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The rapid growth of connected devices and the increasing demand for low-latency, high- 
speed communication have driven the evolution of modern network architectures. This 
paper explores the integration of edge computing and 5G technology as a transformative 
approach to enhancing network efficiency and performance. By decentralizing data 
processing and shifting computational tasks closer to end-users, edge computing 
minimizes latency, reduces bandwidth consumption, and improves overall network 
responsiveness. Simultaneously, the deployment of 5G networks provides the necessary 
infrastructure to support ultra-reliable low-latency communication (URLLC) and massive 
machine-type communications (mMTC). Through a qualitative methodology based on 
literature reviews and library research, this study synthesizes current academic and 
industry findings to assess the synergies between edge computing and 5G technology. 
The paper highlights the benefits, challenges, and future directions of this integration, 
emphasizing its potential to revolutionize sectors such as smart cities, healthcare, 
autonomous vehicles, and industrial automation. Findings suggest that while edge 
computing and 5G hold significant promise, addressing security, scalability, and 
interoperability remains crucial for widespread adoption. This research contributes to the 
growing body of knowledge by providing a comprehensive overview of existing 
frameworks and proposing strategies to optimize network performance through seamless 

 edge-5G convergence.  
 
 

 
1. INTRODUCTION 

 

In the era of exponential digital transformation, 
the demand for high-speed, low-latency, and 
resilient network infrastructures has intensified. 
The convergence of edge computing and 5G 
technology is emerging as a pivotal enabler for 
addressing the increasing complexity and 
performance demands of modern networks 

(Korada, 2024). Edge computing decentralizes 
data processing by placing computation 
resources closer to end-users, reducing latency 
and optimizing bandwidth consumption 
(Basaran, Kalem, & Kosu, 2024). Concurrently, 
5G networks introduce unprecedented 
capabilities such as enhanced mobile broadband 
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(eMBB), ultra-reliable low-latency 
communication (URLLC), and massive 
machine-type communications (mMTC), 
enabling seamless integration across various 
industries (Komianos & Oikonomou, 2024). 
This study investigates the potential of edge 
computing and 5G integration to enhance 
network efficiency, driven by the increasing 
adoption of IoT, artificial intelligence, and 
immersive technologies (Pasupuleti, 2024). 

 
Despite significant advancements in both 5G 
and edge computing, comprehensive 
frameworks detailing their combined impact on 
network efficiency remain underexplored 
(Etienne, Firdaus, Latt, & Noh, 2024). Existing 
research predominantly addresses isolated 
implementations of 5G or edge computing 
without thoroughly analyzing their synergistic 
potential to optimize network performance 
(Gregory, Bahramisirat, & Li, 2024). 
Furthermore, while 5G facilitates faster data 
transmission, edge computing's role in 
enhancing distributed processing capabilities is 
yet to be fully harnessed, particularly in 
industrial IoT and autonomous systems (Yang 
et al., 2024). 

 
The urgency of this research is underscored by 
the rapid expansion of smart cities, autonomous 
transportation, and real-time applications, 
necessitating networks capable of supporting 
high-throughput, ultra-reliable connectivity 
(Theodoridis, 2024). As organizations transition 
to Industry 4.0, integrating 5G with edge 
computing is critical to achieving resilient, 
adaptive, and scalable network architectures 
(Korada, 2024). Addressing this integration gap 
is essential for unlocking the full potential of 
smart grids, healthcare systems, and connected 
infrastructure (Boccuzzi & Manganello, 2024). 

 
Recent studies highlight the transformative role 

of 5G in advancing industrial automation and 
real-time analytics (Chris, Qudus, & 
Sheriffdeen, 2024). However, there remains a 
disconnect in leveraging edge computing to 
complement 5G's bandwidth and latency 
benefits (Tekgul, 2024). For instance, edge 
nodes can offload traffic from centralized cloud 
servers, mitigating congestion and ensuring 
faster data processing (Duan & Liu, 2024). 
Research by Basaran et al. (2024) emphasizes 
the importance of secure edge networks 
integrated with 5G, citing applications in smart 
cities and critical infrastructure. 

 
The novelty of this study lies in its holistic 
examination of edge computing and 5G co- 
deployment, offering strategic insights into their 
combined implementation across diverse 
sectors (Pasupuleti, 2024). By synthesizing 
findings from academic and industry sources, 
this research proposes innovative frameworks to 
improve latency, scalability, and cost-efficiency 
(Korada, 2024). 

