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ABSTRACT 

The mobile station (MS) consists of the mobile equipment (the terminal) and a 

smart card called the Subscriber Identity Module (SIM). The SIM provides personal 

mobility, so that the user can have access to subscribed services irrespective of a 

specific terminal. By inserting the SIM card into another GSM terminal, the user is able 

to receive calls at that terminal, make calls from that terminal, and receive other 

subscribed services. 

The GSM technical specifications define the different entities that form the GSM 

network by defining their functions and interface requirements. 

Each mobile uses a separate, temporary radio channel to talk to the cell site. The 

cell site talks to many mobiles at once, using one channel per mobile. Channels use a 

pair of frequencies for communication one frequency (the forward link) for transmitting 

from the cell site and one frequency (the reverse link) for the cell site to receive calls 

from the users. Radio energy dissipates over distance, so mobiles must stay near the 

base station to maintain communications. The basic structure of mobile networks 

includes telephone systems and radio services. Where mobile radio service operates in a 

closed network and has no access to the telephone system, mobile telephone service 

allows interconnection to the telephone network. 
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INTRODUCTION 

The future is mobile on the one hand more and more people will spend much of 

their time on the road whether working or during vacation. People want access to the 

telecommunication services in any place at any time. On the other hand, more and more 

communication devices are portable, such as pagers, mobile phones, personal digital 

assistants (PDA's), laptops, and palmtops. The development of wireless 

communications takes these facts into account. New technologies and services are 

continuing to come forth. The number of subscribers to mobile services is tremendously 

growing worldwide. Therefore the proper design of mobile networks, in order to meet 

the increases in demand, is of utmost importance. 

The aim of this project is to give an introduction to basic GSM concepts, 

specifications, networks, services and the aim with indoor cell planning is, as for 

"traditional" cell planning, to plan for good coverage and capacity and at the same time 

interfere as little as possible. How this can be achieved is briefly described here. The 

focus is on antenna and RBS system, RF design and antenna configuration but also 

frequency planning, capacity issues and traffic control are described. The project 

consists of introduction, four chapters and conclusion. 

Chapter one provides an introduction to basic GSM concepts, specifications, 

networks, and services. A short history of network evolution is provided in order set the 

context for understanding GSM. 

Chapter two provides the functional architecture of a GSM system can be divided 

into the Mobile Station (MS), the Base Station (BS), and the Network Subsystem (NS). 

The MS is carried by the subscriber, the BS subsystem controls the radio link with the 

~S and the NS performs the switching of calls between the mobile and other fixed or 

mobile network users as well as mobility management. The MS and the BS subsystem 

ommunicate across the Um interface also known as radio link. 

Chapter three discusses the basics of radiotelephony systems, including both 

analog and digital systems. The advantages of digital cellular technologies over analog 

IX 



cellular networks include increased capacity and security. Technology options such as 

TDMA and CDMA offer more channels in the same analog cellular bandwidth and 

encrypted voice and data. 

Chapter four discusses the aim with indoor cell planning, as for "traditional" cell 

planning, to plan for good coverage and capacity and at the same time interfere as little 

as possible. And focus on antenna and RBS system; RF design and antenna 

configuration but also frequency planning, capacity issues and traffic control are 

described. The tools for indoor cell planning, TEMS Prediction, TEMS Light and 

TEMS Transmitter, are also described with focus on how to use them in the planning 

process. 
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1. GLOBAL SYSTEM for MOBILE COMMUNICATION (GSM) 

1.1 Overview 

This chapter provides an introduction to basic GSM concepts, specifications, 

networks, and services. A short history of network evolution is provided in order set the 

context for understanding GSM. 

