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Abstract

Technical Specifications: Understanding the technical details of 5G technology, including its frequen-
cies, bandwidth, latency, and modulation techniques. This involves studying the 3GPP (3rd Generation
Partnership Project) standards that define 5G.

Infrastructure: Investigating the infrastructure required for 5G deployment, including small cells, mas-
sive MIMO (Multiple Input Multiple Output) antennas, fibre optic networks, and edge computing facili-
ties.

Use Cases and Applications: Exploring the diverse range of applications enabled by 5G, such as en-
hanced mobile broadband (eMBB), ultra-reliable low-latency communications (URLLC), and massive
machine-type communications (mMMTC). This could involve looking into how 5G is transforming indus-
tries like healthcare, transportation, manufacturing, and entertainment.

Security and Privacy: Examining the security challenges associated with 5G networks, including con-
cerns about data privacy, network slicing security, and the potential for cyberattacks on critical infrastruc-
ture .

Regulatory Landscape: Investigating the regulatory frameworks governing 5G deployment, spectrum
allocation, and competition among telecommunications providers in different countries. Health Concerns:
Addressing public concerns about the health effects of 5G radiation and electromagnetic fields. This might
involve reviewing scientific studies and expert opinions on the subject.

Global Deployment and Adoption: Analysing the progress of 5G deployment worldwide, including re-
gional variations in rollout timelines, adoption rates, and government initiatives to promote 5G technol-

ogy.

Keywords: 5G, millimeter wave (mmW), massive multiple input and multiple output (MIMO), small cell,
mobile edge computing (MEC), beamforming, machine learning

1. Introduction

In wireless communication, Fifth Generation (5G) Technology is a recent generation of mobile networks.
In this paper, evaluations in the field of mobile communication technology are presented. In each evolu-
tion, multiple challenges were faced that were captured with the help of next-generation mobile networks.
Among all the previously existing mobile networks, 5G provides a high-speed internet facility, anytime,
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anywhere, for everyone. Therefore, it is essential to know where the enterprise can utilize the benefits of
5G. In this research article, it was observed that extensive research and analysis unfolds different aspects,
namely, millimeter wave (mmWave), massive multiple-input and multiple-output (Massive-MIMO),
small cell, mobile edge computing (MEC), beamforming, different antenna technology, etc. This article’s
main aim is to highlight some of the most recent enhancements made towards the 5G mobile system and
discuss its future research objectives. 5G is slightly different due to its novel features such as intercon-
necting people, controlling devices, objects, and machines. 5G mobile system will bring diverse levels of
performance and capability, which will serve as new user experiences and connect new enterprises. Most
recently, in three decades, rapid growth was marked in the field of wireless communication concerning
the transition of 1G to 4G [1,2]. The main motto behind this research was the requirements of high band-
width and very low latency. 5G provides a high data rate, improved quality of service (QoS), low-latency,
high coverage, high reliability, and economically affordable services. 5G delivers services categorized
into three categories: (1) Extreme mobile broadband (eMBB). It is a nonstandalone architecture that offers
high-speed internet connectivity, greater bandwidth, moderate latency, UltraHD streaming videos, virtual
reality and augmented reality (AR/VR) media, and many more. (2) Massive machine type communication
(eMTC), 3GPP releases it in its 13th specification. It provides long-range and broadband machine-type
communication at a very cost-effective price with less power consumption. eMTC brings a high data rate
service, low power, extended coverage via less device complexity through mobile carriers for 10T appli-
cations. (3) ultra-reliable low latency communication (URLLC) offers low-latency and ultra-high reliabil-
ity, rich quality of service (QoS), which is not possible with traditional mobile network architecture.
URLLC is designed for on-demand real-time interaction such as remote surgery, vehicle to vehicle (V2V)
communication, industry 4.0, smart grids, intelligent transport system, etc. [3].

