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Abstract—As the number of the Internet of things (IoT)
devices connected to the internet increases, the amount of
data explodes. This leads to a higher demand for internet
speed during data transfer and more requirements for
computing power and storage in central servers. To address
these issues and enable real-time data processing while
reducing network bandwidth utilization, edge computing has
become a promising solution. This article focuses on the
development of the IoT application on the edge computing
platform in case of the mobility of the User Equipment (UE)
to solve problems like latency and network bandwidth
occupation for IoT applications while moving between two
zones. The methodology involves simulating a network model
to evaluate performance metrics such as latency and
bandwidth under mobility conditions. Results demonstrate
that latency is reduced to approximately 30-50 ms during UE
mobility, highlighting the efficacy of Multi-access Edge
Computing (MEC) in IoT systems. These findings suggest
that edge computing can significantly enhance the
performance of time-sensitive IoT applications.
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I.  INTRODUCTION

IoT has brought about numerous benefits to society by
creating a network of interconnected computing, sensing,
and information exchange devices that improve the daily
lives of people. The IoT devices generate a big amount of
data each year in zettabytes, this data includes information
generated by all types of IoT devices, such as sensors,
cameras, and other connected devices. As a result, the
demand for low-latency applications and high-bandwidth
networks is expected to rise with the increasing number of
IoT devices and data generated by them.

Although traditional cloud computing presents
advantages including abundant computational resources,
scalability, and cost-effectiveness, it concurrently
introduces vulnerabilities such as single points of failure
and notable latencies, often extending to hundreds of
milliseconds, within the interaction between users and the
centralized cloud infrastructure. Conversely, numerous
challenges arise, particularly in accommodating the
requirements of IoT applications, which necessitate
distributed systems characterized by location awareness,
reliability, and minimal latency. Specifically, for time
sensitive IoT services, latency must not surpass couple of
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milliseconds, and reliability thresholds should minimally
attain 99.99% [1].

Multi-access edge computing (MEC) is recognized as a
viable solution for addressing resource limitations within the
IoT domain. Within an MEC framework, servers possessing
tailored computational capacities are strategically positioned
at the periphery of the network, near IoT devices, thereby
facilitating the provisioning of computational services to loT
devices.

As per findings from the Cisco Annual Internet Report
(2018-2023) [2], the number of internet-connected IoT
devices is projected to escalate to 30.9 billion by the year
2023, with a corresponding surge in IoT-generated data
volumes reaching 73.1 zettabytes by 2025. This includes
data generated by diverse IoT components including
sensors, cameras, and other interconnected devices. With
the exponential growth in data production and IoT device
deployment, there arises a concomitant surge in demand for
low-latency applications and high-capacity network
infrastructure. MEC technology emerges as the best
solution to meet the needs to address these burgeoning
requirements, extending its utility beyond the realm of IoT
applications.

There are many studies that discussed the working of
IoT applications on edge computing, in this paper [3] they
are discussing an edge computing framework, and they
achieved a latency around 100 ms using the edge. An IoT
simulation edge framework was introduced in this study
[4], and they achieved a latency in seconds by using
IoTSim-Edge emulator. But according to our investigation
no one built a simulation model on AdvantEdge platform
for IoT applications with mobility, and achieved latency
around 50 ms or less, from this come the importance of our
study and the effect on the research work on the IoT and
MEC.

This study aims to demonstrate how edge computing
can be integrated with IoT applications to achieve superior
performance compared to traditional IoT systems,
particularly in terms of network metrics such as latency and
other characteristics.



II. DEFINITIONS AND OVERVIEW

A. Definition of MEC

According to ETSI [5] MEC is defined as technology
offers an IT service environment and cloud computing
capabilities situated at the edge of the mobile network,
specifically within the RAN and near to mobile subscribers.
MEC enables cloud computing facilities near user in the
RAN. Rather than routing all mobile traffic back to the core
network, MEC connects user equipment directly to the
nearest edge cloud with computing capabilities. By
deploying MEC infrastructure at the base station level, it
reduces latency, enhances computational capacity, averts
bottlenecks that can lead to system failures, and improves
resilience [6].

According to technical specifications published by
ETSI, MEC has the following characteristics [5]:
¢ On-Premises: MEC platforms can operate in
isolation from the rest of the network while
accessing local resources. This localized architecture
enhances security and is well-suited for machine-to-
machine communications.

e Proximity to end users: By deploying at the network
edge near to end users, MEC can efficiently analyze
and leverage large datasets. This proximity also
benefits compute-intensive  applications  like
augmented reality and video analytics that require
low latency.

e Low latency: The deployment of MEC localized at
the network edge minimizes latency by isolating
data transmission from the core network. This
results in a high-quality user experience with high
bandwidth and low latency.

e Location awareness: MEC can access signaling data
from user devices within the local network to
identify the location of end user devices.

e Access to network context: Applications that utilize
real-time network data and provide network-based
services can benefit from integrating MEC. By
accessing radio access network data in real time,
these applications can evaluate cell congestion and
available network bandwidth to make intelligent
decisions and optimize service delivery to end users.

