5

A0
INTRODUGTION

o,
o

MOHD AFFENDY CHI NONG
MASBURAH MUSTAFFA
SYAHRIL IZWAN BIN ABDUL YAMIN

5G: REVOLUTIONIZING CONNECTIVITY



A0
INTRODUGTION

o

o

MOHD AFFENDY CHI NONG
MASBURAH MUSTAFFA



SG INTRODUCTION

Copyrighte2024 PTSB

All rights reserved.

Any material in this book may not be reproduced, stored in a way that can be used again, or
transferred in any form or manner, either by means of electronic, mechanical, re-
photographing or recording without prior permission from Tuanku Sultanah Bahiyah
Polytechnic.

WRITER

Mohd Affendy bin Chi Nong
Masburah Mustaffa

EDITOR

Syahril lzwan Abdul Yamin
Head of DEP Programme PTSB

COVER & GRAPHIC
Mohd Affendy bin Chi Nong

PUBLISHED BY:
Politeknik Tuanku Sultanah Bahiyah
09000 Kulim
Kedah Darul Aman
Tel: 04-4033333
Fax: 04-4033033

e ISBN 978-629-7778-19-8

Fil7 78198




D

*™¥ svpNOsIs

N~

"5G: Introduction" is a clear and beginner-friendly guide
to the world of 5G technology and how it will transform
the way we live and connect. The book begins with a
brief overview of earlier mobile networks (1G to 4G). It
explains what makes 5G so distinct—faster speeds,
virtually no delay, and the ability to connect millions of
devices simultaneously.

It covers the basics of how 5G works, from new radio
frequencies and network design to advanced features
like massive MIMO and beamforming. Readers will also

learn about the infrastructure needed, such as small

cells and edge computing.

The book explores real-world uses of 5G, including the
Internet of Things, smart cities, self-driving cars, and
Industry 4.0, while also addressing challenges like
security, privacy, and regulations. Finally, it looks ahead
to the future—how 5G will work with Al, blockchain, and
even quantum computing, paving the way to 6C.

Whether you're a student, IT professional, or simply
curious, this e-book gives you an easy-to-understand
overview of 5G and its huge impact on the future.
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Introduction to 5G and its importance

What is 5G ?
e 5G is the fifth generation of wireless
cellular technology, succeeding 4C.

e |t offers dramatically higher speeds,
lower latency, and greater capacity.

e Peak speeds can reach up to 20 Gbps,
compared to 1 Gbps for 4C.
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Significant Leap Forward:
e Speed:
o offers faster data rates compared to
previous generations.

o It enables quicker download and
upload speeds.

o Capacity:
o Handles more devices
simultaneously.
o Supports high data throughput for
NUMErous Users.

e Connectivity:
o Enhances overall connectivity quality.
o Ensures stable and reliable
connections even in crowded areas.
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e 5G aims to deliver faster data rates
o Increase the maximum data
transmission speed.
o Enhances the user experience for
high-bandwidth applications like
video streaming and gaming.

e Reduced latency: improves data
transfer speed.
o Critical for real-time applications
such as autonomous driving and
remote surgery.

e Increases energy efficiency for
network operations.
o reduces the power usage of
connected devices.

e Cost reduction: reduces operational
and maintenance costs.
o Allows for more efficient use of
network resources.
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e Increases system capacity to support
more devices.
o Improves network performance at
peak demand times.

e Massive Device Connectivity: -
Supports several devices at once.
o Smart homes, cities, and enterprises
benefit from Internet of Things (loT)
technology.



Differences between 4G vs 5G

5G vs 4G

Comparison Chart

4G refers to the fourth generation of
mobile communications standard.

The latency of 4G varies from carrier to
carrier.

4G is relatively slower than 5G in terms
of peak speed.

4G offers a minimum peak download
speed of 1 Gbps.

5C refers to the fifth generation of
mobile communications standard
superseding the 4C.

5C has
capabilities.

extremely low latency

5G is almost 20 times faster than 4G in
terms of peak speed.

5C offers a minimum peak download

speed of 20 Gbps
Eiﬂerente
efween.net
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Benefits of 5G Technology

5G offers significantly higher data
speeds compared to 4G, enabling
quicker downloads and uploads.

Reduced latency improves the
responsiveness of connected devices,
which is crucial for gaming and real-
time communications applications.