1.1. Evolution from 1G to 5G

First generation (1G): 1G cell phone was launched between the 1970s and 80s, based on analog technol-
ogy, which works just like a landline phone. It suffers in various ways, such as poor battery life, voice
quality, and dropped calls. In 1G, the maximum achievable speed was 2.4 Kbps.

Second Generation (2G): In 2G, the first digital system was offered in 1991, providing improved mobile
voice communication over 1G. In addition, Code-Division Multiple Access (CDMA) and Global System
for Mobile (GSM) concepts were also discussed. In 2G, the maximum achievable speed was 1 Mpbs.
Third Generation (3G): When technology ventured from 2G GSM frameworks into 3G universal mobile
telecommunication system (UMTS) framework, users encountered higher system speed and quicker
download speed making constant video calls. 3G was the first mobile broadband system that was formed
to provide the voice with some multimedia. The technology behind 3G was high-speed packet access
(HSPA/HSPA+). 3G used MIMO for multiplying the power of the wireless network, and it also used
packet switching for fast data transmission.

Fourth Generation (4G): It is purely mobile broadband standard. In digital mobile communication, it was
observed information rate that upgraded from 20 to 60 Mbps in 4G [4]. It works on LTE and WiMAX
technologies, as well as provides wider bandwidth up to 100 Mhz. It was launched in 2010.

Fourth Generation LTE-A (4.5G): It is an advanced version of standard 4G LTE. LTE-A uses MIMO
technology to combine multiple antennas for both transmitters as well as a receiver. Using MIMO, multi-
ple signals and multiple antennas can work simultaneously, making LTE-A three times faster than stand-
ard 4G. LTE-A offered an improved system limit, decreased deferral in the application server, access triple
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traffic (Data, Voice, and Video) wirelessly at any time anywhere in the world.LTE-A delivers speeds of
over 42 Mbps and up to 90 Mbps.

Fifth Generation (5G): 5G is a pillar of digital transformation; it is a real improvement on all the previous
mobile generation networks. 5G brings three different services for end user like Extreme mobile broad-
band (eMBB). It offers high-speed internet connectivity, greater bandwidth, moderate latency, UltraHD
streaming videos, virtual reality and augmented reality (AR/VR) media, and many more. Massive machine
type communication (eMTC), it provides long-range and broadband machine-type communication at a
very cost-effective price with less power consumption. eMTC brings a high data rate service, low power,
extended coverage via less device complexity through mobile carriers for 10T applications. Ultra-reliable
low latency communication (URLLC) offers low-latency and ultra-high reliability, rich quality of service
(QoS), which is not possible with traditional mobile network architecture. URLLC is designed for on-
demand real-time interaction such as remote surgery, vehicle to vehicle (V2V) communication, industry
4.0, smart grids, intelligent transport system, etc. 5G faster than 4G and offers remote-controlled operation
over a reliable network with zero delays. It provides down-link maximum throughput of up to 20 Ghps.
In addition, 5G also supports 4G WWWW (4th Generation World Wide Wireless Web) [5] and is based
on Internet protocol version 6 (IPv6) protocol. 5G provides unlimited internet connection at your conven-
ience, anytime, anywhere with extremely high speed, high throughput, low-latency, higher reliability and
scalability, and energy-efficient mobile communication technology [6]. 5G mainly divided in two parts 6
GHz 5G and Millimeter wave(mmWave) 5G.

2. Existing Surveys and Their Applicability

In this paper, a detailed survey on various technologies of 5G networks is presented. Various researchers
have worked on different technologies of 5G networks. Massive MIMO, NOMA, small cell, mmWave,
beamforming, and MEC are the six main pillars that helped to implement 5G networks in real life.

