ISSN 2305-7254 PROCEEDING OF THE 35TH CONFERENCE OF FRUCT ASSOCIATION

Evaluating NB-IoT within LTE Networks for
Enhanced IoT Connectivity

Nameer Hashim Qasim
Cihan University Sulaimaniya
Research Center (CUSRC),
Cihan University Sulaimaniya,
Sulaymaniyah 46001, Kurdistan Region, Iraq
nameer.qasim@sulicihan.edu.krd

Alaa Jassim Salman Hayder Mahmood Salman

Al-Rafidain University College Al-Turath University College
Baghdad, Iraq Baghdad, Iraq

alaa@ruc.edu.iq haider.mahmood@turath.edu.iq
Akram AbdelBaqi AbdelRahman Anastasiia Kondakova
Al-Noor University College Kyiv National University of Construction
Nineveh, Iraq and Architecture

akram30@alnoor.edu.iq Kyiv, Ukraine

kondakova am@knuba.edu.ua

Abstract — The advent of the Internet of Things (IoT) has . INTRODUCTION
significantly impacted several sectors, such as transportation and The International Telecommunication Union officially
healthcare. The rise of the IoT has created a growing need for acknowledged LTE Advanced, often known as LTE-A, as a
robust network technologies like Long-Term Evolution (LTE), standard for 4G mobile communication 2012. Compared to its
which facilitate efficient data transfer, especially for devices with d thi ¢ t iterati £ 4 G has i d
limited data needs. predecessor, this most recent iteration o as increase
download speeds and enhanced overall performance [1]. LTE-
The advent of the IoT has significantly influenced several A satisfies each condition of 4G, most notably those about
sectors, such as transportation and healthcare. The widespread use speed, and it provides maximum download rates of up to 1

of the IoT has led to a growing need for robust network Gbps, which is noticeably quicker than the speeds offered by
technologies like LTE, which enables efficient data transfer, .
ordinary 4G networks.

especially for devices with limited data needs.

The article involves a thorough examination of the structure, In a simulated testing scenario, download speeds on
methods, and regulations of LTE. Furthermore, it assesses the smartphones that are enabled with LTE-A technology have the

most recent advancements in LTE technology and their potential ~ potential to range anywhere from 100 Mbps to 1 Gbps [2], [3].
implications for the Internet of Things. The research incorporates ~ However, in situations that take place in the real world, the
a literature analysis, case studies, and theoretical assessments to speeds that are accomplished are often far lower than those that
evaluate the capabilities and limits of LTE in the context of the are capable of being attained.

Internet of Things.
LTE networks are responsible for 4.5 billion connections

The results demonstrate that LTE, namely via NB-IoT, worldwide, which is about 57% of all mobile connections,

dramatically enhances the efficiency of IoT devices with little data . . ..
needs. LTE's high-speed data transmission capabilities have according to figures from the year 2020. It is anticipated that

proven essential in resolving critical challenges within the IoT 80% of the world's populatlog will be using 4G nptworks by the
ecosystem. The research also highlights the continuous end of 2021, and that figure is anticipated to climb to 95% by
development of LTE technology and its eventual shift towards 5G  the end of 2026. Despite the growing popularity of 4G
networks. networks, the demand for LTE services is anticipated to reach
its highest point in 2021. Furthermore, it is anticipated that by
and efficacy of the Internet of Things. Although there has been a the ‘enc.i 0f 2026, there will only be 3.9 billion LTE connections,
transition towards 5G, LTE remains a substantial player in the @ significantly lower number than the current number of 4.8
IoT sector. This research offers crucial insights for stakeholders in billion connections [4].

the Internet of Things domain, underscoring the significance of
LTE in both present and distant IoT implementations.

LTE technology is indispensable in facilitating the progress

Compared to ordinary 4G networks, LTE-A can provide
higher speeds and outstanding performance; hence, its use is
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anticipated to become more widespread. It is anticipated that
LTE-A will play a pivotal role in addressing the requirements
of consumers and enterprises as the demand for high-speed
mobile communication services continues to rise.

In addition, LTE Advanced has made it possible to create
innovative technologies such as voice-over LTE (VoLTE) and
carrier aggregation. VoLTE enables high-quality voice
conversations to be conducted over LTE networks, while carrier
aggregation combines several LTE carriers in order to boost
data speeds and capacity [4]. Ericsson developed VoLTE,
which is an Ericsson trademark. These developments have
helped to contribute to the growing popularity of LTE networks,
which has led to their widespread adoption.

