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5g 2020 And Beyond
This book provides a comprehensive overview of the latest research and standardization progress towards the 5th generation (5G) of mobile
communications technology and beyond. It covers a wide range of topics from 5G use cases and their requirements, to spectrum, 5G end-to-end (E2E)
system architecture including core network (CN), transport network (TN) and radio access network (RAN) architecture, network slicing, security and
network management. It further dives into the detailed functional design and the evaluation of different 5G concepts, and provides details on planned
trials and pre-commercial deployments across the globe. While the book naturally captures the latest agreements in 3rd Generation Partnership Project
(3GPP) New Radio (NR) Release 15, it goes significantly beyond this by describing the likely developments towards the final 5G system that will
ultimately utilize a wide range of spectrum bands, address all envisioned 5G use cases, and meet or exceed the International Mobile
Telecommunications (IMT) requirements for the year 2020 and beyond (IMT-2020). 5G Architectural and Functional Design: An Introduction to 5G
Mobile Networks is based on the knowledge and consensus from 158 leading researchers and standardization experts from 54 companies or institutes
around the globe, representing key mobile network operators, network vendors, academic institutions and regional bodies for 5G. Different from earlier
books on 5G, it does not focus on single 5G technology components, but describes the full 5G system design from E2E architecture to detailed
functional design, including details on 5G performance, implementation and roll-out.
The book features original papers by active researchers presented at the International Conference on Mobile Radio Communications and 5G Networks.
It includes recent advances and upcoming technologies in the field of cellular systems, 2G/2.5G/3G/4G/5G and beyond, LTE, WiMAX, WMAN, and
other emerging broadband wireless networks, WLAN, WPAN, and various home/personal networking technologies, pervasive and wearable computing
and networking, small cells and femtocell networks, wireless mesh networks, vehicular wireless networks, cognitive radio networks and their
applications, wireless multimedia networks, green wireless networks, standardization of emerging wireless technologies, power management and energy
conservation techniques.
This text covers the key technologies employed in wireless links that enable increased data rates and thus are likely to be employed in support of 5G
wireless transport networks, i.e., backhaul, midhaul, and fronthaul networks. The author presents technologies at an introductory level but nonetheless
at a level that imparts to the reader a sound understanding of the fundamentals. The book is intended for those practicing engineers and graduate and
upper undergraduate students who have an interest in acquiring, where missing, the necessary technology background in order to comprehend the
functioning and capability of 5G based wireless transport links. The author focuses on those technologies that are key to achieving the high data rates
and high reliability required of this transport. The material is presented in a clear, concise, and mathematically light fashion. Covers key wireless
transport (backhaul, midhaul, and fronthaul) technologies for 5G and beyond, presented in a clear tractable fashion; Outlines the basic wireless
transport transmitter/receiver terminal architecture, provides specifications of some such terminals, and indicates the link performance afforded by
such terminals; Provides sufficient mathematics to make it technically coherent, but not so much as to make it challenging for a reader with no or
limited familiarity with these technologies.
This exciting new book, which builds on the author’s previous book, Spectrum Wars: The Policy and Technology Debate, discusses the evolution of
spectrum use and management caused by the rise of 5G and beyond in all wireless technologies, from terrestrial wireless, including mobile and fixed, to
non-terrestrial including satellite and drone technologies. A survey of these new technologies and use cases are included, allowing the reader to
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understand the technical, operational, and commercial context of these systems. This book addresses how the traditional methods used in evaluating
spectrum management have changed, including the use and need of low, medium, and high band spectrum to meet user demands and the use of tools
such as spectrum sharing to make available much needed spectrum for 5G and beyond. The book also examines how governments are making
additional spectrum available for all uses, including recent spectrum auctions, clearing, and shared networks. Public policy challenges, such as the
digital divide and the impact of the pandemic, are explored in relation to their impact on spectrum management. Finally, the evolution to 6G that is
already occurring, and the impact that 6G will likely have on spectrum management in the future, is reviewed. Written by an expert in the field, this
book provides a thoughtful approach to the overall spectrum management regime from allocating spectrum to having it released into the market for 5G
and beyond.
5G New Radio: Beyond Mobile Broadband
The Dark Side of 5G
The Future Home in the 5G Era
An Introduction to 5g Mobile Networks
An End to End Perspective
The New Radio, 5G Network and Beyond
5G Physical Layer

Beyond 2020, wireless communication systems will have to support more than 1,000 times
the traffic volume of today's systems. This extremely high traffic load is a major issue
faced by 5G designers and researchers. This challenge will be met by a combination of
parallel techniques that will use more spectrum more flexibly, realize higher spectral
efficiency, and densify cells. Novel techniques and paradigms must be developed to meet
these goals. The book addresses diverse key-point issues of next-generation wireless
communications systems and identifies promising solutions. The book's core is
concentrated to techniques and methods belonging to what is generally called radio access
network.
This book provides a comprehensive overview of the latest research and standardization
progress towards the 5th generation (5G) of mobile communications technology and beyond.
It covers a wide range of topics from 5G use cases and their requirements, to spectrum,
5G end-to-end (E2E) system architecture including core network (CN), transport network
(TN) and radio access network (RAN) architecture, network slicing, security and network
management. It further dives into the detailed functional design and the evaluation of
different 5G concepts, and provides details on planned trials and pre-commercial
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deployments across the globe. While the book naturally captures the latest agreements in
3rd Generation Partnership Project (3GPP) New Radio (NR) Release 15, it goes
significantly beyond this by describing the likely developments towards the final 5G
system that will ultimately utilize a wide range of spectrum bands, address all
envisioned 5G use cases, and meet or exceed the International Mobile Telecommunications
(IMT) requirements for the year 2020 and beyond (IMT-2020). 5G NR : The Pratical Guide to
5G Wireless Technology is based on the knowledge and consensus from 158 leading
researchers and standardization experts from 54 companies or institutes around the globe,
representing key mobile network operators, network vendors, academic institutions and
regional bodies for 5G. Different from earlier books on 5G, it does not focus on single
5G technology components, but describes the full 5G system design from E2E architecture
to detailed functional design, including details on 5G performance, implementation and
roll-out.
