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CHAPTER  1 
 

INTRODUCTION 

1 Introduction 

International Mobile Telecommunications-2000 (IMT-2000) are third generation (3G) mobile 
systems which provide access, by means of one or more radio links, to a wide range of 
telecommunication services supported by the fixed telecommunication networks 
(e.g. PSTN/ISDN/Internet Protocol (IP) networks), and to other services which are specific to 
mobile users. 

A range of mobile terminal types is encompassed, linking to terrestrial and/or satellite based 
networks, and the terminals may be designed for mobile or fixed use. 

Key features of IMT-2000 are: 

� high degree of commonality of design worldwide; 

� compatibility of services within IMT-2000 and with the fixed networks; 

� high quality; 

� small terminal for worldwide use; 

� worldwide roaming capability; 

� capability for multimedia applications and a wide range of services and terminals. 

IMT-2000 is defined by a set of interdependent ITU Recommendations which are referred to in this 
Handbook. 

This Handbook addresses a variety of issues related to the deployment of IMT-2000 systems, to 
inform and guide key decision makers on critical aspects concerning third generation mobile 
communications systems, to facilitate decisions on selection of options and strategies for 
introduction of their IMT-2000 networks. 

1.1 Purpose and scope 

The purpose and scope of this Handbook is to provide general guidance to ITU members, network 
operators and other relevant parties on issues related to the deployment of IMT-2000 systems. This 
Handbook is intended for everyone concerned with building, supporting and serving the market, as 
well as technology specialists, operators and ITU members. Several new players will enter the 
IMT-2000 services market to ensure its success, and this Handbook is also intended to help them. 
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This version of the Handbook addresses the set of radio interfaces in Recommendation 
ITU-R M.1457, the core network family members described in the ITU-T Q.174x series of 
Recommendations and some pre-IMT-2000 radio technologies.  

1.2 Background 

The first generation of cellular phones were based on FM analogue technology. Several countries or 
groups of countries developed their own systems, which were not inter-operable.  

In Europe, the European Telecommunications Standards Institute (ETSI) was the first body to start 
developing standards for a digital technology, which was called global system for mobile 
communications (GSM). GSM was adopted in all countries of the European Union in the late 1980s 
and early 1990s and has now been adopted throughout Europe (operating in the 900 and 1 800 MHz 
bands), and in other parts of the world. Japan developed a different second generation digital 
standard called personal digital cellular (PDC), which is a time division multiple access (TDMA)-
based technology operating in the 800 MHz and 1 500 MHz frequency bands. In the United States 
of America, the analogue standard Advance Mobile Phone System (AMPS) was deployed in the 
800 MHz band. In 1995, the United States of America auctioned wireless licences for the 
1 900 MHz (personal communications system (PCS)) band. These licences allowed operators to 
choose which technology they deployed; ANSI-95, ANSI-136 and GSM are currently used in the 
United States of America in both of these bands. 

In 1986, the ITU began work on developing a global future public land mobile telecommunications 
system (FPLMTS), which was subsequently re-named IMT-2000 (International Mobile 
Telecommunications-2000) in 1994; more recently, IMT-2000 has become known to the general 
public as third generation mobile systems or �3G�. In the year 2000, a major milestone was reached 
when the ITU completed Recommendation ITU-R M.1457, which contains the detailed 
specifications for the radio interfaces of IMT-2000. ITU-T has since completed a series of 
Recommendations describing the network aspects of IMT-2000. IMT-2000 is the result of 
collaboration of many entities, inside and outside the ITU.  

IMT-2000 offers the capability of providing many services and applications. The system envisages 
a platform for distributing converged fixed, mobile, voice, data, Internet and multimedia services. 
One of its key visions is to provide seamless global roaming, enabling users to travel globally while 
using a single handset and services and to be contacted using a single directory number. IMT-2000 
provides higher transmission rates than second-generation systems. 

Based on the international framework of ITU Recommendations, many countries have licensed 
terrestrial IMT-2000 networks, and commercial deployment of IMT-2000 systems began in 2000. 
Work is already underway to extend the capabilities of the initial releases of these standards in line 
with evolving market expectations and advances in technology.  
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1.3 Vocabulary of key terms used in this Handbook 

The abbreviations and acronyms used in this Handbook are defined in Annex A. For full details on 
terminology and definitions the reader should refer to the ITU Recommendations on vocabulary, in 
particular Recommendation ITU-R M.1224 � Vocabulary of terms for International Mobile 
Telecommunications-2000 (IMT-2000), and ITU-T Recommendation Q.9 � Vocabulary of 
switching and signalling terms, which are summarized in Annex B. The following terms and 
definitions are also included here because they are used often in this Handbook and their 
understanding should be unambiguous. 

Standard 

As used in this Handbook, the term �standard� means a specification published by a standard 
development organization (SDO), for example, ITU-T Recommendations. 

Evolution 

A process of change and development of a mobile radio system towards enhanced capabilities 
(Ref.: Rec. ITU-R M.1308 � Evolution of land mobile systems towards IMT-2000). 

Evolution towards IMT-2000 

A process of change and development of a mobile radio system towards the capabilities and 
functionalities of IMT-2000 (Ref.: Rec. ITU-R M.1308). 

Migration to IMT-2000 

Movement of users and/or service delivery from existing telecommunication network to IMT-2000 
(Ref.: Rec. ITU-R M.1308). 

Pre-IMT-2000 

Mobile systems that are currently in service or will be introduced prior to IMT-2000 
(Ref.: Rec. ITU-R M.1308). 

NOTE � In the context of this handbook the definition of �Pre-IMT-2000� applies to all deployments of 
systems conforming to pre-IMT-2000 standards, as covered in Recommendations ITU-R M.622, M.1033 
and M.1073. 

1.4 Organization of the Handbook 

The Handbook is organized into a number of Chapters providing the key information to the reader, 
while detailed technical, operational, and regulatory information is provided in Annexes.  
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Chapter 2 describes the market, service requirements and applications. Chapter 3 summarizes the 
technology and standards, including the five IMT-2000 terrestrial radio interfaces. Chapter 4 covers 
the essential topic of spectrum for IMT-2000, while the more general regulatory issues are covered 
in Chapter 5. Guidelines for planning the deployment of wireless access systems and aspects to be 
considered in the deployment of IMT-2000 are given in Chapter 6. Chapter 7 provides some criteria 
for technology decisions and Chapter 8 describes the satellite component of IMT-2000. 

The Annexes provide more details of IMT-2000 technologies and their applications, with emphasis 
on capabilities and relationships among the various system elements. The objective is to assist the 
reader to quickly gain a solid understanding of IMT-2000 systems and to assess these technologies 
against the needs and requirements of their own environment. 

Annex A defines the abbreviations and acronyms used in this Handbook.  

Annex B provides a list of references, including all the ITU Recommendations in force on 
IMT-2000. 

Annex C provides more details on applications and services in support of Chapter 2. 

Annex D describes relevant radio technologies and transport technologies in general without 
implying any relation to any particular system or standard. This is in support of Chapter 3 and other 
Chapters and Annexes dealing with technology. Annex E is also in support of Chapter 3 and 
provides a description of the IMT-2000 interfaces and systems. 

Annex F gives an overview of standards organizations that are contributing to the development of 
IMT-2000. 

Annex G summarizes information on several regulatory issues, such as circulation of terminals and 
spectrum sharing, in support of Chapters 4 and 5. 

Annex H provides guidelines on deployment aspects in support of Chapter 6.  

Annex I provides more detail on billing and charging aspects for IMT-2000. 

Annex J summarizes information on developing projects, particularly emerging base station and 
antenna techniques that may have an impact on future IMT-2000 deployments. 
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CHAPTER  2 
 

SERVICE  REQUIREMENTS  AND  APPLICATION  TRENDS 

2 Introduction 

The world of telecommunications has seen an evolution in the way in which people communicate 
and access information. Today, leading-edge technologies allow the use of sophisticated 
personalized and mobile services. The Internet and wireless mobility1 have been the drivers for this 
evolution and the convergence of these two technologies offers a wide range of possibilities for 
end-user services. The wireless Internet will bring about ubiquitous access to the Internet as well as 
location-based and high bandwidth services. The details of the services and applications 
environment are described in Annex C, where network solution approaches to support the services 
and applications environment are also discussed. 

2.1 Application trends 

The wireless market continues to undergo dramatic change. While mobile wireless systems were 
initially targeted at providing mobile voice services, the growth in the Internet, data, and enterprise 
applications market has resulted in a significant evolution of wireless toward enabling advanced, 
high-capacity, information services. Some of the trends and drivers are shown on Table 2-1. 

IMT-2000 systems support a number of applications to address these needs. It is expected that 
IMT-2000 will provide a huge range of new applications like high-speed Internet access, music 
MP3, video clips, video streaming, mobile shopping and banking, instant messaging and 
location-based information, and a mixture of all of these compelling applications called Multimedia.  

IMT-2000 provides a capability that enables existing as well as new audio, video, data and 
multimedia services, which are significantly more advanced than pre-IMT-2000 technologies. 
IMT-2000 also provides capability for bandwidth-on-demand supporting a wide range of data rates, 
from simple low-rate paging messages, voice, to significantly higher rates associated with video or 
file transfer. These services are available for mobile terminals located anywhere subject only to 
constraints of economic provision, and to limitations of implementation timing. IMT-2000 also 
enables flexibility of service provision, for example, between mobile terminal categories and on a 
geographical or user density basis. For further details on the services supported by IMT-2000 the 
reader may refer to Recommendation ITU-R M.816. 

____________________ 

1  See ITU Internet Reports 2002 � Internet for a Mobile Generation: 
http://www.itu.int/itudoc/itu-d/indicato/81153.html. 
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TABLE  2-1 

Drivers for the greater demand for wireless information and Internet 

 

 

New applications can be related to consumer or business user or person-to-person or machine-to-
machine communications. Numerous applications already exist and new ones will be developed in 
the future but not all of these will succeed in the market. These include �content-based� 
applications, which can be seen as the ability to read news articles and headlines, the ability to play 
games, the ability to consult financial information such as stock quotes and the ability to access 
reference material such as cultural databases and dictionaries. 

Personal communications applications such as voice to e-mail and vice versa; enhanced SMS text 
messaging, chat and enhanced voice (rich voice) are the applications expected to be used most in 
IMT-2000 networks. Some of these in combination with user localization will be potentially 
successful for certain customers, and business messaging such as mobile office updating of 
calendars will be widely used. 

To summarize, examples of applications are given in Table 2-2. 

Societal trends  

� Emerging computer literate society 

� Increasing travel and mobility 

� Desire for entertainment  

� Need for enhanced productivity 

� Desire for instant access to appropriate information 

Technology enablers 

� High speed, cost effective mobile systems 

� Integrated multimedia applications 

� Small, powerful, application-rich user devices 

Market trends 

� Rapid growth in mobile 

� Rapid Internet adoption  

� Accelerating pace of electronic commerce (also known as e-commerce) 

� Rapid growth of portable computer and personal digital assistant usage 
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TABLE  2-2 

Examples of applications of wireless mobile communications 

 

2.2 Market trends 

Wireless data is potentially a vast new market. IMT-2000 makes possible a wide variety of new 
services such as location-based services, multimedia, m-commerce, and messaging, many of which 
were not available with pre-IMT-2000 systems. Wireless Internet devices are rapidly becoming one 
of the most important and personal items people carry with them, and are increasingly combining 
the numerous functions of today�s mobile phones, personal computers, TV, newspapers, cameras, 
library, personal diary and scheduler, wallet, and credit cards. Wireless Internet has the power to 
offer complete personalization of end-user applications and services.  

These services will be personalized by consumers to reflect their own lifestyles and the choices that 
they make. Many different kinds of services are necessary to suit the needs of the various market 
segments: from business users, to the diversity of consumer users (youth, users on the move, users 
on the road �), and also including the many vertical market applications that may need special 
adaptation. For example, ring tones, picture transmission, games and entertainment, e-mail and chat, 
are all applications expected to be popular among the youth. Older age groups and business users 
are expected to use e-mail, banking and stock information and transactions, location-based services, 
as well as multimedia communications and entertainment applications at a higher level. 

It is difficult to identify with certainty wireless Internet�s top services. The user mobile 
telecommunications system (UMTS) Forum recently published a study that ranked top end-user 
services by revenue (refer to Annex B for a list of relevant UMTS Forum Reports). Differences 
exist between regions, but the major trends are similar. As expected voice services will remain a 
major revenue source for the operator representing around 30% of the revenue in Europe throughout 
the period. In the early days of wireless Internet, a significant share of revenue is expected to come 
from business users with intranet/extranet access. Access to personalized, selected content will 
provide additional operator revenue as soon as the consumer market begins to take off. Services 
such as multimedia message service (MMS) and location-based services are also considered as an 

Location Personal M-commerce Entertainment Enterprise 

Local events 
Weather 

Restaurants 
Emergencies 

Personal 
information 

manager (PIM) 
Personal 

Home page 
News and finance 

Sports 

Shopping 
Stock trading 

Banking 
News and 

publications 
Lottery 

Movie listings 
Tickets 
Sports 

Gaming 
Music 

E-mail 
Calendar 

Teleconferencing 
Wireless office 

Laptops,  
pen-based devices 
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essential feature for the operator. Messaging, which is the most popular application on the fixed 
Internet, is expected to be very popular in wireless. As far as location-based services are concerned, 
it is probable that new services will appear as adoption of wireless Internet grows. Location 
capabilities will also be associated with vertical market solutions, and will represent a significant 
share of the revenue in North America, whereas customized infotainment will represent a lower 
share of revenue than in Europe. 

Applications and services will drive the new revenue models that seek to leverage the increased 
technical capabilities and bandwidth that IMT-2000 systems deliver. This is covered in more detail 
in Annex C. 

2.3 Key features of IMT-2000 and adopted minimum requirements for technology 
evaluation 

The requirements and objectives for IMT-2000 are summarized in Recommen-
dation ITU-R M.1308. Based on all these requirements the ITU issued a call for proposals for 
candidate radio transmission technologies (RTTs)2. The candidate RTTs were evaluated using the 
method and procedure contained in Recommendation ITU-R M.1225, which defines three test 
environments for evaluation: 

� Indoor office, supporting a bit rate of at least 2 048 kbit/s at low speeds of movement. 

� Outdoor to indoor and pedestrian, supporting a bit rate of at least 384 kbit/s at medium 
speeds. 

� Vehicular, supporting a bit rate of at least 144 kbit/s at high speeds. 

As a result of consensus building within the ITU and in external organizations, the five terrestrial 
radio interfaces described in Recommendation ITU-R M.1457 were developed from the original 
candidate RTTs. 

It should be noted that Recommendations ITU-R M.1034 and M.1035 and Circular 
Letter 8/LCCE/47 define the minimum performance requirements for the evaluation of RTTs. 
Circular Letter 8/LCCE/47 also includes (in its Attachment 6) the �Minimum performance 
capabilities for IMT-2000 candidate radio transmission technologies�. It is important to note that 
the ITU has not defined service bit rates for IMT-2000 equipment or systems, as the minimum bit 
rates were considered for RTT evaluation purposes only3; thus operators of IMT-2000 systems may 
offer services in response to market considerations.  

2.4 Servicing urban, rural and remote areas 

One of the main objectives of introducing IMT-2000 systems is to satisfy the requirements for 
extensive capacity and coverage requirements in a number of diverse environments by using 
primarily terrestrial transmissions, but also possibly in combination with a satellite component. 
IMT-2000 offers the users multimedia applications and the ubiquitous service coverage that allows 
roaming between countries and regions on global basis. A hierarchical layered network structure is 
being used involving pico cells for indoor and hot-spots coverage, micro cells mainly for densely 
populated areas and macro cells for wide area coverage (see Fig. 2-1). 

____________________ 
2  Circular Letter 8/LCCE/47 (1997), available from:  

http://www.itu.int/itudoc/itu-r/archives/rsg/rsg8/lcce/index.html. 
3  See Circular Letter 8/LCCE/47 Attachment 6 (see footnote 2 for details). 
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Deplo-IMT-02-1

FIGURE 2-1

Operational environments for IMT-2000

 

 

Recommendation ITU-R M.1034 defines a range of radio operating environments that are 
applicable to IMT-2000, which are characterized by a range of environment attributes as seen by the 
IMT-2000 radio subsystem. The purpose of defining distinct IMT-2000 radio operating 
environments is to identify scenarios that, from a radio perspective, may impose different 
requirements on the radio interface(s). The purpose of identifying IMT-2000 radio operating 
environments is not to identify allowed scenarios for IMT-2000. The distinct IMT-2000 radio 
operating environments identified serve as a basis for the furthering of the IMT-2000 system design 
process in order to identify commonalties and trade-offs, with the aim to minimize the number of 
IMT-2000 radio interfaces and to maximize the commonality between them. 

Recommendation ITU-R M.1035 defines the cellular environment that IMT-2000 is operating in. 
This includes the definitions of a layered cell structure and the use of cell coverage extensions. 
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2.5 Special requirements of developing countries 

There are certain requirements related to coverage of rural, remote and sparsely populated areas, 
which are typical of developing countries. These requirements may also apply in certain parts of 
developed countries; which by virtue of their geography, population demographics, etc., have 
similar requirements to those of developing countries. Therefore, it is expected that IMT-2000 
systems do not need to be specially designed to meet the needs of developing countries. 

2.5.1 Summary of Recommendation ITU-R M.819 

IMT-2000 has been conceived primarily for mobile telecommunications which, of course, is of 
interest to developing as well as developed countries. Recommendation ITU-R M.819 emphasizes 
the needs and interests of developing countries by promoting the application of IMT-2000 for fixed 
services. It should furthermore be stressed that the use of IMT-2000 for such applications is also 
attractive to developed countries. 

Key objectives for IMT-2000 that could benefit developing countries include: 

� fixed service; 

� standardization as a means of reducing costs; 

� flexibility to start from a small, simple, configuration and grow as needed; 

� accommodation of special needs; 

� commonality with remote areas of developed countries; 

� large cells, repeaters, use of satellites. 

2.5.2 Considerations of particular interest to developing countries 

A number of considerations have been identified for implementation of IMT-2000, which are of 
particular interest in developing countries: 

a) Rugged and simple to maintain terminal units for wide range of environmental conditions. 

b) Flexibility and modularity. The telecommunication networks based on the IMT-2000 
should have a modular design for hardware and software facilitating scalability and upgrade 
of its services at a later date. The developing countries, if they so wish, can purchase a 
minimum required system at a lower cost to start services and upgrade for additional 
services on later date. 

c) Low cost wireless access systems for fixed and mobile applications. 

d) Coverage of large areas (e.g. lower UHF frequency bands below 600 MHz for terrestrial 
base stations, satellite systems, high altitude platform stations (HAPS) with many beams for 
covering large areas). 

e) Provision of repeaters for increasing the coverage. 

f) Charging time for back up batteries of customer premises equipment not more than 12 h. 

g) Higher reliability and availability of the equipment. 

h) The possibility of using the equipment in a variety of environments including extreme heat 
and cold, high humidity, dust, corrosive atmosphere and other environmental hazards. 
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CHAPTER  3 
 

IMT-2000  SYSTEM  CHARACTERISTICS,  
TECHNOLOGIES  AND  STANDARDS 

3 Introduction 

IMT-2000 is a flexible set of standards, known as IMT-2000 family members, that allows operators 
the freedom of radio access methods and core networks to openly implement and evolve their 
systems depending on regulatory, market or business considerations. IMT-2000 is intended to meet 
the needs of a competitive market in the information age, and it is expected to become an integral 
part of the overall economic growth for developing countries.  

A framework for development of IMT-2000 can be found in Recommendations ITU-R M.1034 and 
M.1035 and ITU-T Recommendation Q.1701. These and other relevant Recommendations are 
summarized in Annex B. 

The scope of Chapter 3 is the terrestrial component; see Chapter 8 for the satellite component. 

3.1 IMT-2000 system concepts and objectives  

IMT-2000 systems need to support not only traditional voice services but new multimedia and 
Internet-based services. The end-to-end delivery of Internet services requires the integration of the 
access network, the core network, portals and content. At the transport level, the deployment of an 
IMT-2000 system needs to consider both the access network and the core network architecture.  

The integration of wireless and Internet technologies has meant a convergence in both industries 
towards the best technically adapted solutions. For the radio access network (RAN), consensus 
building in the standardization process resulted in the five terrestrial radio interfaces in 
Recommendation ITU-R M.1457. Similarly for the core network (CN), there was a convergence to 
the asynchronous transmission mode (ATM) and IP technologies. A clear understanding of these 
technologies is essential for an understanding of IMT-2000. 

At the highest level, an IMT-2000 system can be described by a set of functional subsystems which 
perform actions and interact among themselves to support IMT-2000 wireless users.  

Figure 3-1 shows a high-level IMT-2000 system model4. 

____________________ 

4  Described in Recommendation ITU-R M.1311. 
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Deplo-IMT-03-1

Mobile
 terminal

Transport

RAN

Intelligence

FIGURE 3-1
High-level IMT-2000 system model

CN

The RAN:
-     provides the connectivity between the mobile terminals and the CN,
-     typically consists of a network of base stations and associated controllers.
The CN consists of transport and intelligence:
Transport:
-     provides transport of both user traffic and signalling traffic, including switching;
-     provides universal and reliable connectivity;
-     moves traffic through the network, but the routing control is in the intelligence outside the transport
       network.
Intelligence:
-     includes functions related to service logic and service control which are outside of the transport network;
-     may be distributed across network elements;
-     offers and receives services through a controlled set of well-defined interfaces;
-     includes mobility management functions.

 

An IMT-2000 system consists of the following functional subsystems5 that are shown in Fig. 3-2: 

User identity module (UIM) functional subsystem: The UIM functions support user security and 
services. The functions may reside in either a removable physical card for a MT or it may be 
integrated into the physical mobile terminal. 

Mobile terminal (MT) functional subsystem: The MT functions provide the ability to communicate 
with the UIM and radio access network and support user services and mobility. 

Radio access network (RAN) functional subsystem: The RAN functions provide the ability to 
communicate with the MT and core network. The functions in the RAN act as a bridge, router, and 
gateway as necessary for exchanging information between the core network and mobile terminal. 

____________________ 

5  Described in Section 8 of ITU-T Recommendation Q.1701. 
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Core network (CN) functional subsystem: The CN functions provides the ability to communicate 
with the RAN and other CNs as well as the functions necessary to support user services and user 
mobility. 

Deplo-IMT-03-2

FIGURE 3-2
IMT-2000 functional subsystems

UIM
functions

MT
functions

RAN
functions

CN
functions

CN
functions

 

These functional subsystems are presented for modelling purposes and may be implemented as one 
or more physical platforms in a number of arrangements. The functional subsystems are further 
decomposed into more granular functional elements, which are described in the network functional 
model for IMT-2000 (ITU-T Recommendation Q.1711). 

3.2 Network configurations 

A public land mobile network (PLMN) is established and operated by an administration or 
recognized private operating agency (RPOA) for the specific purpose of providing land mobile 
telecommunications services to the public, such as IMT-2000. A PLMN coexists and interconnects 
with traditional fixed networks (e.g. PSTN and ISDN); a PLMN consists of one or more mobile 
switching centres (MSCs) with a common numbering plan (e.g. same national destination code) and 
a common routing plan. 

Functionally the PLMNs may be regarded as independent telecommunications entities even though 
different PLMNs may be interconnected through the ISDN/PSTN and public data networks (PDNs) 
for forwarding of calls or network information. A similar type of interconnection may exist for the 
interaction between the MSCs of one PLMN. 

A terrestrial IMT-2000 system is built on two main parts, RAN and CN. 

ITU-T IMT-2000 family of systems concept: The IMT-2000 family concept is used in ITU-T to 
realize a global service offering among IMT-2000 systems. See Fig. 3-3. 
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Deplo-IMT-03-3

FIGURE 3-3
IMT-2000 families
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IMT-2000 family: The IMT-2000 family is a group of IMT-2000 systems providing IMT-2000 
capabilities to its users as identified in IMT-2000 capability sets. However, individual family 
members may have different intra-system specifications (e.g. functionalities in physical entities, 
signalling protocols, etc.). 

An IMT-2000 family member: An IMT-2000 family member is an IMT-2000 system. A family 
member integrates and incorporates the IMT-2000 functions into physical entities and associated 
interfaces as necessary to provide IMT-2000 capabilities. The UIM, MT, RAN, and CN functional 
subsystems may be specific to each family member along with the associated internal processes, 
internal interactions, and internal communication between functional entities. Support for 
IMT-2000 capabilities and interfaces will facilitate roaming between family members.  

Operators have the option to selectively deploy only those capabilities and interfaces of IMT-2000 
family member networks which are needed to support the services they choose to offer. Individual 
family member systems are characterized by their support of service and network capabilities 
defined within the IMT-2000 capability sets. 

A key feature of IMT-2000 family members is provisioning of a consistent set of application 
enablers based on the IMT-2000 capability sets and interfaces (given technical constraints and 
market needs). A set of interface specifications to achieve this is defined in ITU. 

IMT-2000 consists of a number of RAN and CN systems which are described in the following 
section.  
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3.3 IMT-2000 architecture and standards 

3.3.1 IMT-2000 RAN and standards 

The IMT-2000 terrestrial radio access technologies are based on various combinations of code 
division multiple access (CDMA), TDMA, space division multiple access (SDMA), single-carrier, 
multi-carrier, frequency division duplex (FDD), and time division duplex (TDD). None of the 
IMT-2000 technologies uses pure frequency division multiple access (FDMA) where a single radio 
channel is completely used to support a single user. Annex D provides a tutorial-like description of 
the relevant radio technologies. 

3.3.1.1 IMT-2000 terrestrial radio standards 

The radio interfaces of IMT-2000 are specified in Recommendation ITU-R M.1457. The IMT-2000 
radio interfaces and systems are described in more detail in Annex E. 

IMT-2000 standards provide a highly flexible system, capable of supporting a wide range of 
services and applications. The standards accommodate five possible radio interfaces based on three 
different access techniques (FDMA, TDMA and CDMA), as shown in Fig. 3-4. 

Deplo-IMT-03-4

FIGURE 3-4
IMT-2000 terrestrial radio interfaces

IMT-2000
CDMA

Direct spread

IMT-2000
CDMA

Multi-carrier

IMT-2000
CDMA
TDD

IMT-2000
TDMA

Single-Carrier

IMT-2000
FDMA/TDMA

IMT-2000 terrestrial
radio interfaces

WCDMA
(UMTS)

CDMA2000
1X and 3X

UTRA TDD
and TD-SCDMA

UWC-136/
EDGE

DECT

 

Table 3-1 includes the full names of the radio interfaces as used in Recommendation ITU-R M.1457 
along with their common names. This Handbook uses the full names.  
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TABLE  3-1 

IMT-2000 terrestrial radio interfaces 

 

3.3.1.2 Radio network  

A radio access network consists of one or more radio network systems. The radio network system 
(RNS) is the system of base station equipment (transceivers, controllers, etc.) which is viewed by 
the MSC as the entity responsible for communicating with mobile stations in a certain area. The 
radio equipment of an RNS may support one or more cells. An RNS may consist of one or more 
base stations. In the case IMT-2000 CDMA Direct Spread and IMT-2000 CDMA TDD both radio 
interfaces can be supported within a single radio access network. 

Further details of the radio network system may be found in Recommendation ITU-R M.1457, with 
an overview included in Annex E. 

3.3.2 IMT-2000 CN and standards 

3.3.2.1 IMT-2000 network standards 

IMT-2000 standards provide a highly flexible system, capable of supporting a wide range of 
services and applications. The standards accommodate three possible network interfaces:  

Full name Common names 

IMT-2000 CDMA Direct Spread UTRA FDD 
WCDMA 
UMTS 

IMT-2000 CDMA Multi-Carrier CDMA2000 1x and 3x CDMA2000 1xEV-DO 
CDMA2000 1xEV-DV 

IMT-2000 CDMA TDD (time-code) UTRA TDD 3.84 Mchip/s high chip rate 
UTRA TDD 1.28 Mchip/s 
low chip rate (TD-SCDMA) 
UMTS 

IMT-2000 TDMA Single-Carrier UWC-136 
EDGE 

IMT-2000 FDMA/TDMA (frequency-time) DECT 
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TABLE  3-2 

IMT-2000 CNs 

 

3.3.2.2 Core network 

The CN is logically divided into a circuit switched (CS) domain and a packet switched (PS) 
domain.  

The CS domain refers to the set of all the CN entities offering CS type of connection for user traffic 
as well as all the entities supporting the related signalling. A CS type of connection is a connection 
for which network resources are allocated at the connection establishment and released at the 
connection release. The user is provided a quality of service reflecting guaranteed use of the full 
capacity of the CS type of connection for the full duration of the connection. 

The PS domain refers to the set of all the CN entities offering PS type of connection for user traffic 
as well as all the entities supporting the related signalling. A PS type of connection transports the 
user information using a set of bits called packets: each such packet could be routed independently 
of the previous one. This technology supports potentially much more efficient use of network 
resources, dependent on the nature of the traffic offered. The user is provided a quality of service 
which may reflect competition for network resources involved in a PS type of connection. 

It is noted that the user expects, for a given service, to experience the same level of quality in its 
delivery independent of whether CS or PS technology is used. The three CN architectures of 
IMT-2000 are summarized below: 

� The CN architecture for IMT-MC includes: 

� Packet data serving nodes (PDSNs) are IP routers that provide connectivity to PDNs. 
The routers include additional software to facilitate mobility and enable connectivity to 
IMT-MC RANs. 

� Packet controller function (PCF), manages the routing of packet data between the RAN 
and the PDSN. 

Full name Common names 

IMT-2000 UMTS core network MAP 
(TS 29.002 mobile application part (MAP) 
specification) 

UMTS MAP 
GSM MAP 

IMT-2000 ANSI-41 core network MAP 
(TIA/EIA-41-D cellular radiotelecommunications 
intersystem operations) 

ANSI-41 
ANSI-41 MAP 

ANSI-41/GPRS evolved core network MAP ANSI-41/GPRS 
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� Home agents (HAs) and foreign agents (FAs) are the PDSNs in a subscriber�s home 
and serving networks, respectively. The HAs and FAs are required for mobility to be 
achieved in an IP environment.  

� Authentication, authorization and accounting (AAA) services are responsible for 
authenticating each IP subscriber, determining the authorized services and collecting 
and aggregating accounting information for the purposes of billing and mediation. 

The IMT-MC core network architecture maintains the existing ANSI-95 air interfaces to the MSCs, 
which are used for the purposes of voice calls and 2G connections that are terminated in the PDN 
via interworking functions.  

� The CN architecture for IMT-DS and IMT-TC includes: 

� Home subscriber system (HSS) provides the CN IP multimedia subsystem (IMS) 
subscriber database, including registration and location data, and service data; it is 
evolved from the home location register (HLR). 

� Call session control function (CSCF) and provides basic session handling using session 
initiation protocol (SIP). 

� Media gateway control function (MGCF), performs the signalling interworking 
between the IMS and the PSTN/ISDN/PLMN networks, and controls the media 
gateway connections. 

� Media resource function processor (MRFP) provides media stream processing 
resources for e.g. media mixing, media announcements, media analysis, etc. and the 
media resource function controller (MRFC) controls the media stream resources in the 
MRFP and interprets the commands from the applications to control the MRFP. 

� The CN architecture for IMT-SC includes: 

� Gateway MSC function provides signalling between ANSI-41 and GPRS network 
components. 

� Gateway GPRS support node (GGSN) provides interface between the core GPRS 
network and other packet data networks or other PLMNs. 

� Serving GPRS support nodes (SGSN) provide the interface from the GPRS network to 
the RAN. 

� For IP multimedia, the media gateway control function provides signalling between the 
IMS and PSTN/PLMN networks while the media resource function processor provides 
the media stream processing. 

The two technologies and protocols that will be key to implementing IMT-2000 core networks are 
ATM and IP. Annex D provides a description of these network transport technologies. 

3.3.3 IMT-2000 standards organizations 

The ITU Recommendations for IMT-2000 have been developed taking into consideration the results 
achieved by the radio interface technology proponent organizations, global partnership projects and 
national and regional SDOs. Each of the radio interfaces defined by an external organization is 
shown in Table 3-3. 
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TABLE  3-3 

IMT-2000 terrestrial radio interfaces: External organizations 

 

Figure 3-5 provides a high level overview of the 3G partnership projects (3GPP and 3GPP2), and 
their Organizational Partners. This diagram does not reflect all the forums that are involved in the 
development of IMT-2000. For example, 3GPP and the IETF address the IPs that are being applied 
in the evolution of the IMT-2000 family members. There are other groups, formal and informal, that 
influence the 3GPPs through input of requirements, including but not limited to the UMTS Forum, 
CDMA Development Group (CDG), Global mobile Suppliers Association (GSA), GSM 
Association, Open Mobile Alliance (OMA) and Operator Harmonization Group (OHG). The 3GPPs 
include within their organizations Market Representation Partners who represent the needs of end 
users and operators to the standards community with a view to ensuring that the technical standards 
work addresses their needs. 

Deplo-IMT-03-5

FIGURE 3-5
ITU and partners of the 3G PP

 

Annex F provides an overview of the relevant IMT-2000 standards bodies. 

Full name External organizations 

IMT-2000 CDMA Direct Spread 3GPP 
IMT-2000 CDMA Multi-Carrier  3GPP2 
IMT-2000 CDMA TDD (time-code) 3GPP 
IMT-2000 TDMA Single-Carrier 3GPP and TIA 
IMT-2000 FDMA/TDMA (frequency-time) ETSI 
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3.4 Techniques to facilitate roaming  

Globally common spectrum: A minimized number of globally harmonized frequency arrangements 
in the bands identified for IMT-2000 will facilitate worldwide compatibility, facilitate international 
roaming, and reduce the overall cost of IMT-2000 networks and terminals by providing economies 
of scale. 

Multimode phones: Because there are different frequency arrangements and different technology 
standards defined for IMT-2000, a primary challenge facing industry and regulators is for these 
systems to interoperate and enable international roaming. Multimode multiband terminals address 
the global roaming dilemma in an absence of a common frequency band or standard. Furthermore, 
continued efforts on interoperability will further facilitate international roaming. 

Smart cards: Smart cards for mobile terminals assist in enabling international roaming. They are 
separate tokens located in mobile phones that hold and protect all the secure data and applications 
necessary to receive wireless service. They were first introduced in mobile communications by 
GSM standardization of subscriber identity module (SIM) cards. Smart cards will be widely used in 
IMT-2000 terminals (known as SIMs, UIMs, R-UIMs or USIMs), and most of these will be 
removable. The ETSI Project Smart Card Platform (EP-SCP) is developing a common platform for 
smart cards. Smart cards offer the following benefits: 

� simplified logistics and wider distribution channels; 

� dynamic handset replacement/exchange market; 

� portability of user profile and personal data; 

� secure environment for network connection and mobile e-services; 

� international cross-standard roaming capabilities. 

3.5 Standardized interfaces for multivendor equipment availability 

The recognized interfaces used in the basic configurations for IMT-2000 systems are standardized 
which makes it possible for equipment supplied by different vendors to operate together in the same 
network. See Annex E for further details about the interfaces. 

A newly established organization, namely the Open Mobile Alliance (OMA), has intentions to grow 
the market for the entire mobile industry by removing the barriers to global user adoption and by 
ensuring seamless application interoperability, while allowing businesses to compete through 
innovation and differentiation. See Annex F for further details about OMA. 

3.6 Virtual home environment (VHE) in mobile networks 

The VHE enables users to access the same services as they experience in their home network 
(personal service environment (PSE)), even while roaming between networks, regardless of the 
terminal used. A multitude of services can be accessed in IMT-2000 systems through many 
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different devices and numerous networks. Users benefit from VHE by being able to interact with 
their home network services in a consistent way even when roaming. In addition, mobile users will 
be able to customize their service packages and the way in which they interface with them. 

The PSE describes how the user wishes to manage and interact with his or her telecommunication 
facilities. It is a combination of a list of services which the user has subscribed to, service 
preferences and terminal interface preferences. The PSE also encompasses the user management of 
multiple subscriptions, e.g. business and private, multiple terminal types and location preferences. 
The PSE is defined in terms of one or more user profiles. 

3.7 Convergence of fixed networks and IMT-2000 networks 

Studies are underway within the ITU-T6 on the convergence of fixed and mobile networks. Further 
information on this topic is anticipated to be contained in a future edition of this Handbook. 

3.8 Provision of fixed wireless access (FWA) using IMT-2000 technologies 
All IMT-2000 radio interfaces are suitable for providing FWA. 

In many developing countries, there is tremendous demand for new business and residential 
telephone service. Wireless technologies offer the opportunity to rapidly provide subscribers with 
high quality telephone service. Existing landline operators can extend their network with 
complementary FWA solutions, cellular operators can capitalize on their current network to deliver 
services with FWA, and new service providers can quickly deploy FWA solutions to rapidly meet a 
community�s telecommunications needs.  

For further information see Recommendation ITU-R M.819, as well as several Recommendations 
on FWA in the ITU-R F-series (e.g. Recommendations ITU-R F.1399, ITU-R F.1400, 
ITU-R F.1401, ITU-R F.1499) and the ITU-R Handbook on fixed wireless access (see references in 
Annex B). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

____________________ 
6  See ITU-T Question 7/SSG � Convergence of fixed and existing IMT-2000 systems: 

http://www.itu.int/ITU-T/studygroups/ssg/ssg-q7.html. 
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CHAPTER  4 
 

IMT-2000  SPECTRUM 

4.1 International spectrum identified for IMT-2000 

The ITU WARC-92 identified 230 MHz of spectrum (1 885-2 025 MHz and 2 110-2 200 MHz) that 
was at the time considered to be sufficient for IMT-2000 systems. It was envisaged that through this 
spectrum identification a high degree of spectrum harmonization would be provided throughout the 
world to facilitate the requirement for global roaming. 

Around year 1997 it was recognized that additional spectrum would be needed, particularly in the 
light of the new trends of widespread Internet usage and expected similar needs for mobile wireless 
wideband capabilities. Based on contributions from industry organizations and regional 
telecommunications bodies, ITU then estimated the additional spectrum requirements for each of 
the Regions. The estimates for additional spectrum were based on parameters, including expected 
population densities, different user groups and their associated behaviour, anticipated demand, the 
number of operators, and regional characteristics of existing infrastructure (such as the geographic 
concentration of cell sites). The spectrum requirements for IMT-2000 and other cellular systems, 
for the period between the years 2005 to 2010 were estimated to be: 555 MHz of spectrum in 
Europe, 390 MHz in the Americas, and 480 MHz of spectrum in the Asia-Pacific region7.  

The details of frequency arrangements given in this chapter refer mainly to the terrestrial 
component of IMT-2000; for the satellite component see Chapter 8.  

Resolution 225 (WRC-2000) covers the use of additional frequency bands for the satellite 
component of IMT-2000. 

4.1.1 WARC-92 and WRC-2000 identified bands 

WARC-92 and WRC-2000 identified a number of frequency bands for use by IMT-2000 systems, 
which are currently described in the following provisions of the Radio Regulations (RR): 

� RR No. 5.388 (and its associated Resolutions 212 (Rev.WRC-97) and 223 (WRC-2000)) 
identifies 1 885-2 025 and 2 110-2 200 MHz for IMT-2000; 

� RR No. 5.384A (and its associated Resolution 223 (WRC-2000)) identifies 
1 710-1 885 MHz and 2 500-2 690 MHz for IMT-2000; 

� RR No. 5.317A (and its associated Resolution 224 (WRC-2000)) identifies for IMT-2000 
those parts of the band 806-960 MHz which are allocated to the mobile service on a 
primary basis and are used or planned to be used for mobile systems.  

____________________ 

7  Report ITU-R M.2023 � Spectrum requirements for IMT-2000. 
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The identification of these bands does not preclude their use for other services to which the bands 
are allocated, nor does it establish priority in the ITU�s RR. This means that administrations are able 
to use any of these frequency bands, or other bands allocated to the mobile service, for IMT-2000. 

Further details on the choice of spectrum for deployment of IMT-2000 systems are given in 
Chapter 6. 

4.1.2 Frequency arrangements 

Recommendation ITU-R M.1036 addresses frequency arrangements for IMT-2000. The following 
sections are extracts from its latest draft revision and include the proposed recommendations for 
IMT 2000 frequency arrangements for the 806-960 MHz and 1 710-2 200 MHz bands. These 
arrangements include paired and un-paired bands for both FDD and TDD systems.  

The recommended frequency arrangements in the 806-960 MHz bands, taking into consideration 
the use of this band by existing public mobile systems, can be summarized as shown in Table 4-1. 

 

TABLE  4-1 

Paired frequency arrangements in the band 806-960 MHz 

 

 

The recommended frequency arrangements in the 1 710-2 200 MHz bands8, taking into 
consideration existing public mobile systems, can be summarized as shown in Table 4-2. 

____________________ 

8  The 2 025-2 110 MHz band is not part of this frequency arrangement. 

Frequency arrangements 
Mobile station 

transmit 
(MHz) 

Centre gap(1) 
(MHz) 

Base station 
transmit 
(MHz) 

Duplex 
separation(2) 

(MHz) 

A1 824-849 20 869-894 45 
A2 880-915 10 925-960 45 

NOTE 1 � Due to the overlap of base station transmit and mobile station transmit bands and the different 
usage of the bands 806-824 MHz, 849-869 MHz and 902-928 MHz between Regions, there is no common 
solution possible in the near- and medium-terms. 
(1) Centre gap � the frequency separation between the upper edge of the lower band and the lower edge of 

the upper band in a FDD paired frequency arrangement. 
(2) Duplex band frequency separation � the frequency separation between a reference point in the lower 

band and the corresponding point in the upper band of an FDD arrangement.  
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TABLE  4-2 

Frequency arrangements in the band 1 710-2 200 MHz 

 

Frequency 
arrangements 

Mobile 
station 

transmit 
(MHz) 

Centre gap 
(MHz) 

Base station 
transmit 
(MHz) 

Duplex 
separation 

(MHz) 

Unpaired 
spectrum  

(e.g. for TDD)
(MHz) 

B1  1 920-1 980 130 2 110-2 170 190 1 880-1 920; 
2 010-2 025 

B2 1 710-1 785 20 1 805-1 880 95 None 
B3 1 850-1 910 20 1 930-1 990 80 1 910-1 930 
B4 

(harmonized with  
B1 and B2) 

1 710-1 785 
1 920-1 980 

20 
130 

1 805-1 880 
2 110-2 170 

95 
190 

1 900-1 920; 
2 010-2 025 

B5 
(harmonized with B3 

and parts of B1 and B2) 

1 850-1 910 
1 710-1 755 
1 755-1 805 

20 
50 

305 

1 930-1 990 
1 805-1 850 
2 110-2 160 

80 
95 

355 

1 910-1 930 
 

B6 
(harmonized with B3 

and parts of B1 and B2) 

1 850-1 910 
1 710-1 770 

20 
240 

1 930-1 990 
2 110-2 170 

80 
400 

1 910-1 930 

NOTE 1 � Administrations can implement all or parts of these frequency arrangements. 

NOTE 2 � In the band 1 710-2 025 and 2 110-2 200 MHz three basic frequency arrangements (B1, B2 
and B3) are already in use by public mobile cellular systems including IMT-2000. Based on these three 
arrangements, different combinations of arrangements are recommended as described in B4, B5 and B6. 
The B1 arrangement and the B2 arrangement are fully complementary, whereas the B3 arrangement partly 
overlaps with the B1 and B2 arrangements.  

For countries having implemented the B1 arrangement, B4 enables optimization of the use of spectrum for 
paired IMT-2000 operation.  