1.2 The Evolution of Mobile Telephone Systems 

Cellular is one of the fastest growing and most demanding telecommunications 

applications. Today, it represents a continuously increasing percentage of all new 

telephone subscriptions around the world. Currently there are more than 45 million 

cellular subscribers worldwide, and nearly 50 percent of those subscribers are located in 

the United States. It is forecasted that cellular systems using a digital technology will 

become the universal method of telecommunications. By the year 2005, forecasters 

predict that there will be more than 100 million cellular subscribers worldwide. It has 

even been estimated that some countries may have more mobile phones than fixed 

phones by the year 2000 as show in Figure} .1 

~i!ilUc,ns o'! 1CO h~-,·-~--·--~--,--, 
Subscribers 

40 

2005 

Figure 1.1: Cellular Subscriber Growth Worldwide 

The concept of cellular service is the use of low-power transmitters where 

frequencies can be reused within a geographic area. The idea of cell-based mobile radio 

ervice was formulated in the United States at Bell Labs in the early 1970s. However, 

the Nordic countries were the first to introduce cellular services for commercial use 

with the introduction of the Nordic Mobile Telephone (NMT) in 1981. 
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Cellular systems began in the United States with the release of the advanced 

mobile phone service (AMPS) system in 1983. Asia, Latin America, and Oceanic 

countries adopted the AMPS standard, creating the largest potential market in the world 

for cellular. In the early 1980s, most mobile telephone systems were analog rather than 

digital, like today's newer systems. One challenge facing analog systems was the 

inability to handle the growing capacity needs in a cost-efficient manner. As a result, 

digital technology was welcomed. The advantages of digital systems over analog 

systems include ease of signaling, lower levels of interference, integration of 

transmission and switching, increased ability to meet capacity demands, and technology 

options such as TDMA and CDMA. 

1.3 GSM 

Throughout the evolution of cellular telecommunications, various systems have 

been developed without the benefit of standardized specifications. This presented many 

problems directly related to compatibility, especially with the development of digital 

radio technology. The GSM standard is intended to address these problems. 

From 1982 to 1985 discussions were held to decide between building an analog or 

digital system. After multiple field tests, a digital system was adopted for GSM. The 

next task was to decide between a narrow or broadband solution. In May 1987, the 

narrowband time division multiple access (TDMA) solution was chosen. 

1.4 GSM Networks 

GSM provides recommendations, not requirements. The GSM specifications 

define the functions and interface requirements in detail but do not address the 

hardware. The reason for this is to limit the designers as little as possible but still to 

make it possible for the operators to buy equipment from different suppliers. The GSM 

etwork is divided into three major systems: the switching system (SS), the base station 

. tern (BSS), and the operation and support system (OSS). The basic GSM network 

elements are shown in Figure] .2. 

2 



• 

Base Station 
Sf stem 

~ 

jjj 
EHS BTS 'BTS 

!11Jonnlllitin 
tr.a: n.srrfrssE>n 
C~n .cornB-cfron,s 
an~:-t i:n!or.mai~o.n 
1ra nstnkssi on 

Figurel.2: GSM Network Element 

1.4.1 The Switching System 

The switching system (SS) is responsible for performing call processing and 

subscriber-related functions. The switching system includes the following functional 

units: 

1.4.1.1 Home Location Register (HLR) 

The HLR is a database used for storage and management of subscriptions. The 

HLR is considered the most important database, as it stores permanent data about 

ubscribers, including a subscriber's service profile, location information, and activity 

tatus. When an individual buys a subscription from one of the PCS operators, he or she 

is registered in the HLR of that operator. 

1.4.1.2 Mobile Services Switching Center (MSC) 

The MSC performs the telephony switching functions of the system. It controls 

alls to and from other telephone and data systems. It also performs such functions as 

oll ticketing, network interfacing, common channel signaling, and others. 

1.4.1.3 Visitor Location Register (VLR) 

The VLR is a database that contains temporary information about subscribers that 

needed by the MSC in order to service visiting subscribers. The VLR is always 
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integrated with the MSC. When a mobile station roams into a new MSC area, the VLR 

connected to that MSC would request data about the mobile station from the HLR. 

Later, if the mobile station makes a call, the VLR will have the information needed for 

call setup without having to interrogate the HLR each time. 

• Authentication Center (AUC): 

A unit called the AUC provides authentication and encryption 

parameters that verify the user's identity and ensure the confidentiality of each 

call. The AUC protects network operators from different types of fraud found in 

today's cellular world. 