Written in a clear and concise manner, this book presents readers with an in-depth
discussion of the 5G technologies that will help move society beyond its current
capabilities. It perfectly illustrates how the technology itself will benefit both
individual consumers and industry as the world heads towards a more connected state of
being. Every technological application presented is modeled in a schematic diagram and is
considered in depth through mathematical analysis and performance assessment.
Furthermore, published simulation data and measurements are checked. Each chapter of 5G
Physical Layer Technologies contains texts, mathematical analysis, and applications
supported by figures, graphs, data tables, appendices, and a list of up to date
references, along with an executive summary of the key issues. Topics covered include:
the evolution of wireless communications; full duplex communications and full dimension
MIMO technologies; network virtualization and wireless energy harvesting; Internet of
Things and smart cities; and millimeter wave massive MIMO technology. Additional chapters
look at millimeter wave propagation losses caused by atmospheric gases, rain, snow,
building materials and vegetation; wireless channel modeling and array mutual coupling;
massive array configurations and 3D channel modeling; massive MIMO channel estimation
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schemes and channel reciprocity; 3D beamforming technologies; and linear precoding
strategies for multiuser massive MIMO systems. Other features include: In depth coverage
of a hot topic soon to become the backbone of IoT connecting devices, machines, and
vehicles Addresses the need for green communications for the 21st century Provides a
comprehensive support for the advanced mathematics exploited in the book by including
appendices and worked examples Contributions from the EU research programmes, the
International telecommunications companies, and the International standards institutions
(ITU; 3GPP; ETSI) are covered in depth Includes numerous tables and illustrations to aid
the reader Fills the gap in the current literature where technologies are not explained
in depth or omitted altogether 5G Physical Layer Technologies is an essential resource
for undergraduate and postgraduate courses on wireless communications and technology. It
is also an excellent source of information for design engineers, research and development
engineers, the private-public research community, university research academics,
undergraduate and postgraduate students, technical managers, service providers, and all
professionals involved in the communications and technology industry.
Fundamentals of 5G Mobile Networks provides an overview of the key features of the 5th
Generation (5G) mobile networks, discussing the motivation for 5G and the main challenges
in developing this new technology. This book provides an insight into the key areas of
research that will define this new system technology paving the path towards future
research and development. The book is multi-disciplinary in nature, and aims to cover a
whole host of intertwined subjects that will predominantly influence the 5G landscape,
including Future Internet, cloud computing, small cells and self-organizing networks
(SONs), cooperative communications, dynamic spectrum management and cognitive radio,
Broadcast-Broadband convergence, 5G security challenge, and green RF. The book aims to be
the first of its kind towards painting a holistic perspective on 5G Mobile, allowing 5G
stakeholders to capture key technology trends on different layering domains and to
identify potential inter-disciplinary design aspects that need to be solved in order to
deliver a 5G Mobile system that operates seamlessly as a piece of the 5G networking
jigsaw. Key features: • Addresses the fundamentals of 5G mobile networks serving as a
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useful study guide for mobile researchers and system engineers aiming to position their
research in this fast evolving arena. • Develops the Small cells story together with
nextï¿1?2]generation SON (self-organizing networks) systems as solutions for addressing
the unprecedented traffic demand and variations across cells. • Elaborates Mobile Cloud
technology and Services for future communication platforms, acting as a source of
inspiration for corporations looking for new business models to harness the 5G wave. •
Discusses the open issues facing broadï¿1?2]scale commercial deployment of white space
networks, including the potential for applications towards the future 5G standard. •
Provides a scientific assessment for broadcast and mobile broadband convergence coupled
together with a ´win-win’ convergence solution to harmonize the broadcasting and mobile
industry. • Describes the key components, trends and challenges, as well as the system
requirements for 5G transceivers to support multiï¿1?2]standard radio, a source of
inspiration for RF engineers and vendors to tie down the requirements and potential
solutions for next generation handsets.
Architectures, Technologies, and Implementations
2016 5G white paper
A Comprehensive Compilation of Decisions, Reports, Public Notices, and Other Documents of
the Federal Communications Commission of the United States
Networks of the Future
5g Architectural and Functional Design
Fundamentals of 5G Mobile Networks
Towards Cognitive Autonomous Networks
The deployment of 4G/LTE (Long-Term Evolution) mobile networks has solved the major challenge of high capacities to
build a real broadband mobile internet. This was possible mainly through a very strong physical layer and flexible network
architecture. However, bandwidth-hungry services such as virtual reality (VR) and augmented reality (AR), have been
developed in an unprecedented way. Furthermore, mobile networks are facing other new services with extreme demand
for greater reliability and almost zero-latency performance, like vehicle communications and the Internet of Vehicles (IoV).
Therefore, industries and researchers are investigating new physical layers and softwarization techniques and including
more intelligence in 5G and beyond 5G (B5G/6G). This book discusses some of these softwarization techniques, such as
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fog computing, cloud computing, and artificial intelligence (AI) and machine learning (ML). It also presents use cases
showing practical aspects from 5G deployment scenarios, where other communications technologies will co-habit to build
the landscape of next-generation mobile networks (NGMNs).