2.1 Limitation of Existing

The existing survey focused on architecture, key concepts, and implementation challenges and issues. The
numerous current surveys focused on various 5G technologies with different parameters, and the authors
did not cover all the technologies of the 5G network in detail with challenges and recent advancements.
Few authors worked on MIMO (Non-Orthogonal Multiple Access) NOMA, MEC, small cell technologies.
In contrast, some others worked on beamforming, Millimeter-wave (mmWave). But the existing survey
did not cover all the technologies of the 5G network from a research and advancement perspective. In
contrast, this survey covers the state-of-the-art techniques as well as corresponding recent novel develop-
ments by researchers. Various recent significant papers are discussed with the key technologies accelerat-
ing the development and production of 5G products. This survey article collected key information about
5G technology and recent advancements, and it can be a kind of a guide for the reader. This survey pro-
vides an umbrella approach to bring multiple solutions and recent improvements in a single place to ac-
celerate the 5G research with the latest key enabling solutions and reviews.
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2.2 Article Organization

This article is organized under the following sections. Section 2 presents existing surveys and their
applicability. In Section 3, the preliminaries of 5G technology are presented. In Section 4, recent advances
of 5G technology based on Massive MIMO, NOMA, Millimeter Wave, 5G with 10T, machine learning
for 5G, and Optimization in 5G are provided. In Section 5, a description of novel 5G features over 4G is
provided. Section 6 covered all the security concerns of the 5G network. Section 7, 5G technology based
on above-stated challenges summarize in tabular form. Finally, Section 8 and Section 9 conclude the
study, which paves the path for future research.

3. 5G Applications

5G is faster than 4G and offers remote-controlled operation over a reliable network with zero delays. It
provides down-link maximum throughput of up to 20 Gbps. In addition, 5G also supports 4G WWWW
(4th Generation World Wide Wireless Web) [5] and is based on Internet protocol version 6 (IPv6)
protocol. 5G provides unlimited internet connection at your convenience, anytime, anywhere with
extremely high speed, high throughput, low-latency, higher reliability, greater scalablility, and energy-
efficient mobile communication technology [6].

There are lots of applications of 5G mobile network are as follows:

1. High-speed mobile network:

5G is an advancement on all the previous mobile network technologies, which offers very high speed
downloading speeds 0 of up to 10 to 20 Gbps. The 5G wireless network works as a fiber optic internet
connection. 5G is different from all the conventional mobile transmission technologies, and it offers both
voice and high-speed data connectivity efficiently. 5G offers very low latency communication of less than
a millisecond, useful for autonomous driving and mission-critical applications. 5G will use millimeter
waves for data transmission, providing higher bandwidth and a massive data rate than lower LTE bands.
As 5 Gis a fast mobile network technology, it will enable virtual access to high processing power and
secure and safe access to cloud services and enterprise applications. Small cell is one of the best features
of 5G, which brings lots of advantages like high coverage, high-speed data transfer, power saving, easy
and fast cloud access, etc. [40].
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2. Entertainment and multimedia:

In one analysis in 2015, it was found that more than 50 percent of mobile internet traffic was used for

video downloading. This trend will surely increase in the future, which will make video streaming more

common. 5G will offer High-speed streaming of 4K videos with crystal clear audio, and it will make a

high definition virtual world on your mobile. 5G will benefit the entertainment industry as it offers 120

frames per second with high resolution and higher dynamic range video streaming, and HD TV channels

can also be accessed on mobile devices without any interruptions. 5G provides low latency high definition
communication so augmented reality (AR), and virtual reality (VR) will be very easily implemented in
the future. Virtual reality games are trendy these days, and many companies are investing in HD virtual
reality games. The 5G network will offer high-speed internet connectivity with a better gaming experience

[41].

3. Internet of Things

connecting everything: the 5G mobile network plays a significant role in developing the Internet of Things

(1oT). 1oT will connect many things with the internet like appliances, sensors, devices, objects, and appli-

cations. These applications will collect lots of data from different devices and sensors. 5G will provide

very high-speed internet connectivity for data collection, transmission, control, and processing. 5G is a

flexible network with unused spectrum availability, and it offers very low-cost deployment that is why it

is the most efficient technology for 10T [42]. In many areas, 5G provide benefit to 10T are as follows:

e Smart homes: smart home appliances and products are in demand these days. The 5G network makes
smart homes more real as it offers high-speed connectivity and monitoring of smart appliances. Smart
home appliances are easily accessed and configured from remote locations using the 5G network as it
offers very high-speed low latency communication.