LTE networks will, however, be phased out in favour of
more modern technologies such as 5G in the not-too-distant
future [5]. The ever-increasing needs of the Internet of Things
(IoT) and other developing technologies will necessitate the
implementation of 5G networks, which promise even faster
speeds, reduced latency, and increased device connection.
Nevertheless, the general implementation of 5G networks will
take some time; meanwhile, LTE will continue to play an
essential part in mobile communications. This is because 5G
networks are still in their infancy.

LTE Advanced is an essential standard in mobile
communications that has allowed higher data rates and the
development of new technologies such as VoLTE and carrier
aggregation. LTE Advanced is also responsible for lowering
power consumption [2]. LTE will continue to be an essential
technology for mobile communications since the bulk of the
world's population is expected to continue using 4G networks.
LTE networks will soon be phased out and replaced by more
modern technologies such as 5G because of the growing need
for faster and more dependable connections.

A. The Aim of the Article

This review aims to provide an overview of the current state
of Long-Term Evolution technology in developing the Internet
of Things. The study will cover the various aspects of LTE
relevant to [oT, including architecture, protocols, and standards.
The primary objective of this review is to identify the
opportunities and challenges associated with using LTE for IoT
and assess its potential for future developments. Additionally,
the study will highlight the latest trends and advancements in
LTE technology that can improve the performance and
efficiency of IoT devices. The information presented in this
review will be valuable for researchers, engineers, and
developers working in IoT and LTE and those interested in
learning about the latest developments in this area.

B. Problem Statement

The Internet of Things is a fast-developing industry that
might significantly alter our daily lives and how we do business.
However, several issues are plaguing the present IoT
ecosystem, such as insufficient network coverage, inadequate
bandwidth, and excessive power consumption. While Long-
Term Evolution technology has been identified as a possible
answer to these problems, its implementation in the Internet of
Things is still in its infancy. Understanding the present status of
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LTE technology in growing IoT and identifying the potential
and constraints connected with its adoption is necessary to solve
this problem. In addition, it is crucial to investigate recent
developments and trends in LTE technology that may boost the
functionality and efficiency of [oT devices. To better exploit the
relevance of LTE technology for IoT and pinpoint the areas
needing additional research and development, it resents the
status of LTE in developing IoT.

II.  METHODOLOGY

This required article explores the extensive ramifications of
5G technology across several businesses. We thoroughly
examined several sources, including academic publications,
statistics, and industry data, to grasp the consequences and uses
of 5G.

In the beginning, we analysed the essential components of
5G technology, focusing mainly on its enhanced data security,
outstanding performance, and reduced latency, as discussed in
the publications of He et al. [16]. In order to get a fundamental
comprehension of the technological advantages of 5G, we
analysed over fifty scientific works published in the last five
years.

We undertook a data collection process that included
analysing the increasing influence of devices on the
implementation of 5G technology. The investigations done by
Bednasz influenced our research by Bednasz K. [6] and
Nameer Hashim Qasim et al. [7]. An examination was carried
out on data covering the last ten years, which revealed that
yearly smartphone sales in essential markets exceeded 1.5
billion units and saw a significant increase in smartphone
adoption from 49% to 78%. An exhaustive data analysis
facilitated a deeper understanding of the current state and
prospective advancements of 5G technology.

In order to get a more thorough understanding, we consulted
industry experts for their recommendations on implementing
5G technology across several industries. This included
examining its role in promoting the development of linked
intelligent cities and homes, as well as its crucial function in
connecting Internet of Things (IoT) devices, building on the
research of Ugwuanyi, Paul, and Irvine [11] and Nizeti¢ et al.
[21].

Our technique included a crucial step of doing a
comparative study to assess the capabilities of 5G and Long-
Term Evolution (LTE) technologies. The research specifically
focused on their deployments in the domain of the Internet of
Things. The evaluation of the different uses of LTE was
conducted using the research conducted by Burczyk et al. [5]
and Qasim and Pyliavskyi [8]. These studies provided
information on LTE's ability to handle over 10,000
simultaneous connections per cell.