5G is the biggest opportunity ever for our industry. With capabilities much greater than today's networks, opportunities
beyond our imagination will appear. With 5G, we will be able to digitalize industries and realize the full potential of a
networked society. So far, cellular innovation has focused on driving data rates. With 5G, in addition we see the advent of
low-latency Tactile Internet and massive IoT generating new opportunities for society. 5G brings new technology solutions
to the 5G mobile networks including new spectrum options, new antenna structures, new physical layer and protocols
designs and new network architectures. The authors review the deployment aspects such as Millimeter Wave
Communication and transport network and explore the 5G performance aspects including speed and coverage and
latency. The book also looks at all the sub-systems of the network, focusing on both the practical and theoretical issues.
This text book "Fundamentals of 5G Wireless Communications" is organized into Seven Chapters. Chapter-1: Introduction
to 5G Wireless Communication Chapter-2: Basics of 5G Wireless Networks Chapter-3: Wireless Systems and Standards
of 5G Wireless CommunicationChapter-4: Architecture of 5G Wireless Communications Chapter- 5: Modulation and
Multiple Access Techniques for 5G Wireless CommunicationsChapter-6: Channels for 5G Wireless Communication
Chapter-7: Millimeter-Wave CommunicationsSalient Features-Comprehensive Coverage of Basics of 5G Wireless
Communications,5G Wireless Networks, Wireless Systems and Standards of 5G Wireless Communications, Architecture
of 5G Wireless Communications, Modulation and Multiple Access Techniques for 5G.-New elements in book include
Channels for 5G Wireless Communication and Millimeter-Wave Communications.-Clear perception of the various
problems with a large number of neat, well drawn and illustrative diagrams. -Simple Language, easy- to- understand
manner.Our sincere thanks are due to all Scientists, Engineers, Authors and Publishers, whose works and text have been
the source of enlightenment, inspiration and guidance to us in presenting this small book. I will appreciate any suggestions
from students and faculty members alike so that we can strive to make the text book more useful in the edition to come.
Standards for 5G and beyond will require communication systems with a much more flexible and cognitive design to
support a wide variety of services including smart vehicles, smart cities, smart homes, IoTs, and remote health. Although
future 6G technologies may look like an extension of their 5G counterparts, new user requirements, completely new
applications and use-cases, and networking trends will bring more challenging communication engineering problems. New
communication paradigms in different layers will be required, in particular in the physical layer of future wireless
communication systems.
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Written by an industry insider with state of the art research at their fingertips, this book describes the Radio Access
Network (RAN) architecture, starting with currently deployed 4G, followed by the description of 5G requirements and why
re-thinking of the RAN architecture is needed to support these. Based on these considerations, it explains how 5G network
architecture, which is currently being defined, is likely to evolve. The aim is not merely to cover relevant standards and
technologies as a purely academic exercise (although a significant part of the book will be dedicated to these), but to
augment these by practical deployment, to illustrate why the RAN architecture is changing and where it is going. With 5G
deployments on the horizon, there is a desire within companies to both re-think the RAN architecture and to change the
proprietary nature of the RAN. Correspondingly, there is increased interest in academia, standards bodies and commercial
entities involved in the area.
5G and Beyond
Design and Optimization for 5G Wireless Communications
5G Technology
5G NR: The Next Generation Wireless Access Technology
5G Mobile Networks
Fundamentals of 5G Communications: Connectivity for Enhanced Mobile Broadband and Beyond
Explore the foundations and applications of 5G technology This comprehensive guide contains practical information from
telecommunications experts working at the forefront of 5G innovation. The authors discuss the foundations of 5G
technology?not just the new standards, but the reasons and stories behind them. Fundamentals of 5G Communications
features coverage of all major vertical domains with a focus on practical, commercial applications. This book serves both as
an essential reference for telecom professionals and as a textbook for students learning about 5G. Coverage includes: 5G
versus 4G: What’s new? Deployment scenarios and architecture options The evolution of 5G architecture Numerology and
slot structure Initial access and mobility Downlink control and data operation Uplink control and data operation Coexistence
of 4G and 5G 5G in unlicensed and shared spectra Vertical expansion: URLLC, MTC, V2X Vertical expansion: broadcast
and multicast Typical 5G commercial deployments A look toward the future of 5G
Learn about the latest in cognitive and autonomous network management Towards Cognitive Autonomous Networks:
Network Management Automation for 5G and Beyond delivers a comprehensive understanding of the current state-of-the-art
in cognitive and autonomous network operation. Authors Mwanje and Bell fully describe today's capabilities while explaining
the future potential of these powerful technologies. This book advocates for autonomy in new 5G networks, arguing that the
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virtualization of network functions render autonomy an absolute necessity. Following that, the authors move on to
comprehensively explain the background and history of large networks, and how we come to find ourselves in the place we're
in now. Towards Cognitive Autonomous Networks describes several novel techniques and applications of cognition and
autonomy required for end-to-end cognition including: • Configuration of autonomous networks • Operation of autonomous
networks • Optimization of autonomous networks • Self-healing autonomous networks The book concludes with an
examination of the extensive challenges facing completely autonomous networks now and in the future.
