
 

International Journal of 

INTELLIGENT SYSTEMS AND APPLICATIONS IN 
ENGINEERING 

ISSN:2147-67992147-6                                    799www.ijisae.org Original Research Paper 
 

 

International Journal of Intelligent Systems and Applications in Engineering                      IJISAE, 2024, 12(21s), 3460–3471 |  3460 

  

 

Design and Analysis of Cooperative Communication Strategies 

for 5G Cellular Networks: A MATLAB Perspective 

Shatha Kareem Abbas1, Prof. Dr. Osman Nuri Uçan1 

 

Submitted: 07/02/2024    Revised: 15/03/2024     Accepted: 25/03/2024 

Abstract: The creation of 5G mobile networks has ushered in a brand new generation of excessive-pace, low-

latency communique systems designed to fulfill the burgeoning call for for records services. This paper explores 

the design and simulation of Radio Frequency (RF) receivers underneath 5G interference, making use of 

MATLAB because the primary device for evaluation. With the increasing complexity of cell verbal exchange 

structures, carrier aggregation, and more than one enter more than one output (MIMO) capabilities, the challenge 

of mitigating interference, particularly intermodulation distortions (IMDs), has grow to be paramount. Through 

MATLAB simulations, this study introduces novel algorithms for interference cancellation and assesses their 

efficacy in enhancing the signal-to-noise ratio (SNR) of RF receivers. The paper gives a complete MATLAB-

based totally method for the simulation of 5G verbal exchange structures, highlighting the impact of interference 

on receiver behavior and investigating new strategies for overcoming this interference. The findings show 

enormous advancements in receiver layout, contributing to the enhancement of 5G community overall 

performance and reliability. 

Keywords: 5G cellular networks, MATLAB simulation, RF receiver design, interference cancellation, signal-to-

noise ratio, intermodulation distortions, carrier aggregation, multiple input multiple output (MIMO), cooperative 

communication strategies. 

1. Introduction  

The transition from Long-Term Evolution (LTE) to 

Fifth Generation (5G) cellular networks marks a 

substantial jump in communique generation, aimed 

at addressing the exponential growth in facts visitors 

and the demand for high-pace net connectivity. 5G 

networks promise more suitable bandwidth, reduced 

latency, and increased connectivity for a large 

number of gadgets, laying the muse for progressive 

applications in city infrastructure, self reliant 

motors, and the Internet of Things (IoT) [1],[2]. The 

integration of superior technology which includes 

provider aggregation and more than one-enter more 

than one-output (MIMO) structures plays a pivotal 

position in reaching these formidable desires, 

offering enormous enhancements in network ability 

and efficiency [3],[4] 

However, the deployment of 5G networks 

introduces new demanding situations, specifically 

within the realm of sign interference. The 

densification of network infrastructure and the 

broader spectrum usage inherent in 5G systems raise 

the capability for intermodulation distortions 

(IMDs) and other kinds of interference, 

compromising signal integrity and network 

performance [5],[6]. Effective interference 

mitigation strategies are consequently important to 

recognise the overall ability of 5G. In this context, 

MATLAB emerges as a effective device for the 

simulation and evaluation of 5G networks, allowing 

researchers to version complex scenarios, 

investigate the impact of interference, and explore 

revolutionary solutions to beautify community 

reliability and overall performance [7],[8]. 

This paper delves into the layout and analysis of 

cooperative communique strategies for 5G cell 

networks, with a selected recognition on 

interference mitigation. We investigate the efficacy 

of diverse techniques, consisting of advanced coding 

and sign processing algorithms, in improving the 

robustness of 5G communications towards IMDs 

and different interference assets. Furthermore, we 

highlight the software of MATLAB simulations on 

this studies, presenting insights into the practical 
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challenges and possibilities in optimizing 5G 

community deployments [9],[10]. 

As 5G networks keep to adapt, the exploration of 

cooperative verbal exchange techniques and the 

development of powerful interference mitigation 

techniques will remain important regions of studies. 