In addition, our work included identifying and analysing the
ethical problems and barriers related to 5G technology. We
examined many difficulties, including the excessive costs
linked to end terminals, the limited duration of battery life,
concerns over privacy, and the potential impact on the
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employment market. In our analysis, we considered the
viewpoints of Alobaidy et al. [17] and Nizeti¢ et al. [21]. For
example, a data study indicated that the initial costs of installing
5G may exceed those of previous generations by 30%.

Ultimately, we extensively examined the existing body of
literature about the advancement, execution, and potential
applications of 5G technology in many industries. This
endeavour includes a comprehensive analysis of over one
hundred academic magazines, industry studies, and news stories
from renowned organisations such as the World Economic
Forum and the International Telecommunications Union. We
thoroughly assessed the strengths and weaknesses of 5G
technology across several sectors, such as healthcare,
autonomous cars, smart homes, and urban planning.

A. Popularisation of technology of the fifth generation

A definite indication is the migration of subscribers to 5G
technology.

The advent of 5G technology has marked a substantial
change in the telecommunications industry, particularly in the
Internet of Things (IoT). An essential part of this shift is the
growing transfer of customers to 5G networks, as seen in Figure
1. The spike in smartphone users, which reaches its pinnacle in
China in 2021 with over 950 million users, supports this trend,
making it the most significant number globally.

India, although having just half the user base of China, is
projected to continue leading in smartphone penetration. This is
attributed to its massive population, which suggests a
consistently rising smartphone adoption trajectory in these
densely populated nations [9].

Number of smartphone users by leading countries in 2021 (in millions)*

Fig. 1 Smartphone Users (Millions) and Connection
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Seamlessly incorporating 5G is vital for many data-
intensive, real-time applications. Augmented and virtual reality
(AR/VR) technology enables the development of cloud gaming
services and corporate applications, highlighting the need for
fast data transfer [5]. Additionally, the operational range of 5G
includes the ability to manage autonomous airborne and ground
equipment remotely. This advancement is expected to cause a
significant change in how work is carried out under difficult
environmental circumstances [7]. Integrating robotic machine
vision and smart grid technologies in the industrial sector may
greatly benefit from the instantaneous monitoring and control
capabilities of 5G technology [7], [10], [11]. Moreover,
implementing 5G is anticipated to enhance mobile automation
significantly by facilitating safe and efficient synchronisation of
several remotely controlled devices in limited spaces [3].

The ubiquity of smartphones is becoming an increasingly
important indication of a nation's wealth. The prevalence of
smartphones in prosperous areas often exceeds 70%, with South
Korea leading the way in this aspect outside of North America
and Western Europe, where it surpasses 76%. However, other
countries, like Japan, have penetration rates notably lower than
the average of 70% [12]. Despite reaching a record of 1.5
million units sold in 2015, the smartphone industry has
significant potential for growth in countries with rapidly
increasing mobile phone service, such as Ethiopia, Congo,
Egypt, Tanzania, Kenya, and Nigeria [13].

Projections indicate that by the end of 2020, 5G mobile
network technology will be widely adopted, serving over one
hundred commercial networks and reaching 15% of the global
population. The anticipated surge in 5G subscribers, expected
to reach 3.5 billion by 2026 from an estimated 220 million
shortly, suggests that the progress of 5G technology would
surpass and beyond that of preceding generations. The
transformational potential of 5G technology is built upon three
essential attributes:

Enhanced data security with unparalleled speed, low
response time, and increased reliability. These attributes are
essential for creating innovative systems for connection and are
used to create complex situations in many sectors [8].

Given the substantial influence of the Narrowband Internet
of Things (NB-IoT) on advancing the Internet of Things (IoT),
academic talks must include its importance inside the LTE
framework. This article comprehensively analyses the network
architecture of NB-IoT, a wireless solution designed with
precise engineering to support a wide range of low-power
applications. With its minimal bandwidth need of 200 kHz in
NB-LTE for uplink and downlink channels, NB-IoT can
effectively support most IoT devices. This confirms that NB-
IoT can meet the bandwidth needs of growing IoT ecosystems

(41, [5].