• Equipment Identity Register (EIR): 

The EIR is a database that contains information about the identity of 

mobile equipment that prevents calls from stolen, unauthorized, or defective 

mobile stations. The AUC and EIR are implemented as stand-alone nodes or as a 

combined AUC/EIR node. 

1.4.2 The Base Station System (BSS) 

"All radio=related functions are performed-in the BSS, which consists of base------· 

station controllers (BSCs) and the base transceiver stations (BTSs): 

1.4.2.1 BSC 

The BSC provides all the control functions and physical links between the MSC 

and BTS. It is a high-capacity switch that provides functions such as handover, cell 

configuration data, and control of radio frequency (RF) power levels in base transceiver 

stations. A number of BS Cs are served by an MSC. 

1.4.2.2 BTS 

The BTS handles the radio interface to the mobile station. The BTS is the radio 

equipment (transceivers and antennas) needed to service each cell in the network. A 

=- up of BTS 's are controlled by a BSC Knowledge is acquired by the network from its 

ironment through a learning process . 

...... 3 The Operation and Support System 

The operations and maintenance center (OMC) is connected to all equipment in 

witching system and to the BSC. The implementation of OMC is called the 
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operation and support system (OSS). The OSS is the functional entity from which the 

network operator monitors and controls the system. The purpose of OSS is to offer the 

customer cost-effective support for centralized, regional, and local operational and 

maintenance activities that are required for a GSM network. An important function of 

OSS is to provide a network overview and support the maintenance activities of 

different operation and maintenance organizations. 

1.4.4 Additional Functional Elements 

Other functional elements shown in Figure 1.2 are as follows: 

1.4.4.1 Message Center (MXE) 

The MXE is a node that provides integrated voice, fax, and data messaging. 

Specifically, the MXE handles short message service, cell broadcast, voice mail, fax 

mail, e-mail, and notification. 

1.4.4.2 Mobile Service Node (MSN) 

The MSN is the node that handles the mobile intelligent network (IN) services. 

1.4.4.3 Gateway Mobile Services Switching Center (GMSC) 

A gateway is a node used to interconnect two networks. The gateway is often 

implemented in an MSC. The MSC is then referred to as the GMSC. 

1.4.4.4 GSM Inter Working Unit (GIWU) 

The GIWU consists of both hardware and software that provides an interface to 

arious networks for data communications. Through the GIWU, users can alternate 

veen speech and data during the same call. The GIWU hardware equipment is 

ysically located at the MSC/VLR. 

.5 GSM Network Areas 

The GSM network is made up of geographic areas. As shown in figure 1.3, these 

include cells, location areas (LAs), MSC/VLR service areas, and public land 

ile network (PLMN) areas. 

The cell is the area given radio coverage by one base transceiver station. The GSM 

·ork identifies each cell via the cell global identity (CGI) number assigned to each 

5 



• 

cell. The location area is a group of cells. It is the area in which the subscriber is paged. 

Each LA is served by one or more base station controllers, yet only by a single MSC 

figure 1.4. Each LA is assigned a location area identity (LAI) number. 

An MSC/VLR service area represents the part of the GSM network that is covered 

by one MSC and which is reachable, as it is registered in the VLR of the MSC figure 

1.5. 

Pt.MN SERVICE AREA i1, operator's network) 

"Figure 1.3: Network Areas 

Figure 1.4: Location Areas 

Figure 1.5: MSC/VLR Service Areas 
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Figure 1.6: PLMN Network Areas 

1.6 GSM Specifications 

Before looking at the GSM specifications, it is important to understand the 

following basic terms: 

1.6.1 Bandwidth 

The range of a channel's limits; the broader the bandwidth, the faster data can be 

ent 

1.6.2 Bits Per Second (bps) 

A single on-off pulse of data; eight bits are equivalent to one byte. 

l.6.3 Frequency 

The number of cycles per unit of time; frequency is measured in hertz (Hz). 

1.6.4 Kilo (k) 

Kilo is the designation for 1,000; the abbreviation kbps represents 1,000 bits per 

ond. 

1.6.5 Megahertz (MHz) 

1,000,000 hertz ( cycles per second). 

6 Milliseconds (ms) 

One-thousandth of a second. 
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