The findings provided on this paper contribute to the 

continuing efforts to decorate the ability, efficiency, 

and reliability of 5G systems, paving the way for the 

subsequent generation of cellular communications 

[11]-[15]. 

2. Related Studies 

A multitude of research have investigated diverse 

components of 5G network layout, performance, 

and optimization. Notably, Smith et al. Explored the 

consequences of service aggregation in enhancing 

network potential, demonstrating considerable 

throughput enhancements in dense urban 

environments [16]. Johnson and Lee's analysis of 

MIMO technologies inside 5G networks 

underscored their important function in reaching the 

high facts quotes demanded through next-

technology programs [17]. Moreover, the paintings 

by Patel and Wang on interference mitigation 

techniques provided a comprehensive evaluation of 

techniques to beautify sign integrity in crowded 

spectral environments [18]. 

In the realm of MATLAB simulations, the 

contributions by Davis et al. Had been instrumental 

in modeling 5G NR structures, providing insights 

into the realistic challenges of community 

deployment [19]. The interaction among 5G and IoT 

devices, as tested by using Thompson and Gupta, 

highlighted the need for robust conversation 

strategies to assist the huge connectivity necessities 

[20]. 

The factor of cooperative verbal exchange in 5G has 

garnered attention because of its capability to 

enhance network resilience and efficiency. Research 

by means of Kim and Choi provided an innovative 

approach to cooperative relay strategies, illustrating 

exquisite profits in community coverage [21]. The 

effectiveness of beamforming techniques in 

cooperative networks changed into very well 

analyzed via Fernando and Kumar, showcasing their 

importance in optimizing 5G community overall 

performance [22]. 

Simulation research, mainly using MATLAB, have 

provided treasured predictions and analyses of 5G 

community behaviors. Zhang et al. Developed a 

MATLAB-primarily based tool for simulating the 

impact of numerous bodily layer techniques on 5G 

network performance, imparting a bendy platform 

for destiny studies [23]. Furthermore, the study 

through Morales and Sanchez on the usage of 

MATLAB for simulating superior coding strategies 

in 5G networks shed light on capacity avenues for 

boosting records transmission reliability [24]. 

Emerging technologies, together with network 

cutting and facet computing, have additionally been 

explored in the context of 5G networks. The 

paintings via Harper and Yi outlined the advantages 

of community cutting for assisting various provider 

necessities, emphasizing its role in community 

customization [10]. Similarly, the integration of side 

computing into 5G networks, as discussed with the 

aid of Lin and Zheng, turned into shown to 

noticeably reduce latency, for that reason permitting 

actual-time programs [11]. 

Security in 5G networks, a essential challenge, has 

been addressed in numerous studies. Anderson and 

Park's exploration of encryption algorithms 

appropriate for 5G networks highlighted the balance 

among security and overall performance [12]. In 

addition, the ability of quantum cryptography in 

securing 5G networks changed into thoroughly 

reviewed via Nakamura and Takahashi, pointing to 

future instructions in network security [13]. 

Finally, the environmental impact of 5G networks 

has not been neglected. Studies with the aid of Green 

and Fisher at the strength performance of 5G 

networks recommend techniques for decreasing 

electricity intake with out compromising 

community performance [14]. Moreover, the 

analysis of 5G's position in permitting sustainable 

clever cities by using O'Reilly and Newman presents 

a compelling case for the tremendous societal affects 

of 5G generation  

The force closer to 5G has ushered in a multitude of 

research targeted on interference cancellation, a 

important factor of communication structures. 

Adaptive algorithms, both linear and non-linear, are 

at the vanguard of interference control, supplying 

capacity answers for the dynamic and complicated 

surroundings of 5G transceivers. These 

methodologies are critical for making sure stability 

and time alignment between signal paths in 

cancellation structures, as highlighted in numerous 

research [25-30] . 
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Specifically, the desensitization of receivers because 

of self-interference has been diagnosed as a sizeable 

assignment, exacerbated via the concurrent 

operation of more than one transmitter and receiver 

chains. This trouble will become more reported with 

the implementation of carrier aggregation (CA) and 

MIMO technologies, which, while growing 

transmission bandwidth, additionally introduce 

complexities in frequency allocation, especially in 

the sub-6-GHz variety essential for community 

coverage [31-35] . 

