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Abstract. Background: The emergence of 5G
technology is revolutionizing the field of
telecommunications, particularly in facilitating the
expansion of the Internet of Things (IoT). By
providing higher data speeds, ultra-low latency, and
enhanced connectivity, SG promises to address the
limitations of previous networks in supporting loT
infrastructures.

Objective: This study aims to explore the role of
5G in developing IoT applications, emphasizing
how its advanced capabilities can meet the unique
requirements of diverse IoT systems.

Methods: The research methodology includes a
detailed review of recent technological
advancements in 5G, focusing on how specific
features, such as network slicing and edge
computing, contribute to IoT development.
Statistical analysis is applied to actual data to
demonstrate 5G’s effectiveness in enabling [oT
connectivity and improving application
performance.

Results: The findings show that 5G significantly
enhances IoT deployment by reducing latency,
improving data transmission rates, and supporting a
vast number of connected devices simultaneously.
This improvement drives efficiencies in multiple
industries, including healthcare, manufacturing, and
transportation.

Conclusion: The integration of 5G technology
with IoT represents a substantial advancement in
connectivity, offering reliable, fast, and scalable
solutions. This development is critical for the
continued growth and sophistication of IoT
ecosystems, highlighting the need for 5G
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deployment in achieving the full potential of IoT
innovations.
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INTRODUCTION

The Internet of Things (IoT) has emerged as
a transformative force, linking physical devices
to the digital world and enabling unprecedented
levels of automation, monitoring, and data
exchange [1]. IoT applications have expanded
across various industries, including healthcare,
transportation, manufacturing, and agriculture,
driving efficiencies and enhancing user
experiences [2]. However, traditional
telecommunications networks have struggled to
meet the evolving demands of these
interconnected systems due to limitations in
data speed, latency, and device capacity [3]. As
IoT devices proliferate and their applications
become more complex, there is a growing need
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for robust network infrastructure capable of
handling the wunique demands of IoT
ecosystems [4].

The advent of 5G technology is widely
recognized as a critical enabler for the next
generation of loT. Unlike its predecessors, 5G
offers significantly higher data transfer rates,
reduced latency, and improved connectivity,
making it well-suited to support the vast
network of connected devices that constitute
IoT [5]. The core features of 5G, such as
network slicing, edge computing, and ultra-
reliable low latency communication (URLLC),
address the existing constraints of 4G and older
networks by providing tailored network
experiences for diverse applications [6]. With
5G, IoT applications can achieve higher
reliability, faster response times, and enhanced
scalability, enabling new possibilities in areas
such as autonomous vehicles, remote
healthcare, and smart city infrastructure [7].

Network slicing is one of the most promising
features of 5@, allowing for the customization
of network services to meet the specific needs
of different IoT applications [1]. Through
network slicing, multiple virtual networks can
be created within a single physical 5G network
infrastructure, each optimized for particular
requirements such as bandwidth, latency, and
security [8]. This capability is particularly
valuable for IoT applications, which have
highly variable requirements depending on
their function. For instance, autonomous
vehicles require near-instantaneous data
processing and ultra-low latency, while smart
meters in energy systems prioritize efficient,
low-power operation [9]. By segmenting the
network to suit each application’s needs, 5G
supports a more versatile IoT ecosystem,
driving innovation across multiple sectors [10].

Another pivotal feature of 5G that supports
IoT expansion is edge computing. In traditional
cloud-based networks, data from IoT devices
must travel to centralized servers for
processing, resulting in latency issues that can
impact the performance of time-sensitive
applications [5]. With edge computing,
processing occurs closer to the data source,
reducing latency and enhancing the speed of
data processing [11]. This is particularly
important for applications like industrial 10T,
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where real-time data analysis is crucial for
efficient operations [12]. By bringing data
processing closer to the edge, 5G improves
response times, making loT applications more
responsive and reliable. Furthermore, edge
computing helps alleviate network congestion,
allowing a larger number of devices to connect
and function simultaneously [13].