A comprehensive guide to 5G technology, applications and potential for the future 5G brings new technology solutions to the
5G mobile networks including new spectrum options, new antenna structures, new physical layer and protocols designs and
new network architectures. 5G Technology: 3GPP New Radio is a comprehensive resource that offers explanations of 5G
specifications, performance evaluations, aspects of device design, practical deployment considerations and illustrative
examples from field experiences. With contributions from a panel of international experts on the topic, the book presents the
main new technology components in 5G and describes the physical layer, radio protocols and network performance. The
authors review the deployment aspects such as site density and transport network and explore the 5G performance aspects
including data rates and coverage and latency. The book also contains illustrative examples of practical field measurement. In
addition, the book includes the most recent developments in 4G LTE evolution and offers an outlook for the future of the
evolution of 5G. This important book: Offers an introduction to 5G technology and its applications Contains contributions
from international experts on the topic Reviews the main technology components in 5G Includes information on the
optimisation of the Internet of things Presents illustrative examples of practical field measurements Written for students and
scientists interested in 5G technology, 5G Technology: 3GPP New Radio provides a clear understanding of the underlying 5G
technology that promotes the opportunity to take full benefit of new capabilities.
Fifth-generation cellular radio access networks are currently being standardized as 5G New Radio (NR). The primary
objectives of 5G NR are to provide enhanced mobile broadband (eMBB) and ultra-reliable low latency communication
(URLLC) capabilities. This innovative resource analyzes these applications in detail to help readers understand how the
flexible design of NR makes it suitable for a wide range of use cases and applications. The rationale behind the design
decisions made during the NR standardization process are explored. Readers will be able to understand the performance
limits of NR when applied to non-eMBB scenarios and how NR compares to 4G and IEEE 802.x connectivity solutions for
such scenarios. The main features of 5G phase 2 are explored, as well as the use cases that can be addressed by 5G phase 2.
The mathematical models are included to help explain the future evolution of NR in Release 16 and beyond. This is the only
book that describes both the standards features of NR and the mathematical models/open research issues for 5G, appealing to
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both industry practitioners and academic researchers.
New Directions in Wireless Communications Systems
Architectural and Functional Considerations and Long Term Research
FCC Record
Moving Broadband Mobile Communications Forward
5G Multimedia Communication
Global 5G strategy toward 2020 & beyond
From LTE to LTE-Advanced Pro and 5G
This book will help readers comprehend technical and policy elements of telecommunication
particularly in the context of 5G. It first presents an overview of the current research
and standardization practices and lays down the global frequency spectrum allocation
process. It further lists solutions to accommodate 5G spectrum requirements. The readers
will find a considerable amount of information on 4G (LTE-Advanced), LTE-Advance Pro, 5G
NR (New Radio); transport network technologies, 5G NGC (Next Generation Core), OSS
(Operations Support Systems), network deployment and end-to-end 5G network architecture.
Some details on multiple network elements (end products) such as 5G base station/small
cells and the role of semiconductors in telecommunication are also provided. Keeping
trends in mind, service delivery mechanisms along with state-of-the-art services such as
MFS (mobile financial services), mHealth (mobile health) and IoT (Internet-of-Things) are
covered at length. At the end, telecom sector’s burning challenges and best practices are
explained which may be looked into for today’s and tomorrow’s networks. The book
concludes with certain high level suggestions for the growth of telecommunication,
particularly on the importance of basic research, departure from ten-year evolution cycle
and having a 20–30 year plan. Explains the conceivable six phases of mobile
telecommunication’s ecosystem that includes R&D, standardization, product/network/device
& application development, and burning challenges and best practices Provides an overview
of research and standardization on 5G Discusses solutions to address 5G spectrum
requirements while describing the global frequency spectrum allocation process Presents
various case studies and policies Provides details on multiple network elements and the
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role of semiconductors in telecommunication Presents service delivery mechanisms with
special focus on IoT
The Future Home in the 5G Era looks at new hyper-connected home environments in which
devices and apps will work together seamlessly to respond to and anticipate customers'
needs, all with maximum security and privacy. Enabled by 5G, AI, and other new
technologies such as eSim and edge computing, the Future Home's powerful service
ecosystems will be a quantum leap from today's fragmented smart home technology,
effectively extending the boundaries of the home even beyond the traditional bounds of
the physical, to ultimately make consumers feel 'at home' anywhere. This will create
tremendous opportunities for businesses including communication service providers (CSPs),
device manufacturers and app developers, as well as those providing services in diverse
sectors such as entertainment, health and social care, education, retail, and more. The
Future Home in the 5G Era combines original research from Accenture with practical
insights and examples, showing how intelligently orchestrated Future Homes can yield
economic success for businesses. Written by leaders of strategy and technology
consultancy at Accenture, the authors have vast industry experience leading major units
of Fortune 500 companies and start-ups. This book looks at how businesses, especially
CSPs, can overcome the challenges and capture the multi-billion-dollar Future Home market
by putting strategic emphasis on excellent customer experiences, developing new business
models, and turning their organizations into competitively agile platform-based
innovators. For business leaders in any sector relevant to the Future Home, this book is
an indispensable and value-creating guide.