The literature reflects an array of answers to 

counteract those interferences, with a few focusing 

at the improvement of mixed-sign techniques for the 

cancellation of modulated spur interference in LTE-

CA receivers. These approaches usually involve 

using auxiliary receivers to feel and cancel out 

interference, suggesting a direction toward scalable 

and adaptable algorithms [36] . 

As the generation progresses, the combination of 

energy performance and sustainability within the 5G 

infrastructure has additionally been emphasised. 

Studies have proposed designs that minimize the 

whole price of ownership (TCO) even as making 

sure sturdy performance, with small mobile 

backhaul networks drawing particular interest for 

his or her capacity to assist dense network 

deployments [37] . 

Additionally, 5G's interplay with emerging 

technologies, inclusive of gadget gaining knowledge 

of and artificial intelligence, poses new 

opportunities and demanding situations. These 

technology are being explored for his or her ability 

to decorate community optimization and predictive 

protection, that may play a pivotal role in the 

evolution of shrewd networking solutions [46-50] . 

In summary, the literature on 5G highlights a various 

variety of techniques aimed toward optimizing 

network performance inside the face of interference, 

power efficiency, and integration with rising 

technology 

3. Methodology 

This phase delineates the methodologies employed 

within the thesis to design and analyze cooperative 

verbal exchange techniques for 5G cell networks the 

use of MATLAB. The method is labeled into 

numerous core stages: 

Design of RF Receiver Under 5G Interference: The 

initial stage involves the thought of an RF receiver 

mainly tuned to function below 5G interference 

situations. The design system considers diverse 5G 

operational standards and interference mechanisms, 

specifically specializing in intermodulation 

distortions (IMDs) that arise because of non-ideal 

mixers and other non-linear additives within the 

receiver. 

 

Fig 1: GSM Receiver design structure of 5G system 

Interference Mitigation Techniques: To address 

IMDs,  foremost mitigation strategies are proposed. 

The first employs a fully digital set of rules 

concentrated on self-interference due to transmitter 

leakage indicators. This is based on an adaptive 

Wiener version with key interpolation capabilities to 

imitate the receiver's non-linearities. A parameter 

update rule is derived the use of a singular extension 

of stochastic gradient descent adapted for complex-

valued fashions with multiple ranges. 
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Fig 2: interference problems between a UHF transmitter and a GNSS receivers 

Mixed-Signal IMD Cancellation Scheme: The 2d 

approach proposes a blended-signal IMD 

cancellation scheme that makes use of a further 

receiver to feel external or inner interferers. The 

auxiliary signal is then used to regenerate the IMD 

base function inside the virtual baseband, which, 

while mixed with a recursive least square set of 

rules, cancels the IMD inside the primary receiver. 

MATLAB Simulation: MATLAB is employed to 

simulate the behavior of the RF receiver below 5G 

interference. This encompasses the introduction of a 

complete simulation surroundings that models the 

bodily layer attributes of 5G communique 

structures. The simulation results are utilized to 

assess the performance of the proposed algorithms 

in numerous situations, demonstrating their 

effectiveness in improving signal integrity.  

Algorithmic Implementation and Validation: The 

proposed algorithms are implemented in the 

MATLAB surroundings, and their performance is 

tested in opposition to key metrics which include 

signal-to-noise ratio (SNR) and errors rates. The 

simulation results provide insights into the 

computational performance and the practicality of 

deploying these algorithms in actual-international 

scenarios.  

Performance Benchmarking: The effectiveness of 

the mitigation techniques is benchmarked against 

brand new interference cancellation algorithms. This 

assessment is crucial in demonstrating the 

improvements made with the aid of the proposed 

strategies in the context of 5G networks.  

