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ABSTRACT 

GSM (Global System of Mobile Communication) has been well known as the world's

most popular standard for new cellular radio and personal communication equipment

throughout the world.

Global System for Mobile (GSM) is a second generation cellular system

standard that was developed to solve the fragmentation problems of the first cellular

systems in Europe.

GSM was first introduced into the European market in 1991. By the end of

1993, several non European countries in South America, Asia, and Australia had

adopted GSM and the technically equivalent offshots, DCS 1800, which supports

Personal Communication Services (PCS) in the 1.8 GHz to 2.0 GHz radio bands

recently created by the governments throughout the world. GSM's success has exceeded

the expectations of virtually everyone, and it is now the world's most popular standard

for new cellular radio and Personal CommunicationEquipment throughout the world. It

is predicted that by the year 2001, there would be 500 million GSM subscribers

worldwide.

The GSM system architecture consists of three major interconnected subsystems

that interact between themselves and with the users through certain network interfaces.

The subsystems hre the Base Station Subsystem (BSS), Network and Switching

Subsystem (NSS); and The Operration Support Subsystem (OSS). The Mobile Station

(MS) is also a subsystem, but is usually considered to be part of the BSS for architecture

purposes. Equipment and Services are designed within GSM to support one or more of

these specific subsystems.

The first .subsystem named Base Station Subsystem (BSS), provides and

manages radio transmission path between the mobile station and the mobile switching

center. Second subsysten of GSM Architecture is Network and Switching Subsystem

(NSS). This subsystem manages the switching functions of the system and allows the

mobile switching centers to communicate with other networks. The last subsytem is

known as Operation Support Subsystem (OSS). This subsystem's major functionality

consists of supporting the operation and maintenance of GSM. It allows the system

engineers to monitor, diagnose and troubleshoot all aspects of the GSM system. The

above three basic subsystemsbuilt the GSM Architecture.
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INTRODUCTION

Thıs project, Cell Planning, is intended to give the student an understanding of the radio

network engineering processes and what elements they contain.

The project is broken down into chapters that explain the different elements of the

process.

The first chapter, history of GSM. This chapter introduces first History of GSM, then

continues with Services provided by GSM. Finally the Chronology of communication

and wireless systems up to 1982 and the developments of GSM from 1982 until Todays

are also given.

The second chapter, architecture of GSM network. This chapter is concerned to the

GSM Architecture. I illustrate the process of GSM Architecture and the GSM Functions

in details.

The third chapter, The architecture of the cellular mobile system. This chapter is start

with What is a cellular phone system, and goes with Cellular covarage, Basic wireless

principles and Alternative techniques. This chapter is the most important topic of my
'Graduation Project.

The fourth chapter is about Surveys. This chapter is overview of radio network survey

of a cellular network as well as some radio measurements. Objectives of this chapter,

explain brieflywhat a site survey is and what to consider during a survey and describe

three different types of radio measurements.
I 
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1. INTRODUCTION TO GSM

1. 1. History of GSM

During the early 1980s, analogue cellular telephone systems were experiencing rapid

growth in Europe, particularly in Scandinavia and the United Kingdom, but also in

France and Germany. In the Nordic and Benelux countries the NMT 450 was

developed, TACS in the UK and C-Netz in West Germany. The Radio com 2000 was in

France and RTMI/RTMS in Italy. But each system was incompatible with everyone

else's in equipment and operation and as business was becoming increasingly

international, the cutting edge of the communications industry focused on exclusively

local cellular solutions. These systems were fine if you wanted to call the office if you

were in your own home, but not if you were with a client in another country. Also home

market revenue simply wouldn't justify sustained programs of investment. As a solution

in 1982 CEPT, the Conference des Administrations Europeans des Postes et

Telecommunications comprised the telecom administrations of twenty-six European

countries, established the Group Special Mobile (GSM). Its objective was to develop

the specification for a pan-European mobile communications network capable of

supporting the many millions of subscribers likely to tum to mobile communications in

the years ahead. The home market revenue simply wouldn't justify sustained programs

of investment so to further progress they lobbied for support from some political

heavyweights. In 1985, the growing commitment to resolving the problem became

evident when West Germany, France and Italy signed,an agreement for the development

of GSM. The United Kingdom added its name to the agreement the following year. By

this time, CEPTs Group Special Mobile could argue persuasively that the standards they

were developing held the key to a technically and economicallyviable solution as their

standard was likely to employ digital rather than analogue technology and operate in the

900MHz :frequency band. Digital technology offered an attractive combination of

performance and spectral efficiency. In other words, it would provide high quality

transmission and enable more callers simultaneously to use the limited radio band

available. In addition, such a system would allow the development of advanced features

like speech security and data communications. Handsets could be cheaper and smaller.