This book presents a detailed pedagogical description of the 5G commercial wireless
communication system design, from an end to end perspective. It compares and contrasts NR
with LTE, and gives a concise and highly accessible description of the key technologies
in the 5G physical layer, radio access network layer protocols and procedures. This book
also illustrates how the 5G core and EPC is integrated into the radio access network, how
virtualization and edge computer fundamentally change the way users interact with the
network, as well as 5G spectrum issues. This book is structured into six chapters. The
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first chapter reviews the use cases, requirements, and standardization organization and
activities for 5G. These are 5G requirements and not NR specifically, as technology that
meets the requirements, may be submitted to the ITU as 5G technology. This includes a set
of Radio Access Technologies (RATs), consisting of NR and LTE; with each RAT meeting
different aspects of the requirements. The second chapter describes the air interface of
NR and LTE side by side. The basic aspects of LTE that NR builds upon are first
described, followed by sections on the NR specific technologies, such as carrier/channel,
spectrum/duplexing (including SUL), LTE/NR co-existence and new physical layer
technologies (including waveform, Polar/LDPC codes, MIMO, and URLLC/mMTC). In all cases
the enhancements made relative to LTE are made apparent. The third chapter contains
descriptions of NR procedures (IAM/Beam Management/Power control/HARQ), protocols
(CP/UP/mobility, including grant-free), and RAN architecture. The fourth chapter includes
a detailed discussion related to end-to-end system architecture, and the 5G Core (5GC),
network slicing, service continuity, relation to EPC, network virtualization, and edge
computing. The fifth and major chapter describes the ITU submission and how NR and LTE
meet the 5G requirements in significant detail, from the rapporteur responsible for
leading the preparation and evaluation, as well as some field trial results. Engineers,
computer scientists and professionals with a passing knowledge of 4G LTE and a
comprehensive understanding of the end to end 5G commercial wireless system will find
this book to be a valuable asset. Advanced-level students and researchers studying and
working in communication engineering, who want to gain an understanding of the 5G system
(as well as methodologies to evaluate features and technologies intended to supplement
5G) will also find this book to be a valuable resource.
This book provides an accessible and comprehensive tutorial on the key enabling
technologies for 5G and beyond, covering both the fundamentals and the state-of-the-art
5G standards. The book begins with a historical overview of the evolution of cellular
technologies and addresses the questions on why 5G and what is 5G. Following this, six
tutorial chapters describe the fundamental technology components for 5G and beyond. These
include modern advancements in channel coding, multiple access, massive multiple-input
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and multiple-output (MIMO), network densification, unmanned aerial vehicle enabled
cellular networks, and 6G wireless systems. The second part of this book consists of five
chapters that introduce the basics of 5G New Radio (NR) standards developed by 3GPP.
These include 5G architecture, protocols, and physical layer aspects. The third part of
this book provides an overview of the key 5G NR evolution directions. These directions
include ultra-reliable low-latency communication (URLLC) enhancements, operation in
unlicensed spectrum, positioning, integrated access and backhaul, air-to-ground
communication, and non-terrestrial networks with satellite communication.
Proceedings of MRCN 2020
3GPP New Radio
Next Generation Strategies for Hyper-connected Living
A Systems Approach
5G and Beyond Wireless Transport Technologies
Spectrum Wars: The Rise of 5G and Beyond
Concepts and Technologies
5G Outlook - Innovations and Applications is a collection of the recent research and development in the area of the Fifth
Generation Mobile Technology (5G), the future of wireless communications. Plenty of novel ideas and knowledge of the
5G are presented in this book as well as divers applications from health science to business modeling. The authors of
different chapters contributed from various countries and organizations. The chapters have also been presented at the
5th IEEE 5G Summit held in Aalborg on July 1, 2016. The book starts with a comprehensive introduction on 5G and its
need and requirement. Then millimeter waves as a promising spectrum to 5G technology is discussed. The book
continues with the novel and inspiring ideas for the future wireless communication usage and network. Further, some
technical issues in signal processing and network design for 5G are presented. Finally, the book ends up with different
applications of 5G in distinct areas. Topics widely covered in this book are: 5G technology from past to present to the
futureMillimeter- waves and their characteristicsSignal processing and network design issues for 5GApplications,
business modeling and several novel ideas for the future of 5G
This book describes the 5G mobile network from a systems perspective, focusing on the fundamental design principles
that are easily obscured by an overwhelming number of acronyms and standards definitions that dominate this space.
The book is written for system generalists with the goal of helping bring up to speed a community that understands a
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broad range of systems issues (but knows little or nothing about the cellular network) so it can play a role in the network's
evolution. This is a community that understands both feature velocity and best practices in building robust scalable
systems, and so it has an important role to play in bringing to fruition all of 5G's potential. In addition to giving a step-bystep tour of the design rationale behind 5G, the book aggressively disaggregates the 5G mobile network. Building a
disaggregated, virtualized, and software-defined 5G access network is the direction the industry is already headed (for
good technical and business reasons), but breaking the 5G network down into its elemental components is also the best
way to explain how 5G works. It also helps to illustrate how 5G might evolve in the future to provide even more value. An
open source implementation of 5G serves as the technical underpinning for the book. The authors, in collaboration with
industrial and academic partners, are working towards a cloud-based implementation that takes advantage of both
Software-Defined Networking (SDN) and cloud-native (microservice-based) architectures, culminating in a managed 5Genabled EdgeCloud-as-a-Service built on the components and mechanisms described throughout the book.
Cellular Internet of Things: From Massive Deployments to Critical 5G Applications, Second Edition, gives insights into the
recent and rapid work performed by the 3rd Generation Partnership Project (3GPP) and the Multefire Alliance (MFA) to
develop systems for the Cellular IoT. Beyond the technologies, readers will learn what the mMTC and cMTC market
segments look like, deployment options and expected performance in terms of system capacity, expected battery lifetime,
data throughput, access delay time and device cost, regulations for operation in unlicensed frequency bands, and how
they impact system design and performance. This new edition contains updated content on the latest EC-GSM IoT, LTEM and NB-IoT features in 3GPP Release 15, critical communication, i.e. URLLC, specified in 3GPP Release 15 for both
LTE and NR, LTE-M and NB-IoT for unlicensed frequency bands specified in the Multefire Alliance (MFA), and an
updated outlook of what the future holds in Industrial IoT and drone communications, amongst other topics. Provides
ubiquitous wireless connectivity for a diverse range of services and applications, describing their performance and how
their specifications were developed to meet the most demanding requirements Describes licensed and unlicensed
technologies based on 2G, 4G and 5G technologies and how they have evolved towards the Cellular IoT Presents the
Narrowband Internet of Things technology and how GSM, LTE and NR have been designed to provide Cellular Internet
of Things services Provides use cases that cover ultra-low complex systems connecting billions of devices (massive
MTC, mMTC), critical MTC and cMTC based on Ultra-Reliable and Low Latency Communications (URLLC) to meet strict
latency and reliability requirements
In bringing to the readers the book 5G Multimedia Communication: Technology, Multiservices and Deployment, the aim is
to present current work and direction on the challenging subject of multimedia communications, with theoretical and
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practical roots. The past two decades have witnessed an extremely fast evolution of mobile cellular network technology.