5G can support more devices
within the same geographic area,
enhancing connectivity in densely
populated areas.
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Benefits of 5G Technology

Provides improved performance
for high-definition video streaming
and virtual reality applications.

It promotes the expansion of the
Internet of Things (10T) by effectively
linking a huge number of devices.

Offers more consistent and
reliable connections, especially
in crowded areas.
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Benefits of 5G Technology

Increases coverage and connectivity
in underserved regions.

Engineered for greater energy
efficiency to lessen the environmental
impact of mobile networks.
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Benefits of 5G Technology

Supports emerging technologies and
services like autonomous vehicles,
smart cities, and remote healthcare.

Empower operators to design
customized virtual networks that
meet specific requirements.
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Benefits of 5G Technology

Simple Questions

1.What is 5G technology?
2.How does 5G differ from 4G?
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Evolution of Mobile Networks

Each mobile network generation
from 1G to 4G has introduced
significant advancements, and 5G is
anticipated to further enhance these
improvements with new capabilities.

Mobile Networks Evolution From 1G To 5G

1G 2G 3G 4G SG




Chapter 2

Key Innovations in each
generations (1G to 5G)

1G (First Generation)

Analog Voice:
Introduced analog voice
communication for basic mobile
telephony.
Large Phones:
Early mobile phones were large and
bulky.

Limited Coverage: Featured restricted
network coverage and high costs.
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Chapter 2

Key Innovations in each
generations (1G to 5G)

2G (Second Generation)

Introduced in the early 1990s, 2G
networks used digital signals

Enabled digital voice communication
with improved call quality

Introduced basic data services like
SMS text messaging

Allowed for some internet access,
though still very limited



Chapter 2

Key Innovations in each
generations (1G to 5G)

3G (Third Generation)

Emerged in the early 2000s, 3G
networks enabled faster data speeds

Allowed for better web browsing,
email, and more advanced applications
on mobile devices

Supported streaming and video calling
for the first time
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Key Innovations in each
generations (1G to 5G)

4G (Fourth Generation)

Rolled out in the late 2000s, 4G
provided even faster data speeds and
lower latency

Enabled smooth streaming of high-
definition videos, online gaming, and
video conferencing

Supported more advanced
applications and services
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Key Innovations in each
generations (1G to 5G)
5G (Fifth Generation)

Introduced in the 2010s, 5G offers
significantly faster data speeds, reduced
latency, and increased capacity

Enables revolutionary technologies like 10T,
AR/VR, and ultra-high-definition video
streaming

Designed to handle a massive number of
connected devices

Provides the speed and reliability to
support advanced applications requiring

instant data transmission
’
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The Transition to 5G

Key Benefits of 5G

Exponentially faster data transfer
rates for smoother streaming,
quicker downloads, and seamless
gaming

Reduced latency for real-time
responsiveness, enabling mission-
critical applications like remote
surgery and autonomous vehicles

"
-

'r ;



Chapter 2

The Transition to 5G

Key Benefits of 5G

Ability to connect a massive number of
devices simultaneously, supporting the
growth of the Internet of Things (loT) and
smart city infrastructure

Enhanced mobile experiences with
immersive augmented reality (AR) and
virtual reality (VR) applications

More energy-efficient design compared
to previous generations
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Chapter 2

Questions

1.What are the key differences between
each generation of mobile networks?

2.Why is 5G considered a revolutionary
step?
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5G Use Cases and Applications:
Enhanced Mobile Broadband
Experiences

Imagine this: You’re on a long trip and want
to watch a movie on your phone. With older
networks, you’d hit “download” and then
wait...and wait... maybe even go make coffee
while the progress bar slowly crawls. With
5G, that same movie can be ready in just a
few seconds—almost like snapping your
fingers.

That’s the power of enhanced mobile
broadband (eMBB). It’s like moving from a
busy two-lane road (4G) to a brand-new multi-
lane highway (5G). Suddenly, there’s room for
more cars (data), less traffic (lag), and
everyone reaches their destination faster
(smooth streaming, quick downloads).

20
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5G Use Cases and Applications:
Enhanced Mobile Broadband
Experiences

Here’s what that means for you in everyday
life:

e Enjoy uninterrupted video playback, even
in 4K or 8K quality, with no more buffering.

e Instant downloads—entire seasons of your
favorite shows in seconds.

e Immersive experiences—virtual reality (VR)
games or augmented reality (AR) apps feel
natural and lifelike because the connection
keeps up with your movements.