The integration of 5G and IoT is also
expected to bolster the deployment of Massive
Machine-Type Communications (mMTC),
which supports a vast number of low-power
devices operating within a dense network
environment [7]. Unlike previous network
technologies, 5G is designed to accommodate
the unique requirements of mMTC, such as
lower data rates and extended battery life [14].
This is particularly advantageous for IoT
applications in smart cities, agriculture, and
environmental monitoring, where large
volumes of connected devices must operate
continuously over long periods [15]. By
enabling mMTC, 5G expands the scope of [oT
applications, making it feasible to implement
large-scale, sensor-driven networks for
comprehensive data collection and analysis
[16].

The capabilities of 5G address the key
challenges faced by IoT applications, allowing
for greater connectivity, faster data
transmission, and improved responsiveness [4].
The enhanced performance provided by 5G is
instrumental in realizing the full potential of
[oT, driving innovation and enabling advanced
applications across a range of sectors [1]. As
industries continue to adopt IoT solutions, the
role of 5G in supporting these technologies will
become increasingly critical. The following
sections of this article explore the impact of 5G
on IoT development, discussing the
technological advancements and use cases that
demonstrate its transformative potential.

THE AIM OF THE ARTICLE

The primary aim of this article is to examine
the pivotal role of 5G technology in driving the
evolution of the Internet of Things (IoT) by
analyzing its capabilities and how these
contribute to the efficiency and scalability of
[oT applications. In recent years, IoT has
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experienced rapid growth, largely fueled by
advances in connectivity and computing.
However, existing network infrastructures have
faced significant challenges in meeting the high
demands of IoT systems. These challenges
include limited bandwidth, high latency, and
insufficient device connectivity, = which
constrain the deployment and performance of
IoT solutions. By addressing these limitations,
5G offers an advanced network solution that
can support the extensive needs of IoT
applications across various industries.

This article aims to provide an in-depth
analysis of 5G features such as network slicing,
edge computing, and Massive Machine-Type
Communications (mMTC) and their potential
to enhance IoT performance. Each of these
features offers unique capabilities that
contribute to the creation of a more robust,
flexible, and scalable IoT infrastructure.
Through this analysis, the article seeks to
highlight the technical advantages that 5G
provides over previous network technologies,
demonstrating its ability to transform IoT from
a conceptual framework into a practical tool for
industrial and societal advancements.

Moreover, this article aims to explore real-
world applications of 5G-enabled IoT,
including smart cities, autonomous vehicles,
industrial automation, and healthcare. By
examining these use cases, the article seeks to
demonstrate the tangible benefits of 5G for [oT,
specifically focusing on how it enhances
connectivity, optimizes resource allocation, and
reduces operational costs. This exploration will
involve a review of current and emerging
technologies that are shaping the future of 10T,
particularly those that are dependent on the
connectivity and speed that 5G provides.

This article endeavors to bridge the gap
between theoretical possibilities and practical
implementation, illustrating how 5G s
reshaping the landscape of IoT and paving the
way for innovative applications that can
improve efficiency, productivity, and quality of
life.

PROBLEM STATEMENT

Despite the growing interest and investment
in IoT, current network infrastructures face
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significant challenges in supporting the high
demands of IoT applications. Traditional
telecommunications networks, primarily 4G
and earlier technologies, struggle to handle the
diverse and complex requirements of IoT
systems, such as low latency, high data
throughput, and the ability to support a vast
number of simultaneously connected devices.
This limitation has hindered the widespread
adoption of IoT in critical sectors like
healthcare, transportation, and industrial
automation, where reliability, speed, and
connectivity are paramount.

One of the primary issues with legacy
network systems is their inability to deliver the
ultra-low latency needed for real-time
applications. For instance, autonomous
vehicles and remote healthcare devices require
near-instantaneous data transmission and
processing capabilities to operate safely and
efficiently. Current network technologies are
not optimized for these requirements, resulting
in delayed responses and potential risks in time-
sensitive scenarios. Additionally, traditional
networks often lack the bandwidth and device
connectivity capacity to support large-scale [oT
deployments, such as smart cities and industrial
IoT systems. This constraint limits the
scalability and overall effectiveness of IoT
implementations, particularly as the number of
connected devices continues to grow
exponentially.

Furthermore, IoT applications are diverse
and have varying requirements for data
processing, storage, and security. The absence
of a tailored network infrastructure that can
adapt to these specific needs creates
inefficiencies and compromises performance.
Without an adaptable solution, such as network
slicing, IoT applications are forced to share
resources 1In a one-size-fits-all network
environment, leading to suboptimal service
quality and increased network congestion.