The fifth generation of mobile wireless systems has achieved the first milestone toward finalization and deployment by
2020. This is vital to the development of future multimedia communications. Also, it is necessary to consider 5G
technology from the performance point of view by analyzing network capabilities to the operator and to the end user in
terms of data rate, capacity, coverage, energy efficiency, connectivity and latency. The book is divided into three major
parts with each part containing four to seven chapters: • Critical enabling technology • Multiservices network •
Deployment scenarios The first part discusses enabling technologies, such as green communication, channel modeling,
massive and distributed MIMO and ML-based networks. In the second part, different methodologies and standards for
multiservices have been discussed. Exclusive chapters have been dedicated to each of the open research challenges
such as multimedia operating in 5G environment, network slicing optimization, mobile edge computing, mobile video
multicast/broadcast, integrated satellite and drone communication. The third part paved the way to deployment scenarios
for different innovative services including integration of a multienergy system in smart cities, intelligent transportation
systems, 5G connectivity in the transport sector, healthcare services, 5G edge-based video surveillance and challenges
of connectivity for massive IoT in 5G and beyond systems. The book is written by experts in the field who introduced
scientific and engineering concepts, covering the 5G multimedia communication areas. The book can be read cover-tocover or selectively in the areas of interest for the readers. Generally, the book is intended for novel readers who could
benefit from understanding general concepts, practitioners who seek guidance into the field and senior-level as well as
graduate-level engineering students in understanding the process of today’s wireless multimedia communications.
An Introduction to 5G
5G Mobile and Wireless Communications Technology
Enabling Backhaul, Midhaul, and Fronthaul
Fundamentals of 5G Wireless Communications
Mobile Radio Communications and 5G Networks
UAV Communications for 5G and Beyond
Inclusive Radio Communications for 5G and Beyond
This book offers a technical background to the design and optimization of wireless communication systems, covering
optimization algorithms for wireless and 5G communication systems design. The book introduces the design and
optimization systems which target capacity, latency, and connection density; including Enhanced Mobile Broadband
Communication (eMBB), Ultra-Reliable and Low Latency Communication (URLL), and Massive Machine Type
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Communication (mMTC). The book is organized into two distinct parts: Part I, mathematical methods and optimization
algorithms for wireless communications are introduced, providing the reader with the required mathematical background. In
Part II, 5G communication systems are designed and optimized using the mathematical methods and optimization
algorithms.
A comprehensive overview of the 5G landscape covering technology options, most likely use cases and potential system
architectures.
5G NR: The Next Generation Wireless Access Technology follows the authors' highly celebrated books on 3G and 4G by
providing a new level of insight into 5G NR. After an initial discussion of the background to 5G, including requirements,
spectrum aspects and the standardization timeline, all technology features of the first phase of NR are described in detail.
Included is a detailed description of the NR physical-layer structure and higher-layer protocols, RF and spectrum aspects
and co-existence and interworking with LTE. The book provides a good understanding of NR and the different NR
technology components, giving insight into why a certain solution was selected. Content includes: Key radio-related
requirements of NR, design principles, technical features Details of basic NR transmission structure, showing where it has
been inherited from LTE and where it deviates from it, and the reasons why NR Multi-antenna transmission functionality
Detailed description of the signals and functionality of the initial NR access, including signals for synchronization and system
information, random access and paging LTE/NR co-existence in the same spectrum, the benefits of their interworking as
one system The different aspects of mobility in NR RF requirements for NR will be described both for BS and UE, both for
the legacy bands and for the new mm-wave bands Gives a concise and accessible explanation of the underlying technology
and standards for 5G NR radio-access technology Provides detailed description of the NR physical-layer structure and
higher-layer protocols, RF and spectrum aspects and co-existence and interworking with LTE Gives insight not only into the
details of the NR specification but also an understanding of why certain solutions look like they do
The future society would be ushered in a new communication era with the emergence of 5G. 5G would be significantly
different, especially, in terms of architecture and operation in comparison with the previous communication generations (4G,
3G...). This book discusses the various aspects of the architecture, operation, possible challenges, and mechanisms to
overcome them. Further, it supports users’ interac- tion through communication devices relying on Human Bond
Communication and COmmunication-NAvigation- SENsing- SErvices (CONASENSE). Topics broadly covered in this book
are; • Wireless Innovative System for Dynamically Operating Mega Communications (WISDOM) • Millimeter Waves and
Spectrum Management • Cyber Security • Device to Device Communication Content: Introduction WISDOM Concept and
Challenges SMNAT and Enabler of Device-to-Device Communication Dynamic Spectrum Management and mm-WAVES
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Cyber Security and Threats Beyond 2020
The Pratical Guide to 5g Wireless Technology
Fundamentals and Standards
5G Physical Layer Technologies
5G System Design
From Massive Deployments to Critical 5G Applications
5G: 2020 and Beyond
Technology, Multiservices, and Deployment
This book provides a comprehensive overview of the latest research and standardization
progress towards the 5th generation (5G) of mobile communications technology and beyond.