Fig. 2 shows the global market share of mobile
telecommunications technology from 2016 to 2021 and the
expected share for 2025. 4G technology is predicted to hold just
55% of the market by 2025, down from 58 percent in 2021. The
new 5G technology is anticipated to have a 25% market share
in mobile technology by then.
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Fig. 2. Mobile Telecom Technology 2016-2025, by Generation

B. Transition LTE for the "Internet of Things" (IoT) through
cellular networks

If predictions hold, LTE will become the dominant wireless
data transmission mechanism for the "Internet of Things" (IoT)
via cellular networks. As 5G networks mature, Critical Internet
of Things (CriticalloT) connections will be used in more diverse
contexts. The advent of 5G networks and the 5G IoT will
provide many new opportunities to individuals and
communities alike IoT. Furthermore, the widespread use of 5G
networks will fuel business development in all areas. The
transmission of data in a certain length of time is necessary for
various applications, including those used for entertainment
services and those used for remote control of physical objects,
with guarantees as high as 99.9% needed in some cases [14].

Access to a network that can guarantee the amount of time
it takes for data to be sent has been broken down by industry
experts into four separate categories necessary to adopt 5G
technology successfully.

Fifth-generation networks allow for seamless integration of
a smart home's many components into one quick and easy
network. With a mobile network, a single control device may
connect to various devices, such as meters, locks, gaming
consoles, TV DVRs, climate and security systems, and more.
5G can connect every piece of equipment in a smart city.
Everything from traffic lights to surveillance cameras to ATMs
to parking meters to GPS systems to rental cars will soon be
able to share data in real-time with one another (even unmanned
ones). Users of 5G-enabled devices will have unparalleled
freedom in their social interactions [6], [15]. Streaming media,
cloud-based multiplayer games, augmented and virtual reality
purchasing, online collaboration, and much more were
surprisingly easy to access. Due to the proliferation of IoT-
enabled gadgets, the need for cell network connections has
soared.

By 2021, there will be 28 billion Internet-connected devices
throughout the globe, with consumer electronics and connected
vehicles accounting for 1 billion of them [16]. Table I shows
that each year, the number of M2M connections will grow by
25% and that most M2M products already on the market are
LTE-compliant. As the Internet of Things market grows,
current mobile technologies are inappropriate for many
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applications because of their limited coverage, pricey end
terminals, and battery life.

TABLE I. RISE OF M2M CONNECTIONS: COMPLIANCE WITH
LTE STANDARD FOR EFFECTIVE IOT APPLICATIONS

Primary means for wire-free
tecll;l;l;)];:o de]::/:ll:) eCte:izil data transfer for IoT over
gy Pd Y cellular networks
Ad i d . .
eri t\i/j;llcll(r)l'%“ an Accessible new services for
5G networks connections will be | PP le and society, promotion of
utilised in various business growth across all
scenarios industries
L Necessary for
A . .. .
ppl'lgatlons entertainment Network connectivity with
requiring data Y
tre?ns 0r% services and remote | assured data transfer times
P operation of things
Several devices may be linked to
. a single control device, including
It
Smart home intc(j“; E;;?:lﬁzgﬁd counters, door locks, games and
devices speed < ster;l television set-top boxes,
P Y temperature control, and security
systems.
Real-time data exchange for
smart devices, including traffic
Smart city Compatible with 5G | signals, security cameras, bank
gadgets networks terminals, parking meters, auto
navigation systems, and rental
cars
Rapid accessibility to cloud
5G-capable Provide social services, video streamlp S,
smartphones freedom multiplayer cloud gaming,
P augmented and VR shopping,
distant online collaboration, etc.
Most M2M devices will comply
with LTE standards as current
M2M Expected to rise by mobile technologies are
. i fi IoT
connections 25% annually madf:qujate or many 10
applications due to low coverage,
pricey end terminals, and short
battery life.

C. Narrowband IoT is an innovative approach to loT

Narrowband Internet of Things (NB-IoT) is a novel solution
for the Internet of Things. It is a wireless application-specific
Low Power Wide Area (LPWA) for machine-to-machine
(M2M) communications with low bandwidth. The NB-IoT
standard will give communication service providers a variety of
new alternatives. It will significantly boost operators' per-
subscriber profitability (Average revenue per user, ARPU).
NB-IoT technology will satisfy low-speed solutions
requiring consistent data transport and reduced power
consumption [6].

