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Abstract

Because of the rapid evolution of communications technologies, such as the Internet of Things (l1oT) and
fifth generation (5G) systems and beyond, the latest developments have seen a fundamental change in
mobile computing. Mobile computing is moved from central mobile cloud computing to mobile edge
computing (MEC). Therefore, MEC is considered an essential technology for 5G technology and beyond.
The MEC technology permits user equipment (UES) to execute numerous high-computational operations
by creating computing capabilities at the edge networks and inside access networks. Consequently, in this
paper, we extensively address the role of MEC in 5G networks and beyond. Accordingly, we first
investigate the MEC architecture, the characteristics of edge computing, and the MEC challenges. Then,
the paper discusses the MEC use cases and service scenarios. Further, computations offloading is explored.
Lastly, we propose upcoming research difficulties in incorporating MEC with the 5G system and beyond.
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1. Introduction

The development of wireless communication systems over the past four decades has altered every aspect of
our life. Figure 1 demonstrates the wireless communication development history in which capacity, latency,
services, speed, and applications varied in each development of wireless communication. Also, each
wireless communication development needs various models of computing to handle the network
environment, such as mobile cloud computing (MCC), offloading computation, cloudlet, fog computing
(FC), and mobile edge computing MEC [1, 2].

The MCC merges wireless communication networks, cloud computing, and mobile computing. Therefore,
innovators and service suppliers are enabled to keep up with more complicated implementations by shifting
computing abilities and data processing away from portable devices and into the cloud [3]. Nevertheless,
due to the restrictions of MCC, which include low scalability and a lengthy propagation distance from the
end user to the remote cloud center, mobile applications have significantly higher latency. Also, MCC has
concerns with privacy and security, limited storage, and high bandwidth usage [4, 5].

Consequently, many techniques are suggested to overcome the above limitations in MCC, such as cyber
foraging or computational offloading where an edge device sends some calculations to a distant ingenious
cloud to conserve handling power and energy [6]. Nevertheless, data transfers among public clouds and
edge devices via the internet may experience high latency when computation is offloaded to the public
cloud. Accordingly, cloudlet-based offloading is presented to solve the previous problem, in which, mobile
devices offload computational work to a server with fewer resources that is close to the user through the
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usage of a Wi-Fi access point. Regardless, compared to other cloud computing features, cloudlet is less
effective. As a result, its service and resource providers are not scalable.
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Figure 1: The wireless communication development history [4].

Fog Computing (FC) can solve the previous issues by allowing elastic resources and services for mobile
user equipment (UEs). The FC extensively the network architecture in the cloud by presenting a middle
layer between the cloud and UEs. Fog servers placed at the network edge make up the middle layer, which
is essentially a fog layer. The fog servers are employed to decrease the bandwidth load and energy
consumption. Moreover, the cloud’s computing power, numerous apps, and services can be used by the fog
servers when they are connected to it [7]. The MEC and FC are comparable, and neither has any
distinguishing characteristics. Both are closer to UEs and can serve as useful addition to MCC. Also, the
MEC and the FC are substantial for implementing the IoT.

Therefore, the MEC is a novel paradigm employed to overcome the challenging issues of MCC. The MEC
is a sort of edge computing that furnishes an information technology (IT) advantage environment and cloud
computing capabilities at the edge of the mobile network, inside the radio access network (RAN), and near
UEs. This technology, which resembles a small data center, can offer services with minimal latency and
high availability. But compared to cloud computing, it uses resources for computation and storage that are
of poor quality [8].

MEC, which combines elements of IT and telecommunications networking, enables cellular operators to
spread their RAN to approved third parties, like application creators and content providers. Therefore, MEC
promotes a variety of applications, e.g., Connected vehicles, Augmented Reality/Virtual Reality (VR/AR),
robotics, wireless big data analysis, 10T, video streaming analysis, and immerse media. The MCC conveys
several advantages such as [9]:

1. Prolonging the battery life by shifting energy-intensive application computations to the cloud.
2. Supplying mobile users with advanced tasks.
3. Providing users with greater data storage capacity.