For countries having implemented the B3 arrangement, the B1 arrangement can be combined with the B2 
arrangement. Two different arrangements (B5 and B6) are therefore recommended to optimize the use of 
the spectrum:  

� B5 would implement the B2 arrangement to harmonize parts of the extension bands globally. B5 
enables the use of spectrum to be maximized for paired IMT-2000 operation in countries where B3 is 
implemented and where the whole band 1 710-1 850 MHz is available.  

� B6 enables the use of spectrum to be maximized for IMT-2000 in countries where B3 is implemented 
and where the band 1 770-1 850 MHz is not available in the initial phase of deployment of IMT-2000 in 
this frequency band.  

NOTE 3 � TDD may be introduced in unpaired bands and also under certain conditions in the uplink bands 
of paired frequency arrangements and/or in the centre gap between paired bands. 

NOTE 4 � If selectable/variable duplex technology is implemented within terminals as the most efficient 
way to manage different frequency arrangements, the fact that neighbouring countries could select either 
option B5 or B6 will have no impact on the complexity of the terminal. Further studies are necessary. 
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Within the band 2 500-2 690 MHz three basic arrangements or combinations of them, are 
recommended for consideration by administrations in order to meet the demand for additional 
traffic; the aggregate asymmetry is as yet unknown but is assumed to be biased towards the 
downlink: 

� FDD uplink and downlink operation9; 

� FDD downlink operation10; 

� TDD operation. 

The ITU-R is continuing to study the frequency arrangements within this band. 

4.2 IMT-2000 spectrum and licensing considerations 

4.2.1 APT 

The Asia Pacific Telecommunity (APT) has formed a group, known as the APT IMT-2000 Forum 
(APTIF), which is working to develop a coordinated, harmonized and focused approach to the 
implementation of IMT-2000 in the Asia-Pacific region. As part of this effort, APTIF is in the 
process of creating a database that will include information regarding licensing practices and 
deployments of IMT-2000 throughout the region. APTIF is also considering developing a 
recommendation on frequency arrangements.  

Some APTIF members have provided information regarding IMT-2000 licensing and deployments 
in their countries. Several administrations have issued licences for IMT-2000 using the frequency 
arrangement 1 920-1 980 MHz paired with 2 110-2 170 MHz. In addition, many administrations 
have permitted operators of pre-IMT-2000 systems to evolve their systems to IMT-2000 using their 
existing frequency arrangements, including 824-849 MHz paired with 869-894 MHz, 887-924 MHz 
paired with 832-869 MHz, and 1 750-1 780 MHz paired with 1 840-1 870 MHz. 

4.2.2 Arab States 

The Arab States have not yet started developing coordinated policies and approaches for the 
implementation of IMT-2000 throughout the Arab region. One administration has announced their 
wish to provide IMT-2000 services by 1 January 2004.  

4.2.3 ATU 

The mission of the African Telecommunications Union (ATU) is to promote the rapid development 
of info-communications in Africa in order to achieve universal service and access, in addition to full 
inter-country connectivity, in the most effective manner. The ATU is monitoring IMT-2000 
developments around the world in order to determine the best path to IMT-2000. The ATU has also 
set up a Study Group on IMT-2000 to follow the ITU�s activities. Several ATU members are 
considering issuing licences for IMT-2000 within the next two to three years. 

____________________ 

9  The centre gap may optionally be used for TDD. 

10  This FDD downlink operation is independent, i.e. it can be combined with any FDD pairing, e.g. with 
IMT-2000 WARC-92 bands. 
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4.2.4 CAATEL and ASETA 

In order to encourage the development of national and regional regulations and standards related to 
IMT-2000 towards the coordinated introduction of IMT-2000 in the Andean region (Bolivia, 
Colombia, Ecuador, Peru and Venezuela), the Andean Committee of Telecommunication 
Authorities CAATEL11) adopted Resolution No. XIII-EX 58 (2000) on the �Implementation of 
Advanced Mobile Services of Third Generation, IMT-2000, in the Andean Subregion�. This 
resolution requested ASETA12 to pursue the necessary studies and to follow up the coordination of 
the activities concerning the international organizations working on IMT-2000. 

ASETA has undertaken a study to identify the spectrum available in the Andean subregion for 
IMT-2000 in the 1 885-2 025 MHz and 2 110-2 200 MHz bands and to recommend a feasible 
spectrum portion that could be used for the implementation of IMT-2000 in each of the countries of 
the subregion. 

4.2.5 CEPT 

Following on from the identification by WARC-92 of the bands 1 885-2 025 MHz and 
2 110-2 200 MHz for IMT-2000 services, CEPT issued three Decisions on the designation of these 
bands for UMTS services and a Recommendation on how to deal with border coordination of 
UMTS/IMT-2000 systems.  

In December 1998 the European Parliament and the Council of Ministers adopted a Decision on the 
coordinated introduction of a 3G mobile and wireless communications system (UMTS) in the 
European Union. The Decision required Member States to take all necessary actions in order to 
allow the coordinated and progressive introduction of the UMTS services on their territory by 
1 January 2002 at the latest and in particular to establish an authorization system for UMTS no later 
than 1 January 2000.  

Within 18 CEPT countries licences have already been issued to operate services in the IMT-2000 
WARC-92 bands of 1 900-1 980 MHz, 2 010-2 025 MHz and 2 110-2 170 MHz (in September 2002). 
Most of the countries that have issued licenses have completely utilized all frequencies in the bands 
1 900-1 980 and 2 110-2 170 MHz. 

4.2.6 CITEL 

Following the identification by WARC-92 of the bands 1 885-2 025 MHz and 2 110-2 200 MHz for 
IMT-2000, the Inter-American Telecommunication Commission (CITEL) approved a number of 
Recommendations on the use of the spectrum for PCSs that include the evolution of those systems 
towards IMT-2000, including: 

� PCC.III/REC.11(III-95) �Subdivision of the 1 850-1 990 MHz Band where used for 
Personal Communications Services�; 

� PCC-III/REC.12(III-95) �Designation of Spectrum for Personal Communications Systems 
in the Americas in the 2 GHz Band�. 

____________________ 
11  Comité Andino de Autoridades de Telecomunicaciones (http://www.aseta.org/caatel/CAATEL.htm). 

12  ASETA (Asociación de Empresas de Telecomunicaciones de la Comunidad Andina) is the Association of 
long-distance and international carriers of the Andean countries. ASETA�s objective is to promote 
regional telecommunication development leading to the process of regional integration, within the 
framework of the Andean Subregional Agreement (http://www.aseta.org/). 
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The latter recommends that CITEL member administrations, in the introduction of PCS systems, 
consider strategies for the evolution toward IMT-2000 and that experiences gained in the early 
introduction of PCS systems (including market experience) be taken into account in the evolution 
towards IMT-2000. The initial deployments of IMT-2000 in the Americas have been in the bands 
824-849/869-894 MHz and 1 850-1 910/1 930-1 990 MHz. 

Recommendation PCC.III/REC. 70 (XXI-02), �Frequency arrangements for IMT-2000 in the bands 
806 to 960 MHz, 1 710 to 2 025 MHz and 2 110 to 2 200 MHz�, includes the bands considered to be 
appropriate for the deployment of IMT-2000 in Region 2. The frequency arrangements are similar 
to those being considered by ITU-R on a global basis. 

The spectrum issues for the Americas will continue to be addressed in CITEL Permanent 
Consultative Committee II ( PCC.II) �Radiocommunications including broadcasting�. The objective 
of PCC.II is to act as a technical advisory body within CITEL with respect to the coordination and 
harmonization of standards related to spectrum use and the planning and efficient use of the radio 
frequency spectrum and satellite orbits for radiocommunication services, including broadcasting. 

4.2.7 RCC 

The Regional Commonwealth in the field of Communications (RCC) is comprised of thirteen 
administrations, mainly of the countries of the Commonwealth of Independent States (CIS), 
including the Russian Federation. RCC is planning to carry out a study in the year 2003 on 
frequency spectrum availability for IMT-2000 in the band 1 920-1 980/2 110-2 170 MHz. 

Russia has conducted its own study on the implementation of IMT-2000, which included studies of 
electromagnetic compatibility (EMC) with other systems in the band, as well as other network and 
licensing issues. As part of this study, four trial IMT-DS networks were deployed. A government 
decision on IMT-2000 frequency allocations within 1 920-1 980/2 110-2 170 MHz bands is expected 
shortly. 

In addition, some RCC countries have decided to implement IMT-2000 (IMT-MC) in the 450 MHz 
band as an evolution of incumbent NMT450 networks. 

4.3 Methods to estimate frequency spectrum required for IMT-2000 

A high level generic calculation of IMT-2000 spectrum requirements is available in 
Recommendation ITU-R M.1390, which contains a methodology for the calculation of terrestrial 
spectrum requirement estimates for IMT-2000. This methodology could also be used for other 
public land mobile radio systems. It provides a systematic approach that incorporates geographic 
influences, market and traffic impacts, technical and system aspects and consolidation of spectrum 
requirement results. The methodology is applicable to both circuit switched and packet 
switch-based radio transmission technologies and can accommodate services that are characterized 
by asymmetrical traffic flows13. 

____________________ 

13 Recommendation ITU-R M.1390 � Methodology for the calculation of IMT-2000 terrestrial spectrum 
requirements (see summary in Annex B). 
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The geographic considerations include:  

� selecting the type of environment: user density and mobility; 

� selecting the direction: uplink or downlink; 

� establishing representative cell area and geometry; and 

� calculating cell area (km2). 

The market and traffic considerations include: 

� selecting the service type and net-user-bit rate; 

� establishing the population density (potential users/km2); 

� establishing penetration rate (%); 

� calculating users/cell; 

� establishing traffic parameters: busy hour call attempts, effective call duration, activity 
factor; 

� calculating traffic/user (call/s); 

� calculating offered traffic/cell (call/s/cell); and 

� establish quality-of-service-function parameters. 

The technical and system considerations include: 

� calculating number of service-channels/cell required to carry offered-traffic/cell; 

� determining service-channel-bit rates needed to carry net-user-bit rate; 

� calculating traffic (Mbit/s/cell); 

� determining net-system-capability (a function of the spectral efficiency; coding factor; 
overhead factor; deployment model and other factors); 

� calculating net-system-capability (Mbit/s/MHz/cell). 

The spectrum results considerations include: 

� calculating component spectrum requirement in one direction for one service in one 
environment (MHz); 

� repeating process for calculation of other direction (either downlink or uplink as 
appropriate); 

� calculating component spectrum requirement in both directions; 

� repeating process for all desired services and environments; 
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� determining weighting factor applicable to each individual component (e.g. to adjust for 
overlapping environments or to correct for non-simultaneous busy hour traffic 
requirements); 

� determining the adjustment factor(s) (e.g. number of operators, sharing issues, guardbands, 
and technology modularity). 

The result of using this methodology is the total spectrum needed to support the assumed services 
and traffic for a particular technology. See examples in Table 4-3. 

 

TABLE  4-3 

IMT-2000 market and traffic data examples 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Service categories 
User net bit 

rate 
(kbit/s) 

Penetration rate
(Year 2005) 

(%) 

Urban 
environment 
(Year 2010) 

(%) 

Remarks 

High interactive 
multimedia 

128 0.5 5 Videophone, real time 
services 

High multimedia ≤ 2 000 5 18 WWW type services 
video streaming 

Medium 
multimedia 

< 384 8 18 WWW, documents 
infotainment 
Internet, intranet access 

Switched data 14.4 10 10 E-mail access, data 
Simple messaging 14.4 25 40 SMS, multimedia 

messaging 
Speech 16 60 75 Voice 
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CHAPTER  5 
 

REGULATORY  ISSUES 

National spectrum policy has an important and significant effect on the deployment of any wireless 
system within an administration. This has become particularly important in the mobile wireless (e.g. 
cellular and PCS) industries since there are systems in-place as well as those continuing to be 
deployed, concurrent with the planned rollout of IMT-2000 systems. Starting from the ITU Radio 
Regulations, where bands are identified or allocated for specific radio services and applications, 
each administration needs to go through a national process14 to ensure that spectrum is allocated for 
use by specified services or applications. In the case of IMT-2000 and as a result of WRC-2000 
(refer to Chapter 4), frequency bands have been identified for use by administrations wishing to 
deploy IMT-2000 systems in their territories. To initiate this process, some administrations carry 
out public consultation to determine: 

� the bands and the amount of spectrum required; 

� the type of applications and services to be provided; 

� national/regional coverage requirements; 

� national or regional licensing; 

� eligible list for licensing to operate IMT-2000 systems and services; 

� what licensing process is to be used: beauty contests or auctioning; 

� amount of spectrum per licence. 

Based on this process, a national policy can then be developed taking in consideration the 
comments received. The policy should provide the mechanism for licensing and deployment of 
IMT-2000 systems. It should also govern, inter alia, the use and operation of IMT-2000 systems as 
well other issues such as roaming within the same country or across neighbouring countries.  

The regulatory policy adopted for a given market has implications for service providers on several 
important factors, including: 

� capital expense of deploying the technology; 

� time-to-market of the technology; 

� carrier�s profitability for both current (e.g. incumbent) and new (e.g. IMT-2000) 
subscribers; 

� return on investment; 

� migration management; 

____________________ 

14 ITU-R Handbook � National spectrum management (see summary in Annex B). 
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� overall competitiveness; 

� market flexibility; 

� bands currently in use for mobile and/or fixed systems. 

To address the factors presented above, and maximize the success of IMT-2000 systems worldwide, 
regulators would need to consider a number of issues when setting up spectrum policies, including: 

� whether the spectrum should be designated as generation-dependent or not (e.g. whether to 
assign spectrum as specifically pre-IMT-2000 or IMT-2000, etc.); 

� whether to allow carriers to choose the standard they deploy in their assigned frequencies 
(whether a pre-IMT-2000 standard or an IMT-2000 standard); 

� whether both incumbent and new carriers should be eligible. 

5.1 Spectrum licensing 

An analysis on spectrum licensing, although not specific to IMT-2000, is provided in Report 
ITU-R SM.2012 � Economic Aspects of Spectrum Management. This report has been developed by 
ITU-R to assist administrations in the development of strategies on economic approaches to 
national spectrum management and their financing. In addition, the Report presents a discussion of 
the benefits of spectrum planning and strategic development and the methods of technical support 
for national spectrum management. These approaches not only promote economic efficiency but 
can also promote technical and administrative efficiency. 

5.2 IMT-2000 spectrum clearing guidelines (redeployment of systems) 

In making spectrum available for new radiocommunication applications, existing systems operating 
in the same band may need to be relocated to operate on another part of the frequency spectrum. 
This redeployment could involve anything from retuning or retrofitting of existing microwave 
radios to operate on a different spectrum, to the physical removal of the systems including the 
antennas from towers and rooftops.  

Administrations, regional organizations and industry groups have developed guidelines and 
principles for such redeployment of radio communication systems. For example, in Europe, there 
are two documents (one European Radiocommunication Committee (ERC) Decision, one ERC 
Recommendation) providing some guidelines15. CEPT16 has conducted its detailed spectrum 
investigation (DSI) process aiming on full harmonization of the spectrum usage within CEPT by the 
year 2008. The results of this process are reflected in the european table of frequency allocations 
and utilizations for the frequency band 9 kHz to 275 GHz (ECC Report 25). Although the 

____________________ 

15 See: http://www.ero.dk. 

16  CEPT is the �Conférence Européenne des Administrations des Postes et Télécommunications�. 
Frequency matters of CEPT are dealt with by the Electronic Communications Committee (ECC). For 
information see: http://www.ero.dk. 
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implementation of this Table has been arranged for the year 2008 it is expected that CEPT member 
countries will endeavour to implement, as soon as possible, as many parts of the Table as they are 
able to. It is also expected that the Table will be used as a source document by CEPT member 
countries for the development of ECC Recommendations, ECC Decisions, and European Common 
Proposals (ECPs) for future Radio Conferences of the ITU and as background for development of 
national frequency allocation tables and national frequency usage plans. The ECC Decisions and 
ECC Recommendations, which are relevant to frequency management issues, are incorporated into 
the Table. 

More specific European guidelines for the MSS and IMT-2000 satellite bands 
(1 980-2 010 MHz/2 170-2 200 MHz) were developed in 1997 (ERC Decision (97)04). For the 
coordination of UMTS/IMT-2000 against existing fixed services in the bands 1 900-1 980 MHz, 
2 010-2 025 MHz and 2 110-2 170 MHz some guidance is given in ERC Recommendation (01)01.  

In the United States, the Federal Communications Commission (FCC) has selected, for the PCS 
bands (1 850-1 975 MHz), industry associations to operate as neutral, not-for-profit clearinghouses 
to administer the cost-sharing plan adopted by the Commission17. The FCC has also provided 
additional detailed background information on the process leading up to this approach: Title 4718 
(§ 24.239 to 24.253; other sections may also be helpful). 

CITEL19 has issued a Recommendation20 containing �Principles and Guidelines for the 
Coordination and/or Reassignment21 of Fixed Services in the Band 1 850-1 990 MHz to 
Accommodate Personal Communications Services�. Although this is for a specific case, the 
principles may be easily adapted to other cases for the deployment of IMT-2000 systems, as 
follows: 

1. The process should be designed to promote cooperation between all affected parties 
(e.g. between licensees of existing fixed services and those responsible for the new 
IMT-2000 systems). 

2. Establish definitive interference criteria to identify potentially affected fixed service 
stations. 

3. Cross-border coordination may be facilitated by using common technical criteria and, 
where appropriate, other mutually acceptable arrangements between the IMT-2000 operator 
and affected fixed service operators. 

4. Only reassign fixed station frequencies if potential interference to or from a specific 
IMT-2000 station is likely to occur. 

____________________ 
17 See: http://wireless.fcc.gov/services/broadbandpcs/operations/relocation.html, and 

 http://www.pcia.com/PciaSolutions/solutions_microwave.htm. 

18 See: http://www.access.gpo.gov/nara/cfr/waisidx_01/47cfr24_01.html. 
19 CITEL is the Inter-American Telecommunication Commission, an entity of the Organization of American 

States, see: http://www.citel.oas.org/. 

20 CITEL Recommendation PCC.III/REC.8(III-95). 

21 Where used in this Recommendation, the term reassignment is not limited to frequency assignment in the 
strict sense; rather, reassignment shall be construed to embrace the possibility of relocation, or 
re-engineering, to the extent that equivalent communications services are obtained, or �displacement� as 
may be agreed by the parties involved. 
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5. Establish a definitive time-frame within which reassignment must occur. The time-frame 
may be different for different categories of systems or geographical areas. (The several 
factors influencing such a decision is beyond the scope of this text.) 

6. The licensing of new fixed service frequency assignments should not be permitted in the 
IMT-2000 bands in areas where IMT-2000 is likely to be deployed. 

7. Fixed service and IMT-2000 operators should have the opportunity to develop private 
arrangements within the context of national policies, for reassignment of affected fixed 
frequency assignments. Moreover, subject to national policies, negotiations concerning 
reassignment may involve financial compensation and (in administrations where 
applicable) financial incentives for accelerated reassignment, between the fixed service and 
IMT-2000 operators. 

8. Affected fixed systems may be considered for reassignment to other frequencies in the 
fixed service bands elsewhere near 2 GHz, or in bands at higher frequencies. 

5.3 Global circulation of terminals 

Technical aspects of global circulation of terminals are addressed in Recommen-
dation ITU-R M.1579. IMT-2000 terminals should fulfill the requirement of avoiding harmful 
interference in any country where they circulate: 

− by conforming to IMT-2000 standards referred to in Recommendation ITU-R M.1457; and 

− by complying with unwanted emission limits according to the following Recommendations: 

� for terrestrial radio interfaces of terminals, Recommendation ITU-R M.1581; 

� for satellite interfaces of terminals, either Recommendation ITU-R M.1343 � Essential 
technical requirements of mobile earth stations for global non-geostationary 
mobile-satellite service systems in the band 1-3 GHz, or Recommendation 
ITU-R M.1480 � Essential technical requirements of mobile earth stations of 
geostationary mobile-satellite systems that are implementing the global mobile personal 
communications by satellite (GMPCS) � Memorandum of understanding arrangements 
in parts of the frequency band 1-3 GHz; 

IMT-2000 terminals should use the receive-before-transmit principle or, when available, other 
technical means of avoiding harmful interference. In the event of a fault being detected that results 
in harmful interference, IMT-2000 equipment should minimize this. 

Annex G describes the requirements for the unhindered global circulation of terminals. 
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5.4 Unwanted emissions 

The generic unwanted emissions of IMT-2000 are covered in two Recommendations in the 
ITU-R M Series (see Annex B):  

� Recommendation ITU-R M.1580 � Generic unwanted emission characteristics of base 
stations using the terrestrial radio interfaces of IMT-2000. 

 This Recommendation contains information on the unwanted emission limits for base 
stations using IMT-2000 terrestrial radio interfaces as contained in Recommendation 
ITU-R M.1457. The limits have been defined in order to protect other radio systems and 
services from interference, to facilitate coexistence between different technologies, and to 
facilitate the deployment of equipment for worldwide use. The objectives of this 
Recommendation are to facilitate the global use and equipment access to a global market 
for IMT-2000 base stations. 

� Recommendation ITU-R M.1581 � Generic unwanted emission characteristics of mobile 
stations using the terrestrial radio interfaces of IMT-2000. 

 This Recommendation contains information on the unwanted emission limits for mobile 
stations using IMT-2000 terrestrial radio interfaces as contained in Recommendation 
ITU-R M.1457. The limits have been defined in order to protect other radio systems and 
services from interference, to facilitate coexistence between different technologies, and to 
facilitate the deployment of equipment for worldwide use. The objectives of this 
Recommendation are to ease global circulation and use of IMT-2000 mobile stations and to 
facilitate the global use and equipment access to a global market. 

Other considerations related to electromagnetic interference (EMI), EMC, electromagnetic radiation 
and electromagnetic fields (EMFs) are covered in § 5.4.1 and 5.4.2. 

5.4.1 EMI 

EMI is a general concern for electronic equipment. EMFs, whether intentionally or unintentionally 
generated, can affect other electronic devices nearby. Both the risk of EMI and its level are 
dependent as much on distance, the transmitter�s power and the frequency of the radio source, as 
they are on the electronic device�s immunity from interference. 

There are standards and recommendations that define interference immunity for electronic devices 
and the maximum strength of the EMFs they may generate. These are called EMC requirements. 
Furthermore, users of mobile telephones should respect the special rules that apply at hospitals and 
aboard planes, where it is difficult to completely protect sensitive electronic devices, such as 
medical or navigational equipment, from interference. 
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5.4.2 Electromagnetic radiation and EMFs 

The EMFs emitted by base stations and handsets of cellular systems and the possible adverse 
biological effects resulting from these emissions have become an increasing focus of public 
attention in recent years. The World Health Organization (WHO) has published a fact sheet on 
EMFs and public health in relation to mobile telephones and base stations. This concluded that 
�None of the recent reviews have concluded that exposure to the RF fields from mobile phones or 
their base stations causes any adverse health consequence�22. Readers of this Handbook are 
strongly encouraged to read the latest version of the complete fact sheet23. 

Exposure guidelines for EMFs are set by the International Commission on Non-Ionizing Radiation 
Protection (ICNIRP). These guidelines are intended to protect the health of all sectors of the 
population, including children and the elderly. Many countries have developed national guidelines, 
based on the ICNIRP guidelines, which are specifically intended for base stations and handsets.  

In this area, operators and manufacturers cooperate with each other to develop and spread best 
practice. 

5.4.2.1 EMF emission from handsets 

Many IMT-2000 terminals will be designed to be sold in many countries of the world. It can 
therefore be expected that they will be designed to meet the guidelines that apply in all of the 
countries in which they are intended to be sold. 

5.4.2.2 EMF emission from base stations 

The characteristics of emissions from radio base stations needed to calculate the electromagnetic 
field include: 

� frequency band used; 

� antenna directionality and gain; 

� power levels in use; 

� feeder loss; 

� antenna height; 

� proximity to other antennas emitting EMFs. 

Both measurement and calculation procedures can be used for the verification of the 
electromagnetic levels with respect to exposure guidelines, or simply to determine the exposure to 
EMFs. 

____________________ 

22 World Health Organization Fact Sheet No 193, revised June 2000 (the most recent version at the time of 
preparation of this handbook). 

23 In English: Electromagnetic Fields and Public Health: Mobile Telephones and their Base Stations; WHO 
Fact Sheet No. 193; http://www.who.int/inf-fs/en/fact193.html. In French: Champs Electromagnetiques et 
Sante Publique: Les téléphones mobiles et leurs stations de base; WHO Aide-Mémoire No. 193; 
http://www.who.int/inf-fs/fr/am193.html. The World Health Organization, Avenue Appia 20, 
1211 Geneva, Switzerland. 
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ITU-T Recommendation K.52 � Guidance on complying with limits for human exposure to 
electromagnetic fields, aims to help with compliance of telecommunication installations, such as 
wireless base stations, with safety limits for human exposure to EMFs. The Recommendation does 
not cover exposure due to the use of mobile handsets or other radiating devices used in close 
proximity to the human body.  

ITU-T Recommendation K.52 provides a general methodology for achieving compliance, including 
selection of an appropriate standard for the exposure limits. ITU-T Recommendation K.52 presents 
a simple method for conservatively estimating field strengths and power density levels to help 
determine compliance with exposure limits. ITU-T Recommendation K.52 also presents various 
scenarios that may be expected in telecom application and provides limits in terms of installation 
parameters (power, height of the antenna, etc). The goal is to provide a document that is easy to use 
and applies to many typical situations. 

ITU-T Recommendation K.52 also provides mitigation techniques for areas where the limits are not 
met. Measures to control EMF exposure in locations accessible to people where the EMF exceeds 
human EMF exposure safety limits for workers and general public are provided. Measures should 
be taken to ensure that people do not enter areas where their exposure to EMFs may exceed the 
relevant guidelines. In the case of places accessible to the general public, this is likely to require a 
physical barrier such as a fence. In the case of places that are only accessible to trained staff, 
marking or warning signs may be sufficient. ITU-T is developing Recommendations for 
measurements and numerical prediction.  

5.4.2.3 Relevant standards and guidelines 

ANSI/IEEE C95.3-1991, �IEEE Recommended Practice for the Measurement of Potentially 
Hazardous Electromagnetic Fields � RF and Microwave.� 

Scope: The purpose of this recommended practice is to specify techniques and instrumentation for 
the measurement of potentially hazardous EMFs both in the near field and far field of the 
electromagnetic source. This recommended practice includes leakage and near-field measurements. 
Also, this document contains a description of the concepts, techniques, and instruments that can be 
applied to the measurement of specific absorption rate (SAR) or the electric field strength in 
organisms (including humans) exposed to EMFs.  

The techniques and instrumentation specified herein are useful over the frequency range of 
approximately 300 kHz to 100 GHz. No single measurement technique or instrumentation 
arrangement is valid over the wide frequency range covered by this recommended practice. In 
general, measurement techniques and instrumentation developed for use in the frequency range 
above about 300 MHz only measure the electric field strength. SAR can be measured using 
RF-transparent temperature sensors over the frequency range of 0 to about 10 GHz. 

CENELEC � EN50383, � Basic standard for the calculation and measurement of electromagnetic 
field strength and SAR related to human exposure from radio base stations and fixed terminal 
stations for wireless telecommunication systems (110 MHz-40 GHz)�. 
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Scope: This basic standard applies to radio base stations and fixed terminal stations for wireless 
telecommunication systems, operating in the frequency range 110 MHz to 40 GHz. The objective of 
the standard is to specify, for such equipment, the method for assessment of compliance distances 
according to the basic restrictions (directly or indirectly via compliance with reference levels) 
related to human exposure to radio frequency EMFs. 

Working groups in IEC and CENELEC are actively preparing detailed procedures to address both 
measurement and calculation procedures; completion dates have not yet been set, but the respective 
groups are actively progressing the work. The scope of the documents expected to describe these 
procedures is given below: 

IEC TC106 / 62232 (in progress), �Characterization of the RF electromagnetic environment in the 
vicinity of base stations for mobile communications�. 

Scope: Characterization, measurement and calculation methods of the electromagnetic environment 
produced by the base stations for mobile communications in the frequency range 30 MHz to 6 GHz 
to enable assessment of human exposure. Guidance to the characterization, measurement and 
calculation methods of the RF electromagnetic environment produced by other sources present in 
the vicinity of base stations for mobile communications to enable assessment of human exposure. 

CENELEC � prEN-50xyy-insitu (in progress), �Basic standard for the calculation and 
measurement of electromagnetic fields related to human exposure from radio base stations and 
fixed terminal stations for wireless telecommunication systems (110 MHz-40 GHz), when put into 
service�. 

Scope: This basic standard applies to radio base stations and fixed terminal stations for wireless 
telecommunication systems as defined in clause 4, operating in the frequency range 110 MHz to 
40 GHz. The objective of this basic standard is to specify, for such equipment, the method for 
assessment of compliance with the basic restrictions and reference levels related to human exposure 
to radio frequency EMFs, when it is put into service in its operational environment. 

In addition, work is also advanced in the revision of the IEEE standards in this area, and CEPT is 
developing a Recommendation  for measuring non-ionizing radiation (9 kHz-300 GHz). 
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CHAPTER  6 
 

STEPS  TO  CONSIDER  IN  THE  DEPLOYMENT  OF  
IMT-2000  SYSTEMS 

6.1 Checklist of key issues and questions to be considered prior to IMT-2000 network 
deployment 

In considering their business cases and strategies, existing or potential network operators must 
consider a variety of issues, including demographics and services (is there a market, and what will 
be their service offering?); business case (who will be their customers, what applications and 
services will they offer, what traffic and revenue will they generate, how and when will they 
achieve return on investment?). 

The checklist in Table 6-1 identifies the issues of traffic analysis, costs and revenues; core network 
and radio network planning; site issues; network modelling; network optimization and terminals. 

TABLE  6-1 

Checklist of key issues to consider prior to IMT-2000 network deployment 

1 Traffic analysis, costs and revenues 
1.1 Forecasting 
1.2 Network cost modelling 
1.3 Service modelling 
2 Core network planning 
2.1 Dimensioning 
2.2 Core network planning 
2.3 Rollout 
2.4 Maintenance 
2.5 Quality of service (QoS) 
2.6 Optimization � See �Network optimization� 
3 Radio network planning 
3.1 Capacity 
3.2 Coverage 
3.3 Dimensioning 
3.4 Radio network plan 
3.5 Radio network loading 
3.6 Rollout 
3.7 Maintenance 
3.8 QoS 
3.9 Soft handover 
3.10 Cell breathing 
3.11 Optimization (see item 6 of this Table) 

4 Site issues 
4.1 Site location and access 
4.2 Site reuse 
4.3 Site sharing 
4.4 Site acquisition 
4.5 Antennas 
4.6 Masts and mast loading 
5 Network modelling 
5.1 Network behaviour 
5.2 Rollout network 
5.3 Mature network 
5.4 Data traffic and asymmetry 
6 Network optimization 
6.1 Optimization of performance 
6.2 Radio network 
6.3 Core network 
7 Terminals 
7.1 Basic terminals 
7.2 Advanced terminals 
7.3 Provision of terminals (subscription, prepay)  
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6.2 Demographics and services 

Mobile user surveys by the Yankee Group24 have pointed to price, coverage and quality as being 
the fundamental parameters behind end-users choosing a wireless provider for service. The satellite 
component continues to be a good complement to the terrestrial component since it fulfils the 
requirement of �anywhere� by virtue of its global coverage, but it cannot support �everyone� due to 
capacity, location and affordability limitations.  

The development of IMT-2000 and of systems beyond IMT-2000 has often concentrated on the 
advancement of the service capabilities available to the end-user. These capabilities have been 
expressed in terms of higher bit rates, shorter communication delays, mobility support, quality of 
service, and so on. Technical considerations such as better spectrum efficiency and reduced power 
consumption may or may not be visible to the end-user; however, the extent of the global coverage 
by IMT-2000 systems and systems beyond IMT-2000 needs to be considered as part of the overall 
picture.  

The goal of IMT-2000 is to provide universal access to a full range of services for anyone, 
anywhere, anytime. IMT-2000 needs to encompass the achievement of global coverage as well as 
the enhancement of service capabilities. What is meant by global coverage here is to make 
IMT-2000 available to all people in the world for business and personal use at affordable costs.  

This means that technological development is needed to lower the cost and therefore increase the 
affordability factor. Creative solutions are needed to achieve the goal of 100% teledensity. There 
are also specific technology challenges, for example, in some developing countries, there are 
limited facilities to power base stations and recharge mobile station batteries.  

Coverage needs to include the following elements:  

� Interconnection requirements to make the deployment of services easier (interoperability 
and interworking at the physical, network and service levels). 

� Proper packaging of capabilities for the development of institutional services such as 
telemedicine and tele-education. 

Governments are in a good position to develop the necessary institutional services on a wide scale; 
but for that to be able to happen the proper coverage and networking of capabilities need to be 
established first. 

In some countries, there is a major contrast between some smaller geographic areas (dense 
population) and other large geographic areas (sparsely populated but equally important) and this 
presents a challenge for the deployment of IMT-2000 services to everyone.  

Other sections of this Handbook cover these topics in more detail, in particular Chapter 2 on service 
requirements and application trends. 

____________________ 

24 See: http://www.yankeegroup.com/public/promotion/Mus_survey.jsp. 
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6.3 Business case: customer base, services, applications and traffic 

No decision to move forward with IMT-2000 should be taken lightly. A well-prepared business 
case is fundamental to a decision to deploy IMT-2000, or indeed any technology. The business case 
must take into account customer (end user) demographics and needs. This topic is further elaborated 
in this section. 

In creating this business case there are some important questions that need to be answered. 

� What new services and applications environment will be provided to the customers (end 
users)? 

� How will billing for the new services be done? 

� What are the customers willing to pay for these new services? 

� Who will be the primary customers for the services? Will they be travelling? 

� Will the new services require major restructuring or existing hardware/software 
infrastructure or require new hardware/software infrastructure? 

� What are roaming partners and competitors doing? 

� Should the market be segmented? If so, how do should it be segmented and on which 
segment should the focus be on? 

� Which technology should be selected? 

� What is the cost of a new licence (if needed)? 

� If infrastructure is to be shared, what will be the arrangements for doing so? 

� What will be the relationship of IMT-2000 radio systems to other radio systems? 

� What are the local community considerations in selecting sites for base stations? 

Each market is different and the decisions taken may vary, but with the global environment of 
wireless IMT-2000 technology, understanding of roaming partners must be taken into 
consideration. This includes taking into consideration spectrum availability and spectrum 
reusability. This brings more complications, since the global market does not have a single 
technology or even the same frequency spectrum available. 

6.4 Evolution and/or migration of existing wireless systems to IMT-2000 

In many markets, existing wireless systems will have been deployed. Key considerations are the 
evolution of these systems, and the migration of customers from these earlier systems to IMT-2000 
systems. Future editions of this Handbook will provide additional information on this topic. 
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6.5 Choice of technology and spectrum in the identified IMT-2000 bands such as 
bandwidth requirements, necessary guardbands and FDD/TDD allocations � 
particularly for developing countries 

Evolution of IMT-2000 family members will see the development of approaches that might not be 
considered in the initial development of the technologies. An open mind should be kept towards this 
area since innovations may emerge that may prove very useful. At the same time, care should be 
exercised to ensure that solutions put forward are worth considering by the criterion of adequate 
market uptake and deployment critical mass. 

6.5.1 Deployment of IMT-2000 in bands above 1 GHz 

The bands above 1 GHz offer certain advantages for the deployment of IMT-2000, because the 
bandwidth of the spectrum that has been identified for IMT-2000 (and the parts of this spectrum 
that has been made available for IMT-2000 in many countries) makes it possible for several 
operators to deliver a full range of IMT-2000 services to a large number of users. 

Chapter 4 of this Handbook covers in some detail the bands identified for IMT-2000 in the RR and 
the recommended frequency arrangements. In the frequency range 1 710-2 200 MHz, the frequency 
arrangements for which there are the greatest number of IMT-2000 systems planned or in operation 
are B1 (1 880-1 980 MHz, 2 010-2 025 MHz and 2 110-2 170 MHz) and B3 (1 850-1 910 and 
1 930-1 990 MHz). See § 7.4 for references on the status of current deployments/spectrum use. 

Many of the countries that are able to make spectrum available within the 2 500-2 690 MHz band 
plan to use this band following deployment of IMT-2000 in 1 710-2 200 MHz frequency bands. 
Detailed frequency arrangements for the use of these bands have not yet been developed by ITU-R; 
this is to give flexibility for further evolution depending on the available technologies and the future 
traffic characteristics. 

6.5.2 Deployment of IMT-2000 in bands below 1 GHz 

It is generally the case for terrestrial propagation in the UHF bands that the path loss increases with 
frequency. This variation in propagation as a function of frequency results in greater coverage per 
cell site in a cellular system operating in a lower frequency range as compared to one operating in 
higher frequency bands. Greater coverage per cell site results in the need for fewer cells to provide 
service for a geographic area. 

Therefore, the bands below 1 GHz offer certain advantages because of their propagation 
characteristics, which make them more suitable for coverage of large terrain, especially where 
network deployments are primarily coverage-limited (as opposed to capacity-limited) and 
individual cells are not expected to be heavily loaded, such as in rural, sparsely populated and 
low-traffic density areas. However, some of these bands may also have some disadvantages because 
they are not yet harmonized for the mobile service and this may present some difficulties, such as 
the availability of equipment. 
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Chapter 4 of this Handbook covers in some detail the bands identified for IMT-2000 in the RR. 
Below 1 GHz, the frequency arrangements A1 (824-849 MHz and 869-894 MHz) and A2 
(880-915 MHz and 925-960 MHz) are widely used in many countries for pre-IMT-2000 systems. 
Some operators of these systems are migrating their networks to IMT-2000. Because these 
frequency arrangements overlap, they cannot both be fully deployed in the same geographic area. 
For this reason, in most countries only one of these arrangements is used. 

The use of other bands for the deployment of IMT-2000 is not precluded, recognized in 
Resolution 223 (WRC-2000) � Additional frequency bands identified for IMT-2000, and as 
indicated in Recommendation ITU-R M.103625. In particular, Resolution 224 (WRC-2000) � 
Frequency bands for the terrestrial component of IMT-2000 below 1 GHz, considers the advantages 
of the bands below 1 GHz.  

For example, lower UHF land mobile bands below 470 MHz have been used by operators 
addressing low-density areas in Nordic, Eastern Europe, and some Asian countries for 
pre-IMT-2000 systems. IMT-2000 systems are being deployed in these bands in some countries of 
Eastern Europe and Asia26. It is recognized that the use of this band is subject to the limitations of 
bandwidth for frequency assignments. 

6.6 Deployment planning 

It is important to enable flexibility in the deployment of IMT-2000 systems. This includes both 
spectrum aspects and technology aspects. For example, systems can be deployed adjacent to current 
allocations, providing operators with flexibility in deployment. 

6.6.1 Shared infrastructure  

It is possible to share IMT-2000 infrastructures to rapidly launch service and thus reduce the costs 
of deployment and improve the overall financial health of the industry. A range of solutions to 
enable infrastructure sharing is available from manufacturers. Two models are described in 
Annex H, based on site sharing and access network sharing. Some analyses have shown that 
infrastructure sharing can deliver healthy capital (10%-30%) and operational savings (20%-40%) 
over a ten-year period. Adoption of infrastructure sharing will pose challenges on all fronts � 
business, regulatory, technical, political. However, infrastructure sharing can benefit the industry 
and the community by delivering IMT-2000 rapidly and cost-effectively. 

6.6.2 Relationship of IMT-2000 with other radio systems 

IMT-2000 technology continues to evolve, enabling network operators to stay ahead of the 
competitive curve by implementing new, flexible solutions for people on the move. Today, 
consumers and business people alike want fast, easy access to a wide variety of resources � from 
news and entertainment to corporate intranets and desktop capabilities. Moreover, providing access 
to these resources no longer depends on location, medium or device. 

____________________ 
25 See Recommendation ITU-R M.1036-1 � Spectrum considerations for implementation of International 

Mobile Telecommunications-2000 (IMT-2000) in the bands 1 885-2 025 MHz, 2 110-2 200 MHz and 
preliminary draft revision of Recommendation ITU-R M.1036-1 � Frequency arrangements for 
implementation of the terrestrial component of International Mobile Telecommunications-2000 
(IMT-2000) in the bands 806-960 MHz, 1 710-2 025 MHz, 2 110-2 200 MHz and 2 500-2 690 MHz. 

26 See § 7.4 for online sources of the up-to-date list of the countries which have deployed IMT-2000 in 
bands below 470 MHz. 
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The potential for new market opportunities exists for those who can deliver wireless network 
services capable of broadband access speeds and wireless mobility for consumers and business 
users alike.  

Some operators, depending upon market considerations, will make substantial steps to deploy a 
seamless mix of technologies which could at various stages in time incorporate satellite, RLAN, 
digital broadcasting and cellular elements. This will enable the users to receive a variety of content 
via a variety of delivery mechanisms complementing each other depending upon the particular 
terminal capabilities and location. Annex H provides further details about these solutions. 

6.7 Operational aspects 

6.7.1 Training aspects 

It is essential to train manpower on technical equipment, etc., to develop expertise in implementing, 
operating, and maintaining the telecommunication networks based on IMT-2000. This will result in 
the ability to fix faulty modules at a faster pace and provide high levels of after-sales service, which 
will need to consider areas such as spares availability and expertise availability in maintaining the 
systems. 

6.7.2 Tariff and billing aspects 

IMT-2000 will enable many new types of services, which may be provided. For these to be 
successful, it must be possible for the network operator to charge subscribers for the use of them. It 
is therefore of critical importance, that billing systems which will be able to process services with 
many different characteristics. Simply put, the traditional distance and time related variables of 
voice may no longer be applicable when charging for data services. Likewise, time of day and call 
duration seem less applicable in an always-on network. 

Billing for data is already with us. Even with the launch of 2.5 G services, operators have managed 
to carry on with existing billing engines by adding customized mediation engines for packets of 
data. Billing for both time and data are known as �convergent billing�.  

However, with IMT-2000, we are about to enter a new frontier. 

To be viable, next generation billing systems must be capable of pricing not just voice but also data 
and content events. The systems will have to be highly flexible and scaleable, customer-oriented, 
event-based and truly convergent. Among the parameters which will need to be taken into account 
are: 

� Number of packets 

� QoS 

� Uploading or downloading of data 

� Location 

� Content. 
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Do these requirements mean that all operators will need to buy completely new billing systems 
before commencing IMT-2000 services? Not necessarily. While there are disagreements on the part 
of experts as to whether � and to what extent � existing billing systems may be modified, it will be a 
business decision on the part of the operators as to the speed and manner of the change over. There 
may also be instances where a charging system by content providers or portal owners may be 
employed. It is expected that both types of billing systems will coexist. Certainly, whichever system 
is adopted, it will have to manage key pieces of the complex value chain, which could include 
content providers, portals, advertisers, roaming partners and network operators.  

While the operators are laying the groundwork for a full array of IMT-2000 services, users will 
need to be educated to the value of different types of data. This is important, as it will permit 
service providers to bill for multiple kinds of content at the same time and to bill for transactions 
among simultaneous services. In this manner, the service provider will be able to charge more for 
data that is of a particular interest to a customer at a given point in time. 

In this new content-driven world, consumers will have a variety of subscriptions and connections to 
content providers and value added services. In order to make their lives easier, operators are 
examining ways to send out a single bill for a range of services. Such consolidation will go a long 
way to achieve the critical mass required for electronic commerce to succeed. Viewed in this 
manner, customer billing becomes a part of the larger customer care picture, a vital part of the 
IMT-2000 communications universe. It is a universe comprised of a comprehensive and integrated 
approach to acquiring and retaining subscribers. Such a unified approach will permit a coordination 
of business functions with customer needs, which in-turn will lead to a strategic, revenue-generating 
asset for the service providers. 