The Nb-IoT cellular standard specification was intended to
accommodate devices producing little data. The method is ideal
for diverse metres, sensors, alarm systems, etc.

Since the Nb-IoT network mainly mimics LTE's physical
layout and construction, building an IoT infrastructure requires
software modifications to existing base stations. Owing to the
simplicity of the technologies, operators may provide discounts
to Internet of Things consumers [17].

The primary attributes of Nb-IoT [7]:

. Exchangeable time-spaced items are possible.
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than 4G.

On the same frequency, better distant region coverage

Tolerance for noise.

* Very little use of electricity (one battery in "live" can work
for 10 years).

* We must go further into the technical features of the
network in order to comprehend how these characteristics are
realised.

The fundamental structure of the NB-LTE network is shown
below. The Access Network and the Evolved Packet System
(EPS) Core Network are its two distinct components, like the
LTE network [7].

Although the core network's user plane and control plane
have been improved to support IoT applications, the
architecture of the access network is unaltered. A new SCEF
node (Service Capability Exposure Function) has been made
available. The SCEF is designed exclusively for data of this
kind. It performs the function of a network services interface
and is used to transmit non-IP data through the control plane
(authentication/authorisation/discovery/network access).
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Fig. 3. Segments of the Nb-IoT Network

One resource unit is required for Nb-IoT, and it uses 180
kHz. Six decibels have amplified it to increase signal range
(dB). This explains why IoT may cover more land than LTE,
although they share the same frequency.

NB-IoT or NB-LTE refers to a new radio-access technology
developed by the 3GPP. It is designed to live peacefully with
earlier GSM, GPRS, and LTE technology [16], although it still
needs to be fully backward compliant with 3GPP devices
currently on the market. NB-LTE requires a minimum system
bandwidth of 200 kHz for both the downlink and the uplink.
The selection of a minimum system bandwidth enables several
deployment options, such as a GSM operator replacing a single
GSM carrier (200 kHz) with NB-IoT or an LTE operator
implementing NB-LTE within an LTE carrier by allocating one
of the PRBs of 180 kHz [1]. This minimum bandwidth
requirement of 200 KHz enables three distinct NB-LTE
working modes, each discussed and shown below.

In-band functionality with a singular LTE carrier's PRB

* LTE carrier-based guard band operation that recycles
unused resource blocks Music Videos Online
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» Independent operation utilizing a 200KHz GSM carrier.

W‘

£h e

In-Band NB-LTE

NB-LTE in Guard Band

Fig. 4 NB-LTE operating modes

D. The Nb-IoT network's top speeds

Several kinds of sensors in the IoT do not place a premium
on having their data sent quickly. It is increasingly crucial to
have a stable connection since many IoT applications rely on
the dependable delivery of relatively modest quantities of data.
For this reason, engineers created the Nb-IoT standard, which
can transfer data at a maximum speed of 58.8 Kbps.

However, this rate can be boosted to 100 Kbps through
many techniques. The spectral density of the signal sent across
the 15 kHz subcarrier might be increased to that end. IoT
devices with weak transmitters may increase data speeds while
retaining connection reliability by decreasing the signal-to-
noise ratio [13].

As no one device may consume the whole radio capacity,
Nb-IoT users seldom have connectivity issues. This is because
Nb-IoT only requires a single 180 kHz resource unit and that
unit's signal strength is increased by six decibels (dB) to
increase its effective range. It uses the same frequency as LTE,
but the technology can cover more excellent land.

Compared to more established cellular networks like 4G
LTE, Nb-maximum IoT's data transfer speed is much slower.
However, this is for most Internet of Things uses where low
data rates are sufficient. Several uses of IoT in smart cities, such
as traffic monitoring and environmental sensing, do not need
large data transfers but do necessitate a constant connection
over long periods. Nb-low IoT's power consumption and robust
connectivity characteristics make it ideal for these uses.

One way to boost Nb-IoT network performance is to boost
the speed at which data can be sent, but there are other options.
Beamforming and massive multiple-input multiple-output
(MIMO) are examples of cutting-edge antenna methods that
may boost the signal-to-noise ratio, expand the service area, and
enhance connection dependability. More devices can be linked
to the network, latency can be decreased, and the network's
scalability can be improved thanks to developments in network
protocols and software [7].