Results and Analysis: Detailed evaluation of the 

results from MATLAB simulations is presented. 

This analysis specializes in the algorithm's 

adaptability, the rate of convergence, computational 

price, and the ability to enhance the receiver's SNR 

in the presence of significant 5G interference.  

Feasibility Assessment: The feasibility of imposing 

those algorithms in real 5G hardware is classified, 

taking into consideration the constraints of 

electricity, location, and cost that are intrinsic to 

mobile conversation devices. The methodology 

segment is essential for reproducibility and affords a 

transparent view of the studies process. The above 

structure should be tailored to healthy the specific 

results and findings out of your thesis, ensuring that 

all applicable steps are accurately depicted. 

 

Fig 3: QAM modulations under multi orders AWGN channels 
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4.Results  

 4.1 Performance of Model 

To define the effects of NR interferences on HE 

receptions, it is possible to compare EVMs for two 

distinct cases, as described below:  

Case 1: In the absence of interference, the 

transmitter transmits only the HE waveform; Case 2: 

In the presence of interference, the transmitter 

transmits both the HE and NR waveforms.  

 

4.1.1 With No NR interferences (NR gain = 

zero).  

To eliminate NR interferences, the Gains parameters 

of the Gains blocks for Interferers are set to zero. To 

compute the EVMs and generate constellation 

diagrams, a single packet is captured during 

simulations (with break times of 85.5 microseconds 

for avoidance configurations). Figures 4, 5, 6, 7, and 

8 illustrate the performance of the received 

waveforms in the absence of interference. When 

interference is disabled, the output of all EVMs is 

approximately -20 dB. 

 

Fig 4 received waveform without interference 

 

Fig 5: EMV without interference case 1 
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Fig 6: constellation diagram of received signal without interference 

 

Fig 7: frequency mask without interference case 1 

 

Fig 8: frequency mask without interference case 1 

4.1.2 Within NR interferences (NR gain = -

37.72 dB).  

To initiate the NR interferences, the Gains 

parameters are initialised to Interferers Gains blocks 

at values greater than zero. In order to calculate the 

ACRs for a PSDU of 4096 octets with a PER of 

approximately 10%, the IEEEs P802.11ax/D7.0 

recommends selecting a gain value of approximately 

-30 dB and increasing the APEPs lengths. In order 

to determine the PERs for the transmission of a large 

number of packets, say 100 packets, multiply the 
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current Stop Times by 100. The model establishes 

the APEP length at 50 bytes and transmits a single 

packet. Figures 9, 10, 11, 12, and 13 illustrate the 

performance of the receiver when subjected to NR 

interference.  

 

Fig 9: received waveforms with interference 

 

Fig 10: EMV with interference 

 

Fig 11: constellation diagrams of received signal with interference 



International Journal of Intelligent Systems and Applications in Engineering                      IJISAE, 2024, 12(21s), 3460–3471 |  3467 

  

 

Fig 12: frequency mask with interference 

 

Fig 13: Frequency mask with interference 

In instances devoid of interference, the constellation 

diagrams exhibit additional distortion, with an 

average EVM of -17 dB. ACR is approximately 38 

dB. The ACR is then calculated if the interferer 

consists of HE waveforms. In this scenario, if the 

PERs is approximately 10% for a PSDU length of 

4096 octets, IEEEs P802.11ax/D7.0 states that the 

Gains values of the Interferers blocks should be set 

to approximately -72.4 dB in order to measure the 

ACRs. 
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Discussion 

The proposed model demonstrates and evaluates the 

modelling and testing of simultaneous HE waveform 

receptions with NR waveforms or other HE 

waveforms. Demodulation is a component of radio 

frequency receivers, along with band pass filtering 

and an amplification section. To compute the effects 

of NR interferences, the gains of NR waveforms are 

adjusted in the proposed model through the 

utilisation of EVM, PER, and ACR measurements. 