 
The primary objective of this study is to evaluate 
how the convergence of edge computing and 5G 
can drive network efficiency and enhance 
performance across various applications. 
Specific goals include: 

 
• Analyzing latency reduction through edge- 

5G integration. 
• Assessing scalability and bandwidth 

optimization in distributed networks. 
• Identifying challenges in interoperability 

and security. 
 

The benefits of this research extend to 
telecommunication providers, policymakers, 
and industries seeking to deploy robust, low- 
latency networks capable of supporting next- 
generation applications. 
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2. METHOD 
 

This study adopts a qualitative research 
approach utilizing literature review and library 
research methods to explore the integration of 
edge computing and 5G technology in 
enhancing network efficiency. The qualitative 
approach allows for an in-depth understanding 
of existing theoretical frameworks, 
technological advancements, and practical 
implementations across various sectors 
(Nosheen & Omar, 2024). The study is 
descriptive and exploratory, aiming to 
synthesize academic contributions, industry 
reports, and case studies relevant to the 
convergence of edge computing and 5G 
networks. 

 
The primary data sources for this study include 
peer-reviewed journal articles, conference 
papers, white papers, and technical reports 
published between 2018 and 2024. The 
databases utilized include Google Scholar, IEEE 
Xplore, Springer, and ResearchGate, ensuring 
access to high-impact publications and the 
latest technological insights (Pulsipher, 2024). 
Secondary sources include government 
publications, industry white papers, and reports 
from leading telecommunication and IT 
companies that document real-world 
deployment and integration of 5G and edge 
computing. 

 
Data collection is conducted through systematic 
searches using key terms such as "Edge 
Computing and 5G Integration," "Network 
Efficiency with 5G and Edge," and "Edge 
Computing for IoT and 5G." A snowball 
sampling technique is employed to trace 
citations and references within relevant articles, 
ensuring comprehensive coverage of existing 
knowledge. Inclusion criteria are limited to 
articles published within the last five years to 

maintain relevance and reflect the rapid 
technological evolution in this domain (Khare et 
al., 2024). 

 
The collected data is analyzed using thematic 
analysis to identify patterns, trends, and 
recurring themes across the literature. Key 
areas of focus include latency reduction, 
bandwidth optimization, distributed network 
architectures, and scalability. Comparative 
analysis is performed to assess different 
frameworks and solutions proposed by 
researchers and industry practitioners. The 
findings are categorized to highlight benefits, 
challenges, and future research directions in 
integrating edge computing with 5G technology 
(Nosheen & Omar, 2024). 

 
To ensure the reliability and validity of the 
findings, the study triangulates data from 
multiple sources and cross-references various 
perspectives on the topic. This approach 
minimizes bias and enhances the robustness of 
the conclusions drawn from the literature. 

 
 

3. RESULT AND DISCUSSION 
 

The table below summarizes the key findings 
from 10 selected articles published between 
2019 and 2024, sourced from Google Scholar. 
These articles focus on the integration of edge 
computing and 5G technology to enhance 
network efficiency. The selection criteria 
prioritized articles that address the practical 
implementation, benefits, and challenges of this 
technological convergence. 
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No Title Author(s) Yea Key Findings 
 

1 Smart Transcoding and 
Compression in Volumetric 
Video: Advances, Challenges, 
and Future Directions 

Chris, E., 
Qudus, A., 
Sheriffdeen, K. 

2024 Highlights edge computing's role 
managing 5G data flow and optimiz 
bandwidth. 

 

 

2 Role of 5G Edge Computing 
in Industry 4.0 

 
3 5G/6G Technology 

Korada, L. 2024  Demonstrates how 5G and e 
computing drive industrial automat 
and consistent performance. 

Basaran, M., Kale 2024 Focuses on edge computing and 5G 
Capabilities for Smart Cities G., Kosu, S. developing secure networks for sm 

city infrastructure. 
 

 

4 IoT-Driven Transformation: 
Agriculture and Smart Cities 

Pasupuleti, M. K. 2024 Examines predictive analytics, AI, 
and edge computing for agriculture 
smart city solutions. 

 

 

5 Hyperledger Fabric-Powered 
Network Slicing for 5G 

 
6 Integrating Big Data and 

Edge Computing for AI 
Efficiency 

Etienne, I. 
Firdaus, M., Latt, 
N. Z., Noh, S. 