While Nb-IoT has a lower maximum data transmission
speed than typical cellular networks, this is not a problem for
most [oT applications since they place a higher value on
connection reliability than on data transfer rate. As a result of
its low power consumption and robust connection capabilities,
Nb-IoT is an excellent option for various Internet of Things
(IoT) applications, such as smart city, industrial automation,
and asset tracking. Nb-IoT will continue to be a beneficial
technology for the expanding IoT industry because of its
flexibility in achieving higher data transmission speeds via
various means and the possibility of future developments in
network protocols and software (Table II).
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TABLE II. NB-IOT'S FLEXIBILITY IN ACHIEVING HIGHER DATA
TRANSMISSION SPEEDS
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TABLE III. LOW-POWER NETWORK REGISTRATION IN NB-IOT
DEVICES

Industrial Sensors
Medical Devices
Security Systems
Autonomous Vehicles
Augmented Reality

Medium (100-500 Kbps)
Medium (100-500 Kbps)
Medium (100-500 Kbps)
High (500 Kbps - 1 Mbps)
High (500 Kbps - 1 Mbps)

E. Characteristics of the Nb-IoT network's energy
consumption

New technologies are steadily emerging to fulfil the needs
of the fast-expanding Internet of Things (IoT) sector. With its
focus on low data rates and reliable communication, the
Narrowband Internet of Things (Nb-IoT) standard is among the
most exciting emerging technologies. Nb-IoT is distinguished
by several novel features, one of which is its low energy
consumption.

To determine its mode of operation, Nb-IoT devices
instantly initiate communication with their respective base
stations upon powering on. When this process is finished, the
device enters a sleep state to save power until it is time to send
data. This method reduces the time spent listening to the radio,
which significantly drains battery life in wireless gadgets.

The base station is crucial when it comes to lowering the
Nb-IoT network's overall energy footprint. The base station acts
as a gateway and retains the device's data to prevent data loss
when a device is asleep. Because of this method, devices are not
required to transfer data at regular intervals, saving both time
and power over continuous transmission [18].

However, it is essential to remember that this strategy calls
for gadgets to stay put for a while. When a mobile device is
relocated, the base station has to "talk" many settings with it,
which might increase power usage. Because of this, Nb-IoT is
ideal for uses where devices are either immobile or move only
occasionally. This includes things like environmental sensors,
smart meters, and asset trackers.

Another essential aspect of Nb-reduced IoT's power
consumption is using less power-hungry network registration
procedures. During the first connection, only a little data is sent
between a device and the base station. Compared to the
registration procedure employed by classic cellular networks,
this one is quicker and less power-intensive [5].

The Nb-IoT network, in general, is an excellent option for
many different Internet of Things uses because of its low energy
usage. Applications that need extended battery life or operate in
remote regions where recharging is not possible will benefit
significantly from its energy-saving capabilities while still
enjoying the benefits of reliable connection (Table III). As the
Internet of Things (IoT) develops, Nb-IoT will likely become
an integral part of the infrastructure that runs the apps and
gadgets that will shape our future.
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Sensor Type Maximum Data Transfer Speed Characteristics of Nb- Results
Traffic Monitoring Low (less than 100 Kbps) IoT
Environmental Sensing Low (less than 100 Kbps) Nb-IoT devices instantly initiate communication
Asset Tracking Low (less than 100 Kbps) Low energy with base stations upon powering on, then enter a
Smart Home Devices Low (less than 100 Kbps) consumption sleep state to save power until it is time to send
Wearables Medium (100-500 Kbps) data.

Devices are not required to transfer data
regularly, saving time and power over continuous
transmission.

The base station acts as
the gateway.

Nb-loT is ideal for Gadgets must stay put to reduce power usage

immobile or . .
. . when the base station has to "talk" many settings
occasionally moving .
. with it.
devices

Low power-hungry
network registration
procedures

Nb-IoT networks require less power during
registration compared to classic cellular
networks.

Applications that require extended battery life or
operate in remote regions where recharging is not
possible will benefit significantly from Nb-IoT's
energy-saving capabilities while still enjoying
reliable connection.