However, the MCC significantly increases the burden on mobile networks’ radio and backhaul, which
causes a rise in latency and energy consumption. Due to the fact that the data is routed to a robust set of
servers that are located further from the users in the network topology. Therefore, these limitations must
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eliminate to achieve the specific small energy and millisecond-scale latency needed for 5G systems and
beyond [10].

Particularly, the paper's contributions can be as succinct as follows:

Provide a summary of the MEC architectures, characteristics, and challenges.
Introduce a survey about the MEC use cases and service scenarios.

Investigate the computation offloading.

Finally, this paper explores the incorporation of MEC with the 5G System and beyond.

The remaining sections of the paper are arranged as follows: Section 2 presents the MEC architecture.
Section 3 explains the MEC characteristics and challenges. Section 4 addresses the MEC use cases and
service scenarios. Section 5 investigates the computation offloading. Section 6 studies the incorporation of
MEC with the 5G System and beyond. Finally, section 7 concludes the paper.

2. MEC Architecture

The unique architecture of MEC is depicted in Figure 2. The architecture is composed of these three basic
elements [5]:

1.

2.
3.

Edge devices include all types of network-connected devices, including mobile phones, service
subscriber devices, and Internet of Things (1oT) devices.

The cloud infrastructure known as the public cloud is accessible over the internet.

The MEC servers, which can be organized with wireless APs, are often mini data centers that are
built next to each mobile base station by cloud and telecom carriers. Through a gateway, the servers
are connected to the data centres’ data centers through the internet. In addition to hosting various
mobile edge applications (edge health care, smart tracking, etc.), the MEC servers may conduct
conventional network traffic control (both forwarding and filtering).

Therefore, the prime purposes of MEC are:

1.

w

The hosting of computationally demanding applications, such as image processing and mobile
gaming, at the edge network, enhances the use of mobile resources.

Before sending a large amount of data to the cloud, it is optimized.

Introducing cloud services to mobile subscribers in the area.

Using RAN data to provide context-aware services.
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Figure 2: MEC Architecture [5].

3. MEC Characteristics and Challenges

Similarities between cloud computing and edge computing can be seen in various characteristics. However,
the characteristics of edge computing that set it distinctive are as follows [11, 12]:

1. Dense Geographical allocation: The edge network at MEC has cloud computing and IT services that
are accessible from many different places. Infrastructure that is widely spread geographically makes
numerous contributions.

2. Location Awareness: Due to the proximity, MEC may determine the end users' exact locations by
using signalling data collected from end users. Therefore, it becomes especially crucial for MEC
location-based services.

3. On-premises: MEC has access to local resources and can function in standalone environments (i.e.,
independently from the rest of the network).

4. Proximity: The location of MEC servers is typically close to where mobile users are.

5. Low Latency: Modern compute-intensive applications may typically be processed in real-time by
MEC servers. As a result, MEC offers the possibility of reducing communication and propagation
latency, which promotes MEC as a successful enabler for latency-critical 5G applications.

6. Network contextual information: The MEC uses proximity to make distinctions. Therefore, MEC can
use its understanding of local contextual data and real-time radio network conditions to enhance the
network and QoS.

Because MEC is a vital part of the 5G system and beyond in preparation and deployment, the industry
viewers have already recognized three challenges [4]:

1. Managing Distributed Resources: Due to the limited resources, numerous applications, and erratic
increase of mobile traffic, resource distribution is a crucial challenge for the success of MEC. Because
of the diverse nature of applications, heterogeneous MEC servers, varied user demands and
characteristics, and channel link quality, the resource allocation optimization may be multi-objective.
As a result, distributed MEC systems cannot benefit from centralized approach. Because it causes
backhaul network congestion and has a significant computational complexity and reporting overhead.
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2. Reliability and Mobility: A frequent handover between edge servers may result from user mobility. It
suggests that during the offloading of computations, users (such as automobiles) could move to
different locations. Therefore, to enable users to access edge servers without any difficulty, mobility
management strategies related to both horizontal and vertical mobility should be established. To
provide dependable and low-latency services, MEC reliability requires ultra-reliability (99.999%) and
extremely low latency of 0.1:1 mSec round-trip time.

