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Preface

This book is an introduction to fifth-generation (5G) mobile telecommunication systems and to
the enhancements that have been made to those systems under the name of 5G-Advanced.
5G builds on earlier generations of mobile telecommunications, but it differs in several ways.

It is designed for a wider range of applications than before: not only consumer applications such
as voice, video and data, but also industrial applications such as machine-type communications.
In turn, those applications have a wider range of requirements than before: some require a peak
data rate of several gigabits per second, others require the delivery of data packets with delays as
low as a few milliseconds, while others require a battery life of several years. To help meet those
requirements, the network uses technologies such as network function virtualization, software-
defined networking and network slicing to provide a flexible, underlying resource that can be
easily reconfigured to support new requirements as they arise. In pursuit of higher data rates and
higher system capacities, the air interface supports higher radio frequencies than previous gen-
erations have done and makes extensive use of multiple antennas.
There are many other books on 5G which contain detailed accounts of the underlying tech-

nologies, the likely applications, the system architecture and the air interface. The aim of this
book is to complement them by offering an end-to-end, system-level perspective. It contains
fewer details about individual topics than many of the others, but it is broader in scope, covering
the requirements and architecture of 5G, the principles and implementation of the air interface,
the signalling procedures within the network, and the new capabilities that have been added in
5G-Advanced. It is aimed at mobile telecommunication engineers who want an introduction to
the architecture and operation of 5G, at those who are experts in one part of the system but who
want to understand what is taking place elsewhere, and as a technical foundation for those in
related roles such as management, marketing, intellectual property and consultancy.
The first few chapters cover the foundations. Chapter 1 reviews the history of mobile telecom-

munications and introduces the applications, requirements and key technical features of 5G.
Chapter 2 covers the architecture of the core network and the signalling protocols that it uses,
while Chapter 3 covers similar ground in the case of the radio access network.
The next three chapters address the underlying technologies that are used by the air interface.

Chapter 4 reviews the use of radio spectrum and discusses the coverage issues that appear when
operating at high radio frequencies. Chapter 5 reviews the techniques that are used for digital
signal processing, for example modulation, demodulation, orthogonal frequency division mul-
tiple access and error correction. (Much of that chapter has been condensed from the author’s
previous work, An Introduction to LTE.) Chapter 6 explains how 5G uses multiple antennas to
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compensate for the coverage problems that appear at high radio frequencies and to improve the
system capacity when the radio frequency is low.
The next six chapters describe how the air interface is actually implemented. Chapter 7 is an

introduction to the air interface, Chapter 8 describes the acquisition procedure in which a
mobile discovers a nearby cell and Chapter 9 describes the random access procedure in which
the mobile makes its initial communication. Chapter 10 covers the procedures for link adapta-
tion, which compensate for changes in the amplitude and phase of the incoming radio signal,
and help to control the use of multiple antennas. Chapter 11 addresses the procedures that are
used for scheduling and data transmission, while Chapter 12 explains how the air interface’s
higher-level protocols handle tasks such as scheduling and re-transmission.
We then move on to the end-to-end operation of 5G. Chapter 13 covers the procedures that a

mobile runs when it switches on to discover a nearby cell and register with its chosen network.
Chapter 14 addresses the security procedures in 5G, while Chapter 15 covers the procedures
which connect a mobile to an external data network and which allow an external application
server to monitor and influence its behaviour.
The next four chapters address different aspects of mobility management, in which the net-

work keeps track of the mobile’s location and controls the cells with which it is communicating.
Chapter 16 covers the procedures in a state known as RRC_CONNECTED, in which the mobile
is carrying out normal communications with the network. Chapter 17 addresses the state of
RRC_IDLE, in which the mobile is on standby, while Chapter 18 deals with the new state of
RRC_INACTIVE, which is an optimization for low data rate communications. Chapter 19 cov-
ers the procedures used for inter-operation between the core networks of 4G and 5G.
The last four chapters address the enhancements that have beenmade to 5G in later releases of

