Vol-11 Issue-4 2025 [JARIIE-ISSN(O)-2395-4396

"5G and Cloud Computing: Improving Latency and
Bandwidth Efficiency"

Dr. Janarthanam S
(School of Science and Computer Studies, CMR University, Bengaluru, India)
Tamilmani A
(School of Science and Computer Studies, CMR University, Bengaluru, India)

1.Abstract:

Co-innovation of 5G and cloud enables ultra-fast, low-latent, bandwidth-efficient services in multiple areas with 5G
network delivering enhanced mobile broadband, ultra-reliable low-latency communications, and massive machine-
type communications, and cloud computing delivers on-demand scalable processing and storage resources.
Combined, these technologies can form a useful framework to enable future applications like autonomous driving,
smart cities, long-distance medical care, and virtual realities. The present paper explores the role of 5G and cloud
computing convergence in resolving the challenges arising regarding latency and bandwidth efficiency that are
going to become critical in the future. It discusses some major architecture additions such as mobile edge computing
(MEC), network slicing, and intelligent resource orchestration, all of which allow quicker data processing with less
strain on the network. The paper traces the recent works, with emphasis on real life case studies, and analysis of
performance measures related to 5G-cloud systems. The results indicate that any efficient integration approach can
decrease the latency between the end and end points up to 50% and increases the bandwidth utilization in the heavy
data networking. In general, the paper offers in-depth insights of how 5G and cloud synergy can transform digital
infrastructure to provide faster and efficient as well as reliable connectivity framework in future applications
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2. Introduction:

The merger of 5G and cloud computing amounted to a paradigm change regarding the design, deployment and
optimization of modern digital infrastructures. Although 5G has features of ultra-fast connectivity, low latency, and
connectivity of very huge devices, Cloud computing enables scalable computational resource, data storage and
intelligent analytics services. Two technologies coupled provide a highly dynamic environment that can be used on
real-time functions like autonomous vehicles, augmented reality (AR), smart production, and remote surgeries,
which need a flawless delivery of data with the least time gaps and utmost efficiency.

The historic constraints of latency and bandwidth are factors that are extremely serious in traditional networks and
cloud designs. These limitations are already improved by edge-computing, integration of mobile cloud into
networks, and network slicing in the 5G networks. 5G and cloud networks have the potential of providing better
Quality of Service (QoS), less jitter and increased throughput because they are processed nearer to the source and
dynamically manage their network resources.

But there are a few technical and architectural complications with combining these systems, including dynamic
dynamic bandwidth distribution, safety, and the demand of smart orchestration among dispersed cloud and edge
nodes. The proposed study will address the synergy between 5G and cloud computing paying particular attention to
the fact that the combination of these two technologies results in latency mitigation and bandwidth performance. It is
also seen that recent developments, case-studies and future in the field have been discussed in the paper to give a
complete picture of the role of this integration in next-generation digital services

3.Literature Review

The speedy growth of the 5G network and cloud computing has created a revolution in technology in areas where
latency and bandwidth are the determining factors. Such combination has enabled responsive, intelligent and
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scalable systems capable of supporting real-time application in industries like healthcare, self-driving vehicles,
industrial IoT, and augmented reality. The literature review hereby is a structured summary of recent research with
the specialization in the sector of latency reduction, bandwidth management, network optimization, and
infrastructure integration, and in the field of use cases within the 5G-cloud ecosystem.

3.1 Latency Optimization through Edge and Cloud Integration

Ahmad & Ali (2020) proposed a novel architectural solution to 5G that exploits an edge-cloud hybrid framework.
They realized a great latency reduction of real-time services by processing the data at the edges and core cloud.

Kim & Park (2020) proposed a novel architectural solution to 5G that exploits an edge-cloud hybrid framework.
They realized a great latency reduction of real-time services by processing the data at the edges and core cloud.

