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ABSTRACT 

GSM, the Global System for Mobile communications, is a digital cellular com­

munications system, which has rapidly gained acceptance and market share wo­

rld wide, although it was initially developed in a European context. In addition

to digital transmission, GSM incorporates many advanced service and features,

Including ISDN compