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xv

  Rapid progress in information and communications technology (ICT) induces 
improved and new telecommunications services and contributes greatly to society 
in general and to vendors and network and service providers. In addition to existing 
services such as telephony or leased line services, spread of the Internet, the Internet 
Protocol (IP) phone, and new communications services like IPTV are making great 
progress with the development of digital subscriber lines (DSL) and high - speed 
communications technologies like fi ber to the home (FTTH). Furthermore, with the 
deployment of Next Generation Networks (NGNs), development of still newer ser-
vices is anticipated. Construction of NGNs, in accordance with standards specifi ed 
by international standardization organizations and feasibility studies and investiga-
tions, have begun in Japan and many countries around the world. The amount of 
information that a user can exchange has been expanding exponentially. Services 
can be used simultaneously (anywhere, anytime, and any device) and seamlessly 
with the development of broadband wireless access technology in NGN. Moreover, 
since service and application functions are separated and transport functions are 
independent from access technologies such as xDSL, FTTH, WiFi, WiMAX, Third 
Generation (3G), and Long Term Evolution (LTE), services of fi xed and mobile 
communications are also unifi ed. Furthermore, since the service and application 
functions consist of several common components, cooperation with third party 
applications becomes easier, resulting in practical use of various kinds of existing 
communications services (e.g., IT - based services and broadcasting services). 
Simultaneously, network reliability and security are also improving with the devel-
opment of related technologies. In summary, NGN creates a new market by offering 
new services and rejuvenates markets such as career, enterprise, IT, and broadcasting 
businesses with new business models. 

 Maintaining the outstanding aspects of the existing network, NGN aims at 
larger scale, higher quality, and greater reliability. NGN is considered the biggest 
turning point in the history of communications. Although the present Internet pro-
vides services very conveniently for a user, the design of the Internet as a social 
infrastructure is inadequate. NGN   can apply the technology of the Internet, can 
realize service level agreements (SLAs) and can provide mission - critical services. 
Users can choose high - price services for mission critical systems, medium - price 
services with high security, and low - price services as seen with the existing Internet. 
Wide - area client/server systems, which have high investment cost, were diffi cult to 
realize but will become realizable in NGN with the availability of super - mass storage 
systems. These allow integrated servers using the high - quality network services 
offered by NGN. As services spread for individual subscribers using NGN, IPTV, 
and voice over data, with development of NGN, a higher - defi nition video can be 
provided inexpensively. 

 GUEST INTRODUCTION 
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 Software as a Service (SaaS), using NGN will develop for business users. A 
reliable SaaS solution can be offered with security and SLA features that guarantee 
quality - of - service to each user of NGN. NGN will be ubiquitous. If information from 
rain sensors deployed all over a country is transmitted via NGN and processed and 
analyzed by a server, accurate weather forecasts will become reality. NGN will 
connect the medical systems of an area. If a doctor and residents can share medical 
information via the service of  “ virtual visits ”  by medical specialists in remote areas 
then we can offer medical consultation, medical checkup, etc. If a mobile IP network 
with an access speed of 100   Mbps is available, the distinction between mobile and 
fi xed networks will diminish. NGN applications can be common to mobile networks 
and fi xed networks. The wide area client/server system, which unifi es mobile and 
fi xed networks, will be completed by 2012. NEC Corporation has advanced com-
munications and computers (C & C) as a concept, marrying communications and 
computers. NEC has been working on research and development of the future archi-
tectures realizing long - term C & C goals and views NGN as the fi eld that realizes the 
philosophy of C & C. 

 This book aims at deepening the understanding of NGNs, services, service 
management technologies, Operations Support Systems (OSS), cable services, IP 
Multimedia System (IMS) and convergence services, ad hoc networks, sensor net-
works, etc. The book provides detailed explanations of latest technology trends. I 
am pleased and honored to provide the introduction to this book, which will promote 
your understanding and construction of NGN. I believe that an important benefi t of 
NGN is further fullness to society and personal lives. I also believe that NGN further 
expands economic activities and can contribute to ecosystems by, for example, 
measuring climate change and global warming via effi cient network deployment and 
management.     

Botaro   Hirosaki  
  Senior Executive Vice President and Board Member, NEC   
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  To say that we live in the information age is, of course, a clich é , and a 20 - year - old 
clich é , at that. But the fact that it is a clich é  doesn ’ t make it any less true. 
Communications networks developed over the last two decades have profoundly 
changed how we carry out our everyday lives — how we exchange information, 
engage in commerce, form relationships, entertain ourselves, protect ourselves, 
create art, learn, and work. The convergence of communications and computing, 
long anticipated, is now a fact. 

 The  “ modern ”  communications industry is actually more than 130 years old. 
For almost all of that history, the industry ’ s goal has been the reliable delivery of a 
particular kind of analog signal — fi rst speech, then music, then video — over links 
and networks established for only that signal.  It is only since the two - pronged emer-
gence of the Internet and mobile telephone networks that we have been able to 
glimpse the splendid opportunities made possible by multimedia networks operating 
over a diversity of channels — wireless, wireline, and cable — delivering a wide array 
of content to an assortment of devices, including PCs, notebooks, TVs, mobile 
phones, and PDAs. 

 But as communications networks have become more complex and the services 
offered over those networks have become more diverse and numerous, the problem 
of managing networks has become profound. Different types of data mean different 
requirements in terms of latency, quality - of - service, and security. Different types of 
communications media mean signifi cantly different operating environments in terms 
of delay, reliability, and bandwidth effi ciency. Fortunately, the Telecommunications 
Management Network (TMN) model offers system designers a framework for inter-
connectivity across heterogeneous networks. It is an architecture that enables 
network management and provides a  “ handle ”  to engineers and computer scientists 
seeking to design products and services that will become part of the information 
infrastructure.

 This book goes beyond the Network Management Layer (NML) of TMN to 
the Service Management Layer (SML) and business frameworks. As new services 
and  “ apps ”  are rolled out every day — new ways to use your smartphone or your 
home network that you have not yet envisioned — the challenge of managing those 
new capabilities, effi ciently and securely, and their solutions, are addressed in this 
book. Its chapters describe some of the latest multimedia services offered by the 
telecom and cable industries and provide insight into how they are best managed. It 
looks ahead to IP - based next - generation telecommunications networks, services, and 
management, as well as ad hoc and sensor networks. This book offers a vision of 
how pervasive, heterogeneous, and converged multimedia networks will be deployed 
and managed well into the 21st century. 
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 What role will academia play in this evolutionary (and, sometimes, revolution-
ary) process? It will be a fundamentally important role. Universities will continue 
to educate the designers, managers, and implementers of these networks and carry 
out the long - term, basic research that will help enable the next generation of net-
works. As teachers, we have the obligation to make sure that graduating electrical 
and computer engineers and computer scientists understand the fundamental proper-
ties of heterogeneous information networks. As researchers, we have the opportunity 
to use our tools — modeling, analysis, simulation — and our imaginations, to fashion 
better networks and to manage them more effi ciently, securely, and robustly.     

Thomas   Fuja   
  Chair, Electrical Engineering, University of Notre Dame  

  Peter   Kilpatrick
  McCloskey Dean of Engineering, University of Notre Dame   
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   1.1   INTRODUCTION 

 Never have telecommunications operations and network management been so 
important. Never has it been more important to move away from practices that date 
back to the very beginning of the telecommunications industry. Building and con-
necting systems internally at low cost, on an as - needed basis, and adding software 
for supporting new networks and services without an overall architectural design 
will not be cost effective for the future. Defi ning operations and network manage-
ment requirements at the 11th hour for new technologies, networks, and services 
deployments must also change. Planning and deployment of all aspects of telecom-
munications leading to Next Generation Networks (NGN) and services must be done 
in unison to achieve effective and timely results. 

 The need for new approaches can be seen everywhere in the global telecom-
munications industry. Competition in telecommunications can turn players into 
victims if functional and cost - effective operations and network management require-
ments are not deployed quickly. Technology advancements in this fi eld have been 
enormous. Operations and network management technologies make new approaches 
a reality in designing NGN services. 

