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Preface

This book investigates the deployment of multicast in third-generation mobile networks.
Multicast is the delivery of data to a group of destinations simultaneously, using the most
efficient strategy to deliver the data. The book gives an overview of the services that can be
realized with multicast in third-generation networks, describes the mechanisms required to
support these services and evaluates the performance of several mechanisms for multicast.
The focus of this book is on multicast in Universal Mobile Telecommunication System
(UMTS) and CDMA2000 networks, the dominant third-generation network standards.
The authors hope to provide a good balance between describing the relevant mechanisms
for multicast in third-generation networks, providing useful considerations and presenting
specific research results.

The book is structured as follows. Chapters 1 to 3 provide an overview of cellular
mobile communication systems, the fundamentals of multicast in IP networks and the
most relevant aspects of third-generation mobile networks. Chapter 4 discusses some of
the services that may be realized with multicast in third-generation networks. Chapters
5 to 7 explore the multicast capabilities of third-generation networks. The Multimedia
Broadcast/Multicast Service (MBMS) standard for multicast in UMTS and the Broad-
cast/Multicast Service (BCMCS) standard for multicast in CDMA2000 networks are
described in detail. Chapters 8 to 10 cover the performance of multicast in third-generation
networks in terms of radio capacity, multicast routing cost to the network, as well as the
efficiency of reliable multicast with respect to throughput and delay. Chapter 11 finally
presents mechanisms for delivering multicast in a heterogeneous network environment in
which third-generation mobile technology coexists with digital broadcast technology.

Chapter 1 introduces the main concepts of mobile cellular communication systems,
describes some important fundamentals of data networking and briefly outlines how mul-
ticast can be achieved in data networks as well as in cellular mobile networks.

Chapter 2 introduces the fundamentals of IP multicast. The chapter first provides an
overview of the IP multicast service model as well as multicast addressing, followed by
a review of the mechanisms for multicast address assignment and session announcement.
Group management and routing for IP multicast are then described in detail. As a more
advanced topic, protocols and mechanisms for reliable multicast delivery are detailed.
Also, congestion and flow control for IP multicast are briefly touched upon, followed by
a brief introduction of solutions that support multicast in a mobile environment.
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Chapter 3 describes the most important aspects of UMTS and CDMA2000 third-
generation networks. The chapter describes the air interface, the radio and core networks
of UMTS and CDMA2000, as well as several relevant procedures such as mobility and
session management.

Chapter 4 provides an overview of mobile services that can be realized with multicast in
third-generation networks. Several services that can be offered with multicast are described
in the form of use cases. Several high-level requirements that the system must provide in
order fully to support the described services are extracted from the use cases. In addition,
the factors that have an influence on whether multicast services will be accepted by users
and succeed in the marketplace are discussed.

Chapter 5 explores the multicast capabilities of third-generation networks. For both
UMTS and CDMA2000 networks, the network extensions for MBMS and BCMCS that
support the efficient delivery of multicast traffic are introduced. The modifications to
the radio access and core network architecture for MBMS and BCMCS are outlined. The
chapter also provides an overview of the different multicast service delivery phases within
UMTS and CDMA2000 networks.

Chapter 6 describes the MBMS standard in detail. It explains the different procedures
that are relevant for the management of MBMS bearer services and discusses practical
issues in routing multicast packets on the bearer path. Additionally, the MBMS service
layer and its mechanisms are described.

Chapter 7 focuses on the BCMCS standard. The chapter covers the BCMCS network
layer as well as the bearer service architecture and its management. The chapter also
describes the service layer of BCMCS in detail.

Chapter 8 analyses the capacity for performing multicast over the CDMA air interface.
In CDMA, data transfer to a group may either take place on multiple point-to-point chan-
nels transmitted to individual multicast users separately or on a single point-to-multipoint
channel that is broadcast over the entire cell. The chapter provides insight into the
trade-offs between employing point-to-point and point-to-multipoint channels for mul-
ticast over the CDMA air interface.

Chapter 9 investigates the cost of packet delivery and location update cost of differ-
ent mechanisms for multipoint data transfer in UMTS networks. Firstly, an alternative
mechanism for performing multicast routing in UMTS networks is described. Then, cost
expressions for the packet delivery and location update cost of several mechanisms for
multipoint data transfer such as MBMS are derived. Finally, the performance trade-off
between the proposed mechanism for routing multicast packets in UMTS is evaluated
numerically and compared against that of MBMS and other viable mechanisms for mul-
ticast data transfer.

Chapter 10 investigates the performance of different reliability mechanisms for mul-
ticast. Reliability mechanisms that combine packet-based forward error correction with
automatic repeat request are considered. The performance of these mechanisms, applied
both to the radio link control layer as well as the application layer, are evaluated in terms
of channel efficiency, residual packet error rate and delay.

Chapter 11 takes a look at alternative technologies for mobile multicast delivery. Several
wireless communication technologies such as DVB-H, MediaFlo, ISDB-T and T-DMB
that are suitable for multicast service delivery are reviewed. The motivation and benefits of
using these technologies for multicast service delivery are described. Also, the challenges
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in providing multicast services in a heterogeneous network environment consisting of
different network technologies are discussed. The chapter introduces a potential approach
for achieving coordinated delivery of multicast services in a heterogeneous environment
consisting of several wireless networks. Chapter 11 concludes the main body of this book.

Chapter 11 is followed by two appendices. Appendix A derives the closed-form expres-
sions for the capacity of employing dedicated point-to-point and shared point-to-multipoint
channels for multicast over the CDMA air interface. The numerical evaluation of these
expressions is presented in Chapter 8. Appendix B derives the cost expressions for the
packet delivery and location update cost of different mechanisms for performing mul-
tipoint data transfers in UMTS. These cost expressions are evaluated numerically in
Chapter 6.

Each chapter is preceded by a short outline of the topics to be treated and closes with a
summary and some intermediate conclusions. Readers may find the list of abbreviations
and a list containing the mathematical symbols used throughout the book useful. The list of
abbreviations and the list of symbols can be found after the acknowledgements. As far as
acronyms are concerned, an effort has been made to write them out in full whenever they
occur first in each chapter. Exceptions to this rule include regularly recurring acronyms
and cases where acronyms are used in passing first and explicitly introduced soon after.
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