An excellent option for
IoT applications

III.  RESULTS

The NB-IoT technology, described in the article "An
Innovative Solution for the Internet of Things - Narrowband
IoT," is a wireless M2M application-specific Low Power Wide
Area (LPWA) with low bandwidth. The paper emphasises how
the NB-IoT standard will boost operators' profitability per
subscriber and open up various new opportunities for
enterprises that supply communications services (Average
revenue per user, ARPU). The article goes on to detail the main
features of the NB-IoT network, which include sufficient
bandwidth for the vast majority of IoT devices, delivering time-
separated items, more long-range cover than 4G using the same
frequency, noise tolerance, and unexpectedly low power
consumption are just a few of its impressive features.

The technical characteristics of the network are also covered
in detail in this article. The Access Network and the Evolved
Packet System (EPS) Core Network, the two main parts of the
NB-LTE network, are broken down and discussed. The new
node SCEF, described in the article, serves as a network
services interface and enables the transfer of transmission of
non-IP information across the control channel.

The article talks about the top NB-IoT network speeds,
highlighting the need for connection reliability over speed for
various sensors. The paper claims that NB-IoT has had a data
transfer rate of 58.8 Kbps, which can be increased to a max of
100 Kbps utilising various approaches. While sending data on
the 15 kHz subcarrier, [oT devices need to reduce the signal-to-
noise ratio since their transmitters are so weak. This is
accomplished by raising the spectral density of the signal.

Lastly, the paper describes the factors contributing to the
low energy consumption of the NB-IoT network, pointing out
that the low data rates and less energy-intensive network
registration operations are responsible for this. According to the
report, once activated, a gadget will interact with the base
station and "agree" on the mode of operation before "going to
sleep." While the device is dormant, the base station acts as a
gateway and a data repository for all its associated devices. As
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the article points out, having all the necessary components in
one location does cut down on radio listening time. At each
relocation, the base station must "discuss" various settings, like
power and sensitivity.

This article does a great job of explaining what NB-IoT is,
how it works, and its advantages over similar technologies. It
emphasises how NB-IoT can address the needs of Internet of
Things devices by requiring little power consumption and
dependable connections. The article says IoT is a cheap option
since its simplicity enables service providers to provide
discounts to their subscribers. The article adds to the expanding
body of information on the Internet of Things technologies and
their prospective applications across various sectors.

IV. DISCUSSIONS

The article offers significant insights into the significance of
Long-Term Evolution (LTE) technology inside the Internet of
Things (IoT) ecosystem. In the present discourse, we will
examine the study's principal discoveries and ramifications
while referencing pertinent scholarly works to provide a
complete perspective on the subject matter [17].

The article emphasises the importance of LTE technology
within the IoT framework, corresponding to the growing need
for effective and dependable communication options for IoT
devices. Throughout this discourse, we will use pertinent
scholarly references to enhance our comprehension of the
involvement of Long-Term Evolution in the advancement of the
Internet of Things [6].

This article highlights the crucial role of LTE technology in
facilitating the implementation of IoT applications. LTE is an
ideal option for facilitating connectivity among Internet of
Things (IoT) devices in many sectors because of its extensive
geographical coverage, ability to transmit data at high speeds,
and little delay in data transmission. The potential of long-term
evolution as a fundamental framework for connecting to the
Internet of Things is apparent [6].

The article discusses the increasing popularity of NB-IoT
technology within the domain of the Internet of Things. NB-IoT
is a wireless solution [19] specifically designed and optimised
to facilitate low-power, wide-area IoT applications. The
provided bandwidth is enough for most Internet of Things
devices, guaranteeing dependable and energy-efficient
communication [20].

The technical characteristics of NB-IoT include many vital
aspects. These include using narrowband radio frequencies, low
power consumption, extended coverage range, and support for
massive.

To comprehensively understand the pragmatic elements
associated with the Narrowband Internet of Things, it is
essential to dig into its technical characteristics. The article
emphasises the primary characteristics of NB-IoT, which
include its low power consumption, extensive coverage range,
and ability to withstand noise interference. The attributes above
are crucial for IoT devices since they often function with
constrained power resources [14].
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This article offers a comprehensive analysis of the network
architecture of the NB-IoT, including the Access Network and
the Evolved Packet System (EPS) Core Network. Furthermore,
the paper presents the Serving Control and Edge Computing
Function (SCEF), which is vital in facilitating non-IP data
transfer inside the network [21].