 The point of departure for architected network management systems will be 
NGN and services. Points of departure can ’ t be expected to initially play out with 
incrementally lowest cost. There can be initial added costs, but the operations and 
network management setting put in place will make the next network and service 
less costly, with more rapid implementation than would otherwise have been the 
case. Telecommunications network and service providers will fi nd themselves on a 
fully competitive playing fi eld.  

CHAPTER1
 CHANGES, OPPORTUNITIES, 
AND CHALLENGES 

  Veli   Sahin   and 
  Thomas   Plevyak       
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  1.2   SCOPE 

 This book discusses NGN architectures, technologies, and services introduced in the 
last decade, such as Triple Play / IPTV  [1]  and services that are expected to become 
increasingly deployed in the coming decade such as Time Shift TV (TSTV), network 
Private Video Recording (nPVR), multi - screen video services, triple - shift services, 
location -  and presence - based services, blended and converged services, etc. 

 In addition, this book also focuses on the Service Management Layer (SML) 
of the Telecommunications Management Network (TMN)  [2] . In the past 30 - 
plus years, the global industry spent considerable time and resources developing 
Element Management Systems (EMSs), Network Management Systems (NMSs), 
and Business Management Systems (BMSs). Changes in life style (expectations, 
viewing habits, calling habits, shopping habits, etc.), technologies, and the competi-
tive business environment are now moving the industry to pay attention to Service 
Management Systems (SMSs). 

 Internet access, cellphones, laptops, and DVRs are integral to our lives today. 
How many of us can live a day without them? Daily personal and business lives are 
completely dependent on telecommunications services. End - to - end management of 
those services and Quality - of - Service (QoS) management and identifi cation and 
management of Quality - of - Experience (QoE) metrics are very important to improve 
standards of living and increase productivity. Examples of QoE are quality - of - 
picture, channel switching time, easy use of user interface/programming guide, 
request response time, etc. 

 This is the seventh book in the IEEE Network Management Series. It follows 
the same approach as the fi rst book in the series,  Telecommunications Network 
Management into the 21 st  Century,  published in 1994  [2] , and the second, 
Telecommunications Network Management Technologies and Implementations , 
published in 1998  [3] . It is an orchestrated set of original chapters, written expressly 
for the book by a team of global subject experts. This is a technical reference book 
and graduate textbook.  

  1.3   CHANGES, OPPORTUNITIES, AND CHALLENGES 

 This section briefl y discusses major changes and how service providers (SPs) and 
SMS vendors use this as an opportunity to develop solutions that address expecta-
tions of their customers. SPs work to offer new services such as IPTV, multi - screen, 
triple - shift, blended and converged services, etc. Vendors and SPs work to provide 
new SMS applications to manage those new services. 

 Today ’ s users want to communicate, watch, shop and make payments, etc. 
anytime, anywhere, and with any device. This is a major paradigm shift and has 
major impact in designing NGNs and services as well as management systems. 

  1.3.1   Major Life Style Changes: Desktops, 
Laptops, and Now Handtops 

 We all know how personal computers (PCs) have changed our lives during the last 
two decades. First, we started with desktop PCs and then started using more and 
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more laptop PCs, especially in last 10 years or so. Laptops allow us to carry our PC 
with us anywhere we go and use it. With wireless and mobile Internet access, users 
access the Internet anywhere and anytime. We can send and receive e - mails and 
exchange fi les at any time, from anywhere. Voice applications allow us to call 
and talk with anyone in the world who has a PC or a phone. PC - to - PC calls are free 
and PC - to - phone calls cost less than traditional calls. 

 Many of our traditional daily habits have been changing too — watching, 
calling, shopping, making payments, and many more. These changes affect the way 
we do business in many industries. 

 It wasn ’ t so long ago that we watched a movie, a video, or a program just using 
the TV and made phone calls using only wireline phones. Today, we also use PCs to 
watch programs and wireless phones to make a great many of our phone calls. In more 
and more families and businesses, wireline phones are used for special cases (confer-
ence calls, interviews, other business calls, etc.). Increasingly, people do not have 
wireline phones. They use their cell phones. They watch TV programs using their 
laptops and/or  “ handtops. ”  Handtops are mini personal computers such as iPhones and 
BlackBerry phones. Even though we refer to them as phones, they are small laptops, 
used to access the Internet, send/receive e - mails, make phone calls, etc. Millions use 
the Internet to shop, pay their bills online and manage their bank accounts. As a result, 
security management (SM) has risen to become a fi rst priority concern. 