Think of it this way: if 4G was like a regular
coffee shop Wi-Fi where things slow down
when it gets crowded, 5G is like having your
own personal high-speed Wi-Fi router that
never lags, no matter how many people are
around.

In short, 5G’s enhanced mobile broadband
makes your everyday digital life smoother,
faster, and way more enjoyable.

21
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5G Use Cases and Applications:
Internet of Things (loT)

The Internet of Things (loT) is about
connecting everyday objects—like cars, fridges,
streetlights, and even farming equipment—to
the internet so they can “talk” to each other
and share information.

With 5G, IoT becomes much more powerful
because the network can handle millions of
devices at the same time with very low delay.

Analogy 1 - The Orchestra:

Think of IoT like a huge orchestra, where
every instrument (device) needs to play in
sync. If the network is slow or crowded (like
4G), the music sounds messy. With 5G, all the
instruments follow the conductor perfectly,
creating a smooth and coordinated
performance.

22
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5G Use Cases and Applications:
Internet of Things (loT)

Analogy 2 - Smart Neighborhood:

Imagine living in a smart neighborhood where
your alarm clock tells your coffee machine to
start brewing, your fridge reminds you that
milk is running low, and your car warms up
before you even step outside. That’s loT
powered by 5G—everything is connected and
working together to make life easier.

Real-life examples:

e Smart cities: traffic lights that adjust in real
time to reduce jams.

e Smart homes: appliances that
communicate to save energy.

e Smart healthcare: wearable devices that
monitor patients and alert doctors
instantly.

In short, 5G is like giving superpowers to loT—
faster, smarter, and more connected devices
that make our daily lives smoother and safer.
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5G Use Cases and Applications:
Autonomous Vehicles, Smart
Cities, and Healthcare

1. Autonomous Vehicles (Self-driving Cars)
e Self-driving cars need to “see,” “think,” and
“react” in real time.
e With 5G’s ultra-low delay, cars can instantly
talk to traffic lights, other vehicles, and even
pedestrians’ smartphones.

Analogy: Imagine driving with a super-fast reflex
co-pilot who warns you of danger before you
even notice it—that’s 5G for autonomous
vehicles.

24
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5G Use Cases and Applications:
Autonomous Vehicles, Smart
Cities, and Healthcare

2. Smart Cities
e A smart city uses sensors and devices to
manage traffic, lighting, waste, and energy
more efficiently.
e 5G allows millions of devices in a city to stay
connected at the same time.

Analogy: Think of 5G as the city’s “nervous
system,” carrying signals quickly between its
“organs” (roads, buildings, public transport).
Just like your body reacts instantly to pain, the
city can respond instantly to problems—like
rerouting traffic when an accident happens.

25
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5G Use Cases and Applications:
Autonomous Vehicles, Smart
Cities, and Healthcare

3. Healthcare
e With 5G, doctors can perform remote check-
ups through high-quality video, wearables
can monitor patients in real time, and even
robotic surgeries can be guided from afar.

Analogy: It’s like having a doctor in your pocket
24/7, ready to step in whenever your body shows
signs of trouble.

26
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5G Use Cases and Applications:
Autonomous Vehicles, Smart
Cities, and Healthcare

Questions
1.What are some applications of 5G

technology?
2.How will 5G impact loT?

27



CHAPTER 4

Challenges & Limitations:
Infrastructure Costs

One of the biggest challenges of 5G is the
high cost of building the infrastructure.

To deliver ultra-fast speeds, 5G needs
many more antennas and base stations
than 4G, often placed close together.

This means telecom companies must
invest heavily in new equipment, towers,
fiber connections, and maintenance.

28
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Challenges & Limitations:
Infrastructure Costs

Analogy 1 - Building Highways:

e Think of 4G as a single wide road
connecting two towns.

e For 5@, instead of just widening that road,
we need to build many new, smaller
roads, bridges, and traffic lights to handle
faster and heavier traffic.

e Naturally, this costs much more money.

29
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Challenges & Limitations:
Infrastructure Costs

Analogy 2 - Upgrading a House:

e Upgrading to 5G is like renovating your
old house into a smart home.

e |t’s not just about painting the walls—
you need to install new wiring, smart
appliances, and stronger foundations.

e The benefits are huge, but the upfront
investment is expensive.