In summary, the key characteristics of MEC include
localized on-premises deployment, proximity to end users,
ultra-low latency, location awareness, and access to
network context information. These features allow MEC to
boost performance, enhance security, support compute-
intensive applications, and enable intelligent network-based
services.

B. ETSI MEC architecture

ETSI puts a standard architecture for MEC aimed at
integrating MEC into mobile networks. The ETSI MEC
reference architecture [7] consists of entities that are
grouped into two levels, namely the host and system levels
as shown in Fig. 1. The reference architecture illustrates the
key functional elements of the MEC system and the
interconnections between them. It defines three categories
of reference points that facilitate communication between
system entities: MEC platform functionality reference

points (Mp), management reference points (Mm), and
external entity reference points (Mx). These reference
points serve as crucial interfaces for enabling the exchange
of information and coordination among different
components within the system.

The middle level of the MEC reference architecture
represents the host layer, which comprises the MEC host
and MEC host management entities. The virtualization
infrastructure provides the resources that are utilized to host
MEC applications and services, while the network layer
provides connectivity between internal and external entities.
The MEC platform supports application and service hosting
on virtualized infrastructure and enables MEC applications
as services. The MEC platform manager (MECPM) is
responsible for the instantiation and termination of MEC
applications upon request. MEC applications are deployed
on the VI of the MEC host.

The MEC management has two levels, MEC system
level management and MEC host level management. The
MEC system level management is centered around the
Multi-access Edge Orchestrator (MEO). The MEO provides
comprehensive visibility and control over the MEC system
as a whole. The MEO is a system-level management layer
that includes a platform manager and a VI Manager (VIM).
Its primary responsibilities include application and service
provisioning utilizing the MEC VI resources, maintaining
MEC resource information such as topology, available
MEC resources and services, and integrity and authenticity
checks for the MEC application packages. The MECO also
carries out policy enforcement. The operation support
system is responsible for granting access to user requests
forwarded from UE via the User Application Life-Cycle
Management Proxy.
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Fig. 1. MEC reference architecture [7].

C. ETSI MEC IoT architecture

The primary result of the ETSI MEC is the formulation
of a framework and a reference architecture [7]. Although
MEC is considered a critical use case for IoT, its solution
lacks the necessary level of detail in terms of the
components required to facilitate IoT use cases. As a
solution, some architectural elements have been proposed to
extend MEC capabilities for supporting IoT deployments,
namely the MEC IoT platform [8].

In order to enable the deployment of multiple
virtualized IoT gateway instances, the MEC IoT platform
has been proposed as a middleware to run on top of the



MEC facilities. The platform involves two steps, with the
first involving the migration of the upper layer of IoT
gateways to the MEC facilities, where they are hosted as
software instances. In the second step, the MEC IoT
platform's middleware functionalities are implemented to
interconnect the IoT gateway instances through messaging
services, registration and discovery mechanisms, and
semantic extraction and protocol translation functions.
Within the ETSI MEC architecture, this platform would
manifest itself as an MEC application offered by a service
provider. Its integration is facilitated by the MEC platform
through the Mpl interface. MEC applications have the
capability to locate the MEC IoT platform by querying the
service registry of the MEC platform. Subsequently, they
can engage with the MEC IoT platform using a predefined
IoT APL

The primary objective of the MEC IoT platform is to
simplify the interaction between MEC applications and
deployed IoT devices by providing a streamlined API. This
abstraction reduces the complexity of the IoT network for
end applications. The MEC IoT platform plays a crucial
role in enabling diverse IoT services by exposing the
functionalities of IoT devices, including sensors and
actuators, to built-in or MEC applications. To achieve this,
the MEC IoT platform requires the inclusion of appropriate
IoT gateway instances and associated devices. Additionally,
the configuration of traffic filters and policies is necessary
to facilitate shared usage of the framework. To carry out
these tasks, an IoT subsystem manager is essential, which
can be integrated with the MEC platform manager as
depicted in Fig. 2. This deployment configuration is
advantageous for orchestrating IoT services across multiple
MEC hosts.

However, it should be noted that the existing
management interfaces defined by ETSI MEC, namely
Mml, Mm2, and Mm3, currently lack support for IoT-
specific functionalities. Consequently, these interfaces need
to be extended to accommodate the specific requirements of
IoT within the MEC framework [8] [7].
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Fig. 2. The MEC IoT platform within the ETSI MEC architecture [8].

III. MAIN PART

A. IoT Edge Computing

IoT edge computing involves the processing of data
generated by IoT devices near or directly at the data source,
rather than routing all data to a centralized server. This
methodology enables faster analysis and response to the
acquired data while concurrently minimizing the volume of
data transmitted.