1 



· It would also make it possible to introduce the first hand-held terminals - even though in

the early days in terms of size and weight these would be practically indistinguishable

from a brick. Finally, the digital approach neatly complemented the Integrated Services

Digital Network (ISDN), which was being developed by land-based

telecommunications systems throughout the world. But the frequencies to be employed

by the new standard were being snapped up bythe analogue networks. Over-capacity

crisis had started to sound alarm bells throughout the European Community. Demand

was beginning to outstrip even the most optimistic projections. The Group Special

Mobile's advocacy of digital cellular technology was on hand to offer light at the end of

the tunnel. The Directive ensured that every Member State would reserve the 900MHz

frequency blocks required for the rollout program. Although these were somewhat

smaller than the amount advocated by the CEPT, the industry had finally achieved the

political support it needed to advance its objectives. The logistical nightmare in the

GSM, which followed soon left this achievement as a distant, dream so single,

permanent organization at the helm. In 1986 the GSM Permanent Nucleus was formed

and its head quarters established in Paris. It was all very well agreeing the technology

and standards for this new product. But what about the creation of a market? It was

essential to forge a commercial agreement between potential operators who would

commit themselves to implementing the standard by a particular date. Without such an

agreement there could be no network. Without the network there would be no terminals.

Without network and terminals there would be no service. Stephen Temple of the UK's

Department of Trade and Industry was charged with the task of drafting the first

Memorandum of Understanding (MoU). In September 1987 network operators from

thirteen countries signed a Mo U in Copenhagen. One of the most important conclusions

drawn from the early tests was that the new standard should employ Time Division

Multiple Access (TDMA) technology. The strength of its technical performance ensured

that narrowband TDMA had the support of major players like Nokia, Ericsson and

Siemens. This promised the flexibility inherent in having access to a broad range of

suppliers and the potential to get product faster into the marketplace. But as always as

soon as one problem was solved other problems looming on the horizon. In 1989, the

UK Department of Trade and Industry published a discussion document called "Phones

on the Move". This advocated the introduction of mass-market mobile communications

using new technology and operating in the 1800 MHz frequency band. The UK

government licensed two operators to run what became known as Personal

2



Communications Networks (PCN). Operating at the higher frequency gave the PCN

operators virtually unlimited capacity, where as 900MHz was limited. The next hurdle

to over come was that of the deadline. If the 1 July 1991 launch date was not met there
I 

was a real danger that confidence in GSM technology would be fatally undermined but

moral received a boost when in 1989 the responsibility for specification development

passed from the GSM Permanent Nucleus to the newly created European

Telecommunications Standards Institute (ETSI). In addition, the UK's PCN turned out

to be more of an opportunity than a threat. The new operators decided to utilize the

GSM specification - slightly modified because of the higher frequency - and the

development of what became known as DCS 1800 was carried out by ETSI in parallel

with GSM standardization. In fact, in 1997 DCS 1800 was renamed GSM 1800 (Global

System for Mobile communication) to reflect the affinitybetween the two technologies.

With so many manufacturers creating so many products in so many countries, it soon

became apparent that it was critical that each type of terminal was subject to a rigorous

approval regime. Rogue terminals could cause untold damage to the new networks. The

solution was the introduction of Interim Type Approval (ITA). Essentially, this was a

procedure in which only a subset of the approval parameters was tested to ensure that

the terminal in question would not create any problems for the networks. In spite of

considerable concern expressed by some operators, ITA terminals became widely

available in the course of 1992. True hand held terminals hit the market at the end of

that year and the GSM bandwagon had finally started to roll. From here the GSM

became a success story. In 1987, the first of what was to become an annual event

devoted to the worldwide promotion of GSM technology was staged by conference

organizers IBC Technical Services. The Pan European Digital Cellular Conference.

This year it celebrated its tenth anniversary in Cannes, attracting over 2,400 delegates.