Because of this, rolling out 5G
everywhere takes time. Urban areas may
get it first, while rural areas might need
to wait longer due to the high costs of
setting up the infrastructure.
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Challenges & Limitations:
Security Concerns

With the arrival of 5G, billions of devices—
from smartphones to cars, medical
equipment, and even traffic lights—will be
connected.

While this creates amazing opportunities,
it also opens the door to new security
risks.

Hackers could target personal data,
disrupt services, or even take control of
connected devices if the system is not
well protected.

& »
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Challenges & Limitations:
Security Concerns

Analogy 1 - Bigger Neighborhood, More
Doors:

e Imagine upgrading from a small house
(4G) to a huge apartment building (5G)
with thousands of doors.

e Each door leads to a device.

e The Dbuilding is modern and
convenient, but the more doors there
are, the more chances intruders have
to find an unlocked one.
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Challenges & Limitations:
Security Concerns

Analogy 2 — Super-Fast Highway:

e 5G is like a super-fast highway for data.
Cars (information) travel quicker than
ever, but if security “police” are not in
place, thieves can also move faster and
cause bigger accidents.

This means stronger cybersecurity
measures—like encryption, authentication,
and constant monitoring—are essential to
make sure 5G is safe for everyone.
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Challenges & Limitations:
Health & Environmental
Impacts

The rollout of 5G brings questions
about health and the environment.

Because 5G uses higher-frequency
signals, it requires more antennas
placed closer to people.

Some worry this constant exposure
might affect human health, although
current scientific studies have not
shown clear evidence of harm when
within safety limits.
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CHAPTER 4

Challenges & Limitations:
Health & Environmental
Impacts

On the environmental side, building
and powering millions of new base
stations and devices increases energy
use and produces more electronic
waste.

This raises concerns about
sustainability and climate impact.
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CHAPTER4

Challenges & Limitations:
Health & Environmental
Impacts

Analogy 1 - Streetlights in a City:

e Imagine a city adding more
streetlights to make the roads
brighter and safer.

e While it improves visibility, it also
increases electricity use and light
pollution.

e Similarly, 5G improves connectivity
but requires more infrastructure,
which can impact the environment.

&\
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Challenges & Limitations:
Health & Environmental
Impacts

Analogy 2 — Sunlight Exposure:

e Being in the sun is natural and safe
in small amounts, but too much
exposure raises concerns.

e In the same way, radio signals from
5G are generally safe wunder
regulated limits, but people worry
about long-term effects as exposure
grows.

In short, 5G’s health and
environmental impacts are still
being studied, and balancing
progress with sustainability
remains an important challenge.
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Challenges & Limitations:
Infrastructure Costs

Questions:

1.What are some challenges in
deploying 5G?

2.How does 5G address security
issues?

38
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Prospects of 5G Technology:
Ongoing Development

5G is not a “finished product.”

It is still evolving and improving as
researchers, industries, and
governments continue to explore
new possibilities.

Right now, 5G is being rolled out
across the world, but future updates
will make it even faster, more reliable,
and more widely available.

39
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Prospects of 5G Technology:
Ongoing Development

Some of the ongoing developments
include:
1.Expanding coverage to reach rural
and remote areas.
2.Improving energy efficiency to
reduce costs and environmental
impact.
3.Integrating with new technologies
like artificial intelligence (Al),
Internet of Things (IoT), and future
6G research.
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Prospects of 5G Technology:
Ongoing Development

Analogy 1 - Smartphone Updates:

e Think of 5G like a brand-new
smartphone model.

e |t works great on day one, but
over time it gets software updates
that fix bugs, add new features,
and make it run smoother.

41
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Prospects of 5G Technology:
Ongoing Development

Analogy 2 - Building a City:

e Launching 5G is like building a
City.

e The roads (networks) are open,
and people can already drive on
them, but new highways, bridges,
and services are still being added
to handle more traffic and make
the city stronger for the future.