3. Coexistence of Distributed MEC and Centralized cloud: Big-data applications can be processed in
almost real-time by cloud data centers (Cloud DCs), which can also support many users. However,
allotted MEC is strongly preferred to reduce the end-to-end delay brought on by transmission delay and
traffic congestion. Therefore, it makes sense to assign big data/latency-critical calculations to dispersed
MEC servers while transferring computation-intensive and delay-tolerant assignments to the cloud DC.

4, MEC Use Cases and Service Scenarios:

There are three major use case categories of MEC, relying on the issue to which they are promising and
prominent [4, 9, 13, 14]. Figure 3 displays examples of use cases and scenarios for the MEC. The following
topics are up for discussion on the various use case categories and significant service scenarios and
applications:

1. Consumer-oriented Services:

The end-users should immediately benefit from the consumer-focused services. In public, the MEC benefits
users largely through the offloading of computing, which enables the handling of novel emergent
applications at the UEs. Web browsers are among the applications that benefit from computing offloading.
Additionally, since these tasks need a lot of calculation and storage, face/speech recognition and
image/video editing are also appropriate for the MEC. Moreover, online gaming or remote desktop users
handling low-latency applications may benefit from the MEC in proximity.
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Figure 3: Use cases and scenario examples for the MEC [9].
2. Operator and Third-Party Services:
Examples of use cases that are beneficial to the operator or a third party include:
»  Collecting a huge portion of data from the users or sensors.
»  Protection and security objectives, like monitoring an area.
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*  Using the MEC for IoT and Intelligent Transport Systems (ITS).

3. Services for Improving QoE and Network Performance:

The use cases for optimizing network performance and/or improving the QOE include promoting
coordination between radio and backhaul networks, relieving crowded backhaul links via local range
caching at the mobile edge, and video delivery optimization using throughput recommendation for TCP.

5. Computation Offloading to MEC:

The computation offloading is one of the key goals of edge computing to overcome the limitations of mobile
devices, such as their computational power, battery life, and storage capacity. So, the computation
offloading aims to reduce the execution time, decrease the energy consumption at the UE, and find an
appropriate trade-off between the energy consumption and the execution delay. Also, it is a challenging to
decide when and how to offload the computing assignments. Therefore, a number of techniques are
proposed to address this issue in a variety of scenarios, including single-user cases, multi-user cases, and
vehicular networks [15, 16, 17, 18, 19]. A choice regarding computation offloading may result in:

1. Local Execution: The UE performs the entire computation locally (i.e., the MEC offloading is not
executed).

2. Partial Offloading: A portion of the computation is completed locally, and the remaining portion is
offloaded to the MEC.

3. Full Offloading: The MEC offloads and completes the entire computation.

Figure 4 shows the choices for computation offloading.
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Figure 4: A choice for computation offloading [9].

As a result, there are various categories for computing offloading applications:

1. Offloadability of the application: The application's ability to parallelize and split code or data (i.e.,
application that may be partially offloaded).

2. Knowledge of the amount of data to be processed: Since the amount of data to be processed is
unknown in advance, it is evident that choosing whether to offload calculations might be extremely
difficult for continuous-execution applications.

3. Offloadable component dependencies: Application components may be independent of one another
or dependent on one another. In the independent situation, all components can be processed
concurrently and offloaded. However, when there is mutual dependence, parallel offloading might
not be appropriate because the application is made up of sections (components) that depend on one
another for information.
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6. Incorporation of MEC with the 5G System and beyond

As was evident in the preceding sections, the MEC has drawn a lot of interest recently because of its ability
to lower UE energy consumption and allow real-time application offloading. New architectures and
technologies will be implemented in the 5G network to benefit the applications and services of the MEC
system. To achieve new features in MEC systems, MEC must be integrated with the 5G system and beyond
[4, 20, 21, 22, 23, 24, 25]. As illustrated in figure 5, the following applications, which have a strong
connection to MEC use cases, are examples of where MEC is being integrated with 5G technology and
beyond:

1) Non-orthogonal Multiple Access (NOMA), millimeter Wave (mm-Wave), and massive multipleinput
multiple-output (MIMO).