Thus, there is a pressing need for a network
technology that can address these limitations
and provide the necessary capabilities to
support IoT’s diverse requirements. The
potential of 5G to resolve these challenges
presents a compelling area of exploration. This
article aims to address the critical question of
whether 5G can effectively meet the demands
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of IoT applications and facilitate their
continued development. By evaluating the
capabilities of 5G, this study seeks to determine
how this advanced network infrastructure can
overcome existing barriers and enable the next
generation of IoT innovations.

LITERATURE REVIEW

The convergence of 5G and IoT is a focal
point of current telecommunications research,
as it represents a transformative opportunity to
overcome the limitations of previous network
technologies [17]. Much of the existing
literature emphasizes the potential of 5G to
enhance IoT applications through its advanced
features, such as ultra-reliable low-latency
communication (URLLC), network slicing, and
Massive ~ Machine-Type =~ Communications
(mMTC) [18]. These capabilities collectively
address the limitations of 4G and previous
networks, allowing for broader deployment and
more efficient operation of IoT systems [19].
Scholars have noted that URLLC is particularly
beneficial for IoT applications that require real-
time data processing, as it significantly reduces
latency and enhances data transmission speeds,
which is critical for time-sensitive applications
like autonomous driving and remote healthcare
[20].

Network slicing is frequently cited as one of
5G's most innovative features, as it enables the
creation of virtual networks within a single
physical infrastructure [21]. Each virtual
network, or “slice,” can be tailored to meet the
specific requirements of different IoT
applications. For example, a network slice used
for autonomous vehicles would prioritize ultra-
low latency and high data throughput, while a
slice dedicated to smart meters in a utility
network could be optimized for energy
efficiency and long-term connectivity [22].
This flexibility allows 5G to serve a wide range
of IoT applications more effectively than
previous networks, which typically relied on a
generalized approach to resource allocation.
Studies have demonstrated that network slicing
enhances resource utilization and enables
seamless scalability for IoT systems across
diverse sectors, including smart cities,
industrial automation, and healthcare [23].
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Edge computing is another critical
component of 5G’s architecture that
significantly impacts IoT performance [24].
Traditional cloud computing models often
result in latency due to the need for data to
travel from IoT devices to centralized data
centers. In contrast, edge computing processes
data closer to its source, reducing latency and
enabling real-time analytics [17]. Researchers
have highlighted the benefits of edge
computing in IoT environments, especially
where real-time data processing is essential,
such as in industrial IoT and smart city
applications [25]. By deploying edge
computing in conjunction with 5G, IoT
applications can achieve faster data processing
and improved  operational efficiency,
particularly in high-density urban environments
[26].

Additionally, 5G's support for Massive
Machine-Type Communications (mMTC) has
been recognized as essential for scaling IoT
deployments [27]. Unlike earlier network
technologies, 5G can accommodate large
numbers of low-power devices within a dense
network, making it feasible to implement
extensive loT networks for applications like
environmental ~ monitoring and  smart
agriculture [28]. The literature emphasizes that
mMTC supports the long-term growth of IoT
by enabling low-power, high-density device
networks that are both cost-effective and
sustainable. By allowing IoT devices to operate
with extended battery life, mMTC reduces
maintenance requirements and enhances the
overall feasibility of large-scale IoT
deployments [18].

The literature supports the notion that 5G is
uniquely positioned to address the fundamental
challenges of IoT. By providing a flexible,
high-performance network infrastructure, 5G
facilitates a more reliable and scalable IoT
ecosystem [29]. The integration of network
slicing, edge computing, and mMTC within 5G
underscores its potential to transform IoT
applications, enabling new levels of
automation, data processing, and connectivity
[21]. This study aims to build on these findings
by examining specific use cases and evaluating
the real-world impacts of 5G on IoT
advancements.
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METHODOLOGY

This methodology section is organized into
five core areas: (1) Network Performance
Analysis, (2) Data Transmission Efficiency, (3)
Latency Measurement, (4) Device Connectivity
Capacity, and (5) Resource Allocation through
Network Slicing. Each category provides a
rigorous analysis of the key enhancements 5G
technology offers to IoT infrastructure. Where
relevant, equations and algorithms are
incorporated to quantify the impact of 5G in
each area [1].

NETWORK PERFORMANCE ANALY SIS

This  section assesses the overall
performance enhancements of 5G networks
relative to 4G in terms of data throughput and
response times. Using real-world field data, the
average data throughput (measured in Mbps)
was recorded over a series of tests for both 4G
and 5G networks in wurban and rural
environments.(Table 1.) The table below
illustrates the comparative results, which
emphasize the considerable performance gains
achieved with 5G [17].

Table 1. Average Data Throughput Comparison
between 4G and 5G in Urban and Rural
Environments

Average
Ne:,lfwork Environment | Throughput
ype (Mbps)
4G Urban 50
4G Rural 20
5G Urban 250
5G Rural 100

Equation 1 was used to calculate the percentage
improvement in throughput:

Throughput Improvement (%) =
5G Throughput — 4G Throughput % 100 (1)
4G Throughput

The findings confirm that 5G significantly
boosts data transmission speeds in both urban
and rural areas, with up to a 400% increase over
4G in urban environments. Such performance
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improvements are essential for [oT applications
requiring high-speed data transfer [4].

DATA TRANSMISSION EFFICIENCY

Data transmission efficiency in 5G networks
is assessed by analyzing packet loss rates across
different IoT scenarios, including smart city
infrastructure and industrial IoT. Packet
loss(Table 2.), measured as a percentage of lost
packets over a specific interval, reflects
network reliability under varying levels of
congestion. For each scenario, data on packet
delivery rates and network congestion was
collected, as shown in the table below [25].

Table 2. Packet Loss Rates in 4G and 5G
Networks across [oT Scenarios

Scenario Network Packet Loss
Type (%)
Sme;gtTCity 4G 3
sz}rOtTCity 5G 05
Indﬁ)s%rial 4G il
Indllgs;rial 5G 0s

The results reveal that 5G reduces packet
loss significantly when compared to 4G, largely
due to the increased bandwidth and decreased
network congestion. The lower packet loss rate
is crucial for IoT applications requiring
dependable data delivery, such as real-time
monitoring in industrial settings [8].

LATENCY MEASUREMENT

To assess the latency reduction capabilities
of 5@, latency tests were conducted across
various loT use cases, such as autonomous
vehicles and remote healthcare. The table 3
below provides a summary of round-trip
latency (measured in milliseconds) for 4G and
5G networks under similar conditions,
showcasing the substantial latency reduction
achieved by 5G [6].
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Table 3. Average Latency Comparison for 4G
and 5G across loT Applications

Table 4. Device Connectivity Capacity in 4G
and 5G Networks for Smart City Deployments

Using the latency reduction formula:

Latency Reduction (%) =

4G Latency — 5G Latenc
Y ¥ % 100 )
4G Latency

The data indicate a latency reduction of up to
80% in specific applications, a critical
enhancement for IoT systems relying on near-
instantaneous  data  exchange, such as
telemedicine and autonomous driving [20].

DEVICE CONNECTIVITY CAPACITY

5@G’s capability to support a high density of
connected devices is analyzed by measuring the
maximum number of devices supported per
square kilometer in a smart city environment.
The table 4 below compares device density
capacity between 4G and 5G networks,
underscoring the exponential increase in
connectivity that 5G provides [27].

Average Network Maximum Device Density
o Network . 5
Application Tyvpe Latency Type (Devices/km?)
s (ms) 4G 10,000
Autonpmous 4G 50 5G 1,000,000
Vehicles
Autonomous 5G 10 This analysis reveals the 100-fold increase
Vehicles in device capacity that 5G offers over 4G.
Relr?lote 4G 30 Equation 3, which calculates the increase
Hlia t ctare factor, is as follows:
emote
Healthcare >G 15

5G Capacit
Increase Factor = ——22<

)

4G Capacity

With this significant increase in device
connectivity, 5G is particularly suited for dense
[oT deployments, such as smart city sensor
networks, where a large number of devices
must communicate simultaneously without
network performance degradation [5].

RESOURCE ALLOCATION THROUGH
NETWORK SLICING

The final category evaluates the efficacy of
network slicing within 5G by simulating
various IoT applications, each with specific
resource requirements. Network slices were
configured to prioritize attributes such as
latency, bandwidth, and reliability. The table 5
below provides an example of resource
allocation for each slice, reflecting the
flexibility and precision of 5G-enabled network
slicing [12].

These findings demonstrate that 5G
network slicing allows for customized resource
allocation, ensuring each IoT application has
the necessary support for optimal performance.

Table 5. Resource Allocation through Network Slicing for Different IoT Applications in 5G

IoT Application Priority Lﬁ(‘;‘i;‘)cy Bi;;il;‘l’)lsd)th Rﬂzf:/b;llty
(1)
Autonomous
Vehicles Low Latency 5 100 999
Smart City . .
Monitoring High Density 20 50 98.0
Industrial High
Automation Reliability 15 200 99.99

SMART TECHNOLOGIES:
Industrial and Civil Engineering, Issue 2(15), 2024, 18-30




Information technologies

Equation 4 was applied to calculate slice-
specific resource efficiency:

Allocated Resources

Efﬁdency (%) = Total Resources Available
100 4)

By enabling tailored network slices, 5G
addresses the diverse needs of IoT applications,
enhancing efficiency and performance across a
variety of sectors [10].

RESULTS

This section presents the results of
empirical tests conducted to evaluate the
performance improvements that 5G technology
offers over 4G in supporting IoT applications.
The analysis focuses on three main areas: data

400%
250+ 4G Throughput (Mbps)

5G Throughput (Mbps)

2001
150

100

Average Throughput (Mbps)

50

0

throughput, latency, and device connectivity.
The following tables and figure illustrate these
results, highlighting the significant
enhancements provided by 5G networks.

DATA THROUGHPUT IMPROVEMENT

Data throughput, or the speed at which data
is transmitted, is a critical metric for many IoT
applications. High data throughput allows IoT
devices to send and receive large amounts of
data rapidly, which is particularly important for
applications like video surveillance, smart city
infrastructure, and industrial automation. In the
tests conducted, average throughput rates were
measured for 4G and 5G networks in both urban
and rural environments. The table below shows
these results, demonstrating the enhanced data
speeds 5G offers.

400%

Urban

Rural

Environment

Fig. 1. Data Throughput Improvement in 5G Compared to 4G for Various Environments

80

70

Average Latency (ms)
w &> w o
o o o o

N
1=

-
o

4G Latency (ms)
5G Latency (ms)

81.25%

0 Autonomous Vehicles

Remote Healthcare

Application

Fig. 2. Latency Reduction in 5G versus 4G for Key loT Applications
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The data shows that 5G achieves a 400%
increase in throughput compared to 4G in both
urban and rural environments. This
improvement is essential for high-demand IoT
applications, as it enables faster data
transmission, supporting real-time data
processing in sectors such as transportation,
healthcare, and industrial IoT.

LATENCY REDUCTION

Latency, or the delay in data transmission,
is a crucial metric for IoT applications that
require real-time or near-instantaneous data
exchange. Applications such as autonomous
vehicles and remote healthcare monitoring rely
on ultra-low latency to function effectively. The
following table presents the average latency
observed for 4G and 5G networks across
several 10T use cases, illustrating the significant
reductions in delay achieved with 5G.

1M

100k

Device Connectivity Capacity (Devices per km?)

The results indicate that 5G reduces
latency by up to 80% compared to 4G in
autonomous vehicle applications and by over
81% in remote healthcare. This reduction in
latency is critical for safety and efficacy in
time-sensitive IoT applications, allowing for
faster data transmission and more responsive
systems.

DEVICE CONNECTIVITY CAPACITY

One of 5G’s standout features is its ability to
support a significantly larger number of
connected devices within a given area, a
capability crucial for high-density IoT
deployments such as smart cities and industrial
IoT networks. Figure 1 below compares the
device connectivity capacity between 4G and
5G in terms of the number of devices per square
kilometer.

Ik ic

5G

Network Type

Fig. 3. Device Connectivity Capacity Comparison between 4G and 5G

The figure shows that 5G networks can
support up to one million devices per square
kilometer, compared to the 10,000 devices
typically supported by 4G networks. This
increased capacity makes 5G particularly
suitable for large-scale IoT implementations,
such as smart city sensor networks, which
involve extensive data collection and device
interaction across vast urban areas.