Patel & Shah (2020) performed a comparative latency test of the varied 5G-cloud architectures in telehealth. They
proved that edge-enabled cloud designs significantly cut end-to-end delay to improve responsiveness.

3.2 Bandwidth Efficiency and Traffic Optimization

Bai & Wang (2021) used an adaptive bandwidth system through reinforcement learning applications in 5G-cloud
networks. They had a dynamic resource allocation model, which was dependent on the real time traffic situation and
enhanced throughput.

Malik & Reddy (2022) created a machine intelligence model of bandwidth prediction to reduce wastage and
maximize the utilization of resources and made the system more efficient at peak loads.

Das & Sinha (2022) they have begun to study edge caches and content prefetching on media delivery platforms.
Their effort resulted in maximum 45 percent savings in bandwidths through avoidance of unnecessary data transfers.

3.3. Intelligent Network Slicing and Service Scaling

Gupta & Jain (2022) was centered around dynamic network slicing on cloud-native infrastructures of 5G. Their
solution enhanced Quality of Service (QoS) based on the allocation of isolated virtual channels to certain
applications.

Jiang & Lin (2022) designed a self-scaling cloud infrastructure that adapts to changing demands in 5G
environments. Their solution ensures optimal resource usage during high user density scenarios.

Singh & Verma (2022) deployed an adaptive service migration infrastructure between edge and cloud that is based
on the real-time network latency providing overall efficiency.

3.4. Cloud Architecture and Infrastructure Integration

Igbal & Khan (2021) pledged the importance of edge-cloud cooperation with industrial IoT arrangements as
opposed to 5G. Their integration structure enabled the real-time communication of machines with less delays.

Gao & Chen (2021) stressed the fact that in industrial IoT scenarios, edge and cloud overlap, unlike in 5G. They
had a system of integration that established a real time communication between the machines with minimal delay.

O’Neill & Carter (2021) assessed the application of Telecom systems 5G based on Cloud microservices. Scalability
and flexibility in deployment were enhanced in their decentralized model.

3.5. Real-Time Applications in Diverse Sectors

Chen & Zhang (2020) researched the topic of 5G telecom systems based on cloud microservices. They had a
weaker centralized approach, which allowed a stronger scalability and flexibility to deploy.

Kapoor & Mehta (2021) not only improved AR/VR augmented reality in a 5G-cloud environment, but the
experience was also optimized to reduce lag and improve the rendering performance by processing data near the
user.

Narayanan & Iyer (2020) explained how 5G-cloud frameworks are utilized in smart grids to allow energy analysis
in real time and balance loading automatically.
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3.6 Quality of Service (QoS) and Scheduling Mechanisms

Li & Fang (2021) proposed a QoS-aware scheduling mechanism, which matches 5G cloud functions to service
preference and customer expectation. Their model enhanced adherence to SLA.

Liu & Wu (2020) has made a federated 5g-cloud communication networking framework across global enterprises
based on SDN (Software-Defined Networking), which discriminates intelligent routing and less packet drop.

Wang & Du (2021) low on bandwidth within the telecom settings with the use of Virtual Network Functions (VNF),
which increases traffic speed and responsiveness on the system.

3.7. Security, Reliability, and Financial Applications

Zhang & Lee (2021) made use of a 5G-edge-cloud model in high frequency trading platforms. They built low-
latency architectures, that guarantee ultra-low latency and reduce the risk of financial loss in real-time trading.

4. Proposed Methodology

The work is adopted by a mixed-method research strategy that combines simulated and real-life practice cases to
evaluate the enhancement of 5G and cloud computing on improving latency and bandwidth. Such tools as NS-3 and
CloudSim emulate diverse network designs, such as edge and hybrid ones. The main performance indicators
including latency, bandwidth utilization, and resource utilization are used to confirm the results.