By the end of 1J93, GSM had broken through the 1 million-subscriberbarrier with the
I 

next million already on the horizon. By June 1995 Phase 2 of standardization came in to

play and a demonstration of fax, video and data communication via GSM. When the

GSM standard was being drawn up by the CEPT, six separate systems were all

considered as the base. There were seven criteria deemed to be of importance when

assessing which of the six would be used. Each country developed its own system,

which was incompatible with everyone else's in equipment and operation. This was an

undesirable situation, because not only was the mobile equipment limited to operation

within national boundaries, which in a unified Europe were increasingly unimportant,
I 
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but there was also a very limited market for each type of equipment, so economies of

scale and the subsequent savings could not be realized.

The Europeans realized this early on, and in 1982 the Conference of European Posts and

Telegraphs (CEPT) formed a study group called the Group Special Mobile (GSM) to

study and develop a pan-European public land mobile system. The proposed system had

to meet certain criteria. In 1989, GSM responsibility was transferred to the European

Telecommunication Standards Institute (ETSI), and phase-I of the GSM specifications

were published in 1990. Commercial service was started in mid-1991, and by 1993

there were 36 GSM networks in 22 countries with 25 additional countries having

already selected or considering GSM. This is not only a European standard - South

Africa, Australia, and many Middle and Far East countries have chosen GSM.

Although standardized in Europe, GSM is not only a European standard. Over 200

GSM networks (including DCS 1800 and PCS 1900) are operational in 11 O countries

around the world. In the beginning of 1994, there were 1.3 million subscribers

worldwide, which had grown to more than 55 million by October 1997. With North

America making a delayed entry into the GSM field with a derivative of GSM called

PCS1900, GSM .systems exist on every continent, and the acronym GSM now aptly

stands for Global'System for Mobile communications.The developers of GSM chose an

unproven (at the time) digital system, as opposed to the then-standard analogue cellular

systems like AMPS in the United States and TACS in the United Kingdom. They had

faith that advancements in compression algorithms and digital signal processors would

allow the fulfilmentof the original criteria and the continual improvement of the system

in terms of quality and cost. The over 8000 pages of GSM recommendations try to

allow . flexibility and competitive innovation among suppliers, but provide enough
I • 

standardization to guarantee proper inter-working between the components of the

system. This is done by providing functional and interface descriptions for each of the

functional entities defined in the system. The development of GSM started in 1982,

when the Conference of European Posts and Telegraphs (CEPT) formed a study group

called Group Special Mobile (the initialmeaning of GSM). The group was to study and

develop a pan-European public cellular system in the 900 MHz range, using spectrum

that had been previously allocated. At that time, there were many incompatible

analogue cellular systems in various European countries. Some of the basic criteria for
their proposed system were:

4 



• Good subjective speech quality.

• Low terminal and service cost.

• · Support for international roaming.

• Ability to support handheld terminals.

• Support for range of new services and facilities.

• Spectral efficiency.

• ISDN compatibility.

In 1989, the responsibility for GSM was transferred to the European

Telecommunication Standards Institute (ETSI), and the Phase I recommendations were

published in 1990. At that time, the United Kingdom requested a specification based on

GSM but for higher user densities with low-power mobile stations, and operating at 1 .8

GHz. The specifications for this system, called Digital Cellular System (DCS 1800)

were published 1991. Commercial operation of GSM networks started in mid-1991 in

European countries. By the beginning of 1995, there were 60 countries with operational

or planned GSM networks in Europe, the Middle East, the Far East, Australia, Africa,

and South America, with a total of over 5 .4 million subscribers. As it turned out, none

of the six candidates was actually used! The information collected during the tests did

enable the GSM (Group Special Mobile) to design the specifications of the current

GSM network. The total change to a digital network was one of the fundamental factors

of the success of GSM. Digital transmission is easier to decode than analogue due to the

limited number of possible input values (O, 1 ), and as ISDN was becoming de facto at

the time, it was logical to avail of digital technology. This also ensured that GSM could

evolve properly in an increasingly digital world, for example with the introduction of an

8kps speech coder. It is much easier to change channel characteristics digitally than

analogously. Finally, the transmission method decided on for the network was TDMA,

as opposed to FDMA and CDMA. In 1989, responsibility for the specification was

passed from CEPT to the newly formed and now famous European

Telecommunications Standards Institute (ETSI). By 1990, the specifications and

explanatory notes on the system were documented extensively, producing 13 8

documents in total, some reaching sizes of several hundred pages in length services.
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