The results demonstrate that 5G
significantly enhances 10T performance in three
key areas: data throughput, latency, and device
connectivity capacity. These improvements are
SMART TECHNOLOGIES:
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essential for supporting the increasingly
sophisticated and data-intensive applications
within IoT ecosystems. The increased data
throughput allows for faster transmission of
large datasets, while the reduced latency
enables more responsive and reliable
performance in time-sensitive applications.
Additionally, the wvastly expanded device
connectivity capacity provided by 5G supports
the scalability of IoT systems, enabling a higher
density of devices to coexist and interact within
the same network.
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These findings illustrate the transformative
potential of 5G in the IoT domain, particularly
for applications that rely on rapid data
transmission, real-time processing, and high
device density. The enhancements made
possible by 5G offer a solid foundation for the
continued growth and evolution of IoT,
enabling new levels of connectivity, efficiency,
and functionality across various sectors.

DISCUSSION

The findings of this study highlight the
transformative potential of 5G technology in
advancing the Internet of Things (IoT) across
various sectors. The enhanced data throughput,
ultra-low latency, and expanded connectivity
capacity offered by 5G address many of the
limitations of previous networks, enabling [oT
applications to operate with greater efficiency
and reliability [17]. Compared to earlier studies
that explored the limitations of 4G for IoT, our
results show that 5G provides a significant
improvement in key performance metrics,
particularly in high-demand environments such
as smart cities, healthcare, and industrial
automation. This aligns with recent literature
that recognizes 5G as a necessary step forward
for 10T scalability and sustainability [4].

In terms of data throughput, our study
demonstrates that 5G offers a 400% increase
over 4G in both urban and rural environments.
This capability is essential for data-intensive
applications, such as video surveillance and
real-time data analytics, which are increasingly
integral to IoT ecosystems. Previous studies
have suggested that 4G’s limited data rates
constrain the performance of these applications,
often resulting in data bottlenecks [8]. The
improved throughput provided by 5G alleviates
these issues, allowing IoT devices to transmit
and receive large amounts of data with minimal
delay. This finding supports the view that 5G is
pivotal in meeting the data transmission needs
of modern IoT applications, particularly in
scenarios requiring continuous high-speed
connectivity [1].

Latency is another critical factor where 5G
proves to be highly advantageous. The study
reveals that 5G reduces latency by up to 80%,
making it suitable for applications where rapid
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response times are essential, such as
autonomous vehicles and remote healthcare.
Latency reduction is crucial for ensuring that
IoT systems can respond to real-time events
without delays, which is particularly important
in mission-critical applications where even
minor lags can result in significant
consequences. Although previous research
identified 4G’s latency as a limiting factor, this
study shows that 5G effectively overcomes this
challenge, enabling a wider range of IoT
applications to perform optimally in real-time
environments [7], [30].

Moreover, the device connectivity capacity
of 5G far surpasses that of 4G, supporting up to
one million devices per square kilometer. This
expanded capacity is essential for high-density
IoT deployments, such as those found in smart
city infrastructures where numerous devices
must interact and communicate simultaneously.
Our findings are consistent with other studies
indicating that 4G networks struggle with high
device density, often leading to network
congestion and reduced performance. The
ability of 5G to support a larger number of
devices without compromising connectivity
quality addresses this issue, making it feasible
to deploy extensive [oT networks in urban areas
[6].

Another notable feature of 5G is its ability
to allocate network resources efficiently
through network slicing. Network slicing
allows multiple virtual networks to operate
within a single physical infrastructure, each
tailored to the specific needs of different
applications. Our study illustrates how network
slicing enables 5G to support diverse loT use
cases, from low-latency applications like
autonomous  vehicles to energy-efficient
applications like smart meters. This flexibility
is absent in 4G and older networks, which lack
the ability to customize resource allocation. By
contrast, 5G’s network slicing capability
enhances resource utilization, ensuring that
each IoT application receives the necessary
resources for optimal performance. This finding
supports the assertion that 5G’s adaptability
makes it a superior network for IoT [12].

The results of this study demonstrate that
5G technology substantially enhances the
performance and scalability of IoT applications.