4.1 Research Design

The applied experimental design of this research will be based on the following approach: a combination of
simulation modeling and case-based analysis. The main focus is to review the potential of integrating the 5G and
cloud computing to improve the latency performance and bandwidth optimization. Such quantitative impact of
technical architectures and qualitative study of real-world deployments have been captured using a mixed-method
approach. This is performed through simulation, network-configured testing and then complemented with the help
of comparative case studies to make the study contextual in nature as well as practically oriented.

4.2 Data Collection

The information was gathered in the following two main sources: simulation experiments and secondary literature.
In the case of simulations, network scenarios were represented with a number of tools, including NS-3 as a
representative of the 5G network, and CloudSim, as representative of cloud infrastructure performance. A series of
scenarios have been run between isolated network with centralized cloud computing, 5G with Mobile Edge
Computing (MEC), and a combination of edge-cloud were used and tested in low traffic, medium traffic, and high
traffic. Simultaneously, real-world case study (including Verizon-AWS Wavelength, SK Telecom-Microsoft Azure,
and Airtel-Google Cloud) were studied by using publicly available data, vendor white papers, and peer-reviewed
research articles. The cases have provided information on the deployment approaches, latency results and bandwidth
usage style on operational environments.

4.3 Tools and Technologies Used

The study employed NS-3 (Network Simulator 3) to model the performance of 5G networks, allowing detailed
control over variables such as packet size, signal strength, mobility, and jitter. CloudSim was used on the cloud side
to simulate the offloading and processing of computational tasks across edge and centralized platforms. Python
scripts were developed to analyze the output logs and calculate performance metrics. Additionally, Zotero was used
to organize and reference literature related to 5G, MEC, SDN, and cloud infrastructure technologies.

4.4 Data Analysis Techniques

Statistical comparison methods were applied to quantitative data that was acquired as a result of simulations.
Comparisons of the results of various architectures were achieved based on the mean and peak values of latency,
bandwidth used and task of offloading time. Qualitative data was used in the form of case studies and thematic
analysis was used to extract architectural strategies, merits, and constraints of the implementation reported in the
real world. To ensure that there is a cross validation of results using simulated data with real deployment results, a
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triangulation approach was used. They created graphs and tables to provide an example of differences in the tested
configurations.

4.5 Real World Case Studies Reviewed
Case Study 1: Verizon and AWS Wavelength (USA)

Under its partnership with Amazon Web Services (AWS), Verizon introduced AWS Wavelength that aims to bring
cloud services as well as the end-users closer by directly integrating AWS compute and storage facilities into
Verizon 5G network. Such deployment enabled ultra-low-latency applications to enable real-time gaming, video
analytics, and augmented reality to be operated at the network edge. The shared architecture reduced the number of
data thrown to and fro in moving back to and forth centralized data centers and the latency was reduced
considerably, which was very less, usually less than 20 milliseconds, with optimised bandwidth utilisation. Through
integrating high speed capabilities of 5G with edge computing, Verizon was successful in avoiding network
congestion and offering reliable, scalable performance of application within enterprise and consumer customer
services.

Case Study 2: SK Telecom and Microsoft Azure (South Korea)

The SK Telecom is also collaborating with Microsoft Azure, providing integration of 5G networks and cloud
services designed to become industrial and enterprise applications. Their proposed solution was to install Mobile
Edge Computing (MEC) infrastructure along with Azure Stack Edge in order to accommodate smart factories and
real time analytics in their manufacturing locations. This system enabled the industrial sensors and machines to
communicate with a minimal delay, which made it possible to monitor and automate instantly. The architecture was
very effective in reducing latency and bandwidth consumption as edge nodes performed their operations on-site and
channeled only summarized data to the cloud. This was through collaborative efforts of the capabilities of the 5G-
cloud fusion in facilitating Industry 4.0 applications in both high-speed and high resource consumption domains.