It covers a wide range of topics from 5G use cases and their requirements, to spectrum,
5G end-to-end (E2E) system architecture including core network (CN), transport network
(TN) and radio access network (RAN) architecture, network slicing, security and network
management. It further dives into the detailed functional design and the evaluation of
different 5G concepts, and provides details on planned trials and pre-commercial
deployments across the globe. While the book naturally captures the latest agreements in
3rd Generation Partnership Project (3GPP) New Radio (NR) Release 15, it goes
significantly beyond this by describing the likely developments towards the final 5G
system that will ultimately utilize a wide range of spectrum bands, address all
envisioned 5G use cases, and meet or exceed the International Mobile Telecommunications
(IMT) requirements for the year 2020 and beyond (IMT-2020). em style="mso-bidi-fontstyle: normal;"5G System Design: Architectural and Functional Considerations and Long
Term Research is based on the knowledge and consensus from 158 leading researchers and
standardization experts from 54 companies or institutes around the globe, representing
key mobile network operators, network vendors, academic institutions and regional bodies
for 5G. Different from earlier books on 5G, it does not focus on single 5G technology
components, but describes the full 5G system design from E2E architecture to detailed
functional design, including details on 5G performance, implementation and roll-out.
5G: 2020 and BeyondRiver Publishers
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This practical hands-on new resource presents LTE technologies from end-to-end, including
network planning and the optimization tradeoff process. This book examines the features
of LTE-Advanced and LTE-Advanced Pro and how they integrate into existing LTE networks.
Professionals find in-depth coverage of how the air interface is structured at the
physical layer and how the related link level protocols are designed and work. This
resource highlights potential 5G solutions as considered in releases 14 and beyond, the
migration paths, and the challenges involved with the latest updates and standardization
process. Moreover, the book covers performance analysis and results, as well as SON
specifications and realization. Readers learn about OFDMA, and how DFT is used to
implement it. Link budgeting, parameter estimations, and network planning and sizing is
explained. Insight into core network architecture is provided, including the protocols
and signaling used for both data and voice services. The book also presents a detailed
chapter on the end-to-end data transfer optimization mechanisms based on the TCP
protocol. This book provides the tools needed for network planning and optimization while
addressing the challenges of LTE and LTE-advanced networks.
Transforming the way we live, work, and engage with our environment, 5G and beyond
technologies will provide much higher bandwidth and connectivity to billions of devices.
This brings enormous opportunities but of course the widespread deployment of these
technologies faces challenges, including the need for reliable connectivity, a diverse
range of bandwidths, dynamic spectrum sharing, channel modelling and wave propagation for
ultra-dense wireless networks, as well as price pressures. The choice of an antenna
system will also be a critical component of all node end devices and will present several
design challenges such as size, purpose, shape and placement. In this edited book, the
authors bring new approaches for exploiting challenging propagation channels and the
development of efficient, cost-effective, scalable, and reliable antenna systems and
solutions, as well as future perspectives. The book is aimed at a wide audience of
industry and academic researchers, scientists and engineers as well as advanced students
in the field of antennas, ICTs, signal processing and electromagnetics. It will also be
useful to network and system designers, developers and manufacturers. Stakeholders,
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government regulators, policy makers and standards bodies can use the information
provided here to better understand the effects of the technology on the market and future
developments for 5G and beyond systems and networks.
5G Mobile Communications
5G Outlook- Innovations and Applications
Network Management Automation for 5G and Beyond
Intelligent Technologies for 5G and Beyond
Multiple Access Techniques for 5G Wireless Networks and Beyond
Principles, Models and Technology Components
Antennas and Propagation for 5G and Beyond
5G Physical Layer: Principles, Models and Technology Components explains fundamental physical layer design principles, models and components for the
5G new radio access technology – 5G New Radio (NR). The physical layer models include radio wave propagation and hardware impairments for the full
range of frequencies considered for the 5G NR (up to 100 GHz). The physical layer technologies include flexible multi-carrier waveforms, advanced multiantenna solutions, and channel coding schemes for a wide range of services, deployments, and frequencies envisioned for 5G and beyond. A MATLABbased link level simulator is included to explore various design options. 5G Physical Layer is very suitable for wireless system designers and researchers:
basic understanding of communication theory and signal processing is assumed, but familiarity with 4G and 5G standards is not required. With this book
the reader will learn: The fundamentals of the 5G NR physical layer (waveform, modulation, numerology, channel codes, and multi-antenna schemes). Why
certain PHY technologies have been adopted for the 5G NR. The fundamental physical limitations imposed by radio wave propagation and hardware
impairments. How the fundamental 5G NR physical layer functionalities (e.g., parameters/methods/schemes) should be realized. The content includes: A
global view of 5G development – concept, standardization, spectrum allocation, use cases and requirements, trials, and future commercial deployments.
The fundamentals behind the 5G NR physical layer specification in 3GPP. Radio wave propagation and channel modeling for 5G and beyond. Modeling of
hardware impairments for future base stations and devices. Flexible multi-carrier waveforms, multi-antenna solutions, and channel coding schemes for 5G
and beyond. A simulator including hardware impairments, radio propagation, and various waveforms. Ali Zaidi is a strategic product manager at Ericsson,
Sweden. Fredrik Athley is a senior researcher at Ericsson, Sweden. Jonas Medbo and Ulf Gustavsson are senior specialists at Ericsson, Sweden. Xiaoming
Chen is a professor at Xi’an Jiaotong University, China. Giuseppe Durisi is a professor at Chalmers University of Technology, Sweden, and a guest
researcher at Ericsson, Sweden.