Susatyono, J. 
Suasana, I. S. 

2024 Analyzes how edge computing 
network slicing improve latency 
throughput in 5G networks. 

2024 Explores the synergy between e 
computing, 5G, and big data in r 
time AI applications. 

 

 

7 UAV Trajectory Optimization 
for IoT Devices 

Hoang, T. M. 2024  UAV-assisted edge comput 
improves 5G IoT networks 
optimizes data processing. 

 

 

8 Multi-Access Edge 
Computing for Resource 
Allocation 

Gregory, M. 
Bahramisirat, F. 

2024 Reviews MEC and network slicing 
tools to allocate resources in ed 
enabled 5G networks. 

 

 

9 6G and Edge Computing for 
IoT 

10 Empowering Connectivity: IoT 

Theodoridis, N. 2024 Describes the future role of 6G 
edge computing in IoT environments 

Madaan, G., Sin 2025  Discusses AI, IoT, and e 
and AI in 5G A. computing’s integration with 5G 

connected environments. 
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The review of the selected articles reveals 
several recurring themes and advancements in 
the integration of edge computing and 5G 
technology. A critical insight from this analysis 
is the complementary nature of edge computing 
and 5G in enhancing network efficiency across 
diverse industries. By decentralizing data 
processing, edge computing reduces latency and 
alleviates bandwidth congestion in 5G 
networks, making real-time applications more 
feasible (Chris, Qudus, & Sheriffdeen, 2024). 

 
In the industrial sector, edge computing 
combined with 5G has proven transformative, 
as highlighted by Korada (2024). By supporting 
Industry 4.0 initiatives, this integration allows 
for seamless communication between machines 
and data centers, resulting in increased 
automation and efficiency. This technological 
duo also plays a vital role in smart city 
developments, as evidenced by the work of 
Basaran et al. (2024), which demonstrates the 
construction of secure, interconnected 
infrastructure. 

 
Agriculture and urban management are also 
experiencing profound transformations through 
IoT, AI, 5G, and edge computing integration. 
Pasupuleti (2024) highlights how predictive 
analytics, supported by these technologies, 
helps optimize crop yields and improve 
resource distribution in smart cities. Similarly, 
network slicing and edge computing are pivotal 
in achieving low-latency operations, as 
demonstrated by Etienne et al. (2024). 

 
The application of edge computing extends to 
emerging fields such as UAV (Unmanned Aerial 
Vehicle) networks. Hoang (2024) reveals how 
UAVs can utilize edge computing to optimize 
IoT device connectivity, improving data 
collection in remote environments. 
Furthermore,  multi-access  edge  computing 

(MEC) facilitates efficient resource allocation 
and load balancing, as described by Gregory 
and Bahramisirat (2024). 

 
Future-oriented research, including work by 
Theodoridis (2024), envisions the role of edge 
computing in 6G environments. As 6G begins to 
emerge, edge computing's influence in 
managing vast IoT ecosystems will expand 
significantly. Madaan and Singh (2025) further 
emphasize how integrating AI, IoT, and edge 
computing will redefine connectivity standards, 
creating immersive, responsive environments. 

 
Overall, the literature suggests that while the 
integration of edge computing and 5G has 
yielded impressive results, challenges remain, 
particularly in the areas of interoperability, 
security, and scalability. Addressing these 
hurdles is essential for realizing the full 
potential of this technological synergy across 
industries. 

 
The convergence of edge computing and 5G 
technology has emerged as a crucial driver for 
enhancing network efficiency across multiple 
industries, aligning with the increasing demand 
for low-latency, high-speed, and resilient 
communication infrastructures. This 
technological integration reflects a broader 
response to the exponential growth of Internet 
of Things (IoT) devices, artificial intelligence 
(AI), and real-time data processing 
requirements, which are rapidly transforming 
sectors such as manufacturing, healthcare, 
smart cities, and autonomous systems. 

 
In the current landscape, the proliferation of 
smart devices and connected ecosystems 
highlights the inadequacy of traditional cloud- 
based architectures, which struggle to handle 
large volumes of data in real-time. As industries 
adopt Industry 4.0 initiatives, the necessity for 
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decentralized data processing and localized 
computing resources becomes more evident 
(Korada, 2024). Edge computing addresses this 
gap by processing data closer to the source, 
significantly reducing latency and alleviating 
the burden on central cloud servers. When 
coupled with 5G networks, this paradigm shift 
enables faster data transmission and seamless 
connectivity, enhancing the responsiveness of 
applications such as autonomous vehicles, 
remote surgeries, and smart grids (Basaran et 
al., 2024). 