 In the future, user - generated content (UGC) will play a major role in designing 
NGNs, service, and management systems.  

  1.3.2   Major Network Infrastructure Changes 

 The fi rst major network infrastructure change was to shift from time - division mul-
tiplexing (TDM) to statistical multiplexing. NGNs are now based on packet switch-
ing technologies rather than TDM. Internet Protocol (IP) became the winner. Today, 
NGNs are becoming IP - based packet - switched networks, end - to - end, including 
backbone, metro, and access networks. This is important because it caused a para-
digm shift in Fault, Confi guration, Accounting, Performance, and Security (FCAPS) 
operations and network management applications and in SP concerns, which we will 
discuss later in this section. 

 The second major change is the use of more and more wireless and mobile 
technologies in NGNs. Billions of cellphones are in use worldwide, and the number 
will continue to grow. The concept of telecommunicating (via phone or e - mail) and 
Internet access at any time and any place has become a reality. 

 The third major change is just starting and will be rapidly taking place in the 
next few years. This change is IP Multimedia Subsystems (IMS) - based signaling 
and control to replace traditional signaling systems. IMS will provide an end - to - end 
platform to offer most new services and, therefore, will eliminate current silos. With 
IMS signaling and control, many advanced location -  and presence - based services 
will become a cost - effective reality. IMS is also expected to solve the problem of 
rapid introduction of new services at less cost. Details of IMS can be found in 
Chapter  5 . 

 Finally, development and deployment of Service Delivery Platforms (SDPs) 
with open Application Programming Interfaces (APIs) for third - party application 
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development will have major affects in introducing next - generation advanced ser-
vices quickly and in more cost effective ways.  

  1.3.3   Major Home Network ( HN ) Changes 

 Residential customer premises networks, also called Home Networks (HNs), are 
now becoming extensions of SPs ’  networks. 

 Home connectivity is evolving from narrowband to broadband. SPs have 
deployed the technology needed to offer larger bandwidth with cable, xDSL, or fi ber 
technologies. The Internet has been a major driver for evolution to broadband, creat-
ing a new experience for customers and offering new services, such as fast Internet 
browsing, video - on - demand (VoD), online shopping and banking, and digital video 
recording (DVR), while providing broadband connectivity among many devices at 
home such as PCs, TVs, Set Top Box (STBs)  , DVRs, residential gateways (RGs) / 
home gateways (HGs), game consoles, etc. 

 The main drivers for home networking that exist today are as follows: 

1.     As media become increasingly digital in nature (online music and video, 
digital photos etc.), consumers want to share content and listen to or display 
it on other, more consumer - friendly devices such as TVs, etc. This requires 
customers to connect their digital content storage devices (e.g., PCs, MP3 
players, private video recorders (PVRs), and digital cameras/camcorders) to 
their entertainment systems over a home network.  

2.     More and more customers want to use digital voice and video. This is due 
mainly to the attractive price using triple play services. These new voice and 
video services should be capable of being received on a range of mobile con-
sumer devices (laptops, mobile phones, etc.).  

3.     Devices such as laptops that are WiFi - enabled are encouraging consumers to 
access the Internet, work, and/or watch videos wherever it is convenient in the 
home.    

 Management and control of home networks have become a strategic challenge for 
SPs all over the world. Problems in home networks affect QoS and customers ’  
experiences. Therefore, all SPs have been developing strategies to provide RGs / 
HGs as part of their triple play services.  

  1.3.4   Major  FCAPS  Changes 

 As stated previously, FCAPS stands for Fault Management (FM), Confi guration 
Management (CM), Accounting Management (AM), Performance Management 
(PM) and Security Management (SM). Readers who are not familiar with basic 
FCAPS functions should read the FCAPS sections in  [2]  or brief further details in 
Chapter  4 . 

 In the past, when networks were based on circuit switching, FM was a fi rst -
 priority application, followed by CM, AM, PM, and SM. PM and SM functions were 
considered to have least priority in circuit switched/TDM networks. FCAPS has 