What are some of the potential applications for which billing solutions will need to be found? They 
include, but are not limited to, the following: 

� Location-based services, such as personal locators, map downloads, tourist guidance and 
assistance, integrated navigation and tracking services, emergency services, location 
sensitive services and local directories. 

� Electronic commerce services such as electronic shopping, reservations and ticketing, 
electronic payments and billing, brokerage and online services, advertising, automated 
tolling, remote diagnostics and maintenance, and mobile office applications. However, 
reverse charging of advertisement content may be difficult because unsolicited ad mails 
may be charged to receiving parties. 

� Mobile entertainment and information services such as news and weather forecasts, mobile 
audio and video streaming, interactive games, personalized learning delivery systems, and a 
range of online information resources. 

� Remote health monitoring and diagnostic services, follow-up and prevention and electronic 
prescriptions. 
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For these applications to be successful, they will need to be offered as close to real time as possible: 
consumers are accustomed to getting what they want almost instantly. They will want to see their 
improved bank balances immediately after making a deposit, they will want to track the location of 
a package they have just shipped, and they will want to monitor the status of an order just placed 
online. Service providers will need to provide real-time accounting of their, and all of their account 
members�, usage. 

In essence, the ultimate challenge for service providers of mobile multimedia content over 
IMT-2000 networks will be establishing pricing and billing that reflects the value of that content to 
end users. It may involve, depending on the circumstance and service in question, complex 
revenue-sharing agreements and novel pricing strategies riding on advanced billing technologies. 
The challenges � and the possibilities � are certainly impressive. 

Please refer to Annex I for further details on billing and charging. 
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CHAPTER  7 
 

CRITERIA  LEADING  TO  TECHNOLOGY  DECISIONS 

7.1 Type of technology and equipment availability for telecommunication networks based 
on IMT-2000 

New entrants 

The �new entrant� operator has both the advantage of choosing their network without consideration 
for existing infrastructure and investments, along with the disadvantage of not having an existing 
subscriber base and system coverage. The choices will still depend very much on the frequency 
available, the country of location and who will be the likely roaming partners. 

These new entrants also have options to choose from and their decision should particularly consider 
the following questions: 

� What is the availability of equipment? 

� Which technologies are available in the spectrum granted? 

� What is the availability of the system (and corresponding terminals)? 

� Who will be our roaming partners? 

� What are the costs associated with implementation? 

� What is the flexibility of the system for the future? 

Development of the IMT-2000 systems is driven by the need for capacity gains, higher data rates, 
end-to-end IP connectivity and operating cost reduction requirements. In addition, operators 
currently building networks and planning to offer IMT-2000 services will require built-in capability 
that will enable seamless expansion into a new core network. This evolution will permit application 
transparency between pre-IMT-2000 and IMT-2000 networks. 

7.2 Changes over the existing infrastructure related to the operator/service provider 
equipment, customer terminal and applications, etc. 

Both pre-IMT-2000 and IMT-2000 networks will coexist for an extended period of time much as 
analogue and digital pre IMT-2000 networks have. Wireless operators will face the same types of 
issues in migrating subscribers. Access to new services and features will attract some subscribers 
and drive the market while lowering the overall cost per subscriber. Lower cost for the subscriber is 
a key factor in market evolution. Having said this, the new market will entail a wider variety of 
services for both public and private user groups, which wireless operators will be able to support 
with similar types of services as those offered by current network operators in many instances. 
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The need to add capacity to existing networks and to build new networks is currently fuelled by 
increasing voice traffic � the result of continued subscriber growth and increasing minutes of usage. 
Although still in its infancy, the mobile Internet and associated high-speed data applications are 
expected to begin contributing significantly to the rise in traffic by 2003. The next generation 
networks that we are installing today are bringing the �always on, always connected� aspect of the 
mobile Internet to subscribers, enabling them to do many everyday things in radically new ways, 
regardless of their location. 

Operators face a number of decisions as they move to next generation networks. One of the most 
important decisions is to determine which technology choice best meets individual operator needs. 
An operator�s choice is a business decision, and involves more than a simple comparison between 
technologies or standards. 

The question is often asked � which technology is best for me? � To answer this, many factors must 
be weighed, and as with other industries, there is no �one answer fits all�. The best technology for 
one operator may not be the best option for another operator. To answer this question properly, the 
operator or network provider must decide their business case. Some of the questions that must be 
asked and answered are: 

� What frequencies are you using or do you have access to?  

� What technology are you currently using?  

� How much spectrum do you have access to in each of your markets?  

� Which country are you located in?  

� What roaming agreements do you have or want to have?  

� What services will you actively promote?  

� What is the current market demand for voice, mobile Internet, messaging, etc., in your 
market?  

� What are the predictions for the next 5 to 10 years in your market?  

� Who are your competitors and what technology choice have they made?  

� Who are your partners and what technology choice have they made?  

� What is the availability and price of the equipment and terminals? 

The evaluation process is much more complex than just answering the questions listed above, but 
this provides an overview of the type of analysis required in deciding which technology is best for 
any given operator.  

The original overall goal of the ITU in creating the IMT-2000 requirements was to have a single 
technology, globally, for wireless telecommunications, incorporating terrestrial and satellite 
communications. Along with this goal, the ITU originally identified a set of frequencies in the 
2 GHz band for this technology. Although the goal of global standardization for wireless was not 
reached and different frequency allocation abilities exist in different countries around the world, the 
overall goal of harmonization is still being pursued in the standards bodies today. 
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The industry is currently faced with multiple standards for wireless communications. Furthermore, 
since WRC-2000 in Istanbul, the additional frequency spectrum identified for IMT-2000 now 
includes the existing cellular bands. With this in mind, there is harmonization work being carried 
out in the various standards bodies to allow interoperability between standards and frequency 
groups. This work is being done on two levels. On the network level, this work allows for 
applications and features to be available from the consumers home market regardless of where they 
are in the world: GSM MAP/ANSI 41. On the mobile station level, this work would allow a single 
mobile station to be made available on different radio interfaces for a variety of frequencies, often 
referred to as multimode/multiband phones.  

In a commercial world, the consumer most likely does not wish to know what the technology is 
behind the application, only that the application works, when and where they want it to. When 
taking into consideration your technology choice for IMT-2000 in today�s market, one must 
consider the roaming aspects along with the economies of scale for the terminals available. The goal 
of the harmonization projects will make this choice much easier in the future where regardless of 
the choice made today the terminals of the future will work anywhere, anytime, regardless of the 
technology being used.  

Complete harmonization will not happen all at one time. There will be phases of implementation 
and most likely a variety of different ways of introducing terminals for the consumer. To find out 
more details on harmonization protocols, you can visit the 3GPP or 3GPP2 websites. Terminal 
harmonization will be implemented individually by the various terminal vendors. Already seen on 
the market today are cellular terminals that have a multitechnology, multiband ability. 

7.3 Potential increase in speed of deployment and provision of basic telecommunication 
services in the developing countries through wireless access technology 

Time is an asset that should be taken into consideration in your markets. Deployment of IMT-2000 
systems may not be justified immediately when a 2G system will handle the market needs. As the 
global operators are implementing their IMT-2000 systems today, their decisions will have a major 
effect on the economies of scale, determining both the price and availability of the networks and 
phones. The IMT-2000 systems also have a strong business case for voice services when deploying 
a new network in a congested and/or urban area. With the data capabilities of IMT-2000 systems an 
operator will have the abilities to promote their services for business, government and educational 
areas while maintaining high quality voice services for both the urban and rural areas. 

As described earlier, the market demand and capacity needs should play a major role on the 
decision for when to deploy an IMT-2000 system into your networks. In saying this, a key element 
in your decision for your IMT-2000 network should be what the interoperability is with your 
existing or new wireless networks. 

Deploying wireless networks has a huge advantage in speed of deployment and in dimensioning the 
system for the number of subscribers. With wireless networks, you no longer have to plan the 
number of lines in a remote area for the growth of a town or village for the next ten years but can 
simply add or remove transceivers or base stations as the population increases or decreases in a 
given area. 
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7.4 Status of IMT-2000 deployments 

When considering deploying an IMT-2000 system it is important to know the status of other 
deployments. However, it is not practical to provide data about the status of IMT-2000 deployments 
in this handbook, because new systems are being deployed continuously and the data would be 
obsolete soon. The reader should refer to the websites of the ITU and other industry associations 
that are tracking the deployment of IMT-2000 systems, see for example: 

http://www.itu.int/osg/imt-project/Subdirectories_links/implementation.html, 

http://www.umts-forum.org/licensing.html, 

http://www.cdg.org/worldwide/index.asp. 
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CHAPTER  8 
 

SATELLITE  COMPONENT  OF  IMT-2000 

8.1 Role of the MSS in IMT-2000 

The satellite component of IMT-2000 will help to provide IMT 2000 services on a global basis. The 
satellite component will complement the terrestrial component by providing service for 
international roaming, as well as serving sparsely populated areas. The ubiquitous coverage of 
IMT-2000 can only therefore be realized using a combination of satellite and terrestrial radio 
interfaces. 

Recommendation ITU-R M.1455 lists the key characteristics of the radio interfaces for the satellite 
component of IMT-2000. As highlighted in that Recommendation, due to the constraints on satellite 
system design and deployment, several satellite radio interfaces will be required for IMT-2000 (see 
Recommendation ITU-R M.1167 for further considerations). The detailed specifications of the 
satellite radio interfaces of IMT-2000 are defined by information supplied with Recommendation 
ITU-R M.1457. 

Recommendation ITU-R M.818 also considers the satellite component of IMT-2000 noting that 
satellite operation within IMT-2000 could facilitate the development of telecommunication services 
in developing countries. 

The IMT-2000 satellite user terminals will offer one or more modes of operation: one satellite mode 
and possibly one or more terrestrial modes. If a terrestrial mode is implemented, terminals should 
be able to select either satellite or terrestrial modes of operation automatically or under user control. 

The satellite/terrestrial (dual-mode) terminal interface performs the following functions: 

� Provides the bearer service negotiation capabilities in both terrestrial and satellite networks. 

� Supports roaming between terrestrial and satellite networks. 

� Aligns the service management and provisioning with IMT-2000 Recommendations. 

Handover between terrestrial and satellite components is not a requirement of IMT-2000. It is up to 
the network operator to determine whether to implement handover between the terrestrial and 
satellite component. If handover is not implemented, roaming between terrestrial and satellite 
component may be just a switching function; i.e. if a user terminal loses its connection to a 
terrestrial network, it could �look� for a satellite network. 
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Satellites and satellite systems will continue to achieve higher performance (e.g. quality and higher 
bit rates) and accommodate smaller antennas on terminals. With the constraints imposed by link 
budget and bandwidth limitations for satellite systems it may be uneconomic to support wideband 
services to a handheld terminal from a satellite. This means that the service capabilities of the 
satellite component of IMT-2000 may not be identical to the terrestrial component. 

The satellite component of IMT-2000 may be �stand-alone�, with intelligence to be able to 
originate, terminate, and charge for services, to re-register and locate users as they roam onto other 
networks or service areas, and to maintain user databases. Alternatively, the satellite component 
may share intelligence with other networks. 

In addition to the bands 1 980-2 010/2 170-2 200 MHz, which were identified by WARC-92, 
Resolution 225 (WRC-2000) identified the following frequency bands, allocated to the MSS, for 
use by administrations wishing to implement the satellite component of IMT-2000 (see provisions 
of RR No. 5.351A and its associated Resolutions 212 (Rev. WRC-97) and 225 (WRC-2000)): 

� 1 525-1 544/1 626.5-1 645.5 MHz; 

� 1 545-1 559/1 646.5-1 660.5 MHz; 

� 1 610-1 626.5/2 483.5-2 500 MHz; and 

� 2 500-2 520/2 670-2 690 MHz. 

More information on the MSS can be found within the tutorial given in § 1.3 of the ITU Handbook 
on the mobile-satellite service. 

8.2 Utilization of the satellite solution in rural areas 

The utilization of the satellite systems in rural and remote areas is highly recommended, especially 
for developing countries, and especially for countries which have a broad territorial expanse. Such 
countries may have a large number of rural inhabitants. 

The advantage of a satellite network is that it can provide regional or global coverage through a 
network of a single or multiple satellites. For example, a satellite situated at a 780 km height orbit 
has a coverage cell with a radius of 3 000 km, that is, it covers an area of about 27 000 000 km2. 
Thus, instead of having several small terrestrial radio-base stations interlinked one to another, 
serving small areas, we can have one radio-based station at a high altitude serving an entire region. 

8.3 Satellite equipment operating without electric power 

In developing countries, especially in small places, the electric power supply is generally 
precarious. These places are generally far away from an electric power supply mains source and 
their consumption of energy is small, so that it is not economical to implement the necessary 
transmission lines for their electric power supply. 

Consequently, these small places are fed by local sources, such as small hydroelectric plants, diesel 
or gas or firewood fuelled generators. The main consumption in these places is from public and 
residential illumination, so their control systems are simple and there is no need for a high quality 
supply. The electric voltage variations are frequent, and the electric power supply interruption is 
more frequent than in bigger urban centres, which doesn�t cause much problem when illumination 
is the main target utilization. 
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Therefore, it is very important that the telecommunication systems implemented in developing 
countries, especially in rural areas, have their own electric energy power sources. It is highly 
recommended that a stable electric voltage source be based in battery banks associated with small 
generators with enough energy reserves to supply the whole system for a minimum period of 72 h, 
time considered sufficient, in most cases, for the arrival of maintenance teams and for the necessary 
repairs when the electric power supply fails. 

The terminals also have to have a battery for the electric power supply and the electric AC/DC 
converters have to be operated with any electric voltage between 80 and 240 V. 

Solar-cell power sources are highly recommended, such as solar panels feeding battery banks. That 
is a clean and cheap energy, and it is supplied regularly in daily doses. When well designed, such 
solar panels work regularly for many years and their maintenance need is low. 

8.4 Geolocation services using air-interface signals 

The utilization of the location service within the telecommunication terminal is primarily used to 
identify the location of the terminal for beam identification and beam assignment purposes in 
multibeam satellite networks. This feature can also help to deny service in restricted geographical 
locations. 

The utilization of geolocation features in user terminals is simple and user-friendly. The 
man-machine interface of these terminals is easily visualized and understood.  
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ANNEX  A 
 

ABBREVIATIONS  AND  ACRONYMS 

 
1x 1x component of IMT-2000 CDMA Multi-Carrier 
1xEV-DO 1x evolved data-only 
1xEV-DV 1x evolved data-voice 
2G 2nd Generation (of mobile radio) 
3G 3rd Generation (of mobile radio) 
3GPP 3rd Generation Partnership Project 
3GPP2 3rd Generation Partnership Project 2 
3x 3x component of IMT-2000 CDMA Multi-Carrier 
AAA authentication, authorization and accounting 
AAL ATM adaptation layer 
AC/DC alternating current/direct current 
ACELP adaptive CELP 
ADPCM adaptive differential pulse code modulation 
AM amplitude modulation 
AMC adaptive modulation and coding 
A-MGW access media gateway 
AMPS Advanced Mobile Phone System 
AMR adaptive multirate 
ANSI American National Standards Institute 
API application program(ming) interface 
APT Asia Pacific Telecommunity 
APTIF APT IMT-2000 Forum 
ARIB Association of Radio Industries and Businesses 
ARQ automatic repeat request 
ASAP application specific access profile 
ASETA Asociación de Empresas de Telecomunicaciones de la Comunidad 

Andina 
ASP application service provider 
ATM asynchronous transfer mode 
ATM CSU ATM end-station 
ATU African Telecommunications Union 
AuC authentication centre 
BER bit error ratio 
BICC bearer independent call control 
B-ICI broadband intercarrier interface 
BPSK binary phase shift keying 
BS base station 
BSC base station controller 
BSS base station subsystem 
BSSAP base station system application part 
BSSMAP base subsystem mobile application part 
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BTS base transceiver station 
CAATEL Comité Andino de Autoridades de Telecommunicaciones 
CAMEL Customized Application for Mobile networks Enhanced Logic 
CAP CAMEL application part 
CapEx capital expenditure 
CC call control 
CCITT Comité Consultatif International Télégraphique et Téléphonique 

(now ITU-T) 
CD compact disk 
CDG CDMA development group 
CDMA code division multiple access27 
CDMA2000 common name for IMT-2000 CDMA Multi-Carrier 
CDMA-DS CDMA Direct Spread 
CDMA-MC CDMA Multi-Carrier 
CDMA-TC CDMA Time-Code 
CDPD cellular digital packet data 
CELP code excited linear prediction 
CENELEC European Committee for Electrotechnical Standardization 
CEPT Conférence des administrations Européennes des Postes et 

Telecommunications 
C/I carrier-to-interference ratio 
CIS Commonwealth of Independent States 
CITEL Inter-American Telecommunication Commission 
CN core network 
CP call processing 
CPE customer premises equipment 
CS circuit switching/switched 
CS-BI circuit switching � bearer independent 
CSCF call state control function 
CS-MGW circuit switched � media gateway function 
CSU channel service unit 
CTA cordless terminal adapter 
CWTS China Wireless Telecommunication Standard group 
D-AMPS Digital � Advanced Mobile Phone Service/System 
DCCH dedicated/digital control channel 
DCS dynamic channel selection 
DECT Digital Enhanced Cordless Telephony 
DIFFSERV differentiated services 
DPRS DECT packet radio service 
DQPSK differential quadrature phase shift keying 
DSCH downlink shared channel 
DSCP differentiated services code point 
DSI detailed spectrum investigation 
DSP data service profile 
DTE data terminal equipment 
ECC Electronic Communications Committee 
ECP European common proposal 

____________________ 
27  This generic term is sometimes used as a name for ANSI-95. 
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EDGE  Enhanced Data rates for Global Evolution  
EGPRS Enhanced General Packet Radio System 
EIA Electronic Industries Alliance 
EIR equipment identification register 
EMC electromagnetic compatibility 
EMF electromagnetic field 
EMI electromagnetic interference 
EP-SCP ETSI Project smart card platform 
ERAN EDGE radio access network 
ERC European Radiocommunications Committee 
ERO European Radiocommunications Office 
ETSI  European Telecommunications Standards Institute 
EVRC enhanced variable rate codec 
FA foreign agent 
F-CACH forward common access channel 
FCC Federal Communications Commission 
FCH fundamental channel 
F-CCCH forward common control channel 
FCS fast cell selection 
F-DCCH forward dedicated control channel 
FDD frequency division duplex 
FDMA frequency division multiple access 
FM frequency modulation 
F-PDCH forward packet data channel 
FPLMTS see IMT-2000 
FS fixed service 
FTDMA frequency time-division multiple-access 
FTP file transfer protocol 
FWA fixed wireless access 
GAIT  GSM ANSI 136 interoperability team 
GAP generic access profile 
GCS global core specifications 
GERAN GSM/EDGE radio access network 
GIF graphics interchange format 
GGSN gateway GPRS support node 
GLONASS Global Navigation Satellite System 
GMLC gateway mobile location centre 
G-MSC gateway-MSC 
GMSC gateway mobile switching centre 
GPRS General Packet Radio Service 
GPS Global Positioning System 
GSA Global mobile Suppliers Association 
GSM  Global System for Mobile communication 
GSN GPRS support node 
GSO geostationary orbit 
GT global title 
GTP GPRS tunnelling protocol 
HA home agent 
HAPS high altitude platform station 
H-ARQ hybrid ARQ 
HLR home location register 
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HO handover 
HSCSD high speed circuit switched data 
HSDPA high speed download packet access 
HSS home subscriber server/system 
HTTP hypertext transfer protocol 
ICNIRP International Commission on Non-Ionizing Radiation Protection 
ID identity 
IE information element 
IEC International Electrotechnical Commission 
IEEE Institute of Electrical and Electronics Engineers 
IETF Internet Engineering Task Force 
IMEI international mobile equipment identity 
IM-MGW IP multimedia � media gateway function 
IMS IP multimedia core network subsystem 
IMS IP-based multimedia services 
IMSI international mobile subscriber identity 
IMT International Mobile Telecommunications 
IMT-2000  International Mobile Telecommunications 200028 
IP Internet protocol 
IPSec IP security protocol 
IPv4 IP version 4 
IPv6 IP version 6 
ISA integrated services architecture 
ISDN integrated services digital network 
ISM industrial scientific and medical 
ISO International Organization for Standardization 
ISP Internet service provider 
ISUP ISDN user part 
IWU interworking unit 
JPEG Joint Photographic Experts Group 
L2TP layer 2 tunnelling protocol 
LAN local area network 
LBT listen before talk 
LCS location service 
LMSI local mobile station identity 
LMU location measurement unit 
MAP mobile application part 
MCTD multi-carrier transmit diversity 
MGCF media gateway control function 
MGW media gateway 
MIMO multiple input, multiple output 
MLC mobile location centre 
MM mobility management 
MM multimedia 
MMEP multimedia entry point 
MMS  multimedia messaging service 
MO-LR mobile originated location request 
MOV file extension for QuickTime movies 
MP3 file extension for MPEG audio layer 3 

____________________ 
28 Formerly known as FPLMTS (Future Public Land Mobile Telecommunication System). 
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MPEG Motion Picture Experts Group 
MPLS multi-protocol label switching 
MRF media resource function 
MRFC media resource function controller 
MRFP media resource function processor 
MS mobile station 
MSC  mobile switching centre 
MSISDN mobile station integrated services digital network number 
MSRN mobile station roaming number 
MSS mobile-satellite service 
MT mobile terminal 
MVNO  mobile virtual network operator 
MWIF Mobile Wireless Internet Forum 
NGN next generation network 
NIC network interface card 
NMT Nordic Mobile Telephone system 
NNI network node interface 
NSS network subsystem 
O&M operation and maintenance 
OHG operators harmonization group 
OMA Open Mobile Alliance 
OpEx operational expenditure 
OS operating system 
OSA open service architecture 
OSI open systems interconnection 
OTD orthogonal transmit diversity 
OTDOA observed time difference on arrival 
PAN  personal area network 
PC personal computer 
PCF packet controller function 
PCS Personal Communications System 
PDA personal digital assistant 
PDC Personal Digital Cellular 
PDN packet data network or primary directory number 
PDP packet data protocol 
PDSN packet data switched network or packet data serving node 
PICH pilot channel 
PIN personal identification number 
PKI public key infrastructure 
PLMN public land mobile network 
POP point-of-presence 
POTS plain old telephone service 
PS packet switching/switched 
PSE personal service environment 
PSTN public switched telephone network 
PVC permanent virtual circuit 
QAM quadrature amplitude modulation 
QoS quality of service 
QPSK quadrature phase-shift keying 
RAN radio access network 
R-CACH reverse common access channel 
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RCC Regional Commonwealth in the Field of Communications 
R-CCCH reverse common control channel 
RF radio frequency 
RLAN  radio local area network 
RLP radio link protocol 
RNC radio network controller 
RNS radio network system 
RPOA Recognized Private Operating Agency 
RRM radio resource management 
R-SGW roaming signalling gateway 
RSVP resource reservation protocol 
RTP real-time transport protocol 
RTT radio transmission technology 
R-UIM removable UIM 
SAR specific absorption rate 
SCCP signalling connection control part 
SCF service capability feature 
SCH supplemental channel 
SCP service control point 
SCS service capability server 
SCTP stream control transmission protocol 
SDH synchronous digital hierarchy 
SDMA space/spatial division multiple access  
SDO standards development organization 
S-DSCH standalone downlink shared channel 
SGSN serving GPRS support node 
SGW signalling gateway 
SHO soft-handover 
SIM subscriber identity module 
SIP session initiation protocol 
SMS short message service 
SRNS serving radio node subsystem 
SS7 signalling system number 7 
SSL secure socket layer 
STS space-time spreading 
TCAP transaction capabilities application part 
TCH traffic channel 
TCP transmission control protocol 
TD-CDMA time division CDMA29 
TDD time division duplex 
TDMA time division multiple access30 
TDMA-SC TDMA Single Carrier 
TD-SCDMA Time Division Synchronization CDMA31 
TE terminal equipment 
TIA Telecommunications Industry Association 
T-MGW transport media gateway 

____________________ 
29 Generally applied to 3.84 Mchip/s option. 
30 This generic term is sometimes used as a name for ANSI-136. 
31  Generally applied to 1.28 Mchip/s option. 
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TMSI temporary mobile station identity 
TOM tunnelling of messages 
T-SGW transport signalling gateway 
TTA Telecommunications Technology Association 
TTC Telecommunication Technology Committee 
TUP telephony user part 
Tx transmit 
UDP user datagram protocol 
UHF ultra-high frequency 
UIM universal identity module 
UMSC UMTS MSC 
UMTS Universal Mobile Telecommunication System32 
UNI user network interface 
URL universal resource locator 
USIM universal subscriber identity module 
UTC Universal Coordinated Time 
UTRA Universal Terrestrial Radio Access 
UTRAN  Universal Terrestrial Radio Access Network 
UWC Universal Wireless Communications 
UWCC Universal Wireless Communications Consortium (now 3G Americas) 
VHE virtual home environment 
VLR visitor location register 
V-MSC visited-MSC 
VoIP voice over IP 
VPN virtual private network 
VSELP vector sum excited linear predicting coding 
WAN wide area network 
WAP Wireless Application Protocol 
WARC World Administrative Radio Conference 
WCDMA  wideband CDMA 
WHO World Health Organization 
WRC World Radiocommunication Conference 
WRS wireless relay stations 
WTSL wireless transport layer security 
 

____________________ 

32  UMTS is commonly used in Europe to describe both IMT-DS and IMT-TC (UTRA TDD and FDD). 
However, in some regulatory contexts, it can apply to all of the IMT-2000 radio interfaces. 
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ANNEX  B 
 

REFERENCES  AND BIBLIOGRAPHY 

B.1 Introduction 

This Annex provides not only a list of relevant references but also summaries of the key documents 
where appropriate. Recommendations, Reports and Handbooks from ITU-R and ITU-T are 
included. Relevant references from outside the ITU are also provided. 

B.2 ITU publications 

B.2.1 ITU-R Recommendations 

The ITU-R Recommendations on IMT-2000 that are in force (since the date given in the summary 
for each Recommendation) include: 

Recommendation ITU-R M.687-2: International Mobile Telecommunications-2000 (IMT-2000) 

Summary: Recommendation ITU-R M.687-2 defines the objectives to be met by IMT-2000 and provides the 
overall IMT-2000 concepts with particular consideration to achieving worldwide roaming and compatibility. 
This Recommendation provides a high level statement on the topics of: services, architecture, network 
aspects, implementation, sharing and operational characteristics. Guidance is provided, for a limited number 
of possible scenarios, on spectrum bandwidth and band of operation based on critical technical parameters 
and traffic estimates. It forms a foundation for the subject of IMT-2000 and for the subsequent work 
activities and Recommendations. 

Recommendation ITU-R M.816-1: Framework for services supported on International Mobile 
Telecommunications-2000 (IMT-2000) 

Summary: Recommendation ITU-R M.816-1 adopts a phased approach for the definition of IMT-2000. In 
this Recommendation the services required for Phase 1 are described, and an outline of the services for 
Phase 2 is also given. Phase 1 includes those services supported by user bit rates up to approximately 
2 Mbit/s. Phase 2 is envisaged as augmenting Phase 1 with new services, some of which may require higher 
bit rates. 
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Recommendation ITU-R M.817: International Mobile Telecommunications-2000 (IMT-2000). 
Network architectures 

Summary: Recommendation ITU-R M.817 presents the functional network architectures and some of the 
resulting network configurations which are possible for IMT-2000. 

Recommendation ITU-R M.818-1: Satellite operation within International Mobile Telecommuni-
cations-2000 (IMT-2000) 

Summary: Recommendation ITU-R M.818-1 addresses some aspects of the satellite component, including 
services provided by the IMT-2000 satellite component. 

Recommendation ITU-R M.819-2: International Mobile Telecommunications-2000 (IMT-2000) 
for developing countries  

Summary: Recommendation ITU-R M.819-2 describes the objectives to be met by IMT-2000 to meet the 
needs of developing countries. The potential of mobile radio technologies, including IMT-2000, to help 
developing countries bridge the gap between their communication capabilities and those in developed 
countries is given in Annex 1 of this Recommendation. 

Recommendation ITU-R M.1034-1: Requirements for the radio interface(s) for International 
Mobile Telecommunications-2000 (IMT-2000) 

Summary: Recommendation ITU-R M.1034-1 builds on the IMT-2000 concepts contained in 
Recommendation ITU-R M.687 and provides a high-level view of the constraints placed on the radio 
interface(s) particularly in terms of the system requirements, user requirements, and operational 
requirements, to produce recommendations on the requirements for the IMT-2000 radio subsystem from an 
overall system perspective. 

Recommendation ITU-R M.1035: Framework for the radio interface(s) and radio subsystem 
functionality for International Mobile Telecommunica-
tions-2000 (IMT-2000) 

Summary: Recommendation ITU-R M.1035 presents an overview of the radio subsystem for IMT-2000 and 
gives guidelines for the development of the structure of the radio subsystem. The radio subsystem includes 
the functionalities needed to provide IMT-2000 services over a radio interface(s) to mobile terminals in all 
IMT-2000 operating environments, as defined in Recommendation ITU-R M.1034 on Requirements for the 
radio interface(s) for International Mobile Telecommunications-2000 (IMT-2000). The Recommendation 
provides a high-level definition of logical elements and functionalities within the radio subsystem, including 
the radio interface, channel structure, link control and radio system management functions. 

Recommendation ITU-R M.1036�1: Spectrum considerations for implementation of International 
Mobile Telecommunications-2000 (IMT-2000) in the bands 
1 885-2 025 MHz and 2 110-2 200 MHz 

Summary: Recommendation ITU-R M.1036-1 provides principles to guide administrations on spectrum 
related technical issues relevant to the implementation and use of IMT-2000 in the bands identified in the 
RR, while minimizing the impact on other systems and services in the bands and facilitating IMT-2000 
growth as countries require it. 
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NOTE 1 � A revised Recommendation ITU-R M.1036 is in progress in ITU-R. This revision addresses the 
additional frequency bands identified by WRC-2000 for IMT-2000 operation. 

Recommendation ITU-R M.1079-1: Performance and quality of service requirements for 
International Mobile Telecommunications-2000 (IMT-2000) 

Summary: Recommendation ITU-R M.1079-1 defines the speech/data quality and performance requirements 
for IMT-2000, including the satellite aspects. This Recommendation also defines the connection/session 
performance, concerning issues like call set-up time, delay characteristics and handover probability, to be 
achieved in the IMT-2000 network that the user will expect in a network of comparable performance to the 
fixed network. 

NOTE 1 � A revised Recommendation ITU-R M.1079 is in progress in ITU-R. This revision makes the 
Recommendation more focused on the performance requirements of access networks for IMT-2000, taking 
into consideration the end-to-end requirements. 

Recommendation ITU-R M.1167: Framework for the satellite component of International Mobile 
Telecommunications-2000 (IMT-2000) 

Summary: Recommendation ITU-R M.1167 together with Recommendation ITU-R M.1035 describes the 
technical and operational capabilities and features of the satellite component, particularly where they are 
distinct from those of the terrestrial component. It forms the framework for further development of the 
satellite component of the integrated overall systems of IMT-2000. In particular, the Recommendation 
comments on the aspects of integration with the terrestrial component, operational considerations, network 
interfaces and radio interfaces. 

Recommendation ITU-R M.1224: Vocabulary of terms for International Mobile Telecommuni-
cations-2000 (IMT-2000) 

Summary: Recommendation ITU-R M.1224 consists primarily of those terms and definitions that are 
considered essential to the understanding and application of the principles of IMT-2000. The terms defined 
are not exclusive to IMT-2000, and so far as they are relevant, may also apply to other radiocommunication 
systems and services. 

Recommendation ITU-R M.1308: Evolution of land mobile systems towards IMT-2000 

Summary: Recommendation ITU-R M.1308 provides information on the existing set of requirements and 
objectives specified in other ITU Recommendations for International Mobile Telecommunications-2000 
(IMT-2000). This Recommendation provides guidelines for developers of pre-IMT-2000 systems who intend 
to evolve their systems towards IMT-2000. 

Recommendation ITU-R M.1311: Framework for modularity and radio commonality within 
IMT-2000 

Summary: Recommendation ITU-R M.1311 identifies and describes the modularity and radio commonality 
principles which should be adopted in the development of the radio-related aspects of IMT-2000. This 
includes the modularity concept and its rationale, the functional modules in the RAN, and the groupings of 
functions in the RAN. The purpose of the Recommendation is to facilitate the development of a modular 
framework which can be used as a basis for specific architectures, enabling these to be combined in various 
ways to meet operators� needs. 
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Recommendation ITU-R M.1390: Methodology for the calculation of IMT-2000 terrestrial 
spectrum requirements 

Summary: Recommendation ITU-R M.1390 contains a methodology for the calculation of terrestrial 
spectrum requirement estimates for IMT-2000. This methodology could also be used for other public land 
mobile radio systems. It provides a systematic approach that incorporates geographic influences, market and 
traffic impacts, technical and system aspects and consolidation of spectrum requirement results. The 
methodology is applicable to both circuit switched and packet switch-based radio transmission technologies 
and can accommodate services that are characterized by asymmetrical traffic flows. 

Recommendation ITU-R M.1391: Methodology for the calculation of IMT-2000 satellite 
spectrum requirements 

Summary: Recommendation ITU-R M.1391 presents a methodology for the calculation of the spectrum 
requirements of the IMT-2000 satellite component. The methodology is structured to be independent of the 
details of the various systems which comprise the satellite component (e.g. orbits). The nature of the services 
likely to be supported by the system capabilities should be taken into account by the choice of appropriate 
values for the input parameters. 

Recommendation ITU-R M.1455-1: Key characteristics for the International Mobile Telecommuni-
cations-2000 (IMT-2000) radio interfaces 

Summary: Recommendation ITU-R M.1455-1 defines the key characteristics for the IMT-2000 terrestrial 
and satellite radio interfaces. These key characteristics are for subsequent use in the detailed specification of 
IMT-2000 in Recommendation ITU-R M.1457. The key characteristics by themselves do not constitute an 
implementable specification.  

NOTE 1 � A revised Recommendation ITU-R M.1455 is in progress in ITU-R, with updates for the satellite 
component only.  

Recommendation ITU-R M.1456: Minimum performance characteristics and operational 
conditions for high altitude platform stations providing 
IMT-2000 in the bands 1 885-1 980 MHz, 2 010-2 025 MHz 
and 2 110-2 170 MHz in Regions 1 and 3 and 1 885-1 980 MHz 
and 2 110-2 160 MHz in Region 2 

Summary: Recommendation ITU-R M.1456 provides a methodology that can be used by potentially affected 
administrations to evaluate whether the use of a HAPS as a base station to provide IMT-2000 is acceptable 
for their use of the band. 

Recommendation ITU-R M.1457-1: Detailed specifications of the radio interfaces of International 
Mobile Telecommunications-2000 (IMT-2000) 

Summary: Recommendation ITU-R M.1457-1 identifies the IMT-2000 terrestrial and satellite radio interface 
specifications, based on the key characteristics identified in Recommendation ITU-R M.1455 and output of 
activities outside ITU. These radio interfaces support the features and design parameters of IMT-2000, 
including the capability to ensure worldwide compatibility and international roaming. 
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NOTE 1 � A revised Recommendation ITU-R M.1457 is in progress in ITU-R. Since M.1457 is being 
updated in ITU-R approximately every year, at any one time there may be up to three draft revised versions 
at different states of maturity.  

Recommendation ITU-R M.1545: Measurement uncertainty as it applies to test limits for the 
terrestrial component of International Mobile Telecommuni-
cations-2000 

Summary: Recommendation ITU-R M.1545 identifies how measurement uncertainty is applied when test 
limits are defined for the terrestrial component of IMT-2000, based on the practical understanding and 
treatment of the issue put in place by administrations and external organizations. The definition of the test 
procedures used for conformance assessment of IMT-2000 equipment is outside the scope of this 
Recommendation. This Recommendation should be used in conjunction with these procedures and 
administrations are encouraged to adopt common test procedures. 

Recommendation ITU-R M.1579: Global circulation of IMT-2000 terminals 

Summary: Recommendation ITU-R M.1579 contains requirements to establish the technical basis for global 
circulation of IMT-2000 terminals. These terminals should fulfill the requirement of avoiding harmful 
interference in any country where they circulate. 

NOTE 1 � A revised Recommendation ITU-R M.1579 is in progress in ITU-R. 

Recommendation ITU-R M.1580: Generic unwanted emission characteristics of base stations 
using the terrestrial radio interfaces of IMT-2000 

Summary: Recommendation ITU-R M.1580 contains information on the unwanted emission limits for base 
stations using IMT-2000 terrestrial radio interfaces as contained in Recommendation ITU-R M.1457. The 
limits have been defined in order to protect other radio systems and services from interference, to facilitate 
coexistence between different technologies, and to facilitate the deployment of equipment for worldwide use. 
The objectives of this Recommendation are to facilitate the global use and equipment access to a global 
market for IMT-2000 base stations. 

Recommendation ITU-R M.1581: Generic unwanted emission characteristics of mobile stations 
using the terrestrial radio interfaces of IMT-2000 

Summary: Recommendation ITU-R M.1581 contains information on the unwanted emission limits for 
mobile stations using IMT-2000 terrestrial radio interfaces as contained in Recommendation ITU-R M.1457. 
The limits have been defined in order to protect other radio systems and services from interference, to 
facilitate coexistence between different technologies, and to facilitate the deployment of equipment for 
worldwide use. The objectives of this Recommendation are to ease global circulation and use of IMT-2000 
mobile stations and to facilitate the global use and equipment access to a global market. 
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B.2.2 ITU-R Report 

Report ITU-R SM.2012:  Economic aspects of spectrum management 

Summary: Report ITU-R SM.2012 is intended for the use by administrations of both developing and 
developed countries in their development of strategies on economic approaches to national spectrum 
management and to the financing of this activity. In addition, the Report presents a discussion of the benefits 
of strategic development and the methods of technical support for national spectrum management. These 
approaches not only promote economic efficiency but can also promote technical and administrative 
efficiency. 

B.2.3 ITU-R Handbooks 

The relevant ITU-R Handbooks are: 

National Spectrum Management 

Summary: The ITU-R Handbook � National spectrum management, describes the key elements of spectrum 
management and the technical content is intended to assist administrations in the implementation of a 
national spectrum management capability. While each administration formulates its spectrum management 
system based on its own culture and needs, this Handbook provides a basic framework for national spectrum 
management and for participation in the international radiocommunications community. 

Volume 1: Fixed Wireless Access. Handbook on Land Mobile (including Wireless Access) 
(2nd Edition) 

Summary: The ITU-R Handbook � Fixed Wireless Access (2001), describes the basic principles, access 
requirements, technology criteria, deployment planning, and technical descriptions of typical systems. The 
technical content is intended for use by administrations and operators in both developing and developed 
countries.  

Volume 2: Principles and approaches on evolution to IMT-2000. Handbook on Land Mobile 
(including Wireless Access) 

Summary: The ITU-R Handbook � Principles and approaches on evolution to IMT-2000 (1997), provides an 
overview of principles and approaches to be considered in the evolution of existing and emerging systems, as 
well as in the development of IMT-2000 Recommendations to facilitate evolution options. The technical 
content is thus intended for use by both the operators of existing systems and the developers of 
Recommendations and standards for IMT-2000. 

B.2.4 ITU-T Recommendations 

The relevant ITU-T Recommendations include: 

ITU-T Recommendation K.52 � Guidance on complying with limits for human exposure to 
electromagnetic fields  

Summary: ITU-T Recommendation K.52 aims to help with compliance of telecommunication installations 
with safety limits for human exposure to EMFs. It presents general guidance, a calculation method, and an 
installation assessment procedure. The assessment procedure, based on safety limits provided by ICNIRP, 
helps users determine the likelihood of installation compliance based on accessibility criteria, antenna 
properties and emitter power. 
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ITU-T Recommendation Q.9 � Vocabulary of switching and signalling terms 

Summary: ITU-T Recommendation Q.9 provides a vocabulary of terms and definitions which have been 
studied for application in documentation on switching and signalling. 

ITU-T Recommendation Q.1701 � Framework for IMT-2000 networks  

Summary: ITU-T Recommendation Q.1701 sets out the �family of systems� concept which provides the 
basis for the development of IMT 2000 standards including the set of signalling requirements for IMT 2000. 
It also contains a description of the interfaces in the system which may need to be standardized by the ITU. 
This Recommendation sets out the contents of Capability Set 1 and the vision for subsequent capability sets. 

ITU-T Recommendation Q.1702 � Long-term vision of network aspects for systems beyond 
IMT-2000 

Summary: ITU-T Recommendation Q.1702 addresses the envisaged network environment, network design 
objectives, and architecture concepts of systems beyond IMT-2000. This Recommendation together with a 
companion ITU-R Recommendation (being developed), which covers the radio aspects, form the ITU long-
term vision for systems beyond IMT-2000. 

ITU-T Recommendation Q.1711 � Network functional model for IMT-2000 

Summary: ITU-T Recommendation Q.1711 identifies network and terminal functions that are specific for the 
support of IMT-2000 services as specified in ITU-T Recommendation Q.1701. These functions, together 
with other, more conventional network functions, are grouped into functional entities in a generic functional 
model. This functional model is mapped onto a generic network reference model to illustrate possible 
groupings of functional entities into physical collections of entities. Based on the functional model, global 
roaming requirements and network interconnection scenarios are described. 

This Recommendation forms the basis for the development of information flows and the definition of 
functional entity actions and the development of signalling requirements for the various interfaces identified 
in ITU-T Recommendation Q.1701. 

ITU-T Recommendation Q.1741.1 � IMT-2000 references to Release 1999 of GSM evolved UMTS 
Core Network with UTRAN Access Network  

Summary: ITU-T Recommendation Q.1741.1 identifies the indicated IMT-2000 family member. This release 
is commonly known to the standards development organizations (i.e. ARIB, CWTS, ETSI, T1, TTA, TTC) 
as �3GPP Release 1999�. 

ITU-T Recommendation Q.1741.2 � IMT-2000 references to Release 4 of GSM evolved UMTS 
Core Network with UTRAN access network  

Summary: ITU-T Recommendation Q.1741.2 identifies the indicated IMT-2000 family member. This release 
is commonly known to the standards development organizations (i.e. ARIB, CWTS, ETSI, T1, TTA, TTC) 
as �3GPP Release 4�. 

ITU-T Recommendation Q.1742.1 � IMT-2000 references to ANSI-41 evolved Core Network with 
cdma2000 Access Network 

Summary: ITU-T Recommendation Q.1742.1 identifies the indicated IMT-2000 family member. 
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B.2.5 Other ITU publications 

SINGH, M. and SINGH, M. [1999] 3G Wireless with respect to IMT-2000 and beyond. ITU 
Inter@ctive99. 

Summary: This paper explores various aspects related to 3G systems in the specific context of the IMT-2000 
initiative of the ITU, which forms the cornerstone of spectrum allocation and global standardization of 3G 
systems in the world today. In addition, the authors look beyond 3G to determine both the technical factors 
as well as the key technologies that are likely to shape the wireless network environment of the future. 

B.3 External publications 

Outside the ITU there are also a number of relevant publications which may be useful to consider 
when planning to deploy IMT-2000 systems: 

B.3.1 Published papers in technical journals 

Prof. Dr PEJANOVIC, M. [2002] Transition towards IMT-2000 Cellular Standard. University of 
Montenegro. Proc. of X International Telecommunication Conference TELFOR, Belgrade, Serbia 
and Montenegro. 

Summary: This paper gives an analysis of possible migration paths towards the next � 3rd generation 
wireless standards, starting from the basic characteristics of the today wireless cellular networks (second 
generation � 2G). Different transition possibilities are described and their mutual comparisons, based on: 
user demand, regulatory conditions, cost, compatibility, are performed.  

Prof. Dr PEJANOVIC, M. [October 2001] Optimizing 3G Cellular Systems Deployment. 
University of Montenegro. Proc. of IEEE TELSIKS�01 Conference, Nis, Serbia and Montenegro. 

Summary: This paper gives an analysis of possible solutions for the next generation wireless networks 
introduction, starting from the basic characteristics of the today wireless cellular networks (second 
generation � 2G). Therefore, different migration paths are described and their mutual comparisons are 
performed. On that basis, elements for making an optimal solution in every particular case are recognized. 

B.3.2 UMTS Forum Reports 

The UMTS Forum has produced a number of reports, some of which are listed here33: 

UMTS Forum Report 17, December 2001 � The UMTS Third Generation Market Study Update  

Summary: This Report includes updated worldwide and regional forecasts for mobile intranet/extranet, 
customized infotainment, mobile Internet access, multimedia messaging service, location-based services, and 
voice. 

UMTS Forum Report 16, November 2001 � 3G Portal Study: A Reference Handbook for Portal 
Operators, Developers and the Mobile Industry  

Summary: This report presents a snapshot of current trends in mobile portal technologies, standards and 
services. The study offers guidance to mobile operators, portal operators, terminal manufacturers and content 
developers that will facilitate the development and adoption of 3G portal services.  

____________________ 
33 The UMTS Forum has kindly agreed to make the UMTS Forum Reports listed here available free of 

charge to the readers of the ITU Handbook � Deployment of IMT-2000 Systems, who request them. 
Hence, please indicate this reference when requesting any of these reports from the UMTS Forum at this 
address: The UMTS Forum Secretariat, Russell Square House, 10-12 Russell Square, London, WC1B 
5EE, UK, Tel: +44 (0)20 7331 2020, Fax: +44 (0)20 7331 2040, http://www.umts-forum.org, 
mail: info@umts-forum.org. 
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UMTS Forum Report 15, January 2002 � Key Components for 3G Devices  

Summary: This report considers the variety of forms, features and functionality that will typify 3G terminal 
devices according to content, applications and usage patterns. It also examines how 3G services and devices 
will be introduced into existing mobile phone market segments.  

UMTS Forum Report 14, February 2002 � Support of Third Generation Services using UMTS in a 
Converging Network Environment  

Summary: In the near future, any content will be able to reach cellular, IP or broadcasting users, regardless of 
the transport path and delivery mechanism. This will create a single, seamless mass medium that will 
combine the reach, quality and emotion of information with the needs of the network user. This report 
analyses this convergence of technologies and its impact on mobile services/applications, content, devices 
and charging.  

UMTS Forum Report 13, April 2001 � The UMTS Third Generation Market k � Phase II: 
Structuring the Service Revenue Opportunities: Including Worldwide and Regional Forecasts for 
Mobile Internet Access, Multimedia Messaging Service for Business, Location-Based Services, 
Rich Voice and Simple Voice  

Summary: This report includes worldwide and regional forecasts for mobile Internet access, multimedia 
messaging service for business, location-based services, rich voice and simple voice. This report completes 
the major study whose initial results were presented in UMTS Forum Report 9. Worldwide 3G service 
revenue opportunities until 2010 are considered, including regional forecasts for revenues from additional 
services not considered in Forum Report 9.  

UMTS Forum Report 12, February 2001 � Naming, Addressing & Identification Issues for UMTS 

Summary: This report provides an initial study of the naming, addressing and identification issues, 
highlighting the importance of relationships and connection arrangements between network operators and 
ISPs/intranets.  

UMTS Forum Report 11, October 2000 � Enabling UMTS Third Generation Services and 
Applications  

Summary: This report addresses enablers and drivers that will ensure that the vision of third generation 
becomes a reality, providing global access and delivery of information services of all kinds.  

UMTS Forum Report 10, October 2000 � Shaping the Mobile Multimedia Future � An Extended 
Vision from the UMTS Forum  

Summary: This report provides an analysis of the mobile network value chain in order to allow industry and 
regulators to better understand the evolution in the mobile multimedia services market.  

UMTS Forum Report 9, October 2000 � The UMTS Third Generation Market � Structuring the 
Service Revenues Opportunities: including Worldwide and Regional Forecasts for Customised 
Infotainment, Mobile Intranet/Extranet Access, and Multimedia Messaging Service  

Summary: This report includes worldwide and regional forecasts for customized infotainment, mobile 
intranet/extranet access, and multimedia messaging service. A study of worldwide service forecasts for 3G 
mobile networks, plus a framework for future market studies and forecasts.  



 � 72 � 

Annex B Deployment of IMT-2000 Systems 

UMTS Forum Report 8 � The Future Mobile Market: Global trends and developments with a focus 
on Western Europe  
Summary: This report presents a view on the convergence of communications, information, entertainment, 
commerce and computing, based on studies to forecast evolution of the worldwide market for mobile 
communication services.  

UMTS Forum Report 2 � The Path towards UMTS � Technologies for the Information Society  
Summary: This report covers the wide breadth of UMTS technology, covering aspects of how the technology 
benefits the user, the community, the providers and the industry. It also identifies the technologies that will 
be essential for UMTS at its introduction and those which are likely to be required for its continuing 
evolution.  

B.3.3 GSA publications 

Global mobile Suppliers Association (GSA) surveys of mobile portals 

Summary: The GSA has conducted surveys of mobile portal WAP services34. The Q3 2001 survey analyses 
the evolution of WAP services of selected Western European mobile portals, with a selection of U.S. portals 
also included in this survey. The Q1 2002 survey, the fifth in GSA�s series of quarterly surveys, analyses the 
Asia Pacific markets and the mobile services available in the region. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

____________________ 
34 GSA is the representative body for GSM/3G suppliers worldwide, encompassing the complete supply 

chain for the wireless telecommunication industry. GSA mobile portal surveys are, together with other 
materials, available for download from the GSA website:  
http://www.gsacom.com/mobileportals/index.html. 
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ANNEX  C 
 

APPLICATIONS  AND  SERVICES 

C.1 Services and applications environment 

Focus group analyses from various customer segments show that subscribers expect more from 
their wireless Internet experience than today�s services are able to offer. They want their services to 
be quicker and richer, with the ability for personalization and context sensitivity. Therefore 
multimedia (video, audio, picture and text) and location based services are prioritized. The aspects 
of personalization must be managed at the application level, permitting subscribers to make their 
choice to easily access their personal portal as well as at the network service level providing them 
with a truly customized QoS, security and mobility. A key area of success, when launching an 
IMT-2000 network, will be for operators to provide/offer new, relevant and optimized applications 
quickly. This enforces the idea that the service environment has to be open and flexible allowing 
network operators to deploy and run in-house and third-party applications in a timely manner.  

C.2 Deploying a premium service platform  

C.2.1 Content delivery  

A content delivery solution needs to provide a platform for improving the performance of premium 
wireless Internet services such as on-demand video clips and personalized audio streaming services. 
The content delivery solution addresses the limitations of accessing large multimedia files over the 
Internet by distributing content to the edge of the network, thereby guaranteeing the performance 
between where content is requested and where it is served. This is illustrated in Fig. C-1. 

Ideally service providers should be able to: 

� personalize content and the way content is delivered; 

� improve the performance of wireless delivery for both static and streaming multimedia; 

� lower bandwidth costs by delivering content from the edge of the network; 

� enable new premium web services. 
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Deplo-IMT-03-1

Content delivery is the process of selectively replicating, pre-positioning and
storing, at the edge of the network, then subsequently serving this content from the
optimal source.
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FIGURE C-1

Content delivery solutions

 

A complete content management and delivery solution needs to be put in place, such as a 
web-switching platform, a high performance HTTP cache and streaming media server, a 
pre-integrated web and streaming media hosting platform, a content management and 
pre-positioning application. 

C.2.1.1 Functional overview 

A content delivery solution is composed of a number of functional building blocks as shown in 
Fig. C-2. 

Deplo-IMT-C-2
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Example of content delivery functional overview
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C.2.1.2 System capabilities 

The functional building blocks described above should support the following value-added services:  

Web switching 

A web switch delivers simultaneous support for Layer 2, 3, and 4-7 switching integrated with traffic 
management services on a high performance Ethernet switch. The switch performs local and global 
server load balancing, SSL load balancing, bandwidth management, traffic steering and redirection. 
The web switch also allows flexible content location, persistent applications and improved website 
performance. Web switching may be included in an integrated streaming media solution. 

Popularity-based caching of Internet content 

Web caching systems can also be integrated into a streaming media server solution. In this role, the 
web cache stores the most frequently requested web objects to improve user response time and 
reduce Internet uplink bandwidth requirements. Real-time hit forwarding furnishes content 
providers with complete and accurate usage information. Content freshness is assured by built-in 
mechanisms to deliver only up-to-date information. 

Scalable media streaming 

A media streaming solution should be able to deliver thousands of simultaneous streams of 
high-quality stored video content. An integrated solution should include high-performance shared 
storage for media content, scalable media servers, load balancing, request redirection and web 
caching.  

Content pre-positioning for both static web and multimedia content 

A capability should be provided for positioning content on media servers. Content can be identified 
by origin website, URL, and content-type (i.e. GIF, MOV, JPG, MP3, etc.) and automatically 
delivered to a network of content delivery nodes. Additionally, content can be refreshed according 
to a schedule to ensure the correctness of pre-positioned objects. 

C.2.1.3 Example of a typical system architecture 

Figure C-3 shows an example of a typical architecture for content delivery. 

A content delivery solution is considered a key �enabling platform� for a broad range of next 
generation wireless Internet applications.  
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Deplo-IMT-C-3

FIGURE C-3
Example of architecture of a content delivery system
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C.2.2 Revenue-generating services/applications 

E-commerce is one of the main drivers for the development of the Internet. M-commerce, or mobile 
e-commerce, aims to provide wireless access based e-commerce services by exploiting the 
potentially high penetration and impulse nature of wireless data services. 

Subscribers need to be able to select and purchase goods and services, securely, via the operator�s 
network. Enhancements such as the ability to utilize awareness of the subscriber�s location to offer 
relevant goods and services will be one of the keys to success. Operators should deploy systems 
offering a variety of options, including deployment scenarios and modes of operation (including 
relationships with other entities � ISPs and storefronts/service providers). The solution should 
enable multiple advanced payment processes such as monthly billing, prepaid and credit card based 
solutions.  
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C.2.2.1 Service concepts and applications 

Figure C-4 shows diagrammatically examples of services and their applications. Further details on 
the relationship between services and applications are in Recommendation ITU-R M.1308 and the 
ITU-R Handbook on Land mobile (including wireless access), Volume 2: Principles and approaches 
on evolution to IMT-2000 (see list of references in Annex B). 

Deplo-IMT-C-4

FIGURE C-4
Service concepts and applications
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Designers have to re-think how a user should get information on the mobile terminal devices, what 
kind of information will be of interest, and how a user will navigate on the Internet using these 
devices. Video in IMT-2000 opens up some interesting opportunities. However, the applications of 
the future will come from user�s personal and professional lives. Because of the cost of preparing 
videos, multimedia applications have been limited to produced videos. In the mobile environment, 
the role of multimedia presentation techniques becomes more important than for the desktop PCs. 
What are the relevant applications and technology for mobile multimedia? Most commercial 
applications today are limited to enabling current applications on mobile devices. The technical 
attributes that are required to serve consumers are: 

� Always on. Users do not have the time or the patience to wait for a dial-up connection or 
the money to pay for a high-speed connection while they are not using it. 

� Speedy connections. This is called broadband. It takes about 20 s to download a 5 min song 
at a Mbit/s or a few seconds to send a picture. That is as long as we can expect a consumer 
to wait. 

� Freedom to move. A wireless connection is essential to serve consumers, and that 
connection must be ubiquitous. It may not be necessary to be moving as one communicates, 
but there must be the freedom to be anyplace � not tied to a wall or plugged into a jack. 
People want to talk to other people; they do not want to talk to a wall connection. 

Of course, it is assumed that the price of the services, devices and content will be low enough so 
that most consumers can enjoy them. This also means no installation and no technical visits. These 
have to be buy off the shelf, take away and operate services. 
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The MPEG-4 standard offers now a more straight-forward leap towards monitoring and adjusting of 
information as data rates get higher. MPEG-4 supports also the object-oriented Java language that 
defines interfaces to elements in the scene, network resources (such as available bandwidth and bit-
error levels), terminal resources (such as processing power and stack memory), and input devices. 
Java interfaces automatically let the content scale down in an intelligent way relative to the device, 
and thus will allow authors not only to create highly interactive multimedia content, but also to 
make use of terminal and network resources. It has been found usable for streaming wireless video 
transmission at low bit rates. Also various techniques are used in the standard both to overcome the 
inevitable errors as soon as possible and to enable the decoder to mask the results of errors. 

� One such technique is using resync makers in the video bit-stream. With these, the 
synchronization lost after an error can be rapidly regained. 

� A second technique is using the standard�s reversible variable-length code. This code can 
be uniquely decoded even when read backwards, which means that the terminal can still use 
all uncorrupted information from the newly found resync maker back to the place of the 
error burst. It also includes several audio tools for achieving a good complexity-
performance ratio at bit rates starting at 6 kbit/s and reaching beyond 128 kbit/s. The range 
embraces everything from a mono signal to transparent-quality stereo, that is, stereo with 
no audible degradation. 

Internet audio formats, the same formats that will be used in wireless devices, are targeted for either 
streaming or download applications. Streaming refers to real-time playback of audio as it is 
transmitted. Downloading is the transfer of an entire file before any part of it is replayed. Streaming 
offers instant gratification, i.e. a user can listen to the audio as it comes across the device, but the 
playback quality is usually diminished. Conversely, downloading an audio file in its entirety can 
take time, but the sound quality is much better. Streaming-media applications are the most likely 
type to be offered by wireless service providers. Audio formats can also be classified as proprietary 
or open. This designation relates to the copy protection capabilities of a particular format. MPEG-4, 
for example, is one of the few open, non-proprietary specifications. Let�s begin with the popular 
MP3 format that is quickly becoming the de facto standard for high-quality music on the Internet 
and will be on offered on IMT-2000 networks. Miniature MP3 players seem to be everywhere and 
are being integrated into cell phones and PDAs alike. The MP3 compression scheme is part of the 
ISO/IEC MPEG audio/video-coding standard. The MPEG-1 standard defines three encoding 
schemes, referred to as Layer 1, Layer II, and Layer III. Each layer uses increasingly sophisticated 
encoding techniques and thus provides better audio quality at a given rate. MPEG-4 is a relatively 
new type of streaming-audio format that uses significantly different algorithms from MP3 to enable 
higher audio-video quality and resolution at data rates lower than its MPEG-1 and MPEG-2 
predecessors. MPEG-4 is not targeted to a single application like real-time telephony but rather to 
every application that requires the use of advanced sound compression, manipulation, and playback. 
There are other audio formats but these are the most common on the Internet and will be the formats 
of choice on wireless cell phones and PDAs. It looks unlikely that the wireless audio music market 
will settle on a single standard for compression formatting. Nevertheless, formats like MP3 and 
MPEG-4 have already established a strong presence. 
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C.2.2.2 Functional overview 

The system should support the full m-commerce cycle for revenue-generating services/applications: 

� location-aware browsing; 

� storefront/service selection; 

� confirmation; 

� storefront authentication; 

� transaction and settlement; 

� interfaces to the fulfilment system. 

For location-aware browsing, the system should be able to determine the best merchant candidates 
for the subscriber. For example, if a subscriber is looking for an automated banking machine or the 
nearest petrol station, the system obtains the location information from the IMT-2000 network and 
lists the closest merchants in that category utilizing both the subscriber�s location and his 
preferences profile. 

The subscriber will perform storefront and service selection from the alternatives available on the 
browser. The system should support an option to provide preferential treatment (e.g. detailed ads, 
first screen, etc.) to merchants that have specific business agreements with an operator. 
Additionally, the system can also give preference to merchants where a subscriber has a 
membership relationship. 

Confirmation involves the processes necessary to verify that a subscriber really wants to initiate the 
purchase. It involves the appropriate encryption of data being sent authorizing the transaction 
whether it�s PIN based, password based, or some other combination. The system provides for 
�non-repudiation� of its transactions from a technical and security perspective. 

Storefront authentication is provided through digital certificates. 

Interfaces to fulfillment systems involve access to components such as online order management, 
trouble ticket management, and customer (subscriber) relationship management. 

The system capabilities should include customer/storefront profiles (i.e. payment options, credit 
card information, etc.), enabling: 

� flexible payment options for the user (credit card, pre-paid, operator provided credit); 

� flexible collection options for the storefront (credit card, business-to-business payment 
from operator to storefront). 

Purchases can be either single transaction, which is suitable for conventional purchase of specific 
items, or incrementally billed ongoing services. The latter are commonly termed �micro billed 
services�. Examples include games or the transfer of audio or video content.  

A full range of deployment options can be envisioned, enabling various jurisdiction distribution 
schemes between operator, storefronts/services, and ISPs. These deployment options may include 
following scenarios: 
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Scenario 1: 

Operator mediated transactions (see Fig. C-5). In this case the operator would maintain jurisdiction 
over the portal, the WAP gateway, the accounting mediation, interacting with the payment network 
via a payment gateway and authenticating storefronts via digital certificates. 

Deplo-IMT-C-5

FIGURE C-5
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Scenario 2:  

Operator provided access (transactions are mediated by an ISP). 

Scenario 3:  

Operator hosted storefronts (for its own products/services or for its business customers). 

C.2.2.3 Performance  

The m-commerce system should be engineered for maximal performance while addressing 
scalability and multiple configurations to be able to support changing subscriber needs. Two 
important aspects to consider also are high availability and security. 

High availability 

Each server should use multiple processors, hard disks and network interfaces which, in the event of 
a failure, automatically switch over to their respective backups. In the event that a hardware failure 
is unrecoverable within the node, the cluster takes over and forces the node to fail. Then, the backup 
node in the cluster takes over all processing. 



 � 81 � 

Deployment of IMT-2000 Systems Annex C 

Security 

All sensitive data, including user profile information should be transmitted over secure links 
(i.e. using PKI, SSL, WTSL or similar technology). Storefront identities are authenticated (i.e. via 
digital certificates). Communication with payment service can be done using standard techniques 
with secure communication channels such as leased lines. 

C.2.3 Location-based services 

One of the most powerful application aspects related to mobility is localization. Location-based 
services are perceived to be among the stronger revenue generating opportunities for IMT-2000.  

IMT-2000 location services enable the network to know the position of a user in terms of longitude 
and latitude with high accuracy. People want to use location services for many different purposes, 
to locate other people, to find the nearest commodity, to access localized information services, to 
get emergency notification, roadside assistance, stolen vehicle tracking, finding a bargain, receiving 
localized traffic information, etc. 

Location-based services require three levels of enabling technology and content. These three levels 
cover the actual location technology, the calculation processing resource that makes parameters 
available to third-party platforms, and the location-related content and service itself as digital map. 

The first level relates to location technology. The solution should be compliant to standards and be 
able to support all key technologies, including cell identification and evolved with network assisted 
GPS, and observed time difference on arrival (OTDOA). An open API provided by a location 
centre can be used by third-party applications to query the location of a subscriber with built-in 
security and access control as illustrated in Fig. C-6. 

C.3 Open environment and examples of wireless applications for IMT-2000 

As the telecommunications market proceeds through deregulation and becomes increasingly 
competitive, it is highly important to enable innovative service creation for carriers. To achieve this, 
carriers need the capability to create and customize new services, but equally important, are the 
operational aspects of ensuring that services, once written, can be effectively deployed, provisioned 
and managed in their networks. Blurring of the traditional boundaries between the mobile and fixed 
networks, and telephony and Internet worlds, brings the need for services to bridge both wireline 
and wireless networks, and for integration of voice and data services in delivery of new service 
offerings to subscribers. For wireless carriers, the capability to offer services across multiple 
network platform environments is particularly relevant with the continuing evolution of carriers� 
networks from pre-IMT-2000 to IMT-2000 infrastructures, where data/multimedia is equally as 
important as voice. 
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Deplo-IMT-C-6

FIGURE C-6
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With the emergence of IP as the dominant traffic type for current and future applications, next 
generation network operators are demanding applications and service solutions and associated 
network infrastructure that are specifically designed and optimized for operations in such IP 
environments. 

The IMT-2000 applications and services solutions offered by operators should support customer 
programmability of applications as the logical extension of an open architecture. 

With the emergence of IMT-2000 telecommunication networks, operators need open and decoupled 
application capabilities that are common within today�s web-based infrastructures. Providing a 
common external API is essential to support additional services to create new revenue sources 
through innovative business model. It allows the introduction of an abstraction layer to hide the 
network complexity so that third party programmers can create and implement new services in a 
short time-frame. It ensures at the same time a secured and controlled access and use of network 
resources but also provides the mechanisms for billing the resource usage. 
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These architectures give the operator the necessary flexibility to address the evolving application 
model. The operator can now take advantage of the large number of applications and applications 
development agencies that are available in the web domain. This model opens the door to a new 
way of doing business. It allows the operator to make rapidly available 3rd party applications to 
their customer without having to tightly integrate them into the core network and therefore reduce 
the cost required for integration.  

The operator own unique network capabilities and detailed information on the end user, these 
capabilities are very valuable to any players on the wireless applications arena, but available to very 
few. The operator is now in position of reselling some of these capabilities to selected application 
providers.  

Despite this shift towards open and decoupled application architectures, network operators still 
require control and careful engineering of their core networks. To ensure that applications 
(potentially developed and managed by third parties) do not negatively affect reliability, robustness 
and capacity requirements of their core networks, operators must continue to exercise careful 
engineering and secure network access control. 

Network API gateways provides the bridge between these competing domains. These gateway 
components provide a controlled interface point through which applications may gain access to the 
core capabilities provided within the operator�s network, and at the same time, provide sufficient 
control and security, to ensure that the applications do not negatively degrade the operation and 
performance of an operator�s network.  

For example, the user location service capability server (SCS) may have interfaces to a mobile 
location centre (MLC) and an HLR for user location data. In this case, external application only 
need to invoke the common user location service capability function (SCF) to determine a user�s 
location: the required source of this information within the network, and the required HLR and 
MLC interface details and interactions are not visible to the external application.  

By providing an open architecture, operators will be able to quickly integrate third party application 
and content providers, which minimizes both the provisioning and integration of the enabler layer 
and time-to-market to launch new applications. An operators� enabler layer should sit on top an 
underlying IP infrastructure that allows for the largest degree of end-user personalization and 
control.  

These concepts are summarized in Table C-1 and further examples are given in § C.4 below.  

Open service architecture (OSA) is being developed by 3GPP and defines an architecture that 
enables operator and third party applications to make use of network functionality through an open 
standardized interface (the OSA interface). OSA allows operators to control the way in which 
external applications interact with their networks.  
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TABLE  C-1 

Examples of open architecture services and applications  

 

C.4 Differentiating add-on through network services 

Perceived QoS, trusted security or ease of use in the IP context are crucial parameters in a 
subscriber�s choice of networks. Usually, poor service delivery (not tailored to specific needs) and 
low QoS generate a large part of the churn ratio.  

C.4.1 Trusted security  

C.4.1.1 State-aware firewall 

With wireless Internet entering professional and consumer life there is an increasing need for 
security with the always-on way of life driving demand for firewalls. 

A full state-aware packet inspection capability should be deployed. State-aware firewalls can 
recognize and track application flows that use not only static TCP and UDP ports like telnet or http 
but also applications that create and use dynamic ports, such as ftp, audio and video streaming. The 
equipment should preferably have ICSA Labs35 certification for firewalls. 

C.4.1.2 Anti-spoofing 

Spoof attacks involve sending traffic that appears to be a legitimate source IP address and therefore 
acceptable to the firewall, but the source address has been hijacked and used illegitimately. Even 
the most advanced firewalls can and have been spoofed by the serious hacker. Advanced 
anti-spoofing capabilities should be deployed that can be applied to each individual subscriber. 

C.4.1.3 Secure VPN support 

Providing support for tens of thousands of secure VPN tunnels through open standards such as 
IPSec and L2TP, wireless service providers are able to provide secure services to multiple 
customers. 

____________________ 

35 See: http://www.icsalabs.com/. 

 Examples 

End user applications Mobile gaming, mobile office  
Enabler provided services User location, map database, users 

preferred billing method 
IP service layer QoS, security 
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C.4.2 Tailored QoS 

End user QoS: There is a need to provide per-subscriber, per-application QoS. QoS is generally 
characterized by a small set of measurable parameters: service availability, delay and delay 
variation (or jitter), throughput, packet loss rate, signal to noise ratio, as well as the ability to be able 
to differentiate between subscribers and their services. Service availability can be further broken 
down into fewer blocked calls, dropped calls and service outages.  

C.4.3 Quicker to market selected and optimized applications  

C.4.3.1 Fastest time to revenue: service activation 

Subscribers and network operators want hassle-free provisioning and instant service activation. 
Ideally an integrated administration, billing, and customer care solution should be established. 

It should include the capabilities to manage and deploy services and broaden the traditional focus of 
network operations to include the provisioning and monitoring of application enablers. The solution 
should include robust order management capabilities, automated provisioning systems, and 
inventory management in an integrated package � that accelerates the provisioning process and 
significantly reduces the potential errors.  

By integrating network, services and customer management the subscriber will benefit from easy 
service provisioning; almost instant service activation and the operator will get the fastest time to 
revenue in the market place. In a typical Western Europe network, one day saved on service 
activation represents a USD 25 million revenue in a five-year period. Operators can achieve 
significant benefits in revenue if they have access to pre-optimize ready to launch applications.  

C.4.3.2 Examples of applications 

According to the Yankee Group (http://www.yankeegroup.com/), messaging and e-mail services 
will be by far the largest contributor in terms of revenue, accounting for 57.5% of the data revenue 
in 2005. Information services and m-commerce related traffic revenues would be the second largest 
component at 28%. 

Examples of applications include: 

� Broadband messaging and consumer applications 

� Personalized mass market wireless multimedia 

� Messaging � mobile e-mail, multimedia message, voice mail and fax-mail retrieval on 
multiple devices instant messaging 

� Chat rooms and clubs � building communities of interconnected users 

� Photo sharing � allowing customers to store their photos on the network and retrieve or 
share them using any device 

� Personalized � creating a personalized portal that gives customers an opportunity to 
personalize content such as news, stock reports, weather and horoscopes 

http://www.yankeegroup.com/
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� Wireless gaming � peer-to-peer and client/server games designed to deliver personalized 
wireless applications for the mass consumer market 

� Wireless audio � streaming, �download and play�, and sharing of popular content formats 
including MP3, Real, and Microsoft, Internet radio 

� Wireless video � streaming, �download and play�, and sharing of popular content formats 
including MPEG4, video-on-demand, Internet TV-like newscasts, sports clips, 
video conferencing. 

For wireless audio and video solutions, network based personal storage services that allow the 
subscriber to access content from any device should be supported.  

C.4.3.3 Location-based applications 

City guides offering maps, tourist information, shopping and dining guides, all based on where the 
customer is:  

� Location and time-sensitive advertising and promotions. 

� Traffic camera � providing traffic reports and videos of traffic conditions where the 
customer is driving (e.g. wireless operators can �push� information to warn the subscribers 
they are approaching a traffic jam and then propose an alternate route and forward a 
detailed map). 

� Emergency service � facilitating fast rescue because the wireless operator knows the 
location of the accident victim. 

Other examples of location-based applications include: 

Navigation assistance 

A position location service that provides routing assistance to reach a requested destination. The 
service provides text directions from a user�s current position. The service can offer access to maps 
with the highlighted route shown and frequent position updates of route progress. All of this 
information is stored on the mobile phone to allow the user to access it anytime, anywhere. 

Location-based security 

These applications include those that route the caller�s number to a public service access point, and 
track a user to within a close radius of their location. Location-based security may go even further 
to provide emergency services real time tracking of lost children for example.  

Location-based billing 

Users such as students on a calling campus that make most of their calls from one location, can 
arrange to be billed based upon their mobility. Carriers can make it cheaper for those who make the 
majority of their calls within specific locations such as their home and place of business.  
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C.4.3.4 M-commerce applications  

� M-ticketing � flights and other travel, as well as tickets to movies, concerts and other 
performances. 

� M-shopping � �lifestyle shopping� (e.g. flowers and gifts) that can be combined with 
location-based applications (for example, a customer may find an interesting item in a shop 
on Singapore�s Orchard Road. By entering the information into a wireless device, the 
subscriber can be told where, in the vicinity, this same item is available at a better price). 

� M-banking � allowing customers to check bank balances and transfer funds from anywhere 
and on any device. 

� M-trading � buying and selling stocks, bonds and currencies while on the go and from the 
most convenient wireless device. 

� M-wallet � offering pre-registered credit card payment with enhanced security. 

Other examples of m-commerce applications include: 

Electronic wallet 

A personal financial service that securely stores billing information and automatically provides it 
when prompted. For example, a user may want to make an online purchase using a phone�s wireless 
data systems. This service would automatically fill in all requested billing and delivery information 
when the user checks out. The electronic wallet also allows users to pay for goods and services in 
person using their phones at the point of purchase in stores or other retail locations. For example, 
users can pay for groceries or gas with a credit or debit card that is stored directly in the phone 
instead of having to carry them in their wallets. 

C.4.3.5 Portal applications and surveys 

Subscribers should be offered a simple, open, easy gateway to the wireless Internet and a rich world 
of personalized content and applications. The operator needs a set of tools that allows the service 
provider to create and reinforce a strong brand image. Key end-user attributes of the portal solution 
are ease of use (one touch access to content and applications offered by operator) and easy of 
navigation (visual or by voice commands).  

Other examples of portal applications include: 

Interactive virtual newscaster 

A customizable information service that allows subscribers to select interactive computer images of 
celebrities or other personalities. This �virtual person� would move, speak, and interact with users 
to both read and display the news and other information. This image is viewed on the phone�s 
display, and the voice can be heard through the phone�s earpiece, speaker, or headset. 
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Internet radio 

An entertainment service that allows subscribers to select and listen to their favourite Internet and 
AM/FM radio stations on their mobile phone from a stereo headset for near CD-quality sound. 
Additional features include song title identification with song/CD purchase options, advanced 
station sorting capabilities, and the ability to exchange station addresses. 

Music player 

An entertainment service that allows users to listen to music files (obtained separately and stored on 
the phone) from a stereo headset connected to the phone for near CD-quality sound. Users can 
select the music they want to hear by transferring audio files to the phone, arranging and editing 
playlists, controlling audio playback levels, and individual track playback features. 

Music video 

An entertainment service that enables consumers to select music videos, listen to them in stereo 
from the phone�s headset for near CD-quality sound and watch them on the phone�s colour display. 
The music videos are not stored on the phone, but streamed to the phone through a wireless network 
connection each time a song is requested. Playlists may then be created to choose the order in which 
the videos are viewed and control audio playback levels. 

Personal information manager  

A personal information manager service including calendar/scheduler, address book, memos, and 
to-do lists that can be synchronized with similar services and applications on the desktop personal 
computer. 

See Annex B for references to surveys of mobile portal WAP services. 

C.4.3.6 Social networking applications 

Examples of social networking applications include: 

Instant messenger 

An innovative mobile instant messaging service that lets users communicate in text messages to 
friends and family and do the following:  

� create �buddy lists� and detect who is online; 

� join/create common interest mobile chat groups; 

� send/receive messages faster than existing services. 
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Advanced e-mail 

An e-mail service that offers the functionality of receiving, forwarding, and replying to e-mail, plus 
enhanced features that include:  

� support for multiple e-mail accounts; 

� e-mail filtering and synching to your desktop; 

� an option to either write or speak e-mails; 

� an option to listen to e-mails, including attachments. 

Friend finder 

A position location service that provides a �buddy list� to let subscribers view the proximity and 
position of their friends. Users have access to maps and the ability to locate �buddies� on these 
maps. �Buddies� must also be running this service on their own phones for users to see their 
position. 

Offline games 

A phone-based game service that allows users to install a game on their phone for use anytime, 
anywhere. No connectivity to the network is required to play. 

Online multiplayer game 

An interactive game service that has color graphics and fast animation. It is also linked to a wireless 
network that enables users to play against others and compete in game tournaments. 

C.4.3.7 Closed user groups and specialized applications 

Examples of closed user groups and specialized applications include: 

Priority access 

A priority access application is one that would allow certain public officials to have priority access 
to the network in times of emergency or national disasters. Emergency crews would automatically 
have access to the network and would not risk encountering a blocked network or a busy signal.  

Vertical markets 

Specific industries will have applications that cater to their particular needs. For example:  

� Hospital employees and doctors will be able to monitor patients via a mobile device and 
will receive alerts as to potential problems or emergencies.  

� Patient records can be pulled up through a mobile device.  

� A parent could monitor his/her child�s diabetes and be alerted if the child forgets to take 
their insulin. 

� The field service industry will benefit from applications that include vehicle location 
tracking, dispatch and messaging functions, access to inventories, customer self-help ticket 
entry/tracking. 
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Wireless business applications 

Employees will want to access their companies� corporate intranet and synchronize their work 
e-mail. Other applications include: wireless timesheets and Internet-based groupware applications. 

C.5 Building the mobile Internet business  

Always-on mobile Internet is a reality (WAP operating over a GPRS bearer), providing users with 
their first taste of the services and functionality that will form an integral part of the future mobile 
communications environment. This initial experience is a crucial bridge between today�s largely 
voice-dominated mobile sector and a fully-fledged wireless information society.  

To date, much of the discussion surrounding the success of mobile Internet has focused on which 
end-user applications will be driving the market. GSA has been actively involved in this discussion, 
sponsoring research into applications offerings and data trends (in its series of quarterly mobile 
portal surveys), as well as analysis on issues such as the usability of mobile portals (see Annex B). 
This debate has highlighted the importance of delivering user-friendly, customizable services � 
rather than promoting the traditional technology-based message. It has also thrown up a related 
issue that has received less attention � namely how mobile applications are going to be billed and 
presented to the end-user. The structure of the mobile Internet value web and end-user billing 
represents an integral element � success will not come about through the availability of attractive 
new applications alone. Creating the market will depend upon establishing a supporting structure. 
The focus of this section is to outline some possible avenues in this context, drawing on research 
conducted for GSA by Satama Interactive � looking at the structure of the value chain, and possible 
billing models. 

C.5.1 Creating the mobile Internet value chain 

The first imperative is to establish a sustainable business case, capable of supporting the various 
players responsible for delivering a compelling mobile service to a consumer. This presupposes the 
establishment of a complex set of interrelationships between the parties, who must be willing and 
able to work together to build and develop the market in line with end-user requirements. 

Any mobile service delivery requires three elements: a handset, network access, and a service 
provider (see Fig. C.7). To date, the predominant market model has revolved around involved 
individual players seeking to hold the lion�s share of the business and controlling all three elements 
with varying degrees of sophistication and success. 

A different picture, however, has emerged in Japan, where NTT DoCoMo has established a new 
infrastructure concept. Here, the model involves a partnership of complementary competencies, 
generating a viable business model for the service and content providers, as well as ensuring that 
NTT DoCoMo receives a regular and sustainable revenue stream. Everyone can establish an 
unofficial i-mode site, but the customer acquisition and infrastructure management cost is perceived 
to far exceed the 9% revenue share, charged by DoCoMo from its official site premium partners.  
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Deplo-IMT-C-7

FIGURE C-7
Mobile internet value web

(source: GSA and Satama interactive)
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There is a clear message here for the European players � for the content providers, application 
developers and syndicators to be able to provide truly unique, exciting services, they should be 
entitled to get the bulk of the premium subscription. This would still leave the operator with say 
10%-20% on a premium subscription, as well as all of the data traffic fees. This kind of revenue 
split would make it financially viable for the content partners to channel their energies into the 
creation of highly usable and relevant mobile data services. This is not uncharted territory � i-mode 
and its partners have already demonstrated the viability of this concept. This model could also set a 
clear example of how application developers and content providers could usefully cooperate � but it 
requires operators to be brave. The concept challenges their current business models and supporting 
perceptions. It also decrees the need for a new brand of marketing � promoting services rather than 
technology. 

C.5.2 Simplicity and transparency � Keys to success 

Creating a billing model from these components offers numerous permutations and combinations. 
However, it is important to remember that any pricing model should be governed by the following 
principle: It must be simple enough to be sold without a brochure, by any level of sales 
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representative, and transparent enough for the consumer to understand and track without an 
itemized bill. If one looks at the current models, these do not hit the mark. Models based on data 
traffic-dominated fees do not meet the transparency condition, as they are based on the idea of 
treating bandwidth as a scarce resource, rather than as a vehicle for service delivery. The separated 
monthly subscription and data traffic plan, combined with a variable rate for usage over the bundled 
level, fails to meet the simplicity condition.  

One way of achieving the goal of transparency and simplicity would be to take certain elements of 
the i-mode model and build from there. This might give you: 

A monthly subscription fee providing a basic bundle of applications: 

� data traffic fee, a micro-charge based on data volume; 

� messaging fee, a micro-charge per message (as with SMS messaging today); 

� an optional premium monthly subscription fee for additional application �channels�; 

� optional transaction fees for premium applications (e.g. real-time video stream from a 
sporting event); 

C.5.3 Building the wireless information society 

With the advent of the always-on mobile Internet, we have the opportunity to set the precedent for 
the future. Vendors and operators need to work together to create a new market environment that 
will generate consumer interest, financial confidence, and the appropriate foundational content for a 
vibrant, exciting wireless information society. How the services are promoted and billed is as 
important as their initial creation � users will not be prepared simply to accept what they are given. 
They want to choose what is most relevant for them � and control how they access and pay for 
them. If the mobile sector is prepared to create usable, relevant services that create a level of 
excitement, we will see a substantial increase in the mobile data service adoption rate. Success will 
come by basing the business model on the services themselves, and charging subscribers for their 
perceived value rather than an arbitrary number of bytes required to download that service. From 
the technical perspective, it is imperative that the industry overcomes any capacity issues that could 
hold back the delivery of a rich, high quality experience � this will be fundamental to gaining 
end-user acceptance and take up of always-on mobile Internet services as the first step, leading 
ultimately to the new style of wireless age. 
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ANNEX  D 
 

DESCRIPTION  OF  THE RELEVANT  RADIO  AND  
NETWORK  TRANSPORT  TECHNOLOGIES 

D.1 Radio technologies 

The IMT-2000 terrestrial radio access technologies are based on various combinations of CDMA, 
TDMA, SDMA, single-carrier, multiple-carrier, FDD, TDD. None of the IMT-2000 radio interface 
technologies uses pure FDMA where a frequency band is used temporarily to support a single user. 

Figure D-1 illustrates the differences between FDMA, TDMA and CDMA in the time and 
frequency domains. 
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An everyday comparison 

An everyday analogy to explain the difference between FDMA, TDMA and CDMA is to imagine a 
dinner party being held in a single room and attended by three couples. 

If each guest wished to speak to their partner, they will have to speak above the noise created by the 
conversations of the other couples. As a solution to this problem, the host could divide the room 
into three by building two walls. Each couple would then have their own room without being 
disturbed by the noise created by the other couples. This analogy would be equivalent to an FDMA 
network, where each customer is provided with separate frequency for communication.  

If however three more couples arrived at the party and wished to hold conversations, the host would 
have to think of a new solution. A new mechanism would be to place two couples in each room and 
ask them to take turns every minute in speaking with their partners. Again this would avoid the 
disruption caused by the noise of the other couple�s conversation. This system would be equivalent 
to FTDMA or TDMA. 

Another alternative solution would be to keep all the guests in one single room, and to ask each 
couple to speak a different language. In this case each guest would listen for their own language and 
be able to distinguish it from the conversation created by the other couples� dialogue. This system 
would be equivalent to CDMA with each language corresponding to a code. 

Technical description 

FDMA means the division of the frequency band allocated for wireless cellular telephone 
communication into separated channels (see Fig. D-2). Each channel can carry a voice conversation 
or, with digital service, carries digital data. With FDMA, each channel can be assigned to only one 
user at a time. No other user can be attributed to this carrier frequency until the first user has ended 
his call or handed over to another cell. FDMA is used in several analogue cellular systems, such as 
AMPS and TACS. 
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TDMA is a technique used in digital cellular telephone communication to divide each cellular 
channel into time slots in order to increase the amount of data that can be carried (see Fig. D-3). 
Hereby each user is allocated not only a particular carrier frequency but also a time interval at this 
frequency. The digital coding of the analogue voice signal enables this process. TDMA is used by 
D-AMPS, GSM, PDC and DECT.  
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An alternative multiplexing scheme to FDMA with TDMA is CDMA, which uses a wider 
bandwidth for a single RF channel and multiplexes information for all users across the spectrum 
range at the same time (see Fig. D-4). In CDMA systems, the user is allocated a carrier frequency 
and a code known as a pseudo random noise code. After digitizing data, CDMA spreads it out over 
the entire bandwidth it has available. Multiple calls are overlaid over each other on the channel, 
with each assigned a unique sequence code. The voice signal is spread over the wideband carrier 
using the pseudo noise code, which spreads the energy of the transmitted signal over the carrier 
spectrum. The receiver then uses the same code to decode the transmitted wideband signal and 
recover the original signal.  
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Characteristics of CDMA systems 

CDMA falls into the family of transmission systems known as spread spectrum. The principal 
characteristics of spread spectrum systems are the following: 

� The bandwidth of the transmitted signal, Bt, is much larger than the bandwidth of the 
information-bearing signal, Bi. 

� The radio-frequency bandwidth of the transmitted signal is independent of any of the 
characteristics of the information-bearing signal. 

These two characteristics give rise to the notion of processing gain in CDMA systems, illustrated in 
Fig. D-5: 
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The fact that each one of the pseudo-random noise codes are highly de-correlated to each other (in 
the dinner party example, all couples are speaking distinct languages, not dialects of one language), 
allows the receiver to recover the wanted signal. A spread spectrum signal can only be recovered by 
using the same pseudo-random noise code. Any other spread signal remains spread unless the 
correct code is applied to it. 

Interference performance 

The functioning of a CDMA system against intrasystem interference is one of its unique attributes. 
The network operator is no longer required to plan the frequencies in the network and identify zones 
of interference. The radio engineer must now allocate codes to each base station and monitor the 
overall noise level of the network. Intra network interference does not occur at precise frequencies; 
instead the interference is spread over the whole bandwidth. 

Similarly, narrow-band extra network interference has little impact on the performance of the 
system as only a small proportion of the signal bandwidth is affected and thus the quality of the 
communication remains mostly unchanged. 

Power control 

One of the key elements in determining the capacity and performance of a CDMA system is the use 
of power control.  

In the uplink, all users will be using the same frequency channel at the same time. This places 
considerable extra performance constraints on the receiver to distinguish each of the users. Unless 
the codes being used are perfectly orthogonal and synchronized, the receiver will have difficulty in 
decoding the signals. The constraints placed on the receiver are increased if the various signals 
arrive at different power levels. The diagram in Fig. D-6 shows the need for power control. 

Without power control, the signal arriving at the receiver from user 2 will be drowned out by the 
signal arriving from user 1. With power control, all signals should arrive at the receiver with the 
same mean power, thus reducing the noise level at the receiver. 

In the downlink, there is a similar need to reduce the interference between cells, which in CDMA 
will all be transmitting on the same frequency. As the base station is in continuous communication 
with the mobile, it must use its transmission energy as efficiently as possible. It is thus preferable 
that the base station uses downlink power control to guarantee that enough energy is available to 
support as many users in the cell as possible. 
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The RAKE receiver 

One of the key components in a CDMA system is the RAKE receiver. The RAKE receiver allows 
the system to take advantage of multipath diversity. The uplink signal experiences many different 
reflections and attenuations, leading to the receiver getting a number of different signals of different 
signal strengths with different arrival times. The RAKE receiver is able to receive each of these 
signals, de-spread them and combine them to give an improvement in performance.  

The RAKE receiver is made up of individual correlators or �fingers� which separate individual 
multipath signals onto a number of receiver elements, each of which deals with a multipath signal. 

Soft handover 

The fact that each cell in the network uses the same carrier frequencies poses potential problems for 
handover between cells in a CDMA network. The hard handovers employed in other systems where 
the handover takes place based on relative power level criteria would be ineffectual in CDMA 
systems. CDMA employs soft-handover, where a mobile is connected to a number of base stations 
simultaneously. Soft-handover mode is triggered when the signal strength from a neighbouring cell 
exceeds a pre-determined threshold. The mobile is thus receiving a signal from a number of 
different base stations, which increases the likelihood of successful handover completion. 
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Soft-handover does however have the effect of reducing the effective capacity of a CDMA system 
as a number of communication channels are employed to support just one communication. A major 
consideration in the design of CDMA systems is how to offer high handover success rates while 
maintaining a high effective capacity.  

FDD mode 

FDD mode shares many common characteristics with pre-IMT-2000 systems that used FDMA and 
FTDMA. As with those systems, separate frequency bands are reserved for uplink communications 
and downlink communications (see Fig. D-7). This obviously guarantees isolation between the two 
communication channels and perfect symmetry in capacity in the two directions.  

FDD is especially suitable for wide area coverage and therefore mainly used for applications in 
macro and micro cell environments with high mobility. For these applications, data rates up to 
384 kbit/s are possible. FDD efficiently adapts to varying user data rates. 

TDD mode 

In TDD mode the uplink and downlink communications occur on the same carrier without any fixed 
duplex separation (see Fig. D-7). The allocation of bandwidth is made as a function of demand in 
the uplink or downlink direction.  

TDD is especially suitable for environments with high traffic density (airports, city centres, fairs, 
business areas, etc.) and indoor coverage. 
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D.2 Network transport technologies 

The two technologies and protocols that will be key to implementing IMT-2000 core networks are 
ATM and IP. This section provides a description of these network transport technologies. 

D.2.1 ATM 

ATM is a high-speed, low-delay, multiplexing and switching technology, which can support any 
type of traffic. The technology was born out of standardization efforts for broadband ISDN, which 
began in the CCITT (now ITU-T) in the mid-1980s and was originally intimately bound up with the 
emerging synchronous digital hierarchy (SDH). 

Technical details 

ATM is considered as a layer 2 protocol in the OSI model. As a layer 2 protocol, or data-link 
protocol, ATM is concerned with the following functions: 

� Flow control between customer premises equipment (CPE) and data terminal equipment 
(DTE), and DTE to DTE. 

� Detection of corrupted data. 

� Sequencing of traffic. 

� Conversion of bit stream from physical layer to a stream of frames for use by the network 
layer. 

ATM is connection-oriented. That is, a direct connection is made between the source and the 
destination host for the data to transfer over. The addressing resolution occurs during call set-up and 
all data is routed at full speed through the network. This connection is referred to as a virtual circuit.  

ATM is a packet oriented transfer mode based on fixed length cells. Each cell consists of an 
information field and a header, which is used to determine the virtual channel and to perform the 
appropriate routing. An ATM cell is 53 bytes long, with 5 bytes of header information about the 
cell, and 48 bytes of user payload. Fixing the size of the packets ensures that no time sensitive 
information gets stuck behind an inordinately long cell. 

The information field of ATM cells is carried transparently through the network. No processing 
such as error control is performed on it inside the network. 

ATM supports the transport of all services, including connectionless services. To accommodate 
various services, an adaptation function is provided to fit information of all services into ATM cells. 

One of the key ideas in ATM is the idea of QoS. As ATM was designed to support all types of 
traffic, including time sensitive services, it was necessary to implement a system, which would 
guarantee different levels of performance for different types of services. There are five different 
types of service that can be requested, each service class guaranteeing different levels of bandwidth, 
delay and jitter. 
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To use the available bandwidth as efficiently as possible, ATM employs statistical multiplexing. 
statistical multiplexing allocates bandwidth only as needed, aggregating all traffic flows to 
minimize the need for transmission capacity.  

Network architecture 

The ATM network contains two main components, the ATM end-station (also known as the CSU) 
and the ATM core switch (see Fig. D-8). The core switch is the simpler of the two, with only two 
main functions � error detection and cell forwarding. The end-station is equipped with network 
interface cards (NICs) which handle the convergence and segmentation and recovery of non-ATM 
protocols using the ATM adaptation layers (AALs). There are four major AALs supported at 
present � AAL-1, AAL-2, AAL-3/4, and AAL-5 � with each being used for a different application. 
AAL-2 is the most interesting for UMTS networks as it defines the adaptation characteristics of 
time constrained services such as voice and video which can have variable bit rates. 
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Advantages of ATM 

The advantages of ATM are as follows: 

� provides variable bandwidth services (i.e. statistical multiplexing); 

� supports non-standard virtual bit-rates; 

� supports the SDH hierarchy; 

� supports a wide variety of traffic types and multiple protocols; 

� facilitates time-sensitive services through the small fixed cell size. 

D.2.2 IP 

IP or transmission control protocol/TCP/IP as it is often referred to, describes the family of 
protocols, which drive the Internet today. IP is a mature technology and is very simple and robust. 

Technical details 

The key principles of IP can be summed up in the following points: 

� IP is considered as a Layer 3 protocol within the OSI model. Layer 3 or network layer 
protocols are responsible for the following functions: segmentation and reassembly of large 
user data packets, addressing, delivery of user data, QoS negotiation and Internet working 
operations. 

� The fundamental component of an IP traffic flow is called a datagram. A datagram is a 
variable length packet containing the header and the user payload. The datagram was 
designed to facilitate efficient transfer of user data i.e. only a small amount of overhead is 
needed to process and forward the datagram. The overhead generally takes up less than 1% 
of the transmitted bytes.  

� IP is a connectionless protocol. That is, traffic is routed on a hop-by-hop basis. At each 
node (called a router) within the network, the IP datagram header must be processed. The 
address is resolved and the packet is forwarded to either the next router along the path or 
directly to the destination host. 

� IP uses logical addressing to provide a uniform method of addressing all nodes within a 
network regardless of their physical network connections. These logical addresses are 
structured in a notation called dotted-decimal. 

� The process by which an IP node forwards a data packet is called routing. In routing, the IP 
node examines the headers of an incoming datagram and extracts the destination address 
information. The router then consults its internal routing table to find out if it has a direct 
connection to the destination host. If there is no direct connection, the router will calculate a 
cost value for all the possible routes to the final destination. The router will then send the 
datagram on the route with the lowest cost. 
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� The integrated services architecture (ISA) is an attempt to bring QoS to IP-based networks. 
resource reservation protocol (RSVP) is the part of the initiative that has had most success 
and, as in ATM; it attempts to define service levels in terms of constant bit rates, minimum 
delays and jitter guarantees. However, ISA has not had widespread success and it continues 
to be difficult to give guaranteed service levels in the connectionless domain. 

� IP was designed for simplicity and, as such, most of the network management and error 
checking procedures are moved to the upper layer protocols. This allows for efficient 
transfers, but lacks the network integrity to support time-sensitive applications.  

Advantages of IP 

IP has many advantages, which include: 

� available on all platforms; 
� mature technology, well tested in the LAN and WAN; 

� very efficient, only 1% is overhead; 
� large array of vendors and products available.  
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ANNEX  E 
 

DESCRIPTION  OF  THE  IMT-2000  RADIO   
INTERFACES  AND  SYSTEMS 

The material presented in this Annex is an amalgamation of information from ITU 
Recommendations and various other sources. 

E.1 Introduction 

This Annex provides an overview of the standardized radio interfaces and systems, including 
network interfaces. It is divided into four major sections: 

E.2 �  IMT-2000 CDMA Direct Spread and IMT-2000 CDMA TDD  

 Also referred to as: CDMA-DS and CDMA-TC, UMTS, UTRA FDD (or WCDMA) and 
UTRA TDD 

E.3 �  IMT-2000 CDMA Multi-Carrier  

 Also referred to as: CDMA-MC, CDMA2000 

E.4 �  IMT-2000 TDMA Single-Carrier  

 Also referred to as: TDMA-SC, Universal Wireless Communication-136 (UWC-136) 

E.5 �  IMT-2000 FDMA/TDMA  

 Also referred to as DECT 

E.2 IMT-2000 CDMA Direct Spread and IMT-2000 CDMA TDD 

The Universal Terrestrial Radio Access Network (UTRAN) has been specified by the Third 
Generation Partnership Project (3GPP) specification group. UTRAN is often known in Europe as 
UMTS. 

� The first release of UTRAN specifications (Rel. �99) provides a new radio network 
architecture including IMT-2000 CDMA Direct Spread (described by 3GPP as UTRA FDD 
and WCDMA) and the wideband mode of IMT-2000 CDMA TDD (known in 3GPP as 
UTRA TDD wideband and TD-CDMA) radio interface technologies, with services 
available like GSM/GPRS/EDGE both for CS and PS domain, and interworking to GSM. 
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� Rel. 4 supports features like virtual home environment (VHE) and open services 
architecture (OSA) evolution, full support of location services (LCS) in CS and PS 
domains, the narrow-band mode of IMT-2000 CDMA TDD (known in 3GPP as UTRA 
TDD narrow band and TD-SCDMA), and evolution of UTRAN transport (mostly support 
of/for IP). 

� Rel. 5 supports advanced features such as multirate wideband speech codec, IP-based 
multimedia services (IMS), and high speed downlink packet access (HSDPA). 

The UMTS CN incorporates the GSM CN, since it is a consequent evolutionary approach. This 
applies to the CN entities as well as to functions and protocols across the network, e.g. call 
processing (CP) and mobility management (MM) function including the GSM/UMTS mobile 
application part (MAP). 

Integrated GSM and UMTS CN entities will facilitate development, provisioning and introduction 
of IMT-2000. Multimode terminals for both GSM and UTRAN will allow for a smooth service and 
subscriber migration from GSM to IMT-2000. 

The radio technologies of UTRAN are based on CDMA techniques and have been specifically 
designed to cope with the service requirements of IMT-2000. The fundamental function of CDMA 
is to spread the actual user data signals over a broad frequency range. This makes it more robust 
against multipath fading by using the entire bandwidth of the carrier for all users in parallel. To 
separate users and channels on the same carrier, the channel signals are multiplied with a unique bit 
sequence (spreading code) at a certain bit rate (called chip rate). 

Unlike TDMA techniques, other users within the same cell generate the major interference in a 
CDMA system. This allows that adjacent cells may use � and they usually do � the same frequency. 
Hence, no frequency planning is necessary. 

Similarly to an FDMA system, time division principles can be used within a CDMA system, too. 
Amongst others, this opens the opportunity to apply TDD to separate uplink from downlink signals 
leading to a radio transmission technology suitable for operation in unpaired frequency bands (see 
below). 

UTRAN is designed to cope with speech and data, real-time and non-real-time services over the 
same air interface (i.e. on the same carrier) in parallel and at every mix of data and speech. For this 
purpose, particular attention has been given to efficiently support QoS for mixed environments. In 
comparison to GSM, the capabilities of UTRAN for data transfer are significantly enhanced, while 
keeping a strong position also for voice traffic. 

The first IMT-2000 CDMA Direct Spread network was launched in October 2001 when NTT 
DoCoMo started commercial operation in Tokyo. IMT-2000 services, such as video 
conference/telephony, high data rate Internet access at up to 384 kbit/s including web-browsing, 
file-download, image-transfer, large e-mail transfer, etc. became usable by the mobile subscriber. 
Further releases currently under elaboration by 3GPP will enhance the capabilities and features of 
UTRAN. To date, more than 100 operators in more than 30 countries worldwide have decided to 
launch IMT-2000 networks using UTRAN (IMT-2000 CDMA Direct Spread and/or IMT-2000 
CDMA TDD). 
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UTRAN includes two radio interfaces: 

� IMT-2000 CDMA Direct Spread, employing FDD (UTRAN FDD) for operation in paired 
frequency bands.  

� IMT-2000 CDMA TDD, employing TDD (UTRAN TDD) for operation in unpaired 
frequency bands. The TDD mode of UTRAN can be operated utilizing two different chip 
rates. One that is the same as the FDD mode (3.84 Mchip/s) and a slower chip rate which is 
clocked at 1/3 the FDD chip rate (1.28 Mchip/s).  

Both FDD and TDD are harmonized, in particular with respect to the use of the higher layers of the 
radio network protocols and use of the Iu-interface. Any differences between FDD and TDD are 
limited to the UTRAN and to terminals, and are hidden to the CN. 

E.2.1 IMT-2000 CDMA Direct Spread mode 

IMT-2000 CDMA Direct Spread uses direct sequence CDMA technique with a chip rate of 
3.84 Mchip/s, in separate 5 MHz channels for uplink and downlink. Due to its nature the system is 
usually operated with a frequency reuse of 1, i.e. all cells use the same carrier frequencies. As a 
consequence, the system provides a special technique to mitigate the intercell interference 
especially at the cell borders; this technique is called soft-handover (SHO) and is used for CS 
traffic. PS traffic does not apply SHO, but switches over in-between two subsequent packets. 
During a SHO, a mobile terminal is connected to more than just one cell. The combination and 
splitting of the signals from/to the terminal is done by the radio network controller (RNC). 

Although being primarily a macro diversity feature, SHO also represents the basis for a smooth and 
seamless intercell handover within the same frequency band. So called softer handover (HO) is 
applied between sectors of one base station offering higher efficiency, but requiring improved 
capabilities for digital signal processing within the base station. The fundamental effect is the same 
as for SHO. 

Since, in the FDD mode, other users within the same cell generate the major part of the interference, 
the cell size of a CDMA system depends on the actual cell load. This effect is called cell breathing. 
In order to cope with this issue and to guarantee cell stability, cells operating in the FDD mode, 
should be planned for a busy hour cell load of approximately 50% still leaving enough interference 
margin and allowing for some flexibility in peak load situations. 

More than one carrier can be used within a given cell and/or cell sector including the capability of 
hard HO between these carriers. Separate carriers do not have common channels, but operate 
completely on their own. Coordination across all carriers within a given area including admission 
control, etc., is done by the RNC. 

IMT-2000 CDMA Direct Spread can be used for all environments (vehicular, pedestrian, and 
indoor) and for all kinds of traffic.  
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E.2.2 IMT-2000 CDMA TDD mode 

In IMT-2000 CDMA TDD mode, both uplink and downlink transmissions use the same carrier 
within the same frequency band. It combines CDMA with TDMA techniques to separate the 
various communication channels. Hence, a given radio resource element is characterized by both 
timeslot and CDMA code. Timeslots can be assigned to carry either downlink or uplink channels. In 
this way, the TDD technology can operate within an unpaired band; i.e. no duplex frequency band 
is necessary. Therefore, the minimum spectrum requirement is only half the bandwidth of 
IMT-2000 CDMA Direct Spread operating in the FDD mode, i.e. only one 5 MHz channel is 
needed when the TDD chip rate is operating at 3.84 Mchip/s. 

The TDD structure allows employing a specific algorithm by which multiple channels are 
recognized and decoded jointly (joint detection algorithm). This method eliminates intracell 
interference almost completely and hence helps to increase the system capacity. This is feasible in 
the TDD mode because of the simplified processing that results from the transmission and reception 
occurring at the same frequency and therefore suffering similar channel distortions. Intercell 
interference, however, is currently not removed by this algorithm. 

Due to the TDMA structure and the joint detection algorithm, which significantly reduces the 
interference from the other CDMA signals present in the time slot, the system behaves more like a 
TDMA system. So, it neither suffers from cell breathing and the necessity to maintain the operating 
margin to compensate for the uncertainty, nor requires a SHO capability. This is of particular value 
for hot spot scenarios implying heavy data load and smallest cell sizes for indoor (pico 
environment) and outdoor (micro environment) solutions. Moreover, since timeslots for uplink and 
downlink can be assigned separately, IMT-2000 CDMA TDD mode is particularly suited for 
asymmetric traffic. In the TDD mode the degree of asymmetry can be reassigned rapidly improving 
overall operating efficiency.  

The use of smart antennas together with IMT-2000 CDMA TDD mode gives advantages in macro 
and micro scenarios where the user signals are not very scattered. Again using the same physical 
radio channel for signals passing in both the uplink and downlink simplifies the processing required 
to shape the antenna beams since the channel distortion on the uplink will be similar to the 
distortion on the downlink. The properties of channel reciprocity exhibited by the forward and 
reverse radio channels of a TDD connection make it practical to implement certain advanced 
diversity and coding techniques. 

IMT-2000 CDMA TDD incorporates two chip rate variants: 

1 A 3.84 Mchip/s option, with a chip rate of 3.84 Mchip/s in a 5 MHz bandwidth channel that 
is the same as the harmonized FDD radio signal. 

2 A 1.28 Mchip/s option, with a chip rate of 1.28 Mchip/s in a 1.6 MHz bandwidth channel; 
this is one-third of the UTRA TDD (3.84 Mchip/s option) chip rate and carrier bandwidth. 
This reduces the processing gain per carrier, but when three similar transmitter/receiver 
links are used in parallel, in the channel of 5 MHz, they are able to recover most of the 
processing gain and under certain conditions add a degree of flexibility. The 1.28 Mchip/s 
option is also widely known as time division synchronous CDMA (TD-SCDMA).  
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The 3.84 Mchip/s option is designed to allow deployments in all environments including macro cell 
structures that serve highly mobile subscribers. 

The 1.28 Mchip/s option uses special means to maintain a closer uplink synchronicity to avoid 
excessive guard periods in the frame structure. Three carriers may be used within one 5 MHz band 
of the related spectrum. This gives more flexibility to operators: the system can be operated with 
frequency reuse 1, 2 or 3. Likewise, the system could also be used where a contiguous piece of 
5 MHz spectrum is not available. The basic 1.28 Mchip/s option parameters were also chosen to 
allow deployments in all environments including macro cell scenarios with high mobility.  

The 3.84 Mchip/s option is also cost-efficient for deployment as it can leverage the infrastructure of 
an FDD-only roll-out to offer scalable capacity for �hotspots� where combined voice and data 
traffic will be supported through a multi-tier architecture of macro, micro and pico cells. 

E.2.3 HSDPA 

HSDPA is an enhancement to the UTRAN system by which user data rates of up to 10 Mbit/s can 
be achieved on the downlink. The feature is defined within Rel. 5 of the 3GPP standards and can be 
applied to both FDD (IMT-2000 CDMA Direct Spread) and TDD (IMT-2000 CDMA TDD).  

High user data rates are achieved by applying a higher-level modulation scheme (16-QAM) 
including adapted coding rates with turbo codes. Since such modulation schemes require a better 
C/I ratio, the range of such a high-speed radio link � hence the cell sizes � will shrink. Therefore, 
HSDPA is likely to be used in scenarios where the traffic density is high or high peak data rates per 
user are required. 

To achieve both high user data rates and excellent transmission quality, HSPDA defines a number 
of techniques such as: 

� adaptive modulation and coding (AMC); 

� hybrid ARQ (H-ARQ); 

� fast cell selection (FCS): not part of Rel. 5; 

� standalone downlink shared channel (S-DSCH): not part of Rel. 5. 

In principle, the technology is similar to the downlink shared channel (DSCH) concept already 
available with Rel �99 of UTRAN. It allows sharing the same physical channel to a multiplicity of 
mobile users on a statistical basis. 

The S-DSCH feature describes a configuration where an entire 5 MHz downlink channel is 
allocated to the DSCH used for HSDPA only.  
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E.2.4 From GSM to UTRAN 

The rollout of IMT-2000 networks is usually done progressively: the deployment starts in urban 
areas where particular demand for data services can be expected; suburban areas will follow and so 
on. So, in order to provide coverage for service continuity from day one, roaming between 
GSM/GPRS and UTRAN and handover at least from UTRAN to GSM/GPRS is implemented in 
both network and terminals. 

The definition of UTRAN provides a smooth migration path from GSM to IMT-2000 with respect 
to the overall architecture and, in particular, to the core network. The following aspects apply: 

� Terminals 

 To provide backward compatibility to GSM, terminal manufacturers will provide 
GSM/IMT-2000 CDMA Direct Spread dual-mode terminals. Due to the large market 
anticipated and the multitude of manufacturers engaged in GSM/IMT-2000 CDMA Direct 
Spread, such terminals are going to be used worldwide. Therefore, the additional 
complexity imposed by the dual-mode is small and will be overcompensated by the 
economy-of-scale. Actually, estimates by leading manufacturers show a cost benefit of 
about 30% compared to terminals of other technology mixes. This directly translates into 
attractiveness to end-users and business viability for the operators. 

� Radio network 

 In order to efficiently support high user rate data services in highly mobile environments, 
UMTS technologies purposely use a channel bandwidth of 5 MHz (IMT-2000 CDMA TDD 
also has an option with 1.6 MHz bandwidth)  

� CN 

 GSM and UTRAN share the same CN architecture. In particular, GPRS is both part of 
GSM and UMTS. For IMT-2000 service introduction this means that the existing GSM CN 
can be upgraded to operate both GSM and IMT-2000 within an integrated CN. 

So, while offering wide area coverage with GSM/GPRS, operators can gradually build up their 
UTRAN radio access infrastructure. At the same time GPRS nodes and GSM MSCs can be 
upgraded to support IMT-2000 services and to interconnect the IMT-2000 radio network over the 
new Iu interface that enables interconnection of RNCs with CN nodes. Altogether, this will help 
saving investment and at the same time facilitate IMT-2000 CDMA Direct Spread service 
introduction and subscriber and network management; i.e. it provides for the smooth migration 
from GSM to IMT-2000 CDMA Direct Spread. Moreover GSM/GPRS is being enhanced to 
GERAN, that supports the same Iu-interface. This allows the use of advanced services also via a 
GSM radio interface and provides, therefore, seamless service support between GSM and IMT-
2000 CDMA Direct Spread and IMT-2000 CDMA TDD radio interfaces. 
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E.2.5 From ANSI-136 via GSM/GPRS to UTRAN 

Operators in North and South America are deeply interested in this migration scenario, since most 
of the ANSI-136 (TDMA) systems are operated in these regions. It is worth mentioning that 
UWCC36 representing ANSI-136 operators has recommended their members to migrate to 
GSM/IMT-2000 CDMA Direct Spread rather than to IMT-2000 CDMA Multi-Carrier. 

ANSI-136 networks offer voice and low bit rate CS data services. For this purpose, the ANSI-41 
CN is used. Packet data services would use the CDPD standard. GSM/GPRS would be an excellent 
choice, since it offers packet data services while also enabling voice. In addition, it is cheaper in 
terms of e.g. cost per traffic density. Moreover, due to the evolution scenarios towards EDGE 
and/or UTRAN, it allows a future evolution to IMT-2000. 

The following topics are to be considered: 

� Terminals 

 In order to enable various migration scenarios, ANSI-136/GSM/GPRS/EDGE multimode 
GAIT37 terminals will be available as required. 

� If GSM/GPRS starts operating in distinct areas only, multimode terminals will support 
both-way roaming and at least one-way handover � assuming that coverage is provided 
by the ANSI-136 network. 

� If overall coverage of GSM/GPRS is envisaged, single mode ANSI-136 and/or 
GSM/GPRS terminals can be accepted, too. In this case, gradual switchover from 
ANSI-136 to GSM users may be an option for the operator. 

� Radio network 

 Introduction of GSM/GPRS will in many cases be done as an overlay network. 

 Although ANSI-136 and GSM radio networks and terminals are technically different, there 
are some similarities (e.g. network planning) which will benefit from available operator 
skills. 

� CN 

 Introduction of GSM to an ANSI-41 environment means essentially the same as 
introducing PCS1900 CNs in the United States of America. years ago. In detail, this is a use 
of GSM based network entities together with GSM MAP based on the ANSI-41 SS7 
protocol stack. Interworking between GSM and ANSI-136 networks, where necessary, will 
include at least parts of GAIT functions. 

The major question, however, is the availability and cost of suitable multimode terminals. To date, 
there are no strong announcements of manufacturers offering ANSI-136/ IMT-2000 CDMA Multi-
Carrier multimode terminals, which is a prerequisite for this approach. 

____________________ 

36 In 2002 UWCC ceased to exist and it was subsumed by the 3G Americas organization 
(http://www.3GAmericas.org). 

37  GSM ANSI-136 Interoperability Team (GAIT) is a technology that enables GSM and TDMA networks to 
interoperate. Special handsets must be manufactured (often called �GAIT phones�) and used in 
conjunction with GAIT networking. 
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E.2.6 Interfaces 

Deplo-IMT-E-1

 

FIGURE E-1
Basic configuration of a PLMN supporting CS and PS services and interfaces
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Gateway mobile switching centre38 

The mobile switching centre (MSC), which performs the routing function to the actual location of 
the mobile station (MS) is called the gateway MSC (GMSC). 

If a network delivering a call to the PLMN cannot interrogate the home location register (HLR), the 
call is routed to an MSC. This MSC will interrogate the appropriate HLR and then route the call to 
the MSC where the mobile station is located. 

The acceptance of an interrogation to an HLR is the decision of the operator. 

The choice of which MSCs can act as GMSCs is for the operator to decide (i.e. all MSCs or some 
designated MSCs). 

When needed, the GMSC can be implemented in two different entities: the GMSC server, handling 
only signalling, as defined below, and the CS-MGW, defined below. A GMSC server and a 
CS-MGW make up the full functionality of a GMSC. 

GMSC server39 

The GMSC server mainly comprises the call control and mobility control parts of a GMSC.  

MSC40 

The MSC constitutes the interface between the radio system and the fixed networks. The MSC 
performs all necessary functions in order to handle the circuit switched services to and from the 
MSs. 

In order to obtain radio coverage of a given geographical area, a number of BSs are normally 
required; i.e. each MSC would thus have to interface with several BSs. In addition several MSCs 
may be required to cover a country. 

The MSC is an exchange that performs all the switching and signalling functions for MSs located in 
a geographical area designated as the MSC area. The main difference between a MSC and an 
exchange in a fixed network is that the MSC has to take into account the impact of the allocation of 
radio resources and the mobile nature of the subscribers and has to perform in addition, at least the 
following procedures: 

� procedures required for the location registration; 

� procedures required for handover. 

When needed, the MSC can be implemented in two different entities: the MSC server, handling 
only signalling, and the CS-MGW, handling user�s data. A MSC server and a CS-MGW make up 
the full functionality of a MSC. 

____________________ 

38 The text in this section is based on 3GPP TS 23.002 V4.3.0, section 4.1.2.2. 

39 The text in this section is based on 3GPP TS 23.002 V4.3.0, section 4.1.2.2.1. 

40 The text in this section is based on 3GPP TS 23.002 V4.3.0, section 4.1.2.1. 
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MSC server41 

The MSC server mainly comprises the call control (CC) and mobility control parts of a MSC.  

The MSC server is responsible for the control of mobile originated and mobile terminated CC CS 
domain calls. It terminates the user-network signalling and translates it into the relevant network �
network signalling. The MSC server also contains a visitor location register (VLR) to hold the 
mobile subscriber�s service data and CAMEL (customized application for mobile network enhanced 
logic) related data.  

The MSC server controls the parts of the call state that pertain to connection control for media 
channels in a CS-MGW. 

CS-MGW42 

NOTE 1 �In this document the term media gateway function (MGW) is used when there is no need to 
differentiate between the CS domain entity and the IP multimedia CN subsystem entity. When referring 
specifically to the CS domain entity the term CS-MGW is used. When referring specifically to the IP 
multimedia CN subsystem entity, the term IM-MGW is used.  

This component is PSTN/PLMN transport termination point for a defined network and interfaces 
UTRAN with the CN over Iu.  

A CS-MGW may terminate bearer channels from a switched circuit network and media streams 
from a packet network (e.g. RTP streams in an IP network). Over Iu, the CS-MGW may support 
media conversion, bearer control and payload processing (e.g. codec, echo canceller, conference 
bridge) for support of different Iu options for CS services (AAL2/ATM based as well as 
RTP/UDP/IP based).  

The CS-MGW: 

� interacts with MSC server and GMSC server for resource control; 

� owns and handles resources such as echo cancellers, etc.; 

� may need to have codecs. 

The CS-MGW will be provisioned with the necessary resources for supporting UTRAN/GSM 
transport media. Further tailoring (i.e. packages) of the ITU-T Recommendation H.248 mechanisms 
may be required to support additional codecs and framing protocols, etc. 

The CS-MGW bearer control and payload processing capabilities will also need to support mobile 
specific functions such as SRNS relocation/handover and anchoring. It is expected that current 
ITU-T Recommendation H.248 standard mechanisms can be applied to enable this.  

____________________ 

41 The text in this section is based on 3GPP TS 23.002 V4.3.0, section 4.1.2.1.1. 

42 The text in this section is based on 3GPP TS 23.002 V4.3.0, section 4.1.2.1.2. 
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VLR43 

A mobile station roaming in an MSC area is controlled by the VLR in charge of this area. When a 
MS enters a new location area it starts a registration procedure. The MSC in charge of that area 
notices this registration and transfers to the visitor location register the identity of the location area 
where the MS is situated. If this MS is not yet registered, the VLR and the HLR exchange 
information to allow the proper handling of calls involving the MS. 

A VLR may be in charge of one or several MSC areas. 

The VLR contains also the information needed to handle the calls set-up or received by the MSs 
registered in its database (for some supplementary services the VLR may have to obtain additional 
information from the HLR). The following elements are included: 

� the international mobile subscriber identity (IMSI); 

� the mobile station ISDN number (MSISDN); 

� the mobile station roaming number (MSRN); 

� the temporary mobile station identity (TMSI), if applicable; 

� the local mobile station identity (LMSI), if used; 

� the location area where the mobile station has been registered; 

� the identity of the SGSN where the MS has been registered. Only applicable to PLMNs 
supporting GPRS and which have a Gs interface between MSC/VLR and SGSN; 

� the last known location and the initial location of the MS. The VLR also contains 
supplementary service parameters attached to the mobile subscriber and received from the 
HLR. 

Home location register (HLR)44 

The HLR is a database in charge of the management of mobile subscribers. A PLMN may contain 
one or several HLRs: it depends on the number of mobile subscribers, on the capacity of the 
equipment and on the organization of the network. The following kinds of information are stored 
there: 

� the subscription information; 

� some location information enabling the charging and routing of calls towards the MSC 
where the MS is registered (e.g. the MS roaming number, the VLR number, the MSC 
number, the local MS identity); 

and, if GPRS is supported, also: 

� location information enabling the charging and routing of messages in the SGSN where the 
MS is currently registered (e.g. the SGSN number); 

____________________ 

43 The text in this section is based on 3GPP TS 23.002 V4.3.0, section 4.1.1.2. 

44 The text in this section is based on 3GPP TS 23.002 V4.3.0, section 4.1.1.1. 
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and, if LCS is supported, also: 

� a LCS privacy exception list, which indicates the privacy class of the MS subscriber; 

� a GMLC list; 

� a mobile-originated location request (MO-LR) list. 

Different types of identity are attached to each mobile subscription and are stored in the HLR. The 
following identities are stored: 

� the IMSI; 

� one or more MSISDN; 

if GPRS is supported, the following identity is also stored: 

� zero or more packet data protocol (PDP) address(es); 

and, if LCS is supported, the following identity is also stored: 

� the location measurement unit (LMU) indicator. The LMU makes radio measurements to 
support positioning of mobiles. 

There is always at least one identity, apart from the IMSI, attached to each mobile subscription and 
stored in the HLR. 

The IMSI or the MSISDN may be used as a key to access the information in the database for a 
mobile subscription. 

The database contains other information such as: 

� teleservices and bearer services subscription information; 

� service restrictions (e.g. roaming limitation); 

� a list of all the group IDs a service subscriber is entitled to use to establish voice group or 
broadcast calls; 

� supplementary services; the HLR contains the parameters attached to these services; 

and, if GPRS is supported, also: 

� information about if a GGSN is allowed to dynamically allocate PDP addresses for a 
subscriber. 

Authentication centre (AuC)45 

The AuC is an entity that stores data for each mobile subscriber to allow the international mobile 
subscriber identity to be authenticated and to allow communication over the radio path between the 
MS and the network to be ciphered. The AuC transmits the data needed for authentication and 
ciphering via the HLR to the VLR, MSC and SGSN which need to authenticate a mobile station. 

____________________ 

45 The text in this section is based on 3GPP TS 23.002 V4.3.0, section 4.1.1.3. 
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The authentication centre is associated with an HLR, and stores an identity key for each mobile 
subscriber registered with the associated HLR. This key is used to generate: 

� data that are used to authenticate the international mobile subscriber identity; 

� a key used to cipher communication over the radio path between the MS and the network. 

The AuC communicates only with its associated HLR over an interface denoted the H-interface. 

Equipment identity register (EIR)46 

The EIR is the logical entity, which is responsible for storing in the network the international 
mobile equipment identities (IMEIs), used. 

The equipment is classified, as �white listed�, �grey listed�, �black listed� or it may be unknown. 

This functional entity contains one or several databases which store(s) the IMEIs used. 

The mobile equipment may be classified as �white listed�, �grey listed� and �black listed� and 
therefore may be stored in three separate lists. 

An IMEI may also be unknown to the EIR. 

An EIR shall as a minimum contain a �white list� (equipment classified as �white listed�). 

Gateway GPRS support node47 

The UMTS GPRS support nodes (GSN) is the gateway GSN (GGSN) and the serving GSN 
(SGSN). They constitute the interface between the radio system and the fixed networks for packet 
switched services. The GSN performs all necessary functions in order to handle the packet 
transmission to and from the MSs. 

GGSN: The location register function in the GGSN stores subscriber data received from the HLR 
and the SGSN. There are two types of subscriber data needed to handle originating and terminating 
packet data transfer: 

� subscription information: 

� the IMSI; 

� zero or more PDP addresses. 

� location information: 

� the SGSN address for the SGSN where the MS is registered. 

Serving GPRS support node48 

The UMTS GPRS support nodes (GSN) is the gateway GSN and the serving GSN. They constitute 
the interface between the radio system and the fixed networks for packet switched services. The 
GSN performs all necessary functions in order to handle the packet transmission to and from the 
MSs. 

____________________ 
46 The text in this section is based on 3GPP TS 23.002 V4.3.0, section 4.1.1.4. 

47 The text in this section is based on 3GPP TS 23.002 V4.3.0, section 4.1.3 and 4.1.3.2. 

48 The text in this section is based on 3GPP TS 23.002 V4.3.0, section 4.1.3 and 4.1.3.1. 
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SGSN: The location register function in the SGSN stores two types of subscriber data needed to 
handle originating and terminating packet data transfer: 
� subscription information: 

� the IMSI; 
� one or more temporary identities; 
� zero or more PDP addresses. 

� location information: 
� depending on the operating mode of the MS, the cell or the routing area where the MS 

is registered; 
� the VLR number of the associated VLR (if the Gs interface is implemented); 
� the GGSN address of each GGSN for which an active PDP context exists. 

Signalling gateway function (SGW)49 

The SGW performs the signalling conversion (both ways) at transport level between the SS7 based 
transport and the IP based transport of signalling (i.e. between Sigtran SCTP/IP and SS7 MTP). The 
SGW does not interpret the application layer (e.g. MAP, CAP, BICC or ISUP) messages but may 
have to interpret the underlying SCCP or SCTP layer to ensure proper routing of the signalling. 

Interface between the MSC and base station system (BSS) (A-interface)50 

The BSS-MSC interface is used to carry information concerning: 
� BSS management; 
� call handling; 
� mobility management. 

Interface between base station controller (BSC) and base transceiver station (BTS) 
(Abis-interface)51 

When the BSS consists of a BSC and one or more BTS, this interface is used between the BSC and 
BTS to support the services offered to the GSM users and subscribers. 

The interface also allows control of the radio equipment and radio frequency allocation in the BTS. 

Interface between the MSC server and its associated VLR (B-interface)52 

The VLR is the location and management database for the mobile subscribers roaming in the area 
controlled by the associated MSC server(s). Whenever the MSC server needs data related to a given 
MS currently located in its area, it interrogates the VLR. When a MS initiates a location updating 
procedure with an MSC server, the MSC server informs its VLR which stores the relevant 
information. This procedure occurs whenever an MS roams to another location area. Also, when a 
subscriber activates a specific supplementary service or modifies some data attached to a service, 
the MSC server informs (via the VLR) the HLR which stores these modifications and updates the 
VLR if required. 

____________________ 
49 The text in this section is based on 3GPP TS 23.002 V4.3.0, section 4a.7. 
50 The text in this section is based on 3GPP TS 23.002 V4.3.0, section 6.2.1.1. 
51 The text in this section is based on 3GPP TS 23.002 V4.3.0, section 6.3.1. 
52 The text in this section is based on 3GPP TS 23.002 V4.3.0, section 6.4.1.1. 
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This interface is internal to the MSC server/VLR. 

C-interface (gateway mobile switching centre server � home location register)53 

The gateway MSC server must interrogate the HLR about the required subscriber to obtain routing 
information for a call or a short message directed to that subscriber. 

Signalling on this interface uses the mobile application part (MAP), which in turn uses the services 
of transaction capabilities. 

For CAMEL purposes, this interface is used, e.g. at terminating calls, to exchange routing 
information, subscriber status, location information, subscription information, etc. 

D interface (visitor location register  � home location register)54 

This interface is used to exchange the data related to the location of the mobile station and to the 
management of the subscriber. The main service provided to the mobile subscriber is the capability 
to set up or to receive calls within the whole service area. To support this, the location registers 
have to exchange data. The VLR informs the HLR of the location of a mobile station managed by 
the latter and provides it (either at location updating or at call set-up) with the roaming number of 
that station. The HLR sends to the VLR all the data needed to support the service to the mobile 
subscriber. The HLR then instructs the previous VLR to cancel the location registration of this 
subscriber. Exchanges of data may occur when the mobile subscriber requires a particular service, 
when he wants to change some data attached to his subscription or when some parameters of the 
subscription are modified by administrative means. 

Signalling on this interface uses the mobile application part, which in turn uses the services of 
transaction capabilities. 

For CAMEL purposes, this interface is used to send the CAMEL related subscriber data to the 
visited PLMN and for provision of MSRN. The interface is also used for the other purposes e.g. to 
retrieve subscriber status and location information of the mobile subscriber or to indicate 
suppression of announcement for a CAMEL service. 

E interface (mobile switching centre server � mobile switching centre server)55 

When a mobile station moves from one MSC area to another during a call, a handover procedure 
has to be performed in order to continue the communication. For that purpose the MSC servers have 
to exchange data. 

After the handover operation has been completed, the MSC servers will exchange information to 
transfer A-interface signalling as necessary. 

When a short message is to be transferred between a mobile station and short message SC, in either 
direction, this interface is used to transfer the message between the MSC server serving the mobile 
station and the MSC server, which acts as the interface to the SC. 

Signalling on this interface uses the mobile application part (MAP), which in turn uses the services 
of transaction capabilities. 

____________________ 
53 The text in this section is based on 3GPP TS 23.002 V4.3.0, section 6.4.1.2. 
54 The text in this section is based on 3GPP TS 23.002 V4.3.0, section 6.4.1.3. 
55 The text in this section is based on 3GPP TS 23.002 V4.3.0, section 6.4.1.4. 
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F interface (mobile switching centre server � equipment identity register)56 

This interface is used between MSC server and EIR to exchange data, in order that the EIR can 
verify the status of the IMEI retrieved from the mobile station. 

Signalling on this interface uses the mobile application part, which in turn uses the services of 
transaction capabilities. 

G interface (visitor location register � visitor location register)57 

When a mobile subscriber moves from a VLR area to another, the location registration procedure 
will happen. This procedure may include the retrieval of the IMSI and authentication parameters 
from the old VLR. 

Signalling on this interface uses the mobile application part, which in turn uses the services of 
transaction capabilities. 

Interface between SGSN and BSS (Gb-interface)58 

The BSS-SGSN interface is used to carry information concerning: 

� packet data transmission; 

� mobility management. 

Gc interface (home location register � gateway GPRS support node)59 

This optional signalling path may be used by the GGSN to retrieve information about the location 
and supported services for the mobile subscriber, to be able to activate a packet data network 
address. 

There are two alternative ways to implement this signalling path: 

� if an SS7 interface is implemented in the GGSN, signalling between the GGSN and the 
HLR uses the mobile application part, which in turn uses the services of transaction 
capabilities; 

� if there is no SS7 interface in the GGSN, any GSN in the same PLMN and which has an 
SS7 interface installed can be used as a GTP to MAP protocol converter, thus forming a 
signalling path between the GGSN and the HLR. 

Gf interface (equipment identity register � serving GPRS support node)60 

This interface is used between SGSN and EIR to exchange data, in order that the EIR can verify the 
status of the IMEI retrieved from the mobile station. 

Signalling on this interface uses the mobile application part, which in turn uses the services of 
transaction capabilities. 

____________________ 
56 The text in this section is based on 3GPP TS 23.002 V4.3.0, section 6.4.1.5. 
57 The text in this section is based on 3GPP TS 23.002 V4.3.0, section 6.4.1.6. 
58 The text in this section is based on 3GPP TS 23.002 V4.3.0, section 6.2.2.1. 
59 The text in this section is based on 3GPP TS 23.002 V4.3.0, section 6.4.2.3. 
60 The text in this section is based on 3GPP TS 23.002 V4.3.0, section 6.4.2.4. 
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Gi interface (gateway GPRS support node � external data networks)61 

This interface connects the PLMN to external public or private packet data networks. 

Gn interface (gateway GPRS support node � serving GPRS support node)62 

This interface is used to support mobility between the SGSN and GGSN. The Gn interface is used 
when GGSN and SGSN are located inside one PLMN. The Gn interface also includes a part which 
allows SGSNs to communicate subscriber and user data, when changing SGSN. 

Signalling on this interface uses the user datagram protocol, UDP/IP. 

Gp interface (serving GPRS support node � external data network)63 

The Gp-interface is used if GGSN and SGSN are located in different PLMNs. The Gp interface also 
includes a part that allows SGSNs to communicate subscriber and user data, when changing SGSN. 

Signalling on this interface uses the user datagram protocol, UDP/IP. 

Gr interface (home location register � serving GPRS support node)64 

This interface is used to exchange the data related to the location of the MS and to the management 
of the subscriber. The main service provided to the mobile subscriber is the capability to transfer 
packet data within the whole service area. The SGSN informs the HLR of the location of a MS 
managed by the latter. The HLR sends to the SGSN all the data needed to support the service to the 
mobile subscriber. Exchanges of data may occur when the mobile subscriber requires a particular 
service, when he wants to change some data attached to his subscription or when some parameters 
of the subscription are modified by administrative means. 

Signalling on this interface uses the mobile application part, which in turn uses the services of 
transaction capabilities. 

Gs interface (mobile switching centre/visitor location register � serving GPRS support node)65 

The SGSN may send location information to the MSC/VLR via the optional Gs interface. The 
SGSN may receive paging requests from the MSC/VLR via the Gs interface. The MSC/VLR may 
indicate to an SGSN, via the Gs interface, that an MS is engaged in a service handled by the MSC. 

Signalling on this interface uses connectionless SCCP (without TCAP). SCCP global title (GT) is 
used for addressing. 

H interface (home location register � authentication centre)66 

When an HLR receives a request for authentication and ciphering data for a mobile subscriber and it 
does not hold the requested data, the HLR requests the data from the AuC.  

____________________ 
61 The text in this section is based on 3GPP TS 23.002 V4.3.0, section 7.2. 
62 The text in this section is based on 3GPP TS 23.002 V4.3.0, section 6.4.2.2. 
63 The text in this section is based on 3GPP TS 23.002 V4.3.0, section 6.4.2.2. 
64 The text in this section is based on 3GPP TS 23.002 V4.3.0, section 6.4.2.1. 
65 The text in this section is based on 3GPP TS 23.002 V4.3.0, section 6.4.3.1. 
66 The text in this section is based on 3GPP TS 23.002 V4.3.0, section 6.4.3.2. 
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Interface between RNC and node B (Iub-interface)67 

When the RNS consists of a radio network controller and one or more node Bs, this interface is 
used between the RNC and node B to support the services offered to the IMT-2000 CDMA Direct 
Spread users and subscribers. 

The interface also allows control of the radio equipment and radio frequency allocation in the 
node B. 

IuCS interface (mobile switching centre � radio network controller)68 

The RNS-MSC interface is used to carry information concerning: 

� RNS management; 

� call handling; 

� mobility management. 

IuPS interface (serving GPRS support node � radio network controller)69 

The RNS-SGSN interface is used to carry information concerning: 

� packet data transmission; 

� mobility management. 

Iur interface (radio network controller � radio network controller)70 

The Iur Interface is a logical interface for the interconnection of two RNC components of the 
UTRAN. 

Mc reference point (mobile switching centre server � circuit switched media gateway)71 

The Mc reference point describes the interfaces between the MSC server and CS-MGW, and 
between the GMSC server and CS-MGW. It has the following properties: 

� full compliance with the ITU-T Recommendation H.248 standard; 

� flexible connection handling that allows support of different call models and different 
media processing purposes not restricted to ITU-T Recommendation H.323 usage; 

� open architecture where extensions/packages definition work on the interface may be 
carried out; 

� dynamic sharing of MGW physical node resources. A physical MGW can be partitioned 
into logically separate virtual MGWs/domains consisting of a set of statically allocated 
terminations; 

� dynamic sharing of transmission resources between the domains as the MGW controls 
bearers and manage resources according to the ITU-T Recommendation H.248 protocols. 

____________________ 
67 The text in this section is based on 3GPP TS 23.002 V4.3.0, section 6.3.2. 
68 The text in this section is based on 3GPP TS 23.002 V4.3.0, section 6.2.1.2. 
69 The text in this section is based on 3GPP TS 23.002 V4.3.0, section 6.2.2. 
70 The text in this section is based on 3GPP TS 25.420, section 1. 
71 The text in this section is based on 3GPP TS 23.002 V4.3.0, section 6.4.1.7. 
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The functionality across the Mc reference point will need to support mobile specific functions such 
as SRNS relocation/handover and anchoring. It is expected that current ITU-T Recommendation 
H.248/IETF Megaco standard mechanisms can be applied to enable this.  

Nb reference point (circuit switching media gateway � circuit switching media gateway)72 

Over the Nb reference point the bearer control and transport are performed. The transport may be 
RTP/UDP/IP or AAL2 for transport of user data. In the R00 architecture different options for user 
data transport and bearer control are possible on Nb, for example: AAL2/Q.AAL2, STM/none, 
RTP/H.245. 

Nc reference point (mobile switching centre server � gateway mobile switching centre 
server)73 

Over the Nc reference point, the network-network based call control is performed. Examples of this 
are ISUP or an evolvement of ISUP for bearer independent call control (BICC). Different options 
for signalling transport on Nc are possible including IP. 

PSTN interface (mobile switching centre/visitor location register � public switched telephone 
network)74 

The MSC is based on a normal ISDN exchange. It has, for call control, the same interface as the 
fixed network exchanges. The signalling interface considered in the GSM Technical Specifications 
is related to the signalling system No. 7 User Parts TUP and ISUP associated to the circuits used for 
incoming and outgoing calls. 

Interface between mobile station and base station system (Um-interface)75 

The interface is between the MS and the BSS. 

Interface between mobile station and radio network system (Uu-interface)76 

The interface is between the MS and the RNS. 

Interface between IMT-2000 family members 

Interworking unit (IWU) is used as an interface between IMT-2000 family members. 

E.3  IMT-2000 CDMA Multi-Carrier 

IMT-2000 CDMA Multi-Carrier, commonly known as IS-2000 or CDMA2000, was introduced to 
improve voice service capacity and provide higher data rates for packet and circuit data services. 
The IMT-2000 CDMA Multi-Carrier standard specifies two spreading rates: 

� 1.25 MHz full duplex bandwidth, referred to as �Spreading Rate 1� (SR1), or as �lX�; 

� 3.75 MHz full duplex bandwidth, referred to as �Spreading Rate 3� (SR3), or as �3X�. 

____________________ 
72 The text in this section is based on 3GPP TS 23.002 V4.3.0, section 6.4.1.9. 
73 The text in this section is based on 3GPP TS 23.002 V4.3.0, section 6.4.1.8. 
74 The text in this section is based on 3GPP TS 23.002 V4.3.0, section 7.1. 
75 The text in this section is based on 3GPP TS 23.002 V4.3.0, section 6.1.1. 
76 The text in this section is based on 3GPP TS 23.002 V4.3.0, section 6.1.2. 
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IMT-2000 CDMA Multi-Carrier is backward compatible with ANSI-95A/B systems. For the most 
part, the ANSI-95 related standards documents were enhanced to provide the support for the new 
capabilities and services of IMT-2000 CDMA Multi-Carrier. These new capabilities include nearly 
doubled voice capacity of ANSI-95 systems (IMT-2000 CDMA Multi-Carrier supports 35 traffic 
channels per sector per RF channel (26 Erlangs/sector/RF channel) using the EVRC vocoder), 
increased standby talk time by 50%, and packet data speeds of 153.5 kbit/s (Release 0), 307 kbit/s 
(Release A) and 2.4 Mbit/s (1xEV-DO).  

Many operators either have, or are about to launch, IMT-2000 CDMA Multi-Carrier 1X in their 
initial deployment (Release 0, and then Release A, etc.), followed by 1xEV-DO. Korea was the first 
country to deploy an IMT-2000 CDMA Multi-Carrier network; SK Telecom, Korea�s largest 
operator launched commercial services in October 2000 (release 0). LG Telecom began testing its 
IMT-2000 CDMA Multi-Carrier network in October 2000, with full commercial service launched 
in March 2001 (release 0). KT Freetel launched its initial services in May 2001 (Release 0).  

The 1xEV-DO Standard (IS-856) has been developed by 3GPP2. 1xEV-DO will facilitate 
applications that include MP3 transfers, videoconferencing, still images and photos, downloading 
applications and large e-mail attachments from the corporate intranet. Work is going on in 3GPP2 
to complete the second phase of 1x-EV-DV that will handle real-time voice and data services 
simultaneously within the same 1.25 MHz carrier. 

E.3.1 The IMT-2000 CDMA Multi-Carrier family of standards 

The IMT-2000 CDMA Multi-Carrier family of standards includes core air interface, minimum 
performance, and service standards. The air interface standards specify a spread spectrum radio 
interface that uses CDMA technology to meet the requirements for IMT-2000.  

The technical requirements contained in IMT-2000 CDMA Multi-Carrier form a compatibility 
standard for IMT-2000 CDMA Multi-Carrier systems. They ensure that a mobile station can obtain 
service in a system manufactured in accordance with the standards. The requirements do not 
address the quality or reliability of that service, nor do they cover equipment performance or 
measurement procedures. 

Compatibility, as used in connection with IMT-2000 CDMA Multi-Carrier, is understood to mean: 
any IMT-2000 CDMA Multi-Carrier MS is able to place and receive calls in IMT-2000 CDMA 
Multi-Carrier or ANSI-95 systems. Conversely, any IMT-MC system is able to place and receive 
calls for IMT-2000 CDMA Multi-Carrier and ANSI-95 MSs. In a subscriber�s home system, all call 
placement is automatic. Similarly, it is preferable for call placement to be automatic when a MS is 
roaming. 

To ensure compatibility, both radio system parameters and call processing procedures are specified. 
The sequence of call processing steps that the MSs and BSs execute to establish calls is specified, 
along with the digital control messages and, for dual mode systems, the analog signals that are 
exchanged between the two stations. 
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The base station is subject to different compatibility requirements than the MS. Radiated power 
levels, both desired and undesired, are fully specified for MSs, in order to control the RF 
interference that one MS can cause another. BSs are fixed in location and their interference is 
controlled by proper layout and operation of the system in which the station operates. Detailed call 
processing procedures are specified for MSs to ensure a uniform response to all BSs. BS 
procedures, which do not affect the MSs� operation, are left to the designers of the overall land 
system. This approach to writing the compatibility specification is intended to provide the land 
system designer with sufficient flexibility to respond to local service needs and to account for local 
topography and propagation conditions. 

IMT-2000 CDMA Multi-Carrier includes provisions for future service additions and expansion of 
system capabilities.  

E.3.2 Relationship to ANSI-95A/B 

IMT-2000 CDMA Multi-Carrier provides full backward compatibility with ANSI-95A/B. 
Backward compatibility permits IMT-2000 CDMA Multi-Carrier infrastructure to support 
ANSI-95A/B mobile stations and permits IMT-2000 CDMA Multi-Carrier mobile stations to 
operate in ANSI-95A/B systems. 

The IMT-2000 CDMA Multi-Carrier family also supports reuse of existing ANSI-95A/B service 
standards, such as those that define speech services, data services, short message services, and over 
the air provisioning and activation services, with the IMT-2000 CDMA Multi-Carrier physical 
layer. 

IMT-2000 CDMA Multi-Carrier supports handoff of voice and data calls and other services from an 
ANSI-95A/B system to an IMT-2000 CDMA Multi-Carrier system: 

� at a handoff boundary and within a single frequency band; 

� at a handoff boundary and between frequency bands (assuming the MS has multiband 
capability); 

� within the same cell footprint and within a single frequency band; and 

� within the same cell footprint and between frequency bands (assuming the MS has 
multiband capability); 

IMT-2000 CDMA Multi-Carrier supports handoff of voice and data calls and other services from a 
IMT-2000 CDMA Multi-Carrier system to an ANSI-95/AB system: 

� at a handoff boundary and within a single frequency band; 

� at a handoff boundary and between frequency bands (assuming the MS has multiband 
capability); 

� within the same cell footprint and within a single frequency band; and 

� within the same cell footprint and between frequency bands (assuming the MS has 
multiband capability). 
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E.3.3 Support of multiple band classes 

The IMT-2000 CDMA Multi-Carrier family of standards supports operation in a number of band 
classes. Signalling support is provided to enable transitions between band classes (e.g. handoffs, 
service redirections) for MSs that are capable of operating in multiple band classes. An IMT-2000 
CDMA Multi-Carrier MS may support operation in one or more band classes. At present, 13 band 
classes are defined, including the bands identified for IMT-2000 and other bands used nationally 
and regionally for mobile networks. 

E.3.4 Basic aspects of CDMA2000 

This section describes some basic aspects of IMT-2000 CDMA Multi-Carrier. 

TABLE  E-1 

IMT-2000 CDMA Multi-Carrier radio link parameters 

 

Parameter Options 

Bandwidth (MHz) 1.25, 5 
Forward link structure Multi-carrier 
Chip rate (Mchip/s): 
� Direct spread 
� Multi-carrier 

 
1.2288, 3.6864 
N × 1.2288 for 
N = 1, 2, 3, 4, etc. 

Spreading code Walsh codes 
Pseudo noise codes 

Modulation FL: QPSK 
RL: QPSK, π/2 BIT/SK 

Coherent detection FL: common continuous and auxiliary pilot channels 
RL: pilot time multiplexed power control 

Channel coding Convolutional code: R = 1/2, 1/3, 1/4, K = 9 
Turbo code (for high rate): R = 1/2, 1/3, 1/4, K = 4 

Diversity Multi-carrier transmit 
Diversity 
Orthogonal transmit diversity 

Power control Open loop 
Fast closed loop (800 Hz) 
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E.3.5 Multi-carrier approach 

One of the key design characteristics of IMT-2000 CDMA Multi-Carrier is backward compatibility 
to ANSI-95A/B deployment in the 1.25 MHz bandwidth. In IMT-2000 CDMA Multi-Carrier, the 
proposed multi-carrier technique uses multiple 1.25 MHz carriers and multi-antenna configuration 
in forward link transmission. The multi-carrier approach, while providing frequency diversity, can 
enhance forward link capacity. 

The main characteristics of the 5 MHz bandwidth multi-carrier approach are:  

� coded information symbols are demultiplexed among multiple 1.25 MHz carriers; 

� frequency diversity is equivalent to spreading the signal over the entire bandwidth 
allocation; 

� both time and frequency diversity are captured by the convolution coder/symbol repetition 
and interleaver; 

� rake receiver captures signal energy from all bands; 

� each forward link channel may be allocated an identical Walsh code on all carriers; 

� fast power control. 

Forward link capacity can be improved through multi-carrier transmit diversity (MCTD), which 
provides improved frequency diversity. In MCTD, the total carriers are divided into subsets and 
each subset of the carriers is transmitted on each antenna where frequency filtering provides near 
perfect orthogonality between antennas.  

Orthogonal transmit diversity (OTD) could also be used to improve transmit diversity for the direct 
spread case.  

E.3.6 IMT-2000 CDMA Multi-Carrier standard releases 

IMT-2000 CDMA Multi-Carrier Release 0 was published in August 1999, Release A in 
March 2000, and Release B and C in May 2002. The functionality of these releases is described in 
greater detail below. 

E.3.6.1 IMT-2000 CDMA Multi-Carrier Release 0 

Release 0 provides the physical layer details in depth. The key features of Release 0 are: 

� provides full physical layer support for all modes: 

� multiple carrier 1X 

� multiple carrier 3X 

� IMT-2000 CDMA Direct Spread (later removed from the specifications in Release A) 



 � 128 � 

Annex E Deployment of IMT-2000 Systems 

� for IMT-2000 CDMA Multi-Carrier 1X: 

� provides higher capacity for voice services (approximately twice) 

� provides up to 153.6 kbit/s peak data rate and higher capacity (more than twice) for 
data services 

� provides a cleaner structure for mixed services 

� reduces battery consumption in idle mode through use of a quick paging channel 

� includes TIA/EIA-95-B as a subset; builds upon ANSI-95-B signalling 

� provides signalling support for new 1X dedicated channels 

� uses ANSI-95-A paging channel and access channel for common channel support 

� provides basic MAC support. 

E.3.6.2 IMT-2000 CDMA Multi-Carrier Release A 

Release A primarily provides signalling support for a new set of common channels. Key features of 
Release A are: 

� provides signalling support for IMT-2000 CDMA Multi-Carrier 3X channels 

� IMT-2000 CDMA Direct Spread support was removed 

� provides signalling support for new common channels: 

� forward common control channel (F-CCCH) 

� reverse common control channel (R-CCCH) 

� reverse enhanced access channel (R-EACH) 

� forward common access channel (F-CACH) 

� provides signalling support for concurrent services 

� provides flexible frame formats 

� provides a variable rate supplemental channel 

� provides RLP support for all rates 

� provides QoS negotiation 

� supports enhanced encryption algorithm. 

E.3.6.3 IMT-2000 CDMA Multi-Carrier Release B 

Release B primarily provides the following features: 

� rescue channel code combining SHO 

� enhanced rate adaptation mode 

� common channel packet data 
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� CDMA off-time reporting 

� traffic to idle enhancement 

� other enhancements. 

E.3.6.4 IMT-2000 CDMA Multi-Carrier Release C 

Release C introduces a new packet data channel (F-PDCH) in the forward link: 

� F-PDCH is a high data rate channel that can be rapidly time-shared among users 

� dynamically allocates power and Walsh code resources 

� transmits for short duration of time, 1.25 to 5 ms 

� transmits to only 1 or 2 users at time with the best channel conditions 

� provides a method for fast and efficient re-transmission 

� fast call setup and enhanced authentication 

� other enhancements in forward and reverse links. 

E.3.7 Synchronization 

IMT-2000 CDMA Multi-Carrier is synchronized with Universal Coordinated Time (UTC). The 
forward link transmission timings of all IMT-2000 CDMA Multi-Carrier base stations in the world 
are synchronized within a few microseconds. The base station synchronization can be achieved 
through several techniques, including self-synchronization, radio beep, or through satellite-based 
systems such as GPS, Galileo, or GLONASS. The reverse link timing is based on the received 
timing derived from the first multipath component used by the terminal. 

There are several benefits to synchronization of all base stations in a network. The common time 
reference improves acquisition of channels and handoff procedures since there is no time ambiguity 
when looking for and adding a new cell in the active set. It also enables the system to operate some 
of the common channels in soft handoff, which improves the efficiency of the common channel 
operation. In addition, the common network time reference allows implementation of efficient 
�position location� techniques.  

E.3.8 Power control 

The basic frame length of IMT-2000 CDMA Multi-Carrier is 20 ms, divided into 16 equal power 
control groups. In addition, IMT-2000 CDMA Multi-Carrier defines a 5 ms frame structure, 
essentially to support signalling bursts, as well as 40 and 80 ms frames, which offer additional 
interleaving depth and diversity gains for data services. Unlike ANSI-95 where fast closed loop 
power control was applied only to the reverse link, IMT-2000 CDMA Multi-Carrier channels can 
be power controlled at up to 800 Hz in both reverse and forward links. The reverse link power 
control command bits are punctured into the fundamental channel (F-FCH) or the dedicated control 
channel (F-DCCH) (see additional details below in section on voice and data channels), depending 
on the service configuration. The forward link power control command bits are punctured in the last 
quarter of the reverse link pilot channel (R-PICH) power control slot. 
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In the reverse link, during gated transmission, the power control rate is reduced to 400 or 200 Hz on 
both links. The reverse link power control sub-channel may also be divided into two independent 
power control streams, either both at 400 bit/s, or one at 200 bit/s and the other at 600 bit/s. This 
allows for independent power control of forward link channels. 

In addition to the closed loop power control, the power on the reverse link of IMT-2000 CDMA 
Multi-Carrier is also controlled through an open loop power control mechanism. This mechanism 
inverses the slow fading effect due to path loss and shadowing. It also acts as a safety fuse when the 
fast power control fails. When the forward link is lost, the closed loop reverse link power control is 
�freewheeling� and the terminal disruptively interferes with neighbouring terminals. In such a case, 
the open loop reduces the terminal output power and limits the impact to the system. 

Finally, the outer loop power drives the closed loop power control to the desired set point based on 
error statistics that it collects from the forward link or reverse link. Due to the expanded data rate 
range and various QoS requirements, different users will have different outer loop thresholds; thus, 
different users will receive different power levels at the base station. In the reverse link, IMT-2000 
CDMA Multi-Carrier defines some nominal gain offsets based on various channel frame format and 
coding schemes. The remaining differences will be corrected by the outer loop itself. 

E.3.9 Soft handoff (SHO) 

In parallel to dedicated channel operation, an IMT-2000 CDMA Multi-Carrier terminal keeps 
searching for new cells as it moves across the network. In addition to the active set, neighbour set, 
and remaining set, the terminal also maintains a candidate set. 

When a terminal is travelling in a network, the pilot from a new BTS (P2) strength exceeds the 
minimum threshold for addition in the active set (TADD). However, initially its relative 
contribution to the total received signal strength is not sufficient and the terminal moves P2 to the 
candidate set. The decision threshold for adding a new pilot to the active set is defined by a linear 
function of signal strength of the total active set. The network defines the slope and cross-point of 
the function. When strength of P2 is detected to be above the dynamic threshold, the terminal 
signals this event to the network. The terminal then receives a handoff direction message from the 
network requesting the addition of P2 in the active set. The terminal now operates in SHO. 

The strength of serving BTS (P1) drops below the active set threshold, meaning P1 contribution to 
the total received signal strength does not justify the cost of transmitting P1. The terminal starts a 
handoff drop timer. The timer expires and the terminal notifies the network that P1 dropped below 
the threshold. The terminal receives a handoff message from the network moving P1 from the active 
set to the candidate set. Then P1 strength drops below a certain threshold (TDROP), and the 
terminal starts a handoff drop timer, which expires after a set time. P1 is then moved from candidate 
set to neighbour set. This step-by-step procedure with multiple thresholds and timers ensures that 
the resource is only used when beneficial to the link and pilots are not constantly added and 
removed from the various lists, therefore limiting the associated signalling. 
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In addition to intrasystem, intrafrequency monitoring, the network may direct the terminal to look 
for base stations on a different frequency or a different system. IMT-2000 CDMA Multi-Carrier 
provides a framework to the terminal in support of the inter-frequency handover measurements. 
This consists of identity and system parameters to be measured. The terminal performs required 
measurements as allowed by its hardware capability. 

In case of a terminal with dual receiver structure, the measurement can be done in parallel. In case 
of a terminal with a single receiver, the channel reception will be interrupted when performing the 
measurement. In this case, during the measurement, a certain portion of a frame will be lost. To 
improve the chance of successful decoding, the terminal is allowed to bias the FL power control 
loop and boost the RL transmit power before performing the measurement. This method increases 
the energy per information bit and reduces the risk of losing the link in the interval. Based on 
measurement reports provided by the terminal, the network then decides whether or not to handoff a 
given terminal to a different frequency system. It does not release the resource until it receives 
confirmation that handoff was successful or the timer expires. This enables the terminal to come 
back in case it could not acquire the new frequency or the new system. 

E.3.10 Transmit diversity 

Transmit diversity consists of de-multiplexing and modulating data into two orthogonal signals, 
each of them transmitted from a different antenna at the same frequency. The two orthogonal 
signals are generated using either orthogonal transmit diversity (OTD) or space-time spreading 
(STS). The receiver reconstructs the original signal using the diversity signals, thus taking 
advantage of the additional space and/or frequency diversity. 

Another transmission option is directive transmission. In this case, the base station directs a beam 
towards a single user or a group of users in a specific location, thus providing space separation in 
addition to code separation. Depending on the radio environment, transmit diversity techniques may 
improve the link performance by up to 5 dB. 

E.3.11 Voice and data channels 

The IMT-2000 CDMA Multi-Carrier forward traffic channel structure may include several physical 
channels: 

� The fundamental channel (F-FCH) is equivalent to functionality traffic channel (TCH) for 
ANSI-95. It can support data, voice, or signalling multiplexed with one another at any rate 
from 750 bit/s to 14.4 kbit/s. 

� The supplemental channel (F-SCH) supports high rate data services. The network may 
schedule transmission on the F-SCH on a frame-by-frame basis, if desired. 

� The dedicated control channel (F-DCCH) is used for signalling or �bursty� data sessions. 
This channel allows for sending the signalling information without any impact on the 
parallel data stream. 
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The reverse traffic channel structure is similar to that of the forward traffic channel. It may include 
R-PICH, a R-FCH, and/or a R-DCCH, and one or several R-SCHs. Their functionality and 
encoding structure is the same as for the forward link with data rates ranging from 1 kbit/s to 
1 Mbit/s. (It is important to note that while the standard supports a maximum data rate of 1 Mbit/s, 
existing products are supporting a peak data rate of 307 kbit/s.) 

E.3.12 Traffic channel 

The traffic channel structure and frame format are very flexible. In order to limit the signalling load 
that would be associated with a full frame format parameter negotiation, IMT-2000 CDMA 
Multi-Carrier specifies a set of channel configurations. It defines a spreading rate and an associated 
set of frames for each configuration. 

The forward traffic channel always includes either a fundamental channel or a dedicated control 
channel. The main benefit of this multichannel forward traffic structure is the flexibility to 
independently set up and tear down new services without any complicated multiplexing 
reconfiguration or code channel juggling. The structure also allows different handoff configurations 
for different channels. For example, the F-DCCH, which carries critical signalling information, may 
be in SHO, while the associated F-SCH operation could be based on a best cell strategy. 

E.3.13 Supplemental channels 

One key IMT-2000 CDMA Multi-Carrier feature is the ability to support both voice and data 
services on the same carrier. IMT-2000 CDMA Multi-Carrier operates at up to 16 or 32 times 
the FCH rate, also referred to as 16x or 32x in Release 0 and A respectively. In contrast to voice 
calls, the traffic generated by packet data calls is bursty, with small durations of high traffic 
separated by larger durations of no traffic. It is very inefficient to dedicate a permanent traffic 
channel to a packet data call. This burstiness impacts the amount of available power to the voice 
calls, possibly degrading their quality if the system is not engineered correctly. Hence, a key 
IMT-2000 CDMA Multi-Carrier design issue is assuring that a CDMA channel carrying voice and 
data calls simultaneously does so with negligible impact to the QoS of both. 

Supplemental channels (SCHs) can be assigned and de-assigned at any time by the BS. The SCH 
has the additional benefit of improved modulation, coding, and power control schemes. This allows 
a single SCH to provide a data rate of up to 16 FCH in Release 0 (or 153.6 kbit/s), and up to 
32 FCH in IMT-2000 CDMA Multi-Carrier Release A (or 307.2 kbit/s). Note that each sector of a 
base station may transmit multiple SCHs simultaneously if it has sufficient transmit power and 
Walsh codes. The IMT-2000 CDMA Multi-Carrier standard limits the number of SCHs a mobile 
station can support simultaneously to two. This is in addition to the FCH or DCCH, which are set 
up for the entire duration of the call since they are used to carry signalling and control frames as 
well as data. Two approaches are possible, individually assigned SCHs, with either finite or infinite 
assignments, and shared SCHs with infinite assignments. 



 � 133 � 

Deployment of IMT-2000 Systems Annex E 

For bursty and delay-tolerant traffic, assigning a few scheduled fat pipes is preferable to dedicating 
many thin or slow pipes. The fat-pipe approach exploits variations in the channel conditions of 
different users to maximize sector throughput. The more sensitive the traffic becomes to delay, such 
as voice, the more appropriate the dedicated traffic channel approach becomes. 

E.3.14 Individually assigned SCH 

In IMT-2000 CDMA Multi-Carrier, the most common way to allocate a high-speed link to a user is 
to assign an SCH to the user. During the assignment, the data being transmitted on the SCH is 
directed to only that particular user. This type of approach requires signalling, which introduces 
delays. Current implementations require approximately five frames, that is, 100 ms of latency. If the 
user is moving at a relatively slow speed, it would be possible to change the rate from one SCH 
assignment to the other in a manner so as to adapt to a changing path loss or shadowing. For 
example, if the user is moving away from the cell, the assigned SCH rate may be gradually reduced 
with time as the link quality deteriorates. The delay introduced by signalling, however, is 
intolerable if one wants to schedule SCH transmissions based on faster changing characteristics of 
the channel such as Rayleigh fading. 

E.3.14.1 Option A � infinite duration 

Assign a user an SCH with an infinite duration. This will ensure that the user will not need to go 
through the signalling process every time it needs to transmit data using the SCH, and no 
interference will be generated to other users when no data is transmitted because the F-SCH may 
have discontinuous transmission at any time, for any duration. However, it is a very inefficient 
approach because the Walsh space is reserved to a user who might be idle most of the time. 

E.3.14.2 Option B � pseudo-infinite assignment 

Assign a new SCH for a very large duration to users that need to download a large amount of data, 
and release that SCH as soon as the user becomes idle. This approach is more efficient than Option 
A because idle users do not occupy Walsh space for the entire duration of the call. However, every 
download must bear with an additional delay due to signalling. Another advantage of this approach 
is that the base station does not need to guess how much data the user has to download; it just 
de-assigns the SCH when the user is idle. The associated drawback is that the base station does not 
know when the assignment will end, which makes it hard for the base station to plan the sharing of 
the sector capacity. There is additional signalling necessary to de-assign SCHs when users become 
idle. 
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E.3.14.3 Option C � pseudo-finite assignment 

Same as Option B, but in order to let the base station conduct some scheduling, the assignments are 
stopped before the user is done downloading; it can resume later when the base station gives it a 
new assignment. This approach allows the base station to do some scheduling as with Option B, 
with the advantage that the duration is not predetermined. There is again additional signalling 
involved to de-assign an SCH before it becomes idle; the base station scheduling chops down the 
previous transmission in pieces. 

E.3.14.4 Option D � fixed-assignment duration 

Assign a new SCH for a predetermined duration to users that need to download a large amount of 
data. This approach is similar to Option C with the difference that since assignments have a 
pre-determined duration, no signalling is needed to end the SCH assignment. However, the 
associated limitation is that the scheduling is less flexible (the duration is fixed). 

E.3.15 Shared SCH 

The shared SCH approach enjoys the benefits of both methods C and D without their drawbacks. 

In this approach, a particular SCH with one fixed rate is assigned to a group of users. This means 
that all users in the group keep processing the same SCH indefinitely. The key is that the data 
transmitted on the SCH may be directed to only one of them. When the data is directed to a 
particular mobile station, it should be able to decode a good frame. At the same time, all other users 
in the same group will decode an erasure and nothing will be passed to RLP, which will behave as if 
the frame was a discontinuous transmission. 

This method enjoys the benefits of both previous methods because as long as a user can demodulate 
the same rate, no signalling is involved. At the same time, the same Walsh space can be shared 
among an arbitrarily large number of users. Moreover, with this type of SCH assignment being 
virtually signalling-free, a scheduling algorithm can change the scheduled user every frame (20 ms). 
This allows channel-sensitive scheduling. However, with the frame size being 20 ms, the fading 
process must stay reasonably slow, so Rayleigh fading-sensitive scheduling is only possible for very 
low speeds. 

The signalling-free assumption is true as long as the user supports the rate of the SCH. If channel 
conditions change so that the rate cannot be supported anymore, the user would have to be moved to 
a different SCH group with a lower rate, in which case signalling would be involved. As long as a 
user can support the SCH rate, no signalling is necessary. 

E.3.16 Turbo coding 

IMT-2000 CDMA Multi-Carrier provides the option of using either turbo coding or convolutional 
coding on the forward and reverse SCHs. Both coding schemes are optional for both the base 
station and the mobile station, and the capability of each is communicated through signalling 
messages prior to the setup of the call. In addition to peak rate increase and improved rate 
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granularity, the major improvement to the traffic channel coding in IMT-2000 CDMA Multi-Carrier 
is the support of turbo coding at rate 1/2, 1/3, or 1/4. The turbo code is based on 1/8 state parallel 
structure and can only be used for supplemental channels and frames with more than 360 bits. 
Turbo coding provides a very efficient scheme for data transmission and leads to better link 
performance and system capacity improvements. In general, turbo coding provides a performance 
gain in terms of power savings over convolutional coding. This gain is a function of the data rate, 
with higher data rates generally providing more turbo coding gain. 

E.4 IMT-2000 TDMA Single-Carrier 

E.4.1 Introduction 

The IMT-2000 radio interface specifications for IMT-2000 CDMA Single-Carrier are developed by 
TIA TR45.3 with input from the Universal Wireless Communications Consortium. This radio 
interface is called Universal Wireless Communication-136 (UWC-136), which is standardized by 
American National Standard TIA/EIA-136 and incorporates ETSI GERAN standards by reference. 
It has been developed with the objective of maximum commonality between pre IMT-2000 
TIA/EIA-136 (commonly called ANSI-136) and GPRS. 

This radio interface was designed to provide an ANSI-136 (sometimes designated as 136) based 
radio transmission technology that meets IMT-2000 requirements. It maintains the philosophy of 
evolution from pre IMT-2000 to IMT-2000 systems while addressing the specific desires and goals 
of the ANSI-136 community for a 3G system. 

This technology presented provides IMT-2000 services to existing operators, as well as providing 
new operators competitive features, services and technology. Additionally, the technology can 
provide these same features and services in other bands around the world where regulatory approval 
has been granted to offer such services. 

It uses a three component strategy for evolution to IMT-2000. The initial phase consisted of 
enhancing the voice and data capabilities of the 30 kHz channels (designated as 136+), adding a 
200 kHz carrier (EDGE) component for high speed data (384 kbit/s) accommodating high mobility 
(designated as 136HS Outdoor), and adding a 1.6 MHz carrier component for very high speed data 
(2 Mbit/s) in low mobility applications (designated as 136HS Indoor). The second phase update 
enhances the voice capabilities of the 30 kHz channel (designated as 136+), and adds an additional 
alternative 200 kHz carrier (EDGE) component for high speed data (384 kbit/s) (designated as 
136EHS). The combined result constitutes this radio interface specification. 

The 136HS Outdoor and Indoor components were developed to satisfy the requirements for an 
IMT-2000 radio transmission technology, with the additional requirement for the consideration of 
commercially effective evolution and deployment in current 136 networks. Such considerations 
include flexible spectrum allocation, spectrum efficiency, compatibility with 136 and 136+, and 
support of macrocellular performance at higher mobile speeds. 136EHS provides compatibility with 
GSM EGPRS, thus providing commercially effective evolution and global roaming. 
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E.4.2 Services 

This technology builds on the ANSI-136 standard, which has evolved over many years. Thus, all 
ANSI-136 services are included, and the capabilities of 384 kbit/s, and 2 Mbit/s high speed data are 
added. ANSI-136 technology supports both full-rate (3 users/30 kHz) and half-rate (6 users/30 kHz) 
voice services. 

E.4.2.1 Voice services 

The original ANSI-136 full-rate voice coders VSELP and ACELP, continue to be supported along 
with the improved US1, and AMR full-rate voice coders. Additionally, one half-rate voice coder is 
presently defined: AMR. Enhancements to voice services entail a more robust full-rate voice service 
using DQPSK modulation, and a low delay and improved tandeming codec for wireless office 
applications using 8-PSK modulation. An additional slot format for DQPSK results in a link budget 
improvement of 4 dB in robustness for ACELP.  

The AMR voice coder supports three users per RF carrier (full rate) and six users per RF carrier 
(half-rate), utilizing slot sharing and enhanced interleaving to achieve diversity gains and lower 
delay. RF carriers support both DQPSK and 8-PSK modulation formats so that mobiles supporting 
either modulation can exist on the same carrier to maximize trunking efficiency. 

Voice services are supported with robust error correction coding and link quality improvement 
techniques such as per slot power control. Enhanced reporting mechanisms for Frame Error Rate, 
real-time C/I, and BER are also defined to aid in RF system engineering. All these voice service 
enhancements were made with a backwards compatible approach to ease migration from existing 
pre IMT-2000 capabilities. 

E.4.2.2 Data services 

A scalable packet data service having data rates from 11.2 kbit/s to greater than 2 Mbit/s is 
supported. For 136+, 136HS Outdoor, and 136HS Indoor, this packet data service is referred to as 
GPRS-136. For 136EHS this packet data service is referred to as EGPRS-136. Both use the GPRS 
backbone network. Packet switched services are integrated with existing circuit switched services 
while maintaining ANSI-136 capabilities. An MS in operation on the packet network may 
automatically move to the circuit network to place and receive calls, then return to the packet 
network upon completion of a circuit call. MSs in operation on the packet network are also able to 
support services such as SMS and message waiting indications.  

The general approach of this integrated data model is to overlay the circuit switched network nodes 
with packet data network nodes for service provisioning, registration, mobility management, and 
accounting. Interworking is provided between the circuit switched and packet data networks for 
mobiles capable of both services. This allows a user engaged in an active data transfer to 
pause/resume operation should they wish to make or receive a circuit call. 
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E.4.3 Layer 1 

The basic premise of operation is spectrum on demand. The amount of spectrum allocated at a 
given time is a function of the service mix that is required. It allows for incremental channels to be 
allocated and de-allocated as required. The bandwidth associated with each service is tailored to 
that service. By aggressively managing the spectrum, high spectral efficiency performance is 
supported as well as underlay cells which can �steal� spectrum from the overlay network to provide 
even more capacity in a given geographical region. 

The 136+ bearer supports both voice and data service on a 30 kHz RF channel. Two modulation 
types are specified: the original 136 mandatory π/4-DQPSK and optional 8-PSK at a common 
channel symbol rate of 24.3 ksymbols/s. Channels are spaced 30 kHz apart, centre to centre. Both 
the voice and data services can operate on either modulation to allow for service differentiation and 
channel robustness. 

The 136HS outdoor bearer and the 136EHS bearer use a 200 kHz RF carrier, known as EDGE, to 
enable the deployment of the high speed data services.  

Finally, the 136HS indoor bearer uses a 1.6 MHz RF carrier to enable the deployment of high-speed 
indoor data services at greater than 2 Mbit/s.  

E.4.4 Mobility and resource management 

Two different types of mobility and resource management functionalities are provided: those to 
support circuit based operation and those that support packet based operation. 

136 mobility management and radio resource management entities provide circuit switched 
services. Layer 3 procedures (known as intelligent roaming) are defined to provide the user access 
to the optimum circuit switched service provider. Once the initial control channel selection has been 
accomplished, cell reselection and handoff algorithms provide continuity of service. The cell 
reselection algorithms include several trigger conditions and selection criteria to provide versatile 
management capability. 

The GSM based GPRS mobility management function and the 136 mobility management function, 
operating in parallel, comprise the GPRS-136 mobility manager for GPRS-136. The GSM based 
EGPRS mobility management function and the 136 mobility management function, operating in 
parallel, comprise the EGPRS-136 mobility manager for EGPRS-136. The packet mobility 
management function provides packet data mobility management, while the 136 mobility 
management function provides circuit switched service mobility management. Together they ensure 
that the network knows the current location of MSs.  

The packet radio resource management (RRM) entity is similar to the digital control channel 
procedures that control voice resources. The main task of the RRM is to dynamically allocate the 
radio resource among the bearers so that the RF resources can be efficiently utilized among multiple 
users. Procedures are defined which will spread the load across multiple packet channels in a given 
cell. Techniques are outlined that allow for rapid finding of packet resources. Continuity of service 
is supported via cell reselection as a mobile traverses multiple cells. The packet RRM supports all 
three packet data bearers defined in this radio interface. 
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In addition to the management functions Layer 3 provides other capabilities. Layer 3 message 
construction rules provides backwards compatibility so that a MS or BS can process a message to 
the extent it understands it. This capability also allows new functions to be easily added for 
extensibility. 

Layer 3 provides a generic R-DATA transport that can function in point-to-point or broadcast 
mode. This R-DATA transport can carry various teleservice messages without regard to the exact 
using entity. This generic capability allows various value-added services such as short message 
services and over-the-air programming to be defined or added to using the common transport. 

E.4.5 Network 

An IMT-2000 TDMA Single-Carrier system is realized by uniquely combining a ANSI-136 TDMA 
radio interface with a combined ANSI-41 circuit switched and GPRS packet switched network. 
Figure E-2 presents the network elements and the associated reference points that comprise this 
system. The primary ANSI-41 network node visible to the SGSN is the gateway MSC/VLR. The 
interface between the ANSI-41 gateway MSC/VLR and the SGSN is the Gs interface, which allows 
the tunnelling of ANSI-136 signalling messages between the MS and the gateway MSC/VLR. The 
tunnelling of these signalling messages is performed transparently through the SGSN. Between the 
MS and the SGSN, the signalling messages are transported using the tunnelling of messages 
(TOMs) protocol layer. TOM uses the LLC unacknowledged mode procedures to transport the 
signalling messages. Between the SGSN and the gateway MSC/VLR, the messages are transported 
using the BSSAP+ protocol. 

Upon receiving a ANSI-136 signalling message from a MS via the TOM protocol, the SGSN 
forwards the message to the appropriate gateway MSC/VLR using the BSSAP+ protocol. Upon 
receiving a ANSI-136 signalling message from a gateway MSC/VLR via the BSSAP+ protocol, the 
SGSN forwards the message to the indicated MS using the TOM protocol. 

MSs supporting both circuit and packet services (Class B136 mobile stations) perform location 
updates with the circuit system by tunnelling the registration message to the gateway MSC/VLR. 
When an incoming call arrives for a given MS, the gateway MSC/VLR associated with the latest 
registration pages the MS through the SGSN. The page can be a hard page (no Layer 3 information 
included in the message), in which case, the Gs interface paging procedures are used by the 
MSC/VLR and the SGSN. If the circuit page is not for a voice call or, if additional parameters are 
associated with the page, a Layer 3 page message is tunnelled to the MS by the MSC/VLR. Upon 
receiving a page, the MS pauses the packet data session and leaves the packet data channel for a 
suitable digital control channel (DCCH). Broadcast information is provided on the packet control 
channel to assist the MS with a list of candidate DCCHs. Once on a DCCH, the MS sends a page 
response. The remaining call setup procedures, such as traffic channel designation, proceed as in a 
normal page response situation. 
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Deplo-IMT-E-2

  

 

 

 

FIGURE E-2

Network elements and reference points

Note 1 � For simplicity, not all network elements of TIA/EIA-41 and ETSI GPRS are shown.
Note 2 � Interfaces labeled with * are implementation specific. 
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Since the IMT-2000 TDMA Single-Carrier network supports a 136EHS bearer connected to a core 
GPRS backbone network, GSM EGPRS MSs and functions may also be supported. Thus, in 
addition to the Gs interface, GSM SMS functionality is also supported through the Gd interface. 

The signalling plane between a mobile station and the gateway MSC/VLR is shown in Fig. E-3. 
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Deplo-IMT-E-3

 
  

 

  

 
 

FIGURE E-3
IMT-2000 TDMA Single-Carrier protocol stacks
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E.4.6 Summary 

Leveraging and evolving existing technology minimizes the risk in development and 
implementation of IMT-2000 TDMA Single-Carrier. Using power control to minimize the 
interference, requiring no base station synchronization, and limiting out of band emission level 
minimizes operational risk. 

The technologies used for IMT-2000 TDMA Single-Carrier for IMT-2000 are band independent 
and may be deployed by existing or new operators. This approach does not limit IMT-2000 
capabilities to a specific RF band but rather views them as a service, independent of the bands in 
which it is deployed. 

E.4.7 Additional considerations for IMT-2000 TDMA Single-Carrier 

The 136 HS component was developed to satisfy the requirements for an IMT-2000 radio 
transmission technology, with additional requirements for the consideration of commercially 
effective evolution and deployment in current 136 networks. Such considerations include flexible 
spectrum allocation, spectrum efficiency, compatibility with 136 and 136+, and support of 
macrocellular performance at higher mobile speeds. Several of these requirements are above and 
beyond the ITU requirements for IMT-2000, which are crucial to ANSI-136 operators. 



 � 141 � 

Deployment of IMT-2000 Systems Annex E 

E.4.8 Flexible spectrum allocation 

136 HS requirements were included for spectrum flexibility as follows: 

� solution for multiband operation 500 MHz-2.5 GHz; 

� operate in FDD-oriented spectrum (including United States of America cellular and PCS 
bands); 

� initial macrocellular system deployment should not require clearance of more than 1 MHz 
of spectrum; 

� support for hierarchical cell structures should be continued from 136 to enhance spectrum 
management flexibility; 

� 136 HS should coexist in the same spectrum with existing 2G systems and not degrade the 
performance of the existing systems. 

These characteristics support commercially effective deployment not only in spectrum allocated for 
IMT-2000 alone, but also for sharing spectrum with previously deployed systems. 

E.4.9 Spectrum efficiency 

136 HS requirement for spectrum efficiency was included: 

� spectrum efficiency: fully loaded system should be capable of spectrum efficiency at least 
0.45 Mbit/s/MHz/cell. 

This level of spectrum efficiency is several times the efficiency of current pre IMT-2000 wireless 
systems. It is achievable considering the characteristics of packet-switched systems and data 
applications, and it is considered important for commercially effective services in the context of 
wireline Internet access and other data services and their current prices. 