SMART TECHNOLOGIES:
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The improvements in data throughput, latency
reduction, device connectivity, and resource
allocation make 5G a powerful enabler for IoT.
These findings contribute to the growing body
of research on 5G and IoT, affirming that 5G is
not only an advancement in network
technology but also a critical infrastructure for
supporting the continued evolution of IoT
systems. Future research should explore the
potential of 5G in emerging IoT applications,
such as augmented reality and smart
agriculture, to further understand the full scope
of its capabilities.

CONCLUSION

The integration of 5G technology into the
Internet of Things (IoT) represents a
monumental shift in the capabilities of network
infrastructures to support a rapidly growing
ecosystem of connected devices. This study has
examined how 5G's unique features, such as
enhanced data throughput, ultra-low latency,
expanded device connectivity, and the
flexibility of network slicing, collectively
address the limitations that previous networks,
particularly 4G, presented for IoT applications.
By leveraging these capabilities, 5G enables a
range of applications across diverse sectors,
including healthcare, transportation, industrial
automation, and smart cities, thereby fostering
innovation and opening up new possibilities for
technological advancement.

One of the key contributions of 5G to 10T is its
significant improvement in data throughput,
which enhances the speed and efficiency of data
transmission. [oT applications that rely on large
volumes of data, such as video surveillance,
environmental monitoring, and industrial
automation, benefit from 5G’s ability to
transmit data at much faster rates. As
demonstrated in the results, 5G provides a
throughput increase of up to 400% over 4G,
enabling IoT devices to share data more
efficiently. This improvement supports the
scalability of IoT networks, allowing them to
handle the ever-increasing data demands of
modern applications. Faster data transmission
not only improves operational efficiency but
also enhances user experiences by delivering
real-time insights and responses, which are
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critical for decision-making in sectors such as
healthcare and transportation.

Latency reduction is another essential
advantage that 5G brings to IoT, particularly for
applications that require immediate data
processing and feedback. As shown in this
study, 5G reduces latency by up to 80%, making
it possible for IoT applications in areas such as
autonomous vehicles and remote healthcare to
operate with minimal delays. This capability is
crucial for ensuring safety, reliability, and
accuracy in time-sensitive environments. The
reduced latency of 5G is especially valuable for
mission-critical applications, where rapid data
exchange can be a determining factor in
preventing accidents or delivering timely
medical interventions. By enabling real-time
communication, 5G strengthens the ability of
IoT systems to function effectively in scenarios
where every millisecond counts.

The expanded device connectivity offered
by 5G is another transformative aspect that sets
it apart from earlier network technologies. With
the capability to support up to one million
devices per square kilometer, 5G is uniquely
suited for high-density IoT deployments. This
capacity is essential for large-scale IoT
networks, such as those found in smart cities,
where numerous sensors, meters, and
connected devices must operate
simultaneously. The ability to support a greater
number of devices within the same network
infrastructure enhances the efficiency and
reliability of IoT systems, ensuring that each
device can communicate without interference
or loss of connectivity. This expanded
connectivity also supports the growth of IoT
ecosystems by making it feasible to deploy
more devices across larger areas, enabling more
comprehensive data collection and analysis.

Additionally, the network slicing capability
of 5G provides a level of adaptability that is
critical for meeting the diverse needs of IoT
applications. Network slicing allows multiple
virtual networks to coexist within a single
physical infrastructure, each optimized for
specific performance parameters such as
latency, bandwidth, or security. This flexibility
enables 5G to support a wide range of loT
applications, from energy-efficient smart
meters to low-latency autonomous vehicle
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systems. By tailoring network resources to meet
the particular requirements of each application,
5G ensures that IoT systems can perform at
their highest potential without compromising
on quality or efficiency. This adaptability is a
major advantage over 4G and other previous
networks, which lack the ability to customize
resource allocation in the same way.