Conventional IoT architecture typically comprises three
primary layers: the perception layer, network layer, and
cloud platform layer [9]. The perception layer primarily
acquires field data and oversees system control, while the
network layer facilitates the transmission of recognition
data and control directives. Tasks such as device and
connectivity management, application activation, and
business analysis are handled within the platform layer.

The integration of edge computing into IoT scenarios
represents a valuable enhancement to traditional IoT
systems. In contrast to conventional IoT architectures, IoT
edge architectures feature an additional edge layer
positioned between the perception layer and the platform
layer, as depicted in Fig. 3.
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Fig. 3. IoT Edge Architecture [9].

The edge layer functions as a focal point within the
cloud platform, adept at executing instantaneous data
analysis and processing tasks. Moreover, it enables real-
time system control and decision-making processes, thereby
curtailing the transmission of superfluous data, conserving
network bandwidth, mitigating system latencies, and
curbing energy consumption caused by data transmission
activities. Furthermore, the edge- side IoT system operates
as a closed-loop system, thereby significantly enhancing the
system's robustness and reliability [10].

B. The Integration of Edge Computing with loT
Application

The system consists of three main parts: an IoT sensor
and two edge computing servers. This process involves
deploying IoT applications to edge computing platforms.
IoT applications simply receive data from IoT devices and
apply processing to this data. Then test connectivity in case
the UE moves between the two zones.

To implement this scenario, the AdvantEDGE platform
[11], a Mobile Edge Emulation Platform (MEEP) based on
Docker and Kubernetes, is utilized. An emulation
environment is provided by this platform, enabling the
testing and experimentation of edge computing
technologies, applications, and services. A network model
is created and the application configured to simulate
mobility scenarios in which User Equipment (UE)
transitions between zones. Here, many parameters such as
delay bandwidth and error rate need to be measured to
determine the performance. Thanks to AdvantEDGE, all
these parameters can be measured.

The first step of the development is to design the
network model of the scenario as shown in Fig. 4. Here we
have two zones and two edges and one UE.
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Fig. 4. Network design

In the network components we set the Uplink/Downlink
throughput to 1000/1000 Mbps, and the latency between
each two components as recommended from the platform
as shown in Fig. 4.

A map view is employed, with location assigned to
each physical device, as shown in the Fig. 5. Two zones are
defined on the map -designated as red and green- with the
signal range limited to 300 meters. During the configuration
of the UE, an initial location and a movement path are
specified for activation during the simulation. The speed is
set at 20 km/h, and the movement is configured in a loop
pattern for this scenario.

Fig. 5. Map view.

Following the network design, an application simulating
the IoT application is added. For this purpose, iPerf, a tool
for network performance measurement and tuning, is
utilized. iPerf is a versatile tool that is compatible across
multiple platforms, capable of generating standardized
performance metrics for any network. This tool offers both
client and server functionality and can establish data
streams to measure the throughput between the two
endpoints in one or both directions. The typical output
generated by iPerf includes a time-stamped report that
provides information on the volume of data transferred and
the measured throughput [12].

In this setup, three applications using iPerf are
implemented: one operates as a client, while the other two
function as servers, as shown in Fig. 6.
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Fig. 6. Network design with the iPerf applications.

The application that runs on the UE works as a client
and sends the data to the server and the edge server, it uses
UDP protocol, and it sends 50 Mbps of data. The
application that run on edge work as a server and receive
the data from the client, it used UDP protocol and listen on
port 80.

The last step of the development is deploying the
scenario and see the results of the simulation, after the
design of the network and the configuration of the network
elements and the applications. Initially, the scenario is
deployed without mobility events, as presented in Fig. 7, It
is observed that the latency from the UE to edge2 in zone 2
(orange line) is lower than that to edgel in zone 1 (green
line), with data offloading directed to edge2.

+

: ®

UpLink

Fig. 7. The initial state of the UE with latency and UL.

Subsequently, the movement of the UE and the mobility
event are initiated. The transition of the UE from the green
zone to the red zone is observed, as illustrated in Fig. 8.
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Fig. 8. The mobility of the UE from one edge to another.

Changes in latency between the UE and the two edge
servers are noted, as shown in Fig. 8, it took couple of
seconds to change from one edge to the other, and it keeps a
good low latency around 30-50 ms.



IV. CONCLUSION

In this paper, a simulated model of an IoT application
developed on an edge computing platform is presented. It is
demonstrated that latency of approximately 30-50 ms can
be achieved using Multi-access Edge Computing (MEC)
with ToT during mobility between two zones. This model
will open the doors to other studies on the idea of
developing the IoT applications with the help of MEC,
because the MEC is one of the main enabler technologies
for IoT. Based on these findings, the use of edge servers is
recommended for critical applications.
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