E.4.10 ANSI-136 compatibility 

136 HS requirements were included for compatibility with 136 and 136+: 

� service continuity with backwards compatibility to 136 and 136+ features and services; 

� support of 136 HS services in 136 and 136+ control channels; 

� low complexity dual mode handsets; 

� link budget for coverage should provide similar path loss as 136 and 136+; 

� fit into the existing RF frequency plan. 

In the IMT-2000 TDMA Single-Carrier, backward compatibility includes discarding unrecognized 
information elements (IEs), rather than entire messages. 

This technology provides the existing operators of IMT-2000 TDMA Single-Carrier systems with a 
viable and commercially attractive evolution path into the 21st century. 
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E.5 IMT-2000 FDMA/TDMA 

E.5.1 IMT-2000 FDMA/TDMA Features, services and applications 

The IMT-2000 FDMA/TDMA system, also known as DECT, is a general radio access technology 
for wireless telecommunications. It is a high capacity digital technology, for wide cell radii ranging 
from a few meters to several kilometres, depending on application and environment. It provides 
telephony quality voice services, and a broad range of data services, including ISDN and packet 
data. It can be effectively implemented in a range from simple residential cordless telephones up to 
large systems providing a wide range of telecommunications services for enterprises or for public 
access, including FWA. IMT-2000 FDMA/TDMA as a general access technology provides a 
comprehensive set of protocols, which provide the flexibility to interwork between numerous 
different applications and networks, including UTRAN and IP networks. 

Figure E-4 gives a high level graphic overview of applications and features of IMT-2000 
FDMA/TDMA. 

E.5.2 Coexistence on a common frequency band 

E.5.2.1 Coexistence of uncoordinated IMT-2000 FDMA/TDMA installations 

The mandatory instant dynamic channel selection messages and procedures provide effective 
coexistence of uncoordinated private and public systems on a common frequency band and avoids 
any need for traditional frequency planning. Each device has access to all channels (time/frequency 
combinations). When a connection is needed, the channel is selected, that at that instant and at that 
locality, is least interfered of all the common access channels. This avoids any need for traditional 
frequency planning, and greatly simplifies the installations. This procedure also provides higher and 
higher capacity by closer and closer base station installation, while maintaining a high radio link 
quality. Not needing to split the frequency resource between different services or users gives a very 
efficient use of the allocated spectrum. 

There is a large spectrum efficiency gain in sharing spectrum between applications and between 
operators. This is described in an ETSI technical report, ETR 310, with configurations for typical 
DECT applications and relevant mixes of these, including residential, office, public and FWA 
applications, and the traffic capacity is analysed, mainly by advanced simulations. These results are 
used together with relevant deployment scenarios to estimate spectrum requirements for reliable 
services, specifically for a public multi-operator licensing regime. Recommendations are given on 
conflict solving rules that conserves the high spectrum efficiency gain of shared spectrum while 
maintaining required control of the service quality of the own system. These recommendations 
regard synchronization, directional gain antennas, traffic limits per radio fixed part (RFP) use of 
wireless relay stations (WRSs) different rules for private and public operators, and procedures 
needed for timely local adjustments where and when the local traffic increases. 
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Deplo-IMT-E-4

FIGURE E-4
Overview of IMT-2000 FDMA/TDMA applications and features
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E.5.2.2 Coexistence with other IMT-2000 technologies 

IMT-2000 FDMA/TDMA instantaneous dynamic channel selection (iDCS) provides coexistence 
between systems with different carrier spacing, different carrier bandwidth and different slot length, 
as long as the TDMA frame cycle is a 10 ms or a sub-multiple of 10 ms. Efficient coexistence with 
IMT-2000 FDMA/TDMA requires 10 ms frame cycle time, and duplex (or double simplex) bearers 
defined on the same carrier with 5 ms separation between the time slots. The difference in carrier 
bandwidth/spacing and in slot length should not be very large. 

This allows for possible sophisticated evolution of IMT-2000 FDMA/TDMA with backwards 
compatible coexistence properties, as well as coexistence with third generation technologies using 
iDCS and 10 ms frame cycle time and duplex (or double simplex) bearers defined on the same 
carrier with 5 ms separation between the time slots. 

E.5.3 IMT-2000 FDMA/TDMA standards 

The common platform is the base standard EN 300 175, which defines the layers with all the 
parameters, elements, messages and procedures. To ensure interoperability for equipment from 
different manufacturers and with different systems for a specific service and application additional 
profile standards have been developed, as described further in this section. 

E.5.3.1 Generic access profile (GAP) 

The generic access profile, GAP, EN 300 444 is the basic profile for any private or public 
IMT-2000 FDMA/TDMA application supporting a 3.1 kHz telephony teleservice. It defines the 
minimum interoperability requirements including mobility management and security features. The 
GAP is the industry standard for a basic fall back speech service with mobility management. This 
basic service will always be available, when requested by a roaming portable or by a BS to which 
the portable has roamed. 

The relationship between the standards and GAP products is shown in Fig. E-5. 
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E.5.3.2 Data profiles 

IMT-2000 FDMA/TDMA is equipped with powerful wireless data capabilities. A family of data 
services profiles (DSPs) complete the open standard character of such services, by ensuring inter-
operability between products from different manufacturers. They all exploit the lower-layer data 
services of IMT-2000 FDMA/TDMA, which are specifically oriented towards LAN, multimedia 
and serial data capability, but each member of the profile family has been optimized for a different 
kind of user service.  

Due to the advanced radio protocol of IMT-2000 FDMA/TDMA, it is able to offer widely varying 
bandwidths by combining multiple bearers into a single channel and can support net data of 
>2 Mbit/s. The data profiles also support full authentication and encryption, thus ensuring that it is a 
suitable medium for confidential data information transfer. The high speed error correction, fast 
connection set-up, asymmetric channels and dynamic slot aggregation provide support for packet 
data for Wireless LAN applications. 
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FIGURE E-6
IMT-2000 TDMA/FDMA data profiles
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The different profiles are modular and generally based on the DECT packet radio service (DPRS) 
EN 301 649, so that they may be economically and efficiently implemented. The DPRS specifies 
common features and services for all packet data applications. This profile also serves as a base 
specification for other data profiles. Interworkings with V.24 interfaces, Ethernet, token ring LANs, 
direct interworking with IP and PPP have been defined. The standard contains specifications for 
applications for which a high degree of data integrity is necessary and includes connection oriented 
bearer services. It also extends the data stream service into environments, such as public services, 
where significant mobility is a characteristic. This service may be used to provide interworking with 
a voice-band modem service over public networks such as PSTN or ISDN. 

The DPRS is the core standard for all packet-data applications over IMT-2000 FDMA/TDMA, and 
its main provisions are as listed here: 

� high speed data transfer capabilities: >2 Mbit/s 

� multibearer and asymmetrical operation (where slots are reversed to increase instantaneous 
speed in one direction) 

� high spectrum efficiency, where: 

� air interface is used only when there are data to transmit 

� it allows statistical reusing of air interface resource 

� powerful ARQ mechanisms 

� control of maximum retransmission delay 

� a set of frame relay and character oriented services 

� new services can be easily added to the standard 

� simultaneous support of voice and data services 

� powerful authentication mechanisms 

� powerful ciphering 

� complete call-control signalling and procedures 

� complete mobility management features including seamless handover 

� automatic allocation of dynamic operating parameters. 

The relationship between the standards and DPRS is shown in Fig. E-7. 
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Deplo-IMT-E-7

FIGURE E-7
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ASAPs are application specific access profiles, that identify a specific application scenario and 
selects a subset of DPRS services for such application (see Fig. E-8). 
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FIGURE E-8
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E.5.3.3 Profiles for ISDN 

Two profiles are defined for the DECT/ISDN interworking, the end system (ES) profile 
EN 300 434-1 and the intermediate system (IS) profile EN 300 434-2. 

In the ISDN ES, the portable has access to the services of the ISDN network via the BS using 
DECT signalling over the air interface, see Fig. E-9. The ISDN ES profile defines detailed 
interworking mappings between the DECT protocols on the air interface and the ISDN protocols at 
the network interface. 

Deplo-IMT-E-9

FIGURE E-9
DECT ISDN end system
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In addition to the basic features of GAP, the ISDN end system profile provides interworking 
between a GAP PP and ISDN, the supplementary services of ISDN by using a suitable PP and 
access to the 64 kbit/s unrestricted digital information bearer service via a suitable PP. 

The IS (see Fig. E-10) provides for a wireless link between an ISDN network and one or more 
ISDN terminals (TE1s) connected to an S-Interface at the S-reference point. The TE1s have 
transparent access to all network defined services based upon the basic channel structure 2B + D. 
B-channels support is provided in an intelligent manner allowing for efficient use of the spectrum. 

Deplo-IMT-E-10

FIGURE E-10
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The DECT ISDN IS profile is based on EN 300 175. It defines that all ISDN signalling is conveyed 
transparently by using the DECT network layer for the transport of ISDN messages. ISDN protocol 
messages are conveyed across the air interface to the S reference point at the PT. This is rather 
different to GAP where the PT is also a telephony handset. Therefore a simple GAP handset can 
only inter-operate if the DECT fixed part supports the GAP profile in addition to the DECT IS 
profile. Mobility management based on GAP is provided for use where the network access supports 
mobility protocols. 

Depending on the application in the terminal equipment more than one DECT bearer may be 
required in ISDN IS. The ISDN IS fixed part monitors the ISDN layer 3 traffic, and dynamically 
allocates bearer resources as required. The ISDN IS ensures that the minimum number of bearers is 
used. For speech applications ADPCM coding is always used thus reducing spectrum requirement 
for each ISDN B channel from 64 kbit/s to 32 kbit/s and requiring only a single DECT bearer. 
Signalling information is normally carried in the signalling channel associated with the DECT 
bearer except for short periods when a complete DECT bearer may be needed to provide adequate 
bandwidth. 

Broadband ISDN (B-ISDN) interworking for DECT is specified in Technical Specification 
TS 101 679. This specification is aimed at interoperability between DECT implementations of 
direct interworking with B-ISDN high-capacity networks. 

E.5.3.4 UTRAN/GSM applications 

Since the mobility functionality for UMTS/GSM networks is already standardized it is attractive to 
reuse them to provide mobility through a IMT-2000 FDMA/TDMA air interface. ETSI has defined 
standards which enable direct or indirect access to PLMNs. 

The DECT/GSM interworking profile (IWP) EN 300 370 defines air interface protocol 
requirements and details of how the DECT protocols are mapped to the GSM A interface protocols. 
The PLMN will see a DECT user as a GSM subscriber. ETS 300 499 defines the MSC-FP 
interconnection. 

The multipart specification TS101863 �DECT/UMTS Interworking Profile� defines the access to 
UTRAN core networks and the related services. 

E.5.3.5 Accessing IP networks 

The wireless access to IP networks is described in the TR102010. 

For IP mobility the portable part gets during subscription registration an IP-identifier that indicates 
its home IP-address and the address of its home agent. This information is provided by the portable 
part to the fixed part and foreign agent during the DECT location procedure. The foreign agent 
informs the home agent about the new location of the terminal, which allows for the correct routing 
of IP-packets to the mobile terminal. For the transport of the IP-packets across the air-interface the 
DPRS is used. 
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Deplo-IMT-E-11

FIGURE E-11
DECT access to IP networks

Terminal

Application
DECT fixed part

Home agentAccess server/
foreign agent

 

 

E.5.3.6 Fixed wireless access (FWA) 

FWA generally refers to the provision of a telephony service to a standard telephone by use of a 
radio interface. The need for copper wire in the final part of the connection from the local exchange 
is removed thus a very expensive part of the access network is eliminated. 

Being derived from a mobile technology, IMT-2000 FDMA/TDMA employs an interoperability 
profile standard, which in principle means that the fixed part (BS) may be manufactured by one 
manufacturer, the equipment at the subscribers premises by another, and perhaps wireless relay 
stations by another whilst still being able to offer a useful level of service to the user. The advantage 
of multiple vendor sources for the operator is apparent and allows the manufacturers the choice to 
specialize in one segment of the network. Commonality with other IMT-2000 FDMA/TDMA 
products and applications will allow the FWA application to enjoy benefits of high volume 
production from the outset. 

The DECT RLL access profile (RAP) standard, EN 300 765, is divided into two parts: 

RAP Part 1 (RAP-1) � EN 300 765-1: �Basic telephony services�, which includes plain old 
telephone service (POTS) services (unprotected 32 kbit/s ADPCM), a (protected) 64 kbit/s PCM 
bearer service and over-the-air operation and maintenance services. 

The reference model for FWA systems in this context is presented in Fig. E-12. 



 � 151 � 

Deployment of IMT-2000 Systems Annex E 

Deplo-IMT-E-12

FIGURE E-12
DECT FWA reference model

IF/1: local exchange to FP interface
IF/4: DECT air interface
IF/5a: CTA to terminal interface
IF/5b: PP to terminal interface
IF/6: operation, administration and maintenance interface

LE: local exchange
TE: terminal equipment
FP: fixed part
WRS: wireles relay station
CTA: cordless terminal adapter
PP: portable part

LE CTAIF/1
IF/5a

OA&M

IF
/6

TE

WRS

FP

PP

IF/4
(RAP)

IF/4
(WRS)

IF/4

(GAP+data) TE

IF/4(GAP+data)

IF/5b

(RAP)

 

 

Depending on whether the end-user uses a CTA or a PP, the IF/4 interface can be either RLL 
Access Profile (RAP) or GAP-compliant. The services facilities and configurations (see ETR 308) 
focuses on RAP and describes the services available at IF/1 that are expected to be provided at 
IF/5a. The O&M facilities defined in RAP are only the ones that require information to be 
transported over the RAP air interface. It should be noted that effective radio ranges achieved in the 
DECT RLL application using CTAs, will be considerably greater than when DECT is used in the 
mobile mode. The signal path is more consistent, it is often line-of-sight and base stations and 
CTAs may use high gain antennas, whose directionality also reduces multipath signals. 

IMT-2000 FDMA/TDMA provides high capacity FWA (RLL) services with typically 40 to 150 E 
average traffic per access site, in a 20 MHz allocation. The access sites may be highly sectored and 
are deployed in cellular pattern. 10 to 22 dBi antennas are used. 

For low traffic density scenarios, the capacity is not an issue, but the range is. High gain directive 
antennas and WRSs are often applied in order to increase the range of the links. The service and 
facilities description for FWA in this context requires a range up to several kilometres for a radio 
link. A line-of-sight range of about 5 km is feasible with 12 dBi antennas at each end and 
reasonable antenna heights. Thus adding a WRS, could double the range. 
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The IMT-2000 FDMA/TDMA standard advance timing of the CTAs increases the range up to 
typically 17 km with maintained TDD guard space. LoS ranges of 10 km-15 km to a CTA or to a 
pool of WRSs in a remote village are thus reachable. This however requires high antenna gain 
(larger antennas) and higher antenna installation. 

A single radio CTA can provide 1 to 12 lines (trunks) at the interface. Note that even if 12 lines are 
provided, the corresponding bearers on the air interface are only set up if there is a call on the line. 
These lines (trunks) can have an analogue 2-wire IF/5a interface, or the D/A conversion in the CTA 
is deleted, whereby 4-wire digital 64 kbit/s PCM lines (IF/5a) are provided. This is suitable when 
interfacing to digital PABXs and for CENTREX services. By using narrow angle sectorized 
antennas, especially in LoS conditions, a large number of such trunks can be effectively provided 
for an office. 

The ability of an FP to support GAP and RAP and WRS applications (see Fig. E-12) provides 
means for integration of fixed and mobile services, which will appear on the emerging deregulated 
telecommunications markets. 

E.5.4 Wireless relay station (WRS) 

A WRS is an additional building block for the fixed network. It has the basic functionality of a 
normal base station, RFP, but with the advantage of not needing a wired access to the radio 
exchange or base station controller. See Fig. E-13. 

Deplo-IMT-E-13

FIGURE E-13
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WRS utilizes the intelligent way the system accesses the radio frequency spectrum. The WRS 
works by linking two radio links working on two different time slots. The dynamic channel 
selection (DCS) functionality is available to each of these links independently. The WRS contains 
interworking between its RFP and PP elements, including transparent transfer of the higher layer 
services. Installing or adding a WRS to a IMT-2000 FDMA/TDMA infrastructure is not possible 
outside the control of the system operator/installer/owner, who provides the required system 
identities, access rights and authentication/encryption keys. WRS is suitable to provide cost 
effective infrastructures for low traffic density applications, for improving/extending coverage 
indoors (or outdoors) or behind obstacles and for providing integrated fixed-mobile services from 
the same infrastructure. A typical application is illustrated in Fig. E-14. 

Deplo-IMT-E-14

FIGURE E-14
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ANNEX  F 
 

DESCRIPTION OF ITU AND EXTERNAL ORGANIZATIONS 

F.1 Introduction 

This Annex describes at a very high level the standards organizations that are involved in the 
development of IMT-2000 specifications and standards. Hyperlinks to the websites of these 
organizations, which include national and regional standards development organizations, are 
provided for those who wish to review the progress of the standardization work in more detail. 

F.2 ITU 

ITU is a worldwide organization which brings governments and industry together to coordinate the 
establishment and operation of global telecommunication networks and services. ITU is responsible 
for standardization, coordination and development of international telecommunications including 
radiocommunications, as well as the facilitation of harmonization of national policies. 

To fulfil ITU�s mission, ITU Members approve international regulations governing all terrestrial 
and space uses of the frequency spectrum as well as the use of all satellite orbits. These 
international regulations have treaty status, which can serve as a framework for national legislations 
and implementation. ITU also develops standards to foster the interoperability and interconnection 
of telecommunication systems on a worldwide scale regardless of the type of technology used and it 
fosters the development of telecommunications in developing countries. 

ITU also organizes worldwide and regional exhibitions and forums bringing together the most 
influential representatives of governments and the telecommunications industry to exchange ideas, 
knowledge and technology for the benefit of the global community, and in particular the developing 
world. 

ITU established an IMT-2000 Project to initiate coordination of the work on IMT-2000 in the three 
sectors of ITU (Radiocommunication, Telecommunication Development, and Telecommunication 
Standardization). The ITU Recommendations on IMT-2000 include the global core specifications 
(GSCs) submitted to ITU by the external organizations. The IMT-2000 standards from the standards 
development organizations (SDOs) are based on the GSCs. The relationship between the global 
core specifications for IMT-2000 and the corresponding standards is shown in Fig. F-1. The SDOs 
regularly transpose the jointly agreed specifications into published standards. 

For further information on IMT-2000: http://www.itu.int/imt  

For further information on ITU:  http://www.itu.int  

http://www.itu.int/imt
http://www.itu.int
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Deplo-IMT-F-1
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F.3 3GPP 

The 3GPP is a collaboration agreement that was established in December 1998. The collaboration 
agreement brings together a number of telecommunications standards bodies, which are known as 
�Organizational Partners�. The current Organizational Partners are ARIB, CWTS, ETSI, T1, TTA, 
and TTC:  

ARIB Association of Radio Industries and Businesses (Japan) 
http://www.arib.or.jp/  

CWTS China Wireless Telecommunication Standards Group (China) 
http://www.cwts.org/cwts/index_eng.html  

ETSI  European Telecommunications Standards Institute (Europe) 
http://www.etsi.org/  

T1 Standards Committee T1 Telecommunications (USA) 
http://www.t1.org/  

http://www.3gpp.org/Management/OP.htm
http://www.arib.or.jp/
http://www.arib.or.jp/
http://www.cwts.org/cwts/index_eng.html
http://www.cwts.org/cwts/index_eng.html
http://www.etsi.org/
http://www.etsi.org/
http://www.t1.org/
http://www.t1.org/
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TTA Telecommunications Technology Association (Korea) 
http://www.tta.or.kr/Home/korean/index.html  

TTC Telecommunications Technology Committee (Japan) 
http://www.ttc.or.jp/  

The original scope of 3GPP was to produce globally applicable technical specifications and 
technical reports for a 3rd Generation Mobile System based on evolved GSM CNs and the radio 
access technologies that they support (i.e. Universal Terrestrial Radio Access (UTRA) both FDD 
and TDD modes). The scope was subsequently amended to include the maintenance and 
development of GSM technical specifications and technical reports including evolved radio access 
technologies (e.g. GPRS and Enhanced Data rates for GSM Evolution (EDGE)).  

In order to obtain a consolidated view of market requirements a second category of partnership was 
created within the project called �Market Representation Partners�.  

 UMTS Forum http://www.umts-forum.org/  

 3G Americas http://www.3gamericas.org/  

 3G.IP http://www.3gip.org/  

 GSM Association http://www.gsmworld.com/  

 GSA Global mobile Suppliers Association 
http://www.gsacom.com/  

 IPv6 Forum http://www.ipv6forum.com/  

 MWIF Mobile Wireless Internet Forum 
http://www.mwif.org/  

�Observer� status is also possible within 3GPP for those telecommunication standards bodies, 
which have the potential to become Organizational Partners but which, for various reasons, have not 
yet done so. 3GPP currently has three Observers: 

 ACIF Australian Communications Industry Forum 
http://www.acif.org.au/  

 TIA Telecommunications Industry Association (North America) 
http://www.tiaonline.org/  

 TSACC Telecommunications Standards Advisory Council of Canada 
http://www.tsacc.ic.gc.ca/  

For further information on 3GPP: http://www.3gpp.org  

http://www.tta.or.kr/
http://www.tta.or.kr/Home/korean/index.html
http://www.ttc.or.jp/
http://www.ttc.or.jp/
http://www.3gpp.org/Management/MRP.htm
http://www.umts-forum.org/
http://www.3gamericas.org/
http://www.3gip.org/
http://www.gsmworld.com/
http://www.gsacom.com/
http://www.ipv6forum.com/
http://www.mwif.org/
http://www.3gpp.org/Management/Obs.htm
http://www.acif.org.au/
http://www.acif.org.au/
http://www.tiaonline.org/
http://www.tiaonline.org/
http://www.tsacc.ic.gc.ca/
http://www.tsacc.ic.gc.ca/
http://www.3gpp.org
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F.4 3GPP2 

The �3GPP2� is a collaborative 3G telecommunications standards-setting project comprising North 
American and Asian interests developing global specifications for ANSI/TIA/EIA-41 �Cellular 
Radiotelecommunication Intersystem Operations network evolution to 3G, and global specifications 
for the radio transmission technologies (RTTs) supported by ANSI/TIA/EIA-41�.  

3GPP2 is a collaborative effort between five officially recognized SDOs. They are:  

 ARIB Association of Radio Industries and Businesses (Japan) 
http://www.arib.or.jp/  

 CWTS China Wireless Telecommunication Standards Group (China) 
http://www.cwts.org/cwts/index_eng.html 

 TIA Telecommunications Industry Association (North America) 
http://www.tiaonline.org/  

 TTA Telecommunications Technology Association (Korea) 
http://www.tta.or.kr/Home/korean  

 TTC Telecommunications Technology Committee (Japan)  
http://www.ttc.or.jp/  

These SDOs are known as the Project�s Organizational Partners (OPs). 3GPP2 requires that a 
participating individual member company be affiliated with at least one of the OPs.  

In addition, the Project has welcomed three market representation partners (MRPs) who offer 
market advice to 3GPP2 and bring a consensus view of market requirements (e.g. services, features 
and functionality) falling within the 3GPP2 scope. They are:  

 CDG The CDMA Development Group 
http://www.cdg.org/  

 IPv6 Forum http://www.ipv6forum.com/  

 MWIF Mobile Wireless Internet Forum 
http://www.mwif.org/  

For further information on 3GPP2: http://www.3gpp2.org  

F.5 OMA 

The objectives77 of the OMA are to: 

� enable consumer access to interoperable and easy to use mobile services across 
geographies, operators and mobile terminals; 

� define an open standards based framework to permit services to be built, deployed, and 
managed efficiently and reliably in a multivendor environment; 

____________________ 

77  See: http://www.openmobilealliance.org/overview.asp. 

http://www.3gpp2.org/
http://www.arib.or.jp/
http://www.arib.or.jp/
http://www.cwts.org/cwts/index_eng.html
http://www.cwts.org/cwts/index_eng.html
http://www.tiaonline.org/
http://www.tiaonline.org/
http://www.tta.or.kr/
http://www.tta.or.kr/Home/korean
http://www.ttc.or.jp/
http://www.ttc.or.jp/
http://www.cdg.org/
http://www.ipv6forum.com/
http://www.mwif.org/
http://www.3gpp2.org
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� establish one mobile industry standards forum, OMA, to function as the driving force 
responsible for creating service level interoperability; 

� drive the implementation of open services and interface standards, through the user centric 
approach to ensure the fast wide adoption of mobile services. 

OMA seeks to achieve this by delivering responsive and high-quality open standards and 
specifications based upon market and customer requirements. This will be achieved by the 
establishment of centres of excellence for best practices and conducting interoperability testing, 
including multistandard interoperability testing, to ensure a seamless user experience. 

It seeks to create and promote common industry view on an architectural framework and be the 
catalyst for the consolidation of standards fora; working in conjunction with other existing 
standards organizations and groups such as IETF, 3GPP, 3GPP2, and W3C (World Wide Web 
Consortium). 

The OMA seeks to ensure that products and services are based on open, global standards, and that 
protocols and interfaces and are not locked to proprietary technologies The applications layer is 
intended to be access network independent. The architecture framework and service enablers are 
independent of operating system applications and platforms are interoperable, providing seamless 
geographic and inter-generational roaming. 

The OMA aims to grow the market for the entire mobile industry by enabling subscribers to use 
interoperable mobile services across markets, operators and mobile terminals. This is achieved by 
defining an open standards based framework to permit applications and services to be built, 
deployed and managed efficiently and reliably in a multivendor environment. 

For further information on OMA: http://www.openmobilealliance.org/. 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.openmobilealliance.org/documents.html
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ANNEX  G 
 

REGULATORY  ISSUES:  CIRCULATION  OF  TERMINALS  
AND  SPECTRUM  SHARING 

G.1 Introduction 

This Annex covers several regulatory issues that need to be considered in the deployment and 
operation of IMT-2000 systems. Section G.2 considers the facilitation of the global circulation of 
IMT-2000 terminals and Section G.3 describes some spectrum sharing guidelines in ITU-R Reports 
for the operation of IMT-2000 systems in adjacent bands with other systems.  

G.2 Unhindered global circulation of IMT-2000 terminals 

The coming years will see a host of new 3G mobile and wireless communications networks capable 
of supporting innovative multimedia services, beyond the capability of 2G systems such as GSM. 
They will build upon standards from the IMT-2000 family, a concept for advanced global 
communication systems developed within the ITU. Such networks will be deployed in countries all 
over the world. 

The users of IMT-2000 systems will want to use their terminals in any country where such networks 
exist. They want to carry their IMT-2000 terminals with them anywhere in the world and use the 
terminals wherever transmission is authorized. This feature is referred to as global circulation. It 
will bring obvious advantages for the user, but also advantages for the operators who will earn 
additional revenue. Global circulation will also be beneficial for national administrations, since it 
will allow the national economies to reap the full benefits of third generation systems and allow the 
mobile multimedia sector to become an important part of the national economy.  

IMT-2000 terminals are likely to embody a family of �modes�, or different radio interfaces, some 
of which may not be supported in all countries. Users will wish to carry their terminals, even where 
they cannot use parts or all of the equipment. 

National administrations throughout the world will play a particularly important role in deciding on 
circulation arrangements for IMT-2000 terminal equipment. The ITU has created the basis for such 
arrangements in three Recommendations78 which establish commonly agreed principles and actions 
aimed at facilitating global circulation.  

The basic prerequisites for an unhindered global circulation of terminals are that:  

� the personal use by visitors of IMT-2000 terminals should not require any individual 
licence; 

� such terminals should not be subject to additional certification or type approval procedures; 

� the national customs authorities should exempt IMT-2000 terminals intended for personal 
use by visitors from all customs duties or other official charges. 

____________________ 
78  See Recommendations ITU-R M.1579, ITU-R M.1580 and ITU-R M.1581; refer to Annex B for 

summaries. 
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To make this possible, the authorities must be reasonably assured that the global circulation and use 
of terminals is in conformity with the laws and regulations in the visited country. This trust should 
be based on the understanding: 

� that terminals conform to IMT-2000 standards; 

� that terminals do not cause unacceptable interference. One possible means of achieving this 
is that the terminal does not transmit before it has received a signal from a valid network 
with which it can communicate (receive-before-transmit principle); 

� that terminals comply with unwanted emission limits according to one of the ITU 
Recommendations mentioned above. 

Most countries employ a system of product certification or type approval for radio terminals. This 
ensures that terminals sold in a country conform to the prescribed standards and regulations.  

It is not correct that visiting terminals constitute a special problem for interference. Also subscribers 
in national networks can easily use their subscription SIM-cards in a terminal bought abroad. The 
only realistic way of keeping control of what terminals are connected is through the network itself. 
The network can disconnect a terminal that is causing problems much more easily than the most 
sophisticated administrative system. Therefore, in order to achieve a global circulation without 
problems the administrations should make use of the services of the network operators. The 
administrations should realize that both national and visiting subscribers have the same potential to 
cause problems. 

However, the potential problems are very small. The circulation of 2G GSM terminals functions 
very smoothly, and is nowhere regarded as a problem. The operators should take the full 
responsibility for their networks. Should a problem occur each terminal has a unique electronic 
identifier which can be used by the operator and the administration to trace the source of the 
problem. Additional marks on the terminals are not considered necessary. 

Also the manufacturers are a strong harmonizing force when it comes to the functionality of the 
terminals. Since the emission requirements for terminals are internationally harmonized through the 
above-mentioned Recommendations, the economic advantages of long product series will make the 
production of sub-standard terminals impossible. 

Administrative arrangements for circulation must not lead to heavier regulation. International, 
regional and national authorities should cooperate in order to remove any remaining obstacles 
hindering global circulation of IMT-2000 terminals in all parts of the world. 

G.3 Sharing guidelines for adjacent band IMT-2000 system operation 

G.3.1 Introduction 

There are a number of possible scenarios in which operators will be using frequency bands for 
IMT-2000 adjacent to other operators. To ensure the user is able to get the quality of service 
expected sharing studies must be performed to determine the conditions under which coexistence is 
possible. Theses sharing studies must trade off system technical characteristics such as; frequency 
separation (i.e. guardbands), antenna pointing, transmitter power, and the impact of differing 
waveforms on the victim receiver. 
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A number of sharing studies have been undertaken within ITU-R. These studies are based on the 
expected deployments and characteristics of IMT-2000 systems in the future and will, undoubtedly, 
be expanded as these assumptions change. 

There have been three Reports developed on this subject. The first Report deals with the 
coexistence of TDD and FDD systems, while the second deals with the coexistence of IMT-2000 
WCDMA and GSM systems. The third Report describes possible technical mitigation techniques 
that may improve the sharing scenarios described in the first Report. 

This section briefly describes the reports available regarding the conditions required for sharing the 
IMT-2000 bands amongst the various radio interface technologies. These Reports can be obtained 
from the ITU and the references are given in footnotes; however the reader is advised to check the 
status and availability of the latest versions of these Reports. As other sharing studies become 
available they will also be described in future editions of this Handbook. 

G.3.2 Coexistence between TDD and FDD systems 

The first Report79 provides an analysis and present results of the consequences of adjacent channel 
interference on FDD and TDD compatibility for a number of scenarios. This study is based on 
deterministic calculations for BS-BS scenarios leading to required separation distance and/or 
isolation requirements or supported cell range. The interference from MSs into MSs and BSs is 
analysed both with deterministic and statistical calculations leading to capacity loss and/or 
probability of interference. 

G.3.3 Compatibility between WCDMA 1800 downlink and GSM 1900 uplink 

This Report80 addresses the compatibility between wideband CDMA deployed in the 1 800 MHz 
bands (WCDMA 1800) and GSM deployed in the PCS1900 bands (GSM 1900) in adjacent bands 
and opposite duplex direction. The objective is to determine by means of deterministic calculations 
and Monte Carlo simulations the amount of guardband necessary to protect the two adjacent 
services against mutual interference. The deterministic calculations have been applied to the BS-BS 
scenarios. Monte Carlo simulations have been used to investigate both the MS-MS and BS-BS 
scenarios. 

G.3.4 Mitigation of TDD/FDD sharing limitations 

There a several technical approaches that can be taken to improve the sharing conditions between 
TDD and FDD systems described in the first report. That is, the required guardbands and/or 
distance separation can be reduced using these techniques. These and other site engineering 
considerations may contribute to a more efficient use of the available spectrum for IMT-2000. 

 

 

 

____________________ 

79  Report ITU-R M.2030 � Coexistence between IMT-2000 TDD and FDD radio interface technologies 
within the frequency range 2 500-2 690 MHz operating in adjacent bands and in the same geographical 
area. 

80  Report ITU-R M.2031 � Compatibility between WCDMA 1800 downlink and GSM 1900 uplink. 
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ANNEX  H 
 

GUIDELINES  ON  DEPLOYMENT  ASPECTS 

H.1 Introduction 

This Annex provides information on various aspects that need to be considered when planning to 
deploy an IMT-2000 system. The operational aspects, in particular billing and charging 
considerations, are described in Annex I. 

Section H.2 provides shared infrastructure considerations and Section H.3 describes the relationship 
of IMT-2000 with other radio systems. 

H.2 Shared infrastructure 

H.2.1 Introduction 

With the significant investments by some operators in licence charges and with a comparable 
amount of money required for deployment of networks and marketing of new IMT-2000 services, 
operators may feel the burden of these up-front expenses.  

Therefore, many in the industry are seeking solutions to reduce the overall business risk, improve 
time-to-market and, most importantly, reduce the amount of up-front network build expenses. Thus, 
there is a need to find solutions to lower the costs of building and operating these networks. A 
recent estimate in the Financial Times suggested that the cost of building IMT-2000 networks 
would be approximately USD 5 billion. One of the solutions being considered is the idea of sharing 
network infrastructure between licence holders while preserving their independence and their ability 
to vigorously compete in the marketplace. 

Analysis of a typical IMT-2000 capital expenditure (CapEx) model reveals that a majority of the 
upfront costs are related to establishing coverage, i.e. access related CapEx. Approximately 70% of 
the CapEx (see Fig. H-1) involves acquiring the sites, construction, installation of the access 
equipment and laying the transmission network. Shared infrastructure solutions need to be explored 
in order to reduce the financial risks facing the industry, establish faster universal coverage and thus 
improve time-to-revenue. 

Sharing of infrastructure will have a significant impact on time-to-market because acquisition of 
sites, and deployment resources are scarce and are always on the critical launch path. But more 
importantly, sharing infrastructure has long-term CapEx and OpEx (operational expenditure) 
savings which may help IMT-2000 operators to focus on developing the applications and services 
demanded by the marketplace, which will ultimately drive usage, generate revenue, and sustain the 
overall business case for IMT-2000. 
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Deplo-IMT-H-1
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H.2.2 Shared network infrastructure models 

As outlined above, infrastructure sharing can deliver many benefits. However, the degree of 
infrastructure sharing can vary in each country depending on the regulatory and competitive 
climate. The two infrastructure sharing models, which are covered in this Annex are: 

� Site sharing 

� Access network sharing. 

Each of these models is discussed below outlining the savings operators can expect if they are 
implemented. 

H.2.2.1 Site sharing 

Site sharing is the ability of two IMT-2000 licence holders to acquire and rent a common site to 
host the base station and transmission equipment. In addition, common equipment such as antenna 
systems, masts, cables, filters, etc. can also be shared. Figure H-2 below illustrates the elements 
being shared in this model: 
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Deplo-IMT-H-2
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Illustration of site sharing

Note 1 � Base station and transmission equipment are not shared

 

A common site is acquired for the purpose of housing the operator�s individual base station and 
transmission equipment along with the use of common antennas, masts, and cables. The main 
savings of this model are: 

� Capital savings: shared costs of site acquisition, preparation, civil works, antennas, feeders, 
installation, and power. 

� Operational savings: long-term lease and maintenance costs of the sites. 

� Other benefits: include reduced environmental impact, no significant changes in regulatory 
rules or licence conditions. 

There exist sample business case study to quantify the potential CapEx and OpEx savings over a 
ten-year period of site sharing compared to a stand-alone network build, i.e. no cooperation between 
IMT-2000 licence holders. 



 � 168 � 

Annex H Deployment of IMT-2000 Systems 

One particular analysis was made with the following assumptions: 

� a ten year period was chosen for the analysis; 

� the number of sites between the stand-alone model and the sharing model were equal; 

� 60% of the sites were reused from the existing network; 

� national coverage considered; 

� assumes two IMT-2000 licence holders with 10 MHz each sharing sites; 

� operational expenses did not include marketing and handset costs. 

The following table summarizes the results: 

 

 

� Operational expense savings are mainly derived through sharing of site lease costs between 
the two IMT-2000 licence holders. 

� Capital expenses are purely non-radio technology specific such as: 

� civil works: site construction and site shelters; 

� turnkey services: antennas, feeders, installation, site acquisition, site surveys, and 
power. 

� There is no specific IMT-2000 network-related savings because each of the operators will 
have separate access and core networks. 

H.2.2.2 Access network sharing 

Access network sharing can be defined as a solution where the two IMT-2000 licence holders pool 
their spectrum and build one common access network, i.e. not only share sites but also use common 
transmission infrastructure, and IMT-2000 access infrastructure. 

What is meant by pooling spectrum? It involves two licence holders building common access 
infrastructure by incrementally combining their respective allocated spectrum such that their 
subscribers have access to the entire pool. For example, two 10 MHz IMT-2000 licence holders can 
build one common access network by pooling their spectrum. Typically they would deploy an 
initial network with a block of 5 MHz and gradually use their pooled 20 MHz as required by 
growth. This idea will require regulatory intervention in many of the countries that have allocated 
spectrum and perhaps, and should be considered by regulators as a potential option in countries 
which are still formulating licence rules and conditions. 

Investment categories Savings compared to stand-alone network build 

OpEx 20-25% 
CapEx (non- IMT-2000 related) 10-15% 
CapEx IMT-2000 related � 
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What is meant by a common access network? The shared access network proposition involves 
building common base stations and common controllers (e.g. common Node Bs and common radio 
network controller in the case of UTRAN), along with site sharing. Although this model is 
technically more complex, requires a strategic partnership between two IMT-2000 licence holders 
and most likely requires regulatory approval, there are significant savings in OpEx and CapEx. 

The main savings of this model are: 

� Capital savings: shared costs of site acquisition, preparation civil works, antennas, feeders, 
installation, and power and IMT-2000 specific equipment such as controllers and base 
stations. 

� Operational savings: long-term lease and maintenance costs of the sites and the network. 

� Other benefits: include reduced environmental impact. 

Once again, there exist sample business case studies to quantify the potential CapEx and OpEx 
savings over a ten-year period of access network sharing compared to a stand-alone network build, 
i.e. no cooperation between IMT-2000 licence holders. 

One particular analysis was made with the following assumptions: 

� a ten-year period was chosen for our analysis; 

� the number of sites between the stand-alone model and the sharing model were equal; 

� 60% of the sites were reused from the existing network; 

� national coverage considered; and 

� assumes two IMT-2000 licence holders with 10 MHz each sharing sites. 

The following table summarizes the results: 

 

 

� Significant operational expense savings are derived through reduced cost of maintaining 
and managing one access network. 

� Non-IMT-2000 specific capital expense such as: 

� civil works: site construction and site shelters; 

� turnkey services: antennas, feeders, installation, site acquisition, site surveys, and 
power; 

� transmission equipment. 

Investment categories Savings compared to stand-alone network build 

OpEx 35-40% 
CapEx (non- IMT-2000 related) 25-30% 
CapEx IMT-2000 related 5-10% 
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� IMT-2000 specific capital expense savings can be derived through common base station 
and controller equipment and reduction on the installation services for this common 
equipment. However, the configurations in a shared model will need to be configured to 
deal with higher capacity elements from launch. 

H.2.3 Collaborate yet differentiate 

The shared infrastructure model may raise questions about how operators will differentiate if they 
are allowed to build networks using common infrastructure. This is a particularly sensitive question 
for regulators who have allocated licences to ensure free and fair competition. 

With IMT-2000, the focus and the value of the network is going to shift away from providing 
coverage to delivering innovative applications and services with quality, reliability, and ease of use. 
This fundamental shift will imply that differentiation and competition will be achieved through the 
CN and offering applications and services.  

H.2.4 Enabling infrastructure sharing 

Any efforts to enable operators improve the IMT-2000 business case by sharing infrastructure are 
very desirable. Sharing infrastructure benefits everyone in the industry. Rapid deployment of 
IMT-2000 networks and accelerated launch of applications and services implies rapid take up and 
faster subscriber penetration. 

Operators should undertake their own business planning activities to enable them to quantify 
savings and to identify technical and business strategies to ensure infrastructure sharing can be 
successfully deployed. 

H.2.5 Summary of infrastructure sharing 

IMT-2000 operators are exploring infrastructure-sharing solutions in order to reduce the amount of 
upfront investment in building networks. Sharing infrastructure will enable faster time-to-revenue 
and decreases the overall capital and operational expenditure. In addition, there are environmental 
benefits by reducing the number of radio sites required to deliver service. This initiative by the 
industry is enabling solutions to ensure operators can derive the economic benefits of shared 
infrastructure deployment. 

H.3 Relationship of IMT-2000 with other radio systems 

H.3.1 Introduction 

There is a growing demand for fast, easy access to information by building wireless Internet 
solutions that will deliver these services with greater speed and flexibility. These solutions will also 
help network operators leverage existing investments and emerging technologies.  

While many mobile network operators are in the process of enhancing their existing networks and 
planning or implementing IMT-2000 networks, RLAN technologies are starting to penetrate the 
wireless Internet market. Wireless Internet service providers (ISP) and mobile network operators 
are using these new technologies to provide �hot-spot� coverage in areas with very high traffic. 
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At some point in the future some operators, depending upon market considerations, will make 
substantial steps to deploy a seamless mix of technologies which could at various stages in time 
incorporate RLANs, digital broadcasting, and cellular elements. This will require the seamless 
integration of these systems in order for the user to be able to receive a variety of content via a 
variety of delivery mechanisms depending upon the particular terminal capabilities and location. 
For example there will be a choice of RLAN components, based on IEEE 802.11 and HIPERLAN 2 
standards, which could be included in mobile terminals to extend their capabilities in certain areas. 
For example, it should be possible for a user to send a video postcard using an IMT-2000 terminal 
to a digital television for another user to receive. 

In the future, new systems designed specifically to interwork with IMT-2000 compliant CNs and, in 
particular, those forming an integral part of the terrestrial IMT-2000 CN, may be the most efficient 
in delivering IMT-2000 services. 

Furthermore, from a service context, IMT-2000 will complement other means of service delivery, 
including other mobile and fixed wireless access, wireline, broadcasting, etc., hence convergence of 
all these systems will somehow occur. There are also many emerging embedded applications and 
machine-to-machine communications, which will increase the demand for IMT-2000 systems. 

This new era of competition presents several challenges for today�s wireless operators. 

� Does this mean that wireless operators will lose an important part of their wireless Internet 
revenues to third parties? 

� Can these operators use their current competitive advantages to penetrate the broadband 
wireless Internet market faster than their competitors? 

� How will the different access technologies make the idea of anytime, anywhere 
communication a reality? 

Although this Annex does not provide final answers to these questions, it will explore these issues, 
addressing the strengths of each technology and where each fits into the big picture for wireless 
Internet solutions. 

In the enterprise or campus environment, RLANs enable a company�s employees or members of an 
institution to move about freely while remaining connected to their data networks. Outside of the 
office � in wide area networks based on IMT-2000, consumers and business travellers are using an 
increasing number of wireless Internet devices such as laptops, PDAs and mobile phones with 
Internet and e-mail access.  