This book presents comprehensive coverage of current and emerging multiple access, random access, and waveform design techniques for 5G wireless
networks and beyond. A definitive reference for researchers in these fields, the book describes recent research from academia, industry, and
standardization bodies. The book is an all-encompassing treatment of these areas addressing orthogonal multiple access and waveform design, nonorthogonal multiple access (NOMA) via power, code, and other domains, and orthogonal, non-orthogonal, and grant-free random access. The book builds
its foundations on state of the art research papers, measurements, and experimental results from a variety of sources.
A comprehensive and approachable introduction to 5G Written by a noted expert on the subject, An Introduction to 5G: The New Radio, 5G Network and
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Beyond offers an introductory system-level guide to 5G. The material covered includes: The use cases and requirements of the 5G system The architecture
of the next generation radio access network and the 5G core The principles of radio transmission, millimetre waves and MIMO antennas The architecture
and detailed design of the 5G new radio The implementation of HTTP/2 on the service-based interfaces of the 5G core The signalling procedures that
govern the end-to-end-operation of the system The new features that are introduced in Releases 16 and 17 An Introduction to 5G is written for engineering
professionals in mobile telecommunications, for those in non-technical roles such as management, marketing and intellectual property, and for students. It
requires no more than a basic understanding of mobile communications, and includes detailed references to the underlying 3GPP specifications for 5G.
The book's approach provides a comprehensive, end-to-end overview of the 5G standard, which enables readers to move on with confidence to the more
specialized texts and to the specifications themselves.
Explore foundational and advanced issues in UAV cellular communications with this cutting-edge and timely new resource UAV Communications for 5G
and Beyond delivers a comprehensive overview of the potential applications, networking architectures, research findings, enabling technologies,
experimental measurement results, and industry standardizations for UAV communications in cellular systems. The book covers both existing LTE
infrastructure, as well as future 5G-and-beyond systems. UAV Communications covers a range of topics that will be of interest to students and
professionals alike. Issues of UAV detection and identification are discussed, as is the positioning of autonomous aerial vehicles. More fundamental
subjects, like the necessary tradeoffs involved in UAV communication are examined in detail. The distinguished editors offer readers an opportunity to
improve their ability to plan and design for the near-future, explosive growth in the number of UAVs, as well as the correspondingly demanding systems
that come with them. Readers will learn about a wide variety of timely and practical UAV topics, like: Performance measurement for aerial vehicles over
cellular networks, particularly with respect to existing LTE performance Inter-cell interference coordination with drones Massive multiple-input and
multiple-output (MIMO) for Cellular UAV communications, including beamforming, null-steering, and the performance of forward-link C&C channels
3GPP standardization for cellular-supported UAVs, including UAV traffic requirements, channel modeling, and interference challenges Trajectory
optimization for UAV communications Perfect for professional engineers and researchers working in the field of unmanned aerial vehicles, UAV
Communications for 5G and Beyond also belongs on the bookshelves of students in masters and PhD programs studying the integration of UAVs into
cellular communication systems.
From Mobile to 5G
Flexible and Cognitive Radio Access Technologies for 5G and Beyond
Cellular Internet of Things
5g NR
5G Radio Access Network Architecture

With the ubiquitous diffusion of the IoT, Cloud Computing, 5G and other evolved wireless technologies into our daily lives, the world will see
the Internet of the future expand ever more quickly. Driving the progress of communications and connectivity are mobile and wireless
technologies, including traditional WLANs technologies and low, ultra-power, short and long-range technologies. These technologies
facilitate the communication among the growing number of connected devices, leading to the generation of huge volumes of data. Processing
and analysis of such "big data" brings about many opportunities, as well as many challenges, such as those relating to efficient power
consumptions, security, privacy, management, and quality of service. This book is about the technologies, opportunities and challenges that
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can drive and shape the networks of the future. Written by established international researchers and experts, Networks of the Future answers
fundamental and pressing research challenges in the field, including architectural shifts, concepts, mitigation solutions and techniques, and
key technologies in the areas of networking. The book starts with a discussion on Cognitive Radio (CR) technologies as promising solutions
for improving spectrum utilization, and also highlights the advances in CR spectrum sensing techniques and resource management methods.
The second part of the book presents the latest developments and research in the areas of 5G technologies and Software Defined Networks
(SDN). Solutions to the most pressing challenges facing the adoption of 5G technologies are also covered, and the new paradigm known as
Fog Computing is examined in the context of 5G networks. The focus next shifts to efficient solutions for future heterogeneous networks. It
consists of a collection of chapters that discuss self-healing solutions, dealing with Network Virtualization, QoS in heterogeneous networks,
and energy efficient techniques for Passive Optical Networks and Wireless Sensor Networks. Finally, the areas of IoT and Big Data are
discussed, including the latest developments and future perspectives of Big Data and the IoT paradigms.
Inclusive Radio Communication Networks for 5G and Beyond is based on the COST IRACON project that consists of 500 researchers from
academia and industry, with 120 institutions from Europe, US and the Far East involved. The book presents state-of-the-art design and
analysis methods for 5G (and beyond) radio communication networks, along with key challenges and issues related to the development of 5G
networks. Covers the latest research on 5G networks – including propagation, localization, IoT and radio channels Based on the International
COST research project, IRACON, with 120 institutions and 500 researchers from Europe, US and the Far East involved Provides coverage of
IoT protocols, architectures and applications, along with IoT applications in healthcare Contains a concluding chapter on future trends in
mobile communications and networking
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