networks, lowering 

the stress on the traditional cellular networks while preserving or improving 

the service quality. The method's evolutionary stability has been demonstrated 

through simulation trials, with the strategy resulting in the largest payoff and 
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the greatest number of link forms and a significant rise in the number of 

network nodes [11].  

Sahrab et al. suggested three filters: Hanning, Hamming, and 

Blackman. The fifth-generation wireless communication networks provide 

enhanced mobile broadband, ultra-reliable low latency communications, and 

massive machine-type communication. The strong out-of-band emission of 

Cyclic Prefix – Orthogonal Frequency Division Multiplexing (CP-OFDM) has 

hindered the use of multi-numerology applications. The use of a good filtering 

method, on the other hand, can improve filtered OFDM. Results showed that 

the proposed filters outperformed the traditional CP-OFDM [5]. 

Kumar et al. carried out the observation of the realistic NOMA 

downlink method in the Rayleigh fading networks. Non-orthogonal multiple 

access, abbreviated as NOMA, helps wireless fifth-generation networks 

achieve extensive connectivity, low delay, better performance, high reliability, 

and fairness. The outage efficiency in the Rayleigh fading channel models of 

NOMA systems with statistical channel state information CSI was analyzed 

and evaluated. Both analytical and simulation results verify the precision of 

the outage probability analysis and the optimum power allocation methods. 

Results showed improvement in NOMA schemes. In the case of ordered 

NOMA, the user with greater power has a lower outage probability, whereas 

the user with less power has a higher outage probability at low signal to noise 

ratio. In the case of unordered downlink NOMA, the user with greater power 

has a lower outage probability. In contrast, the user with less power has a 

higher outage probability at any signal to noise ratio value. Results also proved 

that the achievable sum rate is higher for random power allocation than 

optimum power allocation [6]. 

Majhi et al. conducted a study inspired by future 5G networks where 

additional spectrum in the mm-wave band complements transmission in the 

incumbent microwave band that studies a class of conventional microwave and 

nonconventional mm-wave dual-band Gaussian interference channels (GIC) 

with two transmitters and two receivers. Two types of channels were used to 

obtain sufficient channel conditions, where the underlying GIC in the 

microwave band exhibits weak and strong interference. A transmitter must use 

highly directed antenna arrays in the mm-wave range to reach the intended 

receiver due to considerable path loss and a narrow wavelength. A transmitter 

can use this capability to transmit to the other receiver or its intended receiver 

since it makes the mm-wave channels more directed [10]. 

Qaddus et al., 2018 suggested developing a robust and reliable channel 

for minimizing 5G cellular heterogeneous networks and cross-tier 



 

30 

interference. By solving these issues at Macro User Equipments and Femto 

User Equipments on the downlink channel from the transmitting signals of 

Macro Base Stations and Femto Base Stations, bit error rates can be lowered, 

and signal-to-interference-plus-noise ratio values can be increased. This 

further resulted in an elevated magnitude for keeping up high data-rate 

bandwidth applications. As a result, the author proposes that 5G heterogeneous 

cellular networks be used to create a high-speed cellular network [8]. The 

future scopes section will present the author's perspective on this and our 

understanding. 
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5 Future Scope and Conclusion 
 

This thesis is focused on the complications of 5G systems and has 

extensive discussions based on the existing literature in the field. The thesis 

primarily focuses on the research on interference management in 5G, and the 

solutions designed and tested by different authors, along with their test results. 

The discussion of the solutions to the issues is presented. Measures to avoid 

these complications in the 5G network propagation are also included in the 

thesis.  

This thesis provides a succinct overview of 5G wireless 

communications systems. Papers in the review help in getting a clear idea of 

the hardware design specifications of communication networks. The antenna 

design described in some articles in the thesis aims to be low-cost, lightweight, 

energy efficient and easy to fabricate with wide bandwidth and high 

directivity. Moreover, readers comprehension is enhanced by explaining the 

algorithms behind these networks for providing reliability and security along 

with high speed.  

An extensive literature review is conducted to analyze the present state 

of research in the domain of interference issues in 5G. Interference poses a 

huge functionality problem in these networks. The review provides many 

insights into the current issues and present solutions like backhaul routing, and 

assessments of designs for downlink transmissions, multiplexing schemes, 

dual-band interference channels, use of filters, game theoretical approach 

(GTA) and channel distribution schemes to manage interference issues. This 

review discusses a genetic algorithm approach for linear array synthesis to get 

the elements in the best possible position with the minimum side lobe level 

and nulls in desired directions to minimize interference. The author's notion is 

that the GTA methodology along with genetic algorithm might be a potential 

solution to minimize interference in 5G signal propagation. 

For the future extension of the thesis, the author discusses the issues 

these interference schemes face in functioning and factors that need to be 

enhanced via literature review among other things.  

 The review provides many techniques to minimize interference in 5G 

networks but almost all the techniques and methods are quite complex and 

costly. The techniques mentioned can be tested for their feasibility and 

performance for 5G and beyond.  
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