Both technologies offer �always on� or �anytime� connection. RLAN is primarily premises-based 
or campus-focused whereas IMT-2000 capabilities enable communication anywhere.  

RLAN technology (e.g. IEEE 802.11b, IEEE 802.11a or HiperLAN2) enables a mobile lightweight 
device within a specific location operating in unlicensed spectrum to deliver higher data throughput 
capacity in limited areas. On the other hand, IMT-2000 capabilities offer extensive mobility 
features and cost-effective wide area coverage. 
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RLANs are not likely to become a competitive alternative to IMT-2000 primarily because of RF 
spectrum utilization issues and the large number of base stations that would be required to provide 
large-scale service coverage. Additionally, RLANs operate in a licence-exempt band (e.g. the ISM 
band at 2.45 GHz), which would require an operator to share the available spectrum with another 
operator. Spectrum sharing can potentially impact issues such as QoS, billing and security. 
Furthermore, usage of licence-exempt spectrum for commercial purposes in certain countries 
sometimes requires review by local regulators. 

H.3.2 Integrated wireless networks 

Ultimately, the future integration of RLAN and IMT-2000 networks might offer the best of both 
worlds, allowing users to move seamlessly between wide area wireless coverage and indoor spaces 
with high bandwidth RLAN coverage. Basic service interactions over IMT-2000 will be able to 
seamlessly transition into location-specific services in the RLANs. 

For wireless network operators, these capabilities represent an opportunity to increase their 
penetration into the enterprise environment.  

Incremental investment in an RLAN-based infrastructure may deliver better returns and could 
equally be made by an IMT-2000 operator or competing ISPs without an IMT-2000 licence.  

Although different business models will drive RLAN and IMT-2000 implementations, both 
solutions will drive overall data usage and, therefore, operator revenues. Consequently, this will 
enable a symbiotic relationship between both access technologies. 

The RLAN will be used in specific areas such as corporate environments, homes and in public �hot 
spot� environments; IMT-2000 will be used in the wide area wireless network. 
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ANNEX  I 
 

TARIFF  AND  BILLING  ASPECTS  FOR  IMT-2000 

I.1 Introduction 

The move to IMT-2000 demands a fundamental shift in the manner in which mobile services and 
applications are billed.  

� Services significantly differ from the voice and primitive data offerings associated with 2G 
portfolios, and will require a revolutionary transition from the operators� perspective; 

� Who supplies what to whom, and the fragmented segmentation of next generation end-users 
will also mark a significant departure from the traditional mobile billing model; 

� Billing systems that endure for IMT-2000 services will have to cater for a wide range of 
events and services, including revenue sharing and the apportionment of revenues to third 
parties; 

� Bundled services will hold an important role, helping to promote the personalization of 
service portfolios by allowing customers to create their own bespoke packages and 
encouraging experimentation; 

� The customer is King � customers will want to chose what is relevant to them and control 
how they access and pay for it. They will want to see genuine evolution of services. Hence, 
success lies in basing the business model on the services themselves and charging 
subscribers for their perceived value.  

In conclusion, the essence is in the delivery � billing strategies hold the key to future business 
success. The perils of failing to address this are simply too great even to contemplate. The industry 
holds the commonsense key to addressing this issue from the earliest possible stages, but 
complacency regarding this issue will spell major delays in realizing revenues. 

The material contained in this Annex provides descriptive information on various aspects of tariffs 
and billing for IMT-2000. The ITU is further studying the matter and the findings of these studies as 
well as any relevant recommendation which would be prepared in ITU will be reflected in future 
versions of this Annex. 

I.2 Introduction to billing IMT-2000 services 

The move to IMT-2000 demands a fundamental shift in the manner in which mobile services and 
applications are billed. Some services may be significantly different from the voice and data 
offerings associated with 2G portfolios. Depending on the nature of the services and the complexity 
of the offers, new billing models will need to be adopted.  
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Adopting flat rate pricing currently in use with the Internet is not sufficient for mobile operators to 
recoup IMT-2000 investments. This is especially true when we take into account spectrum 
shortages experienced by many operators. Finally, customers will require a billing model that is 
easy to understand, calculate and manage themselves across various delivery channels.  

Indeed, many in the application and content community argue that to date the majority of operators 
have failed to address effectively the paradigm shift from voice-centric to data-centric service 
delivery. There remains the sense that the technology delivery mechanism holds centre stage over 
any given content and/or application. The most extreme (but by no means uncommon) 
manifestation of this approach is where content providers are expected to pay operators for the 
privilege of being part of their data portfolios. While for cash-strapped operators this might appear 
attractive in the short-term, it is clearly unsustainable medium term. A failure to value content 
affects marketing, targeting and billing strategies, as well as damaging the new partnerships at the 
heart of the mobile data business case. Operators should keep in mind that this means resolving 
marketing, billing and partnership issues as well as coming to grips with the implications of packet 
technology. 

Billing for data services is an issue with which the industry has still to get to grips. Beyond a 
general appreciation that the traditional billing paradigm is unsuited to the world of data services, 
there seems little in the way of consensus regarding a rounded solution. 

What is currently emerging from fledgling packet services is that billing models have to be based on 
a mixture of different components and that this mixture varies according to customer and product 
offering. It is also widely accepted amongst analysts and operators alike that it makes sense to 
charge a high fixed fee and lower traffic based fee to business users and vice versa for private 
consumers. This will also hold true for IMT-2000. 

There are usually three basic components to the billing model:  

� a fixed monthly data services subscription;  

� a fixed service or content area subscription, and 

� a variable data traffic fee.  

The same basic criteria will also apply in a IMT-2000 context. This will remain a challenge for the 
foreseeable future.  

Operators must address this issue with a greater degree of urgency and focus. If a philosophy of 
industry-wide communication and collaboration is the key to unlocking this problem, then operators 
should be prepared to overcome traditional competitive issues and find ways of working together, 
and with their strategic partners, for the common good of the industry. Failure will impinge on the 
industry as whole, not just on individual bottom lines. 

I.3 The IMT-2000 environment � looking to flexible service delivery 

With IMT-2000, operators need billing systems that are more flexible and which offer greater 
functionality than those in use today. Billing systems for IMT-2000 networks need to be capable of 
charging for a wide range of events and types of content, such as those described in Annex C. Most 
importantly they will need to be able to facilitate revenue sharing and the apportionment of 
revenues to third parties, as in the years ahead partnering in the delivery of services will become the 
norm. 
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Another factor that comes to bear with IMT-2000 is that guaranteed bandwidth and related QoS are 
also part of the billing equation. Costs need to be proportional to delivered bandwidth in a network 
based or radio limited resource, so the high/business user end of the market is likely to see higher 
fixed subscriptions that will guarantee them access at pre-defined QoS levels. Enterprise customers 
are also likely to be the early adopters that will get greater value for money from the services they 
pay for early on. With time, however, these charges will drop as network costs fall and more 
bandwidth appears. 

I.3.1 Focusing on consumer demand for �bundled� services 

The consumer market is different again and is likely to see much more in the way of billing for a 
variety of services. Content providers operate independently and will be providing an extensive 
range of services. How these services will be billed, and how they will be processed for the 
consumer, is a topic of much discussion. It will depend on the operator and the content providers to 
agree on the fees and structure of the packages, and how they will be billed.  

The arrival of IMT-2000 also changes the geography of the content value chain, which will have an 
important effect on the character of billing solutions used. The rise of the mobile portal and a 
greater number of partners in the value chain will see a growing role for middlemen and partners 
who will sell content and manage airtime for the end user.  

I.3.2 Building the M-commerce model 

M-commerce will also grow under IMT-2000 and will have a significant affect on both billing by 
operators and the development of services alongside third parties. Many view m-commerce as using 
the mobile phone account as a credit account � since the owner has been credit checked before 
acquiring it � with purchases appearing on the bill. However, this may not be practicable do the 
risks it may impose on operators. It has been pointed out that credit settlement will most likely 
remain an independent process, as it is today. In either case, important issues will need to be 
resolved before moving ahead with the services. 

The issue of risk is an important one confronting operators. They will need to get to carefully 
consider such issues as micro-payments � payments typically too small for credit card companies to 
be interested in handling. Once again, billing systems will have to be able to handle these in large 
numbers cheaply and profitably. No one is going to use IMT-2000 to buy theatre tickets or gamble 
online, if the service charge levied to cover the costs of handling these transactions is more than the 
transaction itself. Billing systems are also going to have to handle payments initiated through a 
number of different mechanisms � credit cards, phone accounts or direct from banks. In all of these 
circumstances, the risk factors will need to be carefully analysed. 

At present, under certain circumstances in many countries, operators are prevented from billing for 
more than very low amounts. Hence, there is a clear need for operators, banks and financial 
institutions to work together to ensure a smooth process for higher value content charging, matched 
by a mechanism to put in place the appropriate credit checks.  
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I.3.3 Packet pre-paid and roaming issues 

Another critical concern is the issue of pre-paid billing for packet services. All the issues that affect 
the development of post paid billing, as discussed, become even more problematic in a prepaid 
context. The billing system has to know what type of applications and services are being used at any 
given time and bill accordingly from the pre-paid account. 

Roaming is another important consideration for the billing systems developers. These days, roaming 
is an accepted part of the mobile package, whether pre- or post-paid. While it may be a challenge to 
work out how, within each operator�s business model, billing for different applications is set up, 
translating how operators inter charge each other for the use of different applications while the 
customer is roaming between networks is as much a commercial as technical billing issue and one 
that, if the setting up of pre-paid roaming has been anything to go by, will take some time to 
overcome. Given that inter-operator tariff issues for 2G SMS have still to be comprehensively 
resolved, the size of the IMT-2000 roaming challenge becomes apparent.  

I.4 Operators boldly go �. towards new billing models 

Operators have a number of choices when it comes to how to tackle all these IMT-2000 billing 
issues � and none of them are simple. They can just scrap the existing billing systems and migrate 
to a new convergent solution for the billing of all services. This is an extremely risky proposition, 
but does allow � if it all goes according to plan � for full cross-service discounting. It is probable 
that this is the ultimate goal of most operators, but that they will largely have to go through at least 
one, if not more, intermediate steps. 

These could include retaining their existing system for voice services and invest in new billing 
solutions to handle the data, content and IMT-2000 access aspects of their new services. This is a 
low risk, belt and braces strategy, but does not allow for full bundling and cross-service discounting 
to be properly implemented. It is also costly as it involves having at least two billing systems 
running at all times. It does, however, allow customers to get voice and data bills together. 

Another option is to get a new billing system that can handle voice, data and content billing and put 
all new customers who use IMT-2000 on that and leave existing non-IMT-2000 customers on the 
existing non-IMT-2000 billing system. This offers the best of both worlds as it facilitates 
comprehensive cross-service discounting and bundling for new customers and does not disrupt the 
old. 

There are many other potential solutions � including using IP rating engines and IP mediation 
solutions to pre-process voice and other �legacy� billing data before passing it on to a data and 
content billing system with a view to migrating wholly to a new billing system at some point in the 
future.  

I.4.1 Diverse options � how to incorporate IMT-2000 billing? 

There appear to be two camps when it comes to how to incorporate IMT-2000 billing. Many 
medium and large operators already have the billing capability in place and are going to use that to 
bill for the new services that data brings. It is argued that problems arising from the convergence of 
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wireless and the Internet can be confronted as the market develops. On the other hand, the problems 
for many smaller operators are more acute, since at this stage it is extremely difficult to justify any 
radical expenditure in the absence of visible new revenue streams. 

I.4.2 The customer is king 

Whatever the industry concludes, it has to be noted that users will not be prepared to simply accept 
what they are given. Customers will want to choose what is relevant to them and control how they 
access and pay for it. If the industry is prepared to create usable, relevant services that create a level 
of excitement, we will see a substantial increase in the mobile data service adoption rate. Success 
lies in basing the business model on the services themselves and charging subscribers for their 
perceived value rather than for bytes required to download that service (see Fig. I-1). 
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Users' likelihood of choosing specific IMT-2000 tariff structures

 

But while the detail of the IMT-2000 billing solution is clearly critical, what first needs to be 
encouraged is the will and focus that will drive the resolution of such issues. There is too much at 
stake, particularly when one reflects on the time-to-revenue essentials of the IMT-2000 business 
case.  
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In addition, the wireless industry is counting on the support and products of the applications and 
content communities for the success of its new services. This is unlikely to be forthcoming if these 
new players to the industry are unconvinced by the mechanisms that are meant to assess how much 
they should be paid for their services. There is a huge tide of innovation and deliverable product 
expertise that is eager to be tapped � many leading players already have the programmes in place to 
build on this imaginative input, but there remains a deep seam of new, uncharted enterprise that will 
undoubtedly contribute substantially to the future success of IMT-2000 services.  

I.5 What are the services that IMT-2000 will enable? 

IMT-2000 applications and services are described in Chapter 2 and Annex C. 

Third generation wireless services will bring a number of new enabling facilities to the mobile 
world. The main areas are: 

� The use of packets. Enabling data to be sent efficiently over the networks. This makes the 
mobile networks an extension of any IP network, be it the Internet, or corporate intranets or 
extranets. 

� Increasing bandwidth. Enabling new types of services that require the transmission of large 
amounts of data to be transmitted � like high-resolution pictures and graphics, and video. 

� International roaming, so that these new services can be accessed anywhere in the world in 
which the IMT-2000 networks are available. 

� Personalization. In the new world, each individual will want to tailor their services to the 
specific ones they are interested in � and only pay for these specific services. 

So in the IMT-2000 world, mobile telecommunications will be used not only as a communications 
device, but also more as a personal doorway to order or consume a large proportion of all types of 
products or services available. Predominantly this will not be by voice, but by the use of data 
transfer. The way that the user pays for each of these products or services will vary, not only by the 
type or service, but also by the personal preference of the user. 

The following are some examples of the types of services that could be offered, with some ideas on 
how they may be charged and paid for.  

I.5.1 Communications 

� Voice calls � these might still be paid for by the minute, but could be included as 
subscription services. 

� Messaging. For example e-mail/SMS. E-mail may become more like �electronic postcards� 
being much more than just text � sometimes called multimedia message services (MMSs). 
So these may not only be charged by subscription or event, but also on volume of data 
transmitted. 

� Videoconferencing. This requires high bandwidths so may be charged by QoS parameters 
like peak/average bandwidth and latency, as well as by duration. 
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I.5.2 Gaming 

A different type of �communication� where users interact with a third party content source to play 
games with any other user, wherever they are in the world. The billing may be by subscription and 
application usage. 

I.5.3 M-commerce 

Using the mobile as a way of initiating a transaction � for example buying a book or CD or shares, 
or booking a concert or theatre ticket. Further examples include placing a bet or making a deposit 
on a holiday. Here there is not much data being sent. It is the value of the transaction that is 
important. There may be many different business models deployed here, ranging from deferring the 
risk to the credit card companies, through to the IMT-2000 operator billing the user, and making a 
margin on the transaction. 

I.5.4 Information retrieval 

Examples include Internet surfing, use of search engines, yellow pages, directories, maps, etc. 
Likely to be charged on subscription plus usage. Simple forms of this like access to sports results 
and news headlines are likely to be charged on a subscription basis. Some services will include 
location based services � like �where is the nearest garage?� 

I.5.5 �Push� services 

For example, changes in share price, or offers or information based on your location � like local 
weather or traffic reports. Probably charged on subscription. 

A variation on the above is the transmission of marketing messages. For example, as the user enters 
a shopping mall, they may be sent offers or discounts on merchandise in some of the shops there. 
This would not be charged to the user, but to the marketing company or shop. 

I.5.6 Advertising 

The user may be sent various types of advertising, based on his profile or his location or his 
preferences. Unlikely that the subscriber will pay for this � the network operator will charge the 
marketing or supplier company. 

I.5.7 Streaming services 

For example listening to MP3 music, or video clips. The user may be charged either directly or 
indirectly for the content. He may also be charged for the use of the network for the delivery of the 
service, based on duration or quality of service parameters. The network operator may collect the 
money on behalf of the content provider, and pay it back less a margin. The content provider may 
have to pay royalties for use of the material. 

I.5.8 Downloading 

Data transfer, for example music or video, or spreadsheets, pictures � anything to be used later or 
transferred later to other devices. Likely to be based on the volume of data transmitted, but some 
quality of service parameters, for example latency, do not apply here. 
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A subset of this may be ring tones or cartoons. The difference being these do not require a large 
bandwidth so may be very cheap. The cost may well be by event but for very small amounts of 
money � micro payments. They are unlikely to be shown individually on any type of bill or 
statement. 

The examples above are some of the types of services that will become available, and there will be 
many more types. But they serve to illustrate the diversity of services and products that have to be 
supported, and also the diversity of charging and payment options that will be required. The various 
types of rating, charging and payment options are explored in the following sections. 

I.6 What are the charging attributes to be used? 

Some of the main parameters which could be used to determine the price for the service, or delivery 
of the service, are discussed below: 

I.6.1 Subscriptions 

Many of the services will be subscription based � the payment of a recurring charge that gives 
unlimited access to a specific service. This is normally a straightforward monthly charge made in 
advance, but can include pro-rating for services provided for part of the month. 

I.6.2 Duration 

This is a rate applied to a length of time associated with the delivery of a service. This is very easily 
understood by the user and predominantly used in circuit switch networks. It may still be relevant 
where a high bandwidth is required � for example with video conferencing.  

I.6.3 Destination 

This is the application of different rates depending on where the access is �terminated�. This is used 
in circuit-based networks to charge higher rates for long distance of international calls � and 
unlikely to be used in IMT-2000 data communications. However where the access is to third party 
content, the destination may well be used as a differentiator � for example by access point node 
(APN) or by uniform resource locator (URL).  

I.6.4 Location 

This is essentially the �cell identifier� of where the access to the network is being made. There can 
be a range of these as the user may well be travelling through many cells as the access is being 
carried out. Can be used to give preferential (or un-preferential) rates to access in certain areas, for 
example in city centres or near a user�s home. 

I.6.5 Volume 

This becomes one of the most important parameters. Any service that utilizes the transfer of 
significant amounts of data may be subject to charging by the volume of data transmitted. For 
example streaming services and downloads. The volume figure to be used is open to discussion. It 
could be number of packets, but these can be of various sizes. It could be number of bits or bytes or 
octets, but these can include header and routing information, and can include re-transmitted packets. 
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Whereas �volume� is well understood in the corporate market, this is not true in the residential 
market. A user downloading a video clip will understand the concept of an �event charge� for doing 
this, but not necessarily the fact that it was a transmission of a number of megabytes. 

I.6.6 Network 

An IMT-2000 user should be able to roam in many networks, not all offering the same services. 
There may well be different rates applied by the particular network being accessed. 

I.6.7 Device capabilities 

Billing systems should be able to allow service providers to charge based on the capabilities of 
devices, especially with regards to the amount of data these terminals by definition typically 
download. 

I.6.8 QoS 

QoS can mean many things to many persons. A simplified definition of the network version of QoS 
contains five elements: 

� peak bandwidth: the maximum bandwidth achieved; 

� average bandwidth: the average bandwidth achieved; 

� delay (latency): how quickly the packets arrive one after the other; 

� reliability/error rate: how much had to be re-transmitted; 

� priority/precedence: whether packets received priority over other users. 

Different services require different levels of these QoS parameters. For example, an e-mail requires 
low error rate; voice requires a low latency, but not necessarily high bandwidth. File transfers of 
significant volumes require a high average bandwidth, but not necessarily a high peak bandwidth. 
video conferencing requires high peak and average bandwidth, low latency, low error rate and high 
priority. 

These QoS parameters may not be applied only at the time of usage, but also at the time of 
provisioning. For example the user may be charged to being given a quality of service that can 
support video conferencing, and be given a rebate if this wasn�t achieved. 

I.6.9 Service termination indicator 

There will be instances where a service is terminated abnormally, and the user given a rebate, or as 
a minimum, a customer service representative made aware. For example where a user moves out of 
network range. So it is important to collect information where an abnormal termination of service 
occurred. 
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I.6.10 Event 

Many new services will be supplied as an event. This may be an e-mail, a short message, or a short 
sequence of communications that result in an order being made. Some of these events may be major 
ones involving significant value to the user � see transaction type, value and content below. Others 
may be minor � for the example short messages or downloads of ring tones � where the user can be 
charged based on the number of each type of event. 

I.6.11 Transaction type 

The rating of a service by transaction type, brings us more into the area of rating by value than by 
cost. The purchase of a number of shares over a secure link in an agreed time frame may well be 
worth more to the user than the purchase of a book. So where transactions are being charged by 
event there may be the need to differentiate what types of transaction are being priced, typically by 
the third party being accessed. 

I.6.12 Transaction value 

Especially in M-commerce usage, the value of the transaction can be used as rating parameter. This 
is particularly where the network operator is billing on behalf a third party content provider. The 
main example is where a user buys goods over the IMT-2000 network, and is billed for the goods 
by the IMT-2000 operator. Either the network operator will receive a wholesale charge from the 
content provider and mark this up as a retail charge, or will receive and bill a retail charge and 
retain a margin. There may well be volume discounts received by the IMT-2000 operator here. 

I.6.13 Content 

Probably the most challenging parameter involves the use of the actual content being accessed as a 
rating parameter. For example, in downloading an MP3, there may be a variable charge based on 
the artist; or a user may pay more for a share price less than 5 min old rather than 20 min old. In 
both examples the amount of data transmitted, the QoS, and probably all other parameters are 
identical � it is the actual content of the information being sent that is the differentiator. 

I.7 When is the user notified of the charge? 

Whatever the method of rating for a particular service or product, these rates may need to be applied 
at various times within a transaction or session. There are basically three types outlined below: 

I.7.1 Before the service or product is purchased 

This is particularly important for high value services. For example, if the user is buying a holiday, a 
set of concert tickets, or about to start a long conference call, there is an element of risk that the user 
will not pay. Different business models will mitigate this risk in different ways � there are two main 
ones: 

� The IMT-2000 network operator takes no part in the transaction other than delivery � all the 
risk is put back to the content provider or a credit card. 

� The IMT-2000 operator takes a risk, either by billing on behalf of the content provider, or 
because the transaction is purely network usage (like the video conference example). 
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Either way, whoever takes the risk will want to ensure that adequate funds are available before the 
service is consumed. This will involve ensuring that the identity of the user is confirmed and 
ensuring that the user is authorized to consume the service. In addition the user may want to 
confirm that (s)he is willing to spend the price presented (for high value purchases), e.g. by signing 
a digital certificate or similar. Finally, either the risk needs to be offset by the authentication of a 
credit or debit card, or by ensuring funds are available with either a pre-paid balance or an agreed 
credit limit. 

I.7.2 During the consumption of the service/product 

This is in the examples where extensive use is made of the network, either with voice or video 
conferencing, or data downloads, or streaming services. 

There are normally five aspects to this: 

� Evidence that sufficient funds are available to start the service � either pre-paid or a credit 
limit.  

� Management of simultaneous services � for example there may be a voice call, an Internet 
access, and a purchase all taking place at the same time. 

� Monitoring of the service against the balance � this requires the rating of the service as it is 
being consumed, and regular balance checking. 

� Trigger of alarms as the balance becomes low could be via voice messages or e-mail/SMS. 

� Termination of the service if the balance available is exhausted. 

This is analogous to the pre-paid voice systems in circuit-switched based systems like GSM. One of 
the challenges to the IMT-2000 operator will be how to deploy this type of charging where the 
service is for example downloading an MP3 or video clip, where receiving half the transmission 
may be worthless. 

I.7.3 After the event 

This is akin to the rating of the service prior to the creation of a post-paid invoice or bill. In the 
IMT-2000 world this is unlikely to be in paper form. More likely it will be electronic presentation 
available on the Internet either by fixed or mobile. This can be either directly to the IMT-2000 
operator, or via billing consolidation suppliers. In all cases, a user will want to be presented with 
usage summaries on a regular basis. 

I.8 What are the bundling options? 

Third generation services will not be standard services where the user is offered a set of services 
and products, and can take them or leave them. More and more the user will be demanding 
personalized services allied to his/her own preferences and requirements. In addition, the IMT-2000 
provider will want to be seen as a provider of many types of service, not just access ones. So we can 
expect a whole host of bundling and discounting options; some are outlined below: 
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I.8.1 Bundling of various services 

We can expect the subscriber to be offered a series of services when subscribing to an IMT-2000 
operator. For example, one bundle may be for access charges only, another for access plus use of a 
variety of content services.  

I.8.2 Included usage 

In the same way that a usage amount is often bundled into today�s circuit services, we can expect 
this to be continued into the use of IMT-2000 networks. The difference is where today this is 
offered as a number of minutes, in the future it may be for minutes, data, QoS, etc. 

I.8.3 Third party discounts 

We can expect the IMT-2000 operator to work together with third parties to provide innovate 
discounts. For example, a subscriber may by offered a discount �voucher� on his device as he enters 
a mall for a particular clothes shop, or vice versa, be offered �cyber currency� to use on the 
IMT-2000 network when buying goods in a supermarket. 

I.8.4 Volume discounts 

One would expect that to encourage usage, there will be options to decrease the rate for charges as 
more and more usage is made. This will become complex. For example there may be a certain rate 
for the first n megabytes of data transferred, then a smaller rate for the next m megabytes. Or it 
could be by money � a certain rebate if the total charge or a defined subset of the charge exceeds a 
specified limit. Or discounts, rebates or refunds depending on the number of times a specific 
content or service is accessed. Or combinations of these and many others.  

I.8.5 Cross-product discounts 

There may be much collaboration between the IMT-2000 operator and content providers, and part 
of this could be in the provision of discounts between products and services. For example, half-
price cinema tickets if more than n megabytes are transferred in a month. 

I.8.6 Loyalty discounts 

Churn will be as common in the IMT-2000 world as it is today. There are likely to be more licences 
granted than today, and we will see the rise of �virtual� operators. So expect to see many loyalty 
plans, covering discounts once a particular period of subscription has been reached, or loyalty 
schemes giving �air miles�, etc. 

These options can be offered individually or as combinations. 

I.9 How are the payments made? 

In the same way that the user will demand personalized services, so will he demand various ways to 
pay for these services. Some of the options are covered below: 
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I.9.1 From a pre-paid account 

This is where the services are only supplied providing there are funds already paid in advance. It is 
used where a residential subscriber wishes to be anonymous, but also increasingly for budgetary 
use, for example parents paying for children, or companies authorizing some private use for 
employees. 

There are two components to pre-paid which will continue into the IMT-2000 world: 

� The first is a way of moving funds into a balance account prior to using services. This can 
be by direct debit, by credit card, or by voucher or �scratch� card. This will continue with 
IMT-2000 using whatever banking facilities become available. 

� More difficult is the service logic to rate the consumption of services and prevent access to 
the service as long as funds are available. With circuit based switched services where rating 
is usually based on duration, this can be handled by IN or service node based solutions, 
where the relevant calls can be controlled from the switch in real time. As the call 
progresses, triggers are raised as the balance becomes smaller and is finally exhausted, and 
the call can then be terminated. There are already problems with this method with short 
messages � these services are currently CDR based. Hence there may be a significant 
amount of rated usage after the pre-paid balance is exhausted. Over IMT-2000 there will be 
many new types of rating, and some of the services used simultaneously. So to handle 
pre-paid, it becomes essential to add to the network real-time rating servers that will be able 
to raise alarms and terminate service as the pre-paid balances diminish. 

I.9.2 Credit account (post-paid) 

This is currently the traditional method of payment where the service is consumed; it is rated and 
invoiced, and presented to the subscriber as a bill. Depending as much on the culture of the country 
as much as anything else, the bill is paid by direct debit, credit card, check or cash. 

This will be a valid payment option in the IMT-2000 world and in addition: 

� Content of the bill: as described elsewhere in this Report, there may be many types of 
service billed by the IMT-2000 operator, ranging from network usage, through to third 
party services and content. 

� Bill presentation: paper bills are likely to be phased out, and be replaced by electronic 
invoicing. Residential and company bills will be posted on a network, for example the 
Internet, and viewed and paid by fixed or mobile access. The �site� where the bill is posted 
will be either that of the IMT-2000 operator, or could be third parties � for example �bill 
consolidators�. 

� Balance management: Increasingly, where IMT-2000 operators are using post-paid billing, 
they will want to monitor the charges being made, to prevent fraud. Credit limits may be 
assigned to subscribers or groups of subscribers and services terminated when this limit is 
reached. This then becomes an identical scenario to that of pre-paid, but with an initial 
threshold of the credit limit, rather than zero. So a very similar system as that for pre-paid 
needs to be in place. 
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I.9.3 Credit and debit cards 

This will continue to be a significant payment method in areas where the IMT-2000 operator wishes 
to defer the risk, or where the subscriber chooses as a personal preference. Credit and debit cards 
can be used in any of the payment scenarios, normally where the value of the service is significant. 
So they could be used for topping up a pre-paid amount, paying a bill, or for paying for a high value 
service on-line before the service is consumed. 

I.9.4 E-purse/e-wallet 

An e-purse or e-wallet is in some ways similar to a pre-paid account, where funds are transferred to 
a separate account, and this account used to pay for services consumed. There are two main 
differences: 

� Micro-payments: the e-purse or e-wallet is likely to be used to pay for very small amounts, 
where other forms of payment are not sensible. For example, the subscriber may be charged 
a small amount for downloading a cartoon or ring tone, and neither the IMT-2000 operator 
nor the subscriber is interested in seeing every individual transaction itemized on an 
invoice. It is analogous to paying by cash in a shop for small amounts, for example 
newspapers, confectionery. 

� Storage of the balance: this could be in many forms. For example, on a server like pre-paid, 
but held by a third party. Or within the mobile device or USIM card (as used by early forms 
of pre-paid). There could also be �smart� cards, which hold a balance and be topped up 
through credit/debit cards, or for example at ATM machines. We could also see the use of 
technologies like Bluetooth, where mobile devices and shop teller machines are connected 
at point of sale, and most of the payment processing conducted in real time between 
network devices. 

I.9.5 �Cyber currencies� 

We are already in a world where goods and services can be bought using elements other than 
money. One example are �air miles� which are given free when consumers buy certain goods or use 
a particular credit card for payment of goods. In the IMT-2000 world we can see a proliferation of 
this concept, when there are many types of �counters� given away as incentives to buy, and 
subsequently used to pay for other services. 

An overriding concept in how the subscriber pays, is that of subscriber choice. The IMT-2000 
operator is likely to offer many different ways of the subscriber to pay for services, depending 
largely on the value of the service. The variety of these options will be a differentiator between 
operators and will affect which operator a subscriber chooses. On the other hand, the subscriber will 
want to decide himself how he wishes to pay and there will be many variations available. 
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I.10 How is the revenue distributed? 

The IMT-2000 operator offers a single point for offering many different types of service, many 
from third party content providers. The operator will also bill for many of these services. A certain 
amount of the revenue collected will not be his to keep, but will be distributed to many others in the 
value chain. Some examples are as follows: 

I.10.1 Billing on behalf of others 

An IMT-2000 operator may offer services from a third party, but charge the subscriber directly. For 
example, a subscriber may buy a book or CD using the IMT-2000 network, but be charged by the 
IMT-2000 operator using his pre-paid account, or via a post-paid bill. Here the IMT-2000 operator 
will collect the retail charge, and pay the wholesale charge back to the book or CD vendor.  

I.10.2 Revenue sharing 

The IMT-2000 operator may provide a service directly, but have to pay back some of the money to 
a third party that owns some of the IPR of the service. For example, royalty payments may be 
payable for some musical ring tones. 

I.10.3 Taxes 

The application of taxes becomes complex. Taxes are normally applied and charged to a subscriber 
by a vendor, and paid back to the vendor�s local government. This is normally where the services 
are consumed or paid for in the vendor�s country � but there are many exceptions to this. We can 
have scenarios where a subscriber subscribes to a network in one country, roams in another, uses a 
service provided by a content provider registered in a third, and provider by a server in a fourth. 
This is a specialized area and will require extensive discussions by the experts.  

I.11 Summary 

All of the elements discussed above will be necessary for successful IMT-2000 network rollouts 
and commercial operations. All involve significant outlays of capital on the part of the network 
operators and service providers. It will also involve, in no small measure, the belief on the part of 
consumers that the services on offer provide a value worth purchasing. When all this comes 
together, we will have by most accounts a major technology and commercial success of the twenty-
first century. 
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ANNEX  J 
 

DEVELOPMENT  PROJECTS 

J.1 The High Altitude Platform Station (HAPS) system 

An IMT-2000 terrestrial system utilizing HAPS consists of communication equipment on one or 
more HAPSs located by means of station-keeping technology at nominally fixed points in the 
stratosphere (at 20-50 km altitude), one or more ground switching/control stations, and a large 
number of fixed and mobile subscriber access terminals. The system uses radio transmission 
technologies that satisfy IMT-2000 requirements to offer high density and high-speed 
communications capacity to fixed and mobile stations. The HAPS architecture is in concept much 
like a very tall terrestrial tower that is sectorized into hundreds of cells. Figure J-1 illustrates the 
primary components of a HAPS system network. 

Deplo-IMT-J-1
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FIGURE J-1

IMT-2000 fixed and mobile service using a high altitude platform station
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One type of HAPS is a helium-filled lighter-than-air platform with a telecommunications payload. 
The platform is approximately 150 m in length and 50 m in diameter. Solar cells covering the 
majority of the surface of the airship generate all necessary power for station-keeping, 
telecommunications, and fuel cell charging. Fuel cells provide power for all operations during the 
night and eclipses. Onboard and remote power management controls automatically adjust the power 
mix to meet ever-changing demands from the propulsion module, the communications modules, and 
the control module.  

A HAPS can be deployed from a launch centre through cleared air space. The buoyancy of the 
helium carries it to an altitude of about 21 km within several hours. Propellers move the HAPS to 
its service location at speeds of up to 200 km/h. The HAPS is stationed at an altitude far above 
commercial aircraft but below the protective covering of the outer atmosphere. 

Electric motor driven propellers and a thermal control system are used for station-keeping. The 
propellers maintain position against the wind. The atmosphere at 21 km altitude is about 5% the 
density of the atmosphere at sea level and therefore the drag from wind is greatly reduced. A HAPS 
employs both passive and active thermal controls to limit the temperature variation inside the 
platform to within a few degrees. This enables the platform to maintain a stable altitude and 
provides a protective environment for the structure and the payload. Multiple redundant GPS 
receivers and the station-keeping technologies enable the HAPS to remain in a nominal fixed 
position in all three dimensions, and further enable the antenna assemblies to maintain a fixed 
coverage pattern on the ground. HAPSs are returned under a controlled descent to ground facilities 
for payload upgrades, routine maintenance and redeployment, or recycling. A HAPS does not leave 
the atmosphere and therefore is subject to inspection and regulation by national aviation and 
telecommunications authorities. 

This type of HAPS is environmentally neutral. It does not generate pollution or debris, and does not 
impact the ozone layer. The great majority of the platform consists of the soft envelope. If the 
on-board sensors indicate that a platform must be serviced, it is brought under control to a service 
facility. Redundant platforms are deployed to provide coverage during maintenance or repair. In the 
unlikely event that a platform develops leaks, the slight difference in pressure between the interior 
and exterior of the envelope delays helium loss for several hours, and then the airship begins a 
gradual descent.  

This type of HAPS is designed with a lifespan of five to ten years. Service beyond this term is 
limited by the gradual degradation of solar and fuel cells, structural fatigue and the decomposition 
of gas-storage modules. Ongoing advances in high strength, light-weight, UV-resistant composite 
materials, fuel cells, solar cells, and compact, high speed semiconductor device will likely extend 
the lifespan of second generation HAPSs.  

J.1.1 Example: IMT-2000 communications architectures using HAPS 

The HAPS telecommunication payload consists of multibeam light-weight reflector or phased-array 
antennas, transmit/receive antennas for gateway links with ground switching stations, and a very 
large bank of processors that handle receiving, multiplexing, switching and transmitting functions. 
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The payload can utilize various IMT-2000 technologies. The HAPS telecommunication payload can 
be designed to serve as the sole station in a stand-alone infrastructure (essentially, replacing the 
tower base station network with a base station network in the sky) or can be integrated into a system 
that employs traditional terrestrial base station towers, satellites, and HAPSs.  

The high gain transmit/receive antennas that can be used on a HAPS project a large number of cells 
onto the ground in a pattern similar to that created by a traditional cellular system. The size of the 
HAPS coverage area and of the spot beams within the coverage area are determined by the antenna 
array which is designed to match the demand for capacity within any selected coverage area. The 
precise power allocated to each cell, and the cell�s boundaries, are controlled to maximize overall 
system capacity. Small cells serve high-density zones in order to provide a high level of capacity 
whereas larger cells serve less dense zones. In general, the cells directly beneath a HAPS will be 
smaller than those farther away from the centre of the coverage area. 

The system can dynamically reassign capacity among the cells on a minute by minute basis in order 
to focus the capacity where it is most needed at any given time. For instance, the HAPS can direct 
additional capacity toward automobile traffic during rush hour and then shift it to a stadium during 
an evening sports event or performance. This gives the HAPS greater flexibility than traditional 
systems and can be used alone or in concert with traditional terrestrial systems to prevent system 
overload in hot spots. 

A HAPS system will provide mobile cellular coverage and fixed wireless services to several regions 
ranging from a high-density (urban) area to low-density (rural) areas. An example of cellular 
coverage using HAPS is illustrated in Fig. J-2. The coverage depicted by Fig. J-2 employs circular 
5° antenna beams to provide high-density coverage to a dense urban area near the nadir of the 
HAPS while wider circular beams (5°-10° or larger) in lower density service regions. In addition, 
small �hot� spot beams will also provide increased capacity to special places with a large 
concentration of users such as a shopping centre or business district. Fig. J-3 illustrates these 
localized �hot� spot beams with the overlay of basic cells. While circular beams indicate the basic 
anticipated coverage, HAPS will probably use shaped beams and/or phased array antennas that will 
provide contour shaping of the coverage beams � these shaped beams are not depicted in Fig. J-2 or 
Fig. J-3.  

The HAPS cellular coverage will probably include three regions: 

� high-density (urban); 

� moderate density (suburban); 

� low-density. 

Many users concentrated in a limited geographical area characterize the high-density (urban) 
region. This service region needs to support both vehicular (typically low-speed) and pedestrian 
traffic. The moderate density (suburban) region is characterized by a mix of users, mostly high and 
moderate-speed vehicular users but with some pedestrian users. The low-density region typically 
includes fixed wireless users and mobile users (voice only). These users will be spread over a wide 
geographical area. 
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One configuration example uses an ANSI-136 system configured to provide contiguous coverage to 
a 150 km diameter footprint with selective rural coverage beyond that range. In another 
configuration example, the ANSI-95-based system can be deployed on a HAPS that would provide 
broadbeam contiguous coverage to a very low density rural area stretching nearly 1 000 km in 
diameter by using horizon-grazing 3o beamwidth antennas. The very low loading factor in the 
low-density area means that the radio link will be noise-limited rather than interference-limited. 
This allows the use of low power beams which does not cause any interference to the high-density 
cells. 
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Example HAPS cellular coverage regions
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Deplo-IMT-J-3

FIGURE J-3

Example high-density (urban) HAPS cellular coverage

 

 

J.1.2 IMT-2000 spectrum availability for HAPS 

Resolution 221 (WCR-2000) permits the use of HAPS as an optional platform for the deployment 
of terrestrial IMT-2000 (3G cellular) services. This Resolution permitted IMT-2000 bands in the 
1 885-1 980 MHz (in Regions 1 and 3, 2 010-2 025 MHz is also included), and 2 110-2 160 MHz 
(2 110-2 170 MHz in Regions 1 and 3) frequency bands non-exclusively used by HAPS. This 
Resolution defines provisional limits for power flux-density for the purpose of protecting stations 
operating within IMT-2000 in neighbouring countries from co-channel interference, and provisional 
out-of-band limits in order to protect fixed stations from interference. The technical, operational and 
regulatory provisions in relation to the use of HAPS within IMT-2000 will be considered again by 
WRC-03, in accordance with Resolution 221 (WRC-2000). 
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J.2 Adaptive antennas 

J.2.1 Introduction 

Adaptive antennas may be defined81 as �an array of antennas which is able to change its antenna 
pattern dynamically to adjust to noise, interference and multipath. Adaptive antennas are used to 
enhance received signals and may also be used to form beams for transmission�. Likewise, switched 
beam systems �use a number of fixed beams at an antenna site. The receiver selects the beam that 
provides the greatest signal enhancement and interference reduction. Switched beam systems may 
not offer the degree of performance improvement offered by adaptive systems, but they are much 
less complex and are easier to retro-fit82 to existing wireless technologies�. Finally smart antennas 
are similarly defined by the same source as systems that �can include both adaptive antenna and 
switched beam technologies�. The reader is cautioned that there is some variation in terminologies 
here; for example, non-adaptive or non-switched systems are sometimes termed �smart� simply due 
to the incorporation of mast-head RF electronics, and often the terms �adaptive� and 
�beam-forming� are used rather loosely. 

J.2.2 Advantages 

Adaptive antenna concepts83 improve the link quality by reducing the co-channel interference from 
different directions and in the more advanced SDMA (spatial division multiple access) concept by 
reusing the same frequency channels simultaneously for different users at distinct directions. In 
addition to the substantial coverage improvements (e.g. larger coverage area, reduced �holes� in 
coverage) for each cell, superior mitigation of interference, and substantial system capacity 
improvements can be provided. This technology uses multiple antennas, digital processing 
techniques and complex algorithms to modify the transmit and receive signals at the base station 
and at the user terminal.  

All of the existing IMT-2000 radio interfaces would enjoy significant performance improvements 
from the application of adaptive antenna systems.  

J.2.3 Implementation 

The key drivers in the development of these technologies in recent years has been the relentless 
growth in digital signal processing power, and at ever lower costs, and the continued development 
of advanced algorithms. The cost penalty in introducing adaptive antenna technology to RF station 
design is fortunately now relatively small. 

There are clear differences between use in FDD and TDD applications, for the intrinsic channel 
reciprocity advantage of TDD leads to greater performance advantages in this case.  

The number of elements in antenna array is commonly in the 4 to 12 range, the upper-limit being 
dictated by economic considerations and the space available on a mast, and the lower limit 
influenced by practical considerations regarding implementation, installation or � increasingly � 
environmental issues. 

____________________ 

 
81  LIBERTI and RAPPAPORT [1999] Smart Antennas for Wireless Communications. Wiley. 

82  Such implementations are commonly termed �appliqué� arrangements. 

83  LAIHO, J. et al [2002] Radio Network Planning and Optimization for UMTS. Wiley. 



 � 195 � 

Deployment of IMT-2000 Systems Annex J 

To date most attention has been directed to adaptive antennas exploitation in the base stations rather 
than terminal units, especially in pre-IMT-2000 networks. More recently it has been recognized that 
benefits are also possible through somewhat simpler implementations within the terminals, using 
more modest numbers of antennas. 

There are a number of less commonly appreciated adaptive antenna technology advantages. For 
example, the inevitable redistribution of RF power amplification elements for adaptive antenna 
systems commonly leads to lower total amplifier costs than is the like case with conventional 
technology. From a deployment viewpoint it is sometimes attractive to utilize adaptive antenna 
stations in only a proportion of the overall infrastructure in an area, and similarly the interference 
mitigation advantages may be particularly beneficial for such situations as cross-border 
coordination arrangements. 

J.2.4 The future 

There is interest at present in multiple input, multiple output (MIMO) adaptive antenna schemes; 
here even greater processing power is used to exploit usage of multiple antennas at each end of the 
RF link, together with adaptive modulation/coding selection. 
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