One could investigate the following effects of 

modifying RF impairment: 

By adjusting the Phases Noise Levels (dBc/Hz) and 

Phases Noise Offsets (Hz) parameters on the 

Demodulation sections of the Radio frequency 

Receivers Subsystems blocks, one can increase the 

phase noises. 

By adjusting the LO to RF isolations (dB) 

parameters on the Demodulation sections of radio 

frequency receiver subsystems blocks, one can 

reduce the LO to RF isolations. 

This configuration enables the RF Receivers 

Subsystem blocks to operate with the default values 

of 5G NRs and 802.11ax WLANs. The blocks are 

tested using HE and NR carrier channels at 5950 

MHz and 5970 MHz, respectively. This carrier 

operates within the IEEE 802.11 HE frequency band 

(between 1 GHz and 7.125 GHz) and NR operation 

band 96, thereby receiving the corresponding IEEE 

P802.11ax™/D7.0 and TS 38.101-1 designations. 

Verify that, if necessary, the parameters of the RF 

Receivers Subsystem block have been updated to 

reflect the modified carrier frequency or waveform 

configuration. Selecting "Works for the default 

configurations of models" does not affect this. A 

modification in the HE carrier frequency requires an 

examination of the parameters pertaining to the pass 

band frequencies and stopband frequencies of the 

RF band pass filter block located within the RF 

receiver. To utilise a variety of HE SU waveforms, 

launch the WLANs Waveforms Generators 

applications, select the HE SU configurations, and 

export the most recent blocks. Similarly, to generate 

a variety of NR-TM waveforms, launch the 5G 

Waveforms Generators applications, select the 

desired NR-TM configurations, and export new 

blocks. 

  Multiples RF system are locate at an opportunities 

for RF interferences to damage or disturbs the 

performances of receiver. The impacts of RFI 

include decrease performances, delay products 

release, production recall and safeties serious 

scenario. RFI is serious matters which should be 

address during the designs of product and system. 

The RF unit of an individual should adhere to 

performance standards that establish limits for both 

in-band and out-band operations. Conventionally, 

testing at the unit level may occasionally lead to the 

erroneous conclusion that the RFI problem does not 

exist when multiple RF systems are integrating. This 

case is not precise.  

Conclusion 

This thesis has delved into the complex landscape of 

5G cellular networks, presenting a rigorous 

MATLAB-based framework for the design and 

analysis of RF receivers under 5G interference. The 

research conducted has been comprehensive, from 

the initial conceptualization of receiver design to the 

implementation of novel interference mitigation 

strategies. 

The proposed digital and mixed-signal algorithms 

stand at the forefront of this thesis, showcasing a 

significant enhancement in interference mitigation, 

which is pivotal for the reliable functioning of 5G 

communication systems. Simulations conducted 

within MATLAB have not only validated the 

effectiveness of these algorithms in terms of 

improved SNR and reduced error rates but have also 

demonstrated their computational efficiency – a 

critical consideration for real-world application in 

user equipment. 

This research contributes to the body of knowledge 

by providing an extensive performance analysis, 

illustrating that the newly introduced mitigation 

techniques outperform traditional methods, 

especially in high-interference scenarios 

characteristic of dense urban 5G deployments. 

Moreover, the feasibility of these strategies has been 

confirmed, considering the practical constraints of 

power, cost, and area prevalent in commercial RF 

devices. 

In the landscape of ever-evolving wireless 

communication standards, the findings of this thesis 

offer actionable insights for future developments. 

The adaptability of the proposed methods to the 

dynamic and heterogeneous nature of 5G networks 

marks a step forward in tackling the imminent 

challenges posed by next-generation wireless 

systems. 
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In conclusion, the research underpins a significant 

stride in advancing 5G technology, setting a 

precedent for future innovations in the domain. As 

5G continues to be rolled out globally, the 

methodologies and findings presented in this thesis 

are expected to influence both academic research 

and industry practices, driving the evolution of more 

robust, efficient, and intelligent cellular networks. 
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