e Smart cities: 5G wireless network also helps develop smart cities applications such as automatic traf-
fic management, weather update, local area broadcasting, energy-saving, efficient power supply, smart
lighting system, water resource management, crowd management, emergency control, etc.

e Industrial 10T: 5G wireless technology will provide lots of features for future industries such as
safety, process tracking, smart packing, shipping, energy efficiency, automation of equipment, predic-
tive maintenance, and logistics. 5G smart sensor technology also offers smarter, safer, cost-effective,
and energy-saving industrial 10T operations.

« Smart Farming: 5G technology will play a crucial role in agriculture and smart farming. 5G sensors
and GPS technology will help farmers track live attacks on crops and manage them quickly. These
smart sensors can also be used for irrigation, pest, insect, and electricity control.

e Autonomous Driving: The 5G wireless network offers very low latency high-speed communication,
significant for autonomous driving. It means self-driving cars will come to real life soon with 5G
wireless networks. Using 5G autonomous cars can easily communicate with smart traffic signs, ob-
jects, and other vehicles running on the road. 5G’s low latency feature makes self-driving more real
as every millisecond is essential for autonomous vehicles, decision-making is done in microseconds
to avoid accidents.

4. Healthcare and mission-critical applications:

5G technology will bring modernization in medicine where doctors and practitioners can perform ad-

vanced medical procedures. The 5G network will provide connectivity between all classrooms, so attend-

ing seminars and lectures will be easier. Through 5G technology, patients can connect with doctors and
take their advice. Scientists are building smart medical devices which can help people with chronic
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medical conditions. The 5G network will boost the healthcare industry with smart devices, the internet of
medical things, smart sensors, HD medical imaging technologies, and smart analytics systems. 5G will
help access cloud storage, so accessing healthcare data will be very easy from any location worldwide.
Doctors and medical practitioners can easily store and share large files like MRI reports within seconds
using the 5G network.

5. Satellite Internet:

In many remote areas, ground base stations are not available, so 5G will play a crucial role in providing
connectivity in such areas. The 5G network will provide connectivity using satellite systems, and the sat-
ellite system uses a constellation of multiple small satellites to provide connectivity in urban and rural
areas across the world.

4. 5G Massive MIMO

Highlights of 5G Massive MIMO technology are as follows:

1. Data rate: Massive MIMO is advised as the one of the dominant technologies to provide wireless
high speed and high data rate in the gigabits per seconds.

2. The relationship between wave frequency and antenna size: Both are inversely proportional to
each other. It means lower frequency signals need a bigger antenna and vise versa.

3. Number of user: From 1G to 4G technology one cell consists of 10 antennas. But, in 5G technologies
one cell consist of more than 100 antennas. Hence, one small cell at the same time can handle multiple
users [45]. As shown in Figure 2.

4. MIMO role in 5G: Massive MIMO will play a crucial role in the deployment of future 5G mobile
communication as greater spectral and energy efficiency could be enabled.
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5. Conclusion

This survey article illustrates the emergence of 5G, its evolution from 1G to 5G mobile network, applica-
tions, different research groups, their work, and the key features of 5G. It is not just a mobile broadband
network, different from all the previous mobile network generations; it offers services like IoT, V2X, and
Industry 4.0. This paper covers a detailed survey from multiple authors on different technologies in 5G,
such as massive MIMO, This survey also shows the importance of these newly added technologies and
building a flexible, scalable, and reliable 5G network. The potential of 5G technologies to transform var-
ious facets of society is both promising and vast. As we unveil its capabilities, it becomes increasingly
evident that 5G will not only revolutionize communication but also drive innovation across industries,
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empower emerging technologies like loT and Al, and pave the way for a more connected and efficient
future. Embracing this technology opens doors to unprecedented opportunities, shaping tomorrow's land-
scape in ways we are only beginning to imagine.
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