In short, 5G is a journey, not a
destination—and ongoing development
ensures it will keep unlocking new
possibilities in the years to come.
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Prospects of 5G Technology:
Integrations with other
technologies like Al and AR/VR

The future of 5G is not just about faster
internet—it’s about how it works together
with other technologies like Artificial
Intelligence (Al) and Augmented/Virtual
Reality (AR/VR).

o With Al:

o 5G can provide the “fast brain signals”
while Al does the “thinking.”

o For example, in smart cities, 5G can
instantly send traffic data to Al, which
then decides the best way to reduce
jams.
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Prospects of 5G Technology:
Integrations with other
technologies like Al and AR/VR

The future of 5G is not just about faster
internet—it’s about how it works together
with other technologies like Artificial
Intelligence (Al) and Augmented/Virtual
Reality (AR/VR).

e With AR/VR:

o 5G makes experiences smoother and
more realistic.

o Imagine trying on clothes virtually,
joining a class in VR, or attending a
concert from your living room-—all
without lag or blurry visuals.
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Prospects of 5G Technology:
Integrations with other
technologies like Al and AR/VR

Analogy 1
Sports Team:

e Think of 5G as the super-fast player
who delivers the ball instantly, and Al
as the smart coach who plans the
winning strategy. Together, they create
a stronger team.

45
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Prospects of 5G Technology:
Integrations with other
technologies like Al and AR/VR

Analogy 2
Theme Park Ride:
e AR/VR is like a thrilling theme park
ride.
e But to enjoy it fully, you need a strong
safety system and smooth tracks.
e 5G provides that smooth track—
making sure the ride feels real and
exciting without interruptions.

In short, 5G + Al + AR/VR = smarter, faster,
and more immersive digital experiences,
changing the way we work, learn, and

play.
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Prospects of 5G Technology:
Long-term impacts on Society
and the Economy

In the long run, 5G is expected to bring
big changes to how we live, work, and
do business. By enabling faster
connections, smarter devices, and new
industries, 5G could boost economic
growth and improve everyday life.

e For society:

o People may enjoy smarter
healthcare, safer transportation,
and more connected communities.

o Education could also benefit from
virtual classrooms and immersive
learning.
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Prospects of 5G Technology:
Long-term impacts on Society
and the Economy

In the long run, 5G is expected to bring
big changes to how we live, work, and
do business. By enabling faster
connections, smarter devices, and new
industries, 5G could boost economic
growth and improve everyday life.

e For the economy:

o 5G can create new jobs, support
high-tech industries, and open the
door for innovations we can’t even
imagine yet—just like the internet
once did.
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Prospects of 5G Technology:
Long-term impacts on Society
and the Economy

Analogy 1 - Electricity Revolution:

e Think of 5G like electricity in the
20th century.

e At first, it powered simple lights, but
later it transformed factories,
homes, and entire cities.

e Similarly, 5G will start with faster
internet, but over time, it will

reshape whole industries and daily
life.
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Prospects of 5G Technology:
Long-term impacts on Society
and the Economy

Analogy 2 - Fertile Soil:

e Imagine 5G as fertile soil.

e On its own, it’s just soil, but when
seeds (Al, 10T, robotics, AR/VR) are
planted in it, the result is a thriving
digital “garden” full of new
opportunities for society and the
economy.

In short, the long-term impact of
5G is not just faster downloads—
it’s about creating a smarter, more
connected world with stronger
economies and better quality of
life.
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Prospects of 5G Technology:
Long-term impacts on Society
and the Economy

Questions:
1.What are the prospects of 5G?
2.How will 5G integrate with other
emerging technologies?
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GONGCLUSION

In conclusion, 5G is not just a mere speed upgrade for
mobile internet compared to 4G; it is a revolutionary
technological leap designed to connect nearly everything
around us.

With its three main features—extremely high speeds
(eMBB), ultra-low latency (URLLC), and the ability to
connect a massive number of devices simultaneously
(MMTC)—5G opens the door to innovations that were
previously considered impossible.

This technology forms the foundation for the progress of
the Industry 4.0 era, enabling applications such as self-
driving cars, remote surgery, smart cities, and more
immersive virtual reality (VR) and augmented reality (AR)
experiences.

It is no longer limited to smartphones but is set to become
the backbone of the Internet of Things (loT) ecosystem,
where devices ranging from industrial sensors to
household appliances can communicate with each other
instantly.

Although its implementation worldwide, including in
Malaysia, still faces challenges like the need for significant
infrastructure investment and cybersecurity issues, the
potential of 5G to drive economic growth, increase
industrial efficiency, and transform the way we live and
work is immense. Essentially, 5G is the catalyst for a more
connected, intelligent, and efficient digital future.
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