the specifications. Chapter 20 covers the general-purpose capabilities that form the foundations
of 5G-Advanced, including location services, unlicensed spectrum, non-terrestrial networks,
and artificial intelligence and machine learning. Chapter 21 focuses on system enhancements
for the industrial internet of things and for massive machine-type communications.
Chapter 22 addresses device-to-device communications on the 5G sidelink, as well as the vehi-
cle, aircraft and proximity-based services that the sidelink helps to support. As the final topic,
Chapter 23 reviews the enhancements that are planned for future releases of 5G and looks ahead
to the introduction of a sixth generation of mobile telecommunications.
Like any technical subject, 5G uses a large number of acronyms and abbreviations. To help

make the text readable, I have tried to strike a balance between the uses of abbreviations
and text, for example by using ‘downlink’ in place of DL, but AMF in place of ‘access and mobil-
ity management function’. New terms are highlighted in italics throughout the text, and there is
a full list of abbreviations at the start of the book.
Unavoidably, some of the topics are mathematical ones. Some previous knowledge of Fourier

transforms would help the reader understand the discussion of orthogonal frequency division
multiple access in Chapter 5. Similarly, some previous knowledge of matrices would help with
the discussion ofmultiple antennas in Chapter 6, while familiarity with complex numbers would
be helpful for both. However, I have attempted to make the maths as lightweight as possible and
to explain the important concepts using English instead. The Bibliography contains some refer-
ences for further reading.
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List of Abbreviations

1G First generation
2G Second generation
3G Third generation
3GPP Third Generation Partnership Project
3GPP2 Third Generation Partnership Project 2
4G Fourth generation
5G Fifth generation
5G AKA 5G authentication and key agreement
5G-AN 5G access network
5GC 5G core network
5G-EIR 5G equipment identity register
5G-GUTI 5G globally unique temporary identity
5GMM 5G mobility management
5GS 5G system
5GSM 5G session management
5G-S-TMSI 5G S temporary mobile subscriber identity
5G-TMSI 5G temporary mobile subscriber identity
5QI 5G QoS identifier
6G Sixth generation

A/D Analogue to digital
A2X Aircraft to everything
AAA Authentication, authorization and accounting
AAS Active antenna system
ABMF Account balance management function
ADRF Analytics data repository function
AES Advanced Encryption Standard
AF Application function
AGC Automatic gain control
AI Artificial intelligence
AI/ML Artificial intelligence and machine learning
A-IoT Ambient internet of things
AKA Authentication and key agreement
AM Acknowledged mode
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AMBR Aggregate maximum bit rate
AMF Access and mobility management function
AMFI AMF identifier
AMPS Advanced Mobile Phone System
AN Access network
AnLF Analytics logical function
AoA Angle of arrival
AoD Angle of departure
API Application programming interface
APN Access point name
AR Augmented reality
ARIB Association of Radio Industries and Businesses
ARP Allocation and retention priority
ARPF Authentication credential repository and processing function
ARQ Automatic repeat request
AS Access stratum
ATIS Alliance for Telecommunications Industry Solutions
ATSSS Access traffic steering, switch and splitting
AuC Authentication centre
AUSF Authentication server function
AUTN Authentication token

BAP Backhaul adaptation protocol
BCCH Broadcast control channel
BCH Broadcast channel
BD Billing domain
BLER Block error ratio
BM-SC Broadcast/multicast service centre
BPSK Binary phase shift keying
BSF Binding support function
BSR Buffer status report
BTS Base transceiver station
BWP Bandwidth part

C2 Command and control
CA Carrier aggregation
CAA Civil Aviation Administration
CAG Closed access group
CAPC Channel access priority class
CBG Code block group
CCCH Common control channel
CCE Control channel element
CCSA China Communications Standards Association
CDM Code division multiplexing
CDMA Code division multiple access
CDR Charging data record
CE Control element
CGF Charging gateway function
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