 
One of the most compelling examples of this 
integration is evident in smart city 
developments. With urbanization accelerating 
globally, cities are under pressure to adopt 
sustainable and efficient infrastructure. Edge 
computing, in collaboration with 5G, facilitates 
real-time monitoring and management of traffic 
systems, energy distribution, and public safety 
networks. This combination not only enhances 
operational efficiency but also optimizes 
resource allocation, contributing to the 
reduction of urban congestion and 
environmental impact (Pasupuleti, 2024). 

 
A parallel phenomenon can be observed in the 
healthcare sector, where edge computing and 
5G integration are revolutionizing telemedicine 
and remote patient monitoring. The COVID-19 
pandemic underscored the importance of 
robust telehealth systems capable of delivering 
immediate, data-driven insights. By deploying 
edge nodes near hospitals and clinics, 
healthcare providers can ensure faster 
diagnostic processing and reduce the risk of 
network outages during critical operations 
(Etienne et al., 2024). This model not only 
improves healthcare accessibility but also 
strengthens data security by minimizing the 
exposure of sensitive information during 
transmission. 

In the industrial domain, the rise of 
autonomous manufacturing systems reflects the 
transformative potential of 5G and edge 
computing. Factories equipped with smart 
sensors and AI-driven machinery are 
increasingly reliant on low-latency networks to 
facilitate machine-to-machine communication. 

 
Studies by Gregory and Bahramisirat (2024) 
highlight how multi-access edge computing 
(MEC) enables efficient resource allocation and 
ensures uninterrupted workflow, critical for 
sectors such as automotive and electronics 
manufacturing. The seamless flow of data 
between machines, facilitated by edge-5G 
integration, enhances productivity and 
predictive maintenance, reducing costly 
downtime. 

 
Despite these advancements, challenges in 
scalability and interoperability persist. The 
integration of diverse edge devices across 
complex 5G networks introduces security 
vulnerabilities and data fragmentation issues. 
As Theodoridis (2024) notes, the transition 
toward 6G ecosystems is expected to exacerbate 
these concerns, necessitating the development 
of more sophisticated frameworks to ensure 
secure and interoperable edge environments. 
Addressing these challenges requires a 
concerted effort from policymakers, industry 
leaders, and academic researchers to establish 
standardized protocols and enhance cross- 
platform collaboration. 

 
4. CONCLUSION 

 
The integration of edge computing and 5G 
technology marks a significant advancement in 
enhancing network efficiency, scalability, and 
real-time data processing across various sectors. 
This convergence addresses the increasing 
demand   for   low-latency,   high-speed 



1143 This is an open access article under the CC BY License 
(https://creativecommons.org/licenses/by/4.0). 

 

communication in the face of growing IoT 
adoption, smart city developments, and 
Industry 4.0 transformations. By decentralizing 
data processing and moving computational 
tasks closer to end-users, edge computing 
reduces network congestion and enhances the 
performance of 5G infrastructures, enabling 
critical applications such as autonomous 
vehicles, telemedicine, and smart grids. 

 
The review highlights that smart cities, 
healthcare, and industrial automation stand to 
benefit the most from this technological 
synergy, offering enhanced connectivity, 
improved resource allocation, and more 
efficient operations. In urban environments, 
this integration contributes to more sustainable 
and optimized infrastructure, while in 
healthcare, it supports the expansion of remote 
patient monitoring and telehealth services. In 
industrial settings, edge-5G technologies drive 
predictive maintenance, automation, and 
productivity, resulting in more efficient and 
resilient manufacturing processes. 

 
However, while the potential benefits are clear, 
interoperability, scalability, and security 
challenges remain as barriers to widespread 
adoption. The evolving landscape of 6G and 
future network technologies further underscores 
the need for standardized protocols and robust 
regulatory frameworks to ensure seamless 
integration across diverse platforms and 
sectors. 

 
In conclusion, edge computing and 5G 
integration represent a transformative step 
toward future-proof network architectures that 
will shape the next generation of digital 
ecosystems. Continued collaboration between 
industry, academia, and policymakers is 
essential to unlock the full potential of these 
technologies  and  drive  innovation  in  an 

increasingly interconnected world. 
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