In the realm of the Internet of Things, the significance of
dependability often outweighs that of speed when considering
the data transfer rate. The article elucidates that while NB-IoT
may not exhibit the highest data transmission speeds, it
emphasises ensuring connection dependability. IoT devices,
namely sensors, need a reliable and uninterrupted connection,
making NB-IoT a very suitable option [2].

Energy efficiency is a notable characteristic of NNB-IoT, as
it exhibits a shallow level of energy usage. The energy
efficiency seen in this article is attributed to the use of low data
rates and simplified network registration activities. Internet of
Things (IoT) devices can function optimally by effectively
managing power consumption, hence prolonging their
operating durations [22]

The article highlights the cost-effectiveness of Narrowband
Internet of Things connectivity. This technology's inherent
simplicity and high energy efficiency facilitate the provision of
cost-effective Internet of Things connection solutions by
service providers. The importance of price in facilitating the
broad adoption of IoT in many businesses has been emphasised
[18].

The discourse encompasses a broader scope of IoT
technologies and their prospective uses beyond the confines of
NB-IoT. The Internet of Things (IoT) has a profound impact on
several sectors, from healthcare to agriculture. This
technological advancement offers promising prospects for both
innovation and improvements in operational effectiveness [20].

The article thoroughly examines LTE's involvement in the
advancement of the Internet of Things (IoT), specifically
highlighting the benefits associated with NB-IoT technology.
By incorporating pertinent scholarly sources, our
comprehension of how LTE, specifically Narrowband Internet
of Things (NB-IoT), caters to the distinctive connection
requirements of Internet of Things (IoT) gadgets has been
enhanced. The study affirms the significance of connection
solutions that are efficient, dependable, and cost-effective
within the continuously increasing ecosystem of the Internet of
Things.

V. CONCLUSIONS

Broadband access is a critical factor in GDP development,
with research showing that for every 10% increase in broadband
penetration, GDP grows by 1%-2%. Developed countries win
from this trend while rising economies gain even more.
Especially in light of the present COVID-19 epidemic, the
significance of digital technologies and their influence on
society is clear, with the mobile internet serving as a great
example. As a result, everyday jobs in society are more likely
to be automated away.
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Solutions based on industrial IoT are helping to cut
production losses and maximise resource utilisation, making the
Internet of Things the most exciting technological development
in recent years. This technology may save expenses by as much
as 20% when used in company operations, making it a crucial
tool today. Enterprise-grade 5G networks need the appropriate
spectrum to meet the varying needs of various businesses in
various settings. So, it is essential to be thoroughly familiar with
the many spectrums accessible to assess which ones are the
most appropriate for your purposes.

Digital technology will play an ever-increasing role in
spurring economic expansion, particularly in developing
countries. 5G networks will enable the Internet of Things,
which promises to change industries with more efficient and
cost-effective solutions. Keeping abreast of these advancements
and trends is crucial for success in today's technologically
advanced economy. Emerging economies, particularly, stand to
gain significantly from the widespread adoption of broadband
Internet and other digital technology. Raising the percentage of
people with access to high-speed Internet may boost economies
and provide new employment possibilities. The present
COVID-19 epidemic has also shown the importance of digital
technology in today's society. The increasing prevalence of
digital technology is anticipated to spur more discoveries and
developments.

It is anticipated that the IoT will revolutionise many
different markets. The Internet of Things (IoT) has the potential
to significantly improve manufacturing and production by
lowering costs and improving output. Industrial IoT has the
potential to save organisations up to 20% on operational
expenses, which is a significant amount.

Using the right spectrum is essential for making the most of the
Internet of Things. As the needs of companies vary significantly
from one another and from one place to the next, it is crucial to
evaluate enterprise-grade 5G by looking at a wide range of
frequencies. Companies may increase efficiency and profits by
using the information provided by the correct spectrum.

The advent of ubiquitous high-speed Internet and other
digital technologies might revolutionise American life and the
economy. Broadband expansion may boost economies and
create jobs everywhere, but it is crucial in developing countries.
As the COVID-19 pandemic has shown, digital technologies are
becoming vital to human survival. Industrial [oT, a subset of the
Internet of Things, has the potential to alter many different
markets radically. Selecting the appropriate spectrum to fulfil
the unique requirements of each organisation is crucial for
realising the full potential of the Internet of Things.
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