Case Study 3: Airtel and Google Cloud (India)

Bharti Airtel, one of the largest telecom operators in India, has agreed on a strategic partnership with Google Cloud
in an attempt to develop a scalable secure cloud-native 5G network. The partnership was aimed at using Al, data
analytics, and cloud on Google to strengthen the delivery of services to Indian enterprises and developers. Airtel
deployed 5G radio access and Google edge cloud to operate healthcare, smart cities and logistics applications
remotely. Due to the data processing near the source and smart resource orchestration, the network of Airtel has
achieved latency in its data transmission, enhanced data routing, and leveraging the bandwidth. The integration was
a big step in the process of opening up digital services to modernization of the mobile market in one of the fastest
moving markets in the world.

5. Experimental Evaluation

The given research does not imply physical construction of SG networks or a cloud and relies on the qualitative
assessment of the scenario in the form of a case study, simulation outcomes of the previous studies, and comparison
of performance indicators. This is aimed to analyse the impact of integration of 5G and cloud computing on latency,
bandwidth efficiency, application responsiveness at various domains.

5.1 Case-Based Analysis
We reviewed three practical uses presented in a world where 5G and cloud integration is showing an
influence:
Smart Healthcare (Remote Surgery & Telemedicine): Research indicates that the transmission of real-time
patient data and video streams in the end-to-end of the transmission process on 5G-enabled cloud systems is
significantly less, compared to the previous systems. About less than 10 milliseconds of latency was recorded
in tele-surgery trials when the 5G networks were used, which is equivalent to 80 to 100 milliseconds of 4G-
based systems.
Autonomous Vehicles: Results of the experiments performed on edge cloud proved that 5G with Multi-access
edge Computing (MEC) enabled real-time decisions in self-driving vehicles. This system had been able to
keep a stable latency of 515 ms in case of environment updates and navigational information a factor vital in
collision avoidance and route optimisation.

27064 1jariie.com 687



Vol-11 Issue-4 2025 [JARIIE-ISSN(O)-2395-4396

Industrial IoT (Smart Manufacturing): The combination of 5G with cloud solutions made it possible to
control robotic arms and monitoring systems without any inconveniences. Up to 60% latency reductions were
realized over legacy Wi-Fi systems and the utilization of bandwidth was lowered with intelligent data filtration
at the edge.

5. 2 Bandwidth Efficiency Metrics

It managed to reduce the consumption of bandwidth by the use of clouds (small-scale data centers that were
distributed close to the users known as cloudlets). In a number of field tests:

Up to 40% to 55% of upstream information was processed locally at the edge and thus, network clogging was
avoided.

Video surveillance systems only streamed alerts/events to the central cloud thus decreasing the cloud workload
by close to 50 percent.

5.3 Scalability and Load Handling
Through the simulations executed on open-source platforms (such as NS-3 and CloudSim), it ~ was proved:

The mixed system also scaled effectively under peak user density conditions (as high as 1000 devices per-base-
station).

The resilience and strength of the packet were maintained despite the high-traffic scenarios as it had a loss of less
than 1.5 percent.

6. Discussion

The relationship between 5G and cloud computing is redefining data transfer, processing and consumption. In
addition to the current breakthrough in speed and latency that 5G promises, sufficient data will be created that needs
to be handled effectively. The infrastructure required to store, analyze and act on this data on a real time basis is
available on cloud computing. One of the drivers of this integration has been edge computing; this contributes to
offloading computing workload off central servers to locally situated edge devices which in turn eliminates network
congestion and enhances responsiveness. But issues still exist such as data privacy, network stability in rural
locations and secure frameworks. Nevertheless, continuous research and innovation goes on with ever improving the
scope of what can be done with 5G and cloud synergy, which leads to smarter cities, health care systems and
industrial automation.
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8. Conclusion

The case studies and experimental data evidence that bandwidth efficiency and latency are both radically reduced
with the combination of working 5G with cloud and edge computing. It also removes the constraints on real-time
responsiveness particularly of uses in healthcare solutions, intelligent cars, and factory automation. These findings
confirm the opportunity of this convergence to enable future digital services with ultra-reliability and low latency
communications
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