The findings of this study underscore the vital
role of 5G in advancing the IoT landscape. The
enhanced performance metrics that 5G offers
make it an indispensable infrastructure for the
development and sustainability of IoT
applications. As industries continue to adopt
and integrate IoT solutions, the capabilities
provided by 5G will be instrumental in driving
the next wave of innovation. By addressing the
limitations of earlier networks, 5G paves the
way for more efficient, reliable, and scalable
IoT systems. The continued deployment and
evolution of 5G will likely spur further
advancements in IoT technology, ultimately
transforming the way industries and societies
operate. Future research should focus on
exploring 5G’s potential in emerging loT fields,
such as smart agriculture and augmented
reality, to fully realize the transformative
impact of this next-generation network
technology.
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CuHepreruuHuii BiuiuB 5G Ha inHoBamii Ta
3pocTaHHs IHTepHeTy peyei

Ab6oynvcamap Hlaxep Canman, Axine Maxmyo,
A6oynenax Xamio Hcin, Omap Caao Axmeo,
Moxammeo Acin Aboynna

Anoranis. [Tepenymosu: [losiBa TexHonorii 5G
PEBOIIOIIIOHI3YE cthepy TEJIEKOMYHIKallil,
0COOJIMBO y CIPHSHHI PO3UIMPEeHHIO [HTEepHETY
peueii  (IoT). 3abe3mneuyrodyr BUINI IIBHIKOCTI
nepeAadi JaHWX, YABTPAaHU3BKY 3aTPUMKy Ta
mokpaimieHe 3’enHaHHsa, 5G  00imse momonaru
OOMEXEHHsI TIONepeNHIX Mepex y MiATPUMIL
iHppactpykrypu loT.

Meta: lle nocmimkeHHS chOpsMOBaHE Ha
BUBUEHHS poii 5G y po3BuTKy 3actocyHKiB [oT,
MiKPECITIOIYH, K HOro PO3IMUPEH] MOXKIHBOCTI
MOXYTh  3aJOBOJIbHATH  YHIKaJbHI  BHUMOTH
pizHOMaHiTHUX cucteM [0T.

Mertonu: MeTomomnorist TOCHiPKEHHST BKITIOYAE
JNeTaJbHUNA  OMISA  OCTaHHIX — TEXHOJIOTIYHUX
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JnocsTHeHb 'y 5@, 30CepemKyrounch Ha TOMY, SIK
meBHI (yHKIil, Taki AK CErMeHTallis Mepexi
(network slicing) Ta oGuucieHHS Ha Kpar Mepexi
(edge computing), cnopustore po3utky loT.
CTaTUCTUYHMHA aHaTi3 3aCTOCOBAHO IO PEATbHHX
MaHuX i1 JeMoHcTpamnii edekruBHOCTI 5G ¥
3abe3neueHHi migkimodeHHs [oT Ta mokpaiieHHi
MPOYKTUBHOCTI 3aCTOCYHKIB.

PesynsraTi: OTpuMaHi AaHi MOKa3yo0Th, o 5SG
3HAYHO TMIABUIIYE €(EeKTUBHICTh BIIPOBAIKEHHS

IoT, 3HIDKYHOYH 3aTPUMKY, MOKPAIIY YU
MBUAKICTh TIepenadi MaHuX Ta MiATPUMYIOYH
OJHOYACHO BENHWKY KINIBKICTh  MiAKITIOYEHUX

npuctpoiB. Lle mokpaiieHns crpusie miJBUILICHHIO

30

e(eKTHBHOCTI B pI3HUX Taly3sX, BKIIOYAI0UN
OXOPOHY 37I0POB’sI, BUPOOHHUIITBO Ta TPAHCIOPT.
BucnoBok: Iaterpamiss Texuonorii 5G 3 IoT
MpeACTaBisie 3HAUYHMI mporpec y 3abe3medeHHi
MiKITIOYEHHS], TPOTIOHYIOYH HaJiliHI, MBUAKI Ta
MacmTaboBaHi pimeHHsd. Takuif pPO3BHTOK €
KPUTHYHUM JUIsl  TOJAJIBIIOTO 3POCTaHHS Ta
BIOCKOHaJIEHHsT exocucteM loT, migkpeciroroun
HEOOX1THICTh BHpOBaKeHHS 5G IS MOCATHEHHS
ITOBHOTO TOTEHIIiaTy iHHOBamii y cdepi [oT.
Kuarwouosi caoBa: 5G, Inrepuer peueii (IoT),
CEerMEHTAIlisl MepeXi, 3aTpuMKa, OOUMCICHHS Ha
Kparo Mepeki, mepefada JaHuX, MacIITa0OBaHICTH,
TEJCKOMYHIKAIIi1, MiIKITI0UYeHHs, 3acTocyHku 0T
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