2) Unmanned Aerial Vehicle (UAV) communications.

3) Energy harvesting (EH) and wireless power transfer (WPT).

4) loT.

5) Artificial intelligent (Al).

6) Heterogeneous-cloud radio access network (H-CRAN).

7) Machine Learning.

8) Functions virtualization (NFV) and software-defined networking (SDN), and Network Slicing.
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Figure 5: The incorporation of MEC with the 5G System and beyond [4].

The NOMA system and MEC technology have been regarded as essential enabling technologies in 5G and
beyond [27, 28] because they allow multiple UEs to share the same resources [26]. As a result, the NOMA
system and MEC technology combination have many advantages, including supporting massive users,
lowering transmission latency, lowering end-user energy consumption, increasing connectivity, boosting
spectral efficiency, boosting energy efficiency, boosting computing power, and offering top performance
for more complex network scenarios, such as mm-Wave massive MIMO. The following four benchmarks
are used to evaluate possible collaborations between NOMA and MEC:

1. Optimization the Joint Resources:

In MEC-NOMA networks, it is necessary to combine computation and communication resources to improve
the system's total rate, reduce energy consumption, and reduce latency [29, 30, 31, 32, 33, 34, 35, 36, 36].
In order to reduce latency, the scheduler may need to determine how much computing the user can offload
to the MEC server and how much computation may be done locally. In addition, compute capacity (i.e., the
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processing speed of MEC servers or mobile devices) and communication resource (i.e., transmit power) are
seen as crucial elements since they help decrease calculation latency. The combined optimization of these
variables leads to an important and challenging research issue.

2. Cooperative NOMA-MEC:

By enabling compute offloading to the primary MEC server, the cooperative MEC can be used to improve
the connectivity of the NOMA-MEC network [37, 38, 39, 40, 41]. In this case, the mobile device
communicates the overlaid signals to the primary MEC server and the assistant MEC server, acting as a
relay to assist the MEC server. Also, the cooperative NOMA-MEC can be modified to increase network
connectivity when the mobile device is too far from the main MEC server.

3. Coexistence of NOMA-MEC and mm-Wave massive MIMO:

Another scenario to support excellent spectral efficiency and the enormous connection is massive
MIMONOMA. NOMA-MEC integration with mm-Wave MIMO-based wireless networks can increase
processing capability, boost spectrum efficiency, and cut down on task latency. Accordingly, it is necessary
to adopt effective methods of incorporation between NOMA-MEC and mm-Wave MIMO in various studies
[42, 43, 44, 45].

4. Low-complexity and online NOMA-MEC schemes:

It is generally recognized that the big challenge to the NOMA's practicality is its computational complexity.
The majority of current studies [46, 47] take into account using convex optimization and game theory
approaches to resolve resource management issues in NOMA MEC systems, but they often have significant
complexity. Therefore, NOMA practicality depends on low-complexity NOMA-MEC approaches.
Additionally, the online NOMA-MEC method maximizes long-term system utility (i.e., a measure of
throughput and fairness) by optimizing resource allocation and offloading decisions. So, it is essential to
create algorithms that are suitable for online execution and are well adapted to the system dynamics.

7. Conclusion

Mobile-edge computing (MEC) has been identified as a promising technology for 5G and beyond because
of the rapid progress of intelligent communications. As a result, this article provides a description of MEC
technology and examines the trends that will make it a crucial paradigm for 5Gtechnonlogy and beyond.
Therefore, MEC architecture is presented first. The characteristics of MEC and its challenges are then
discussed. The application cases and service scenarios for MEC are also thoroughly covered in this article.
Additionally, the paper provides a summary of computation offloading. Finally, the integration of MEC
with the 5G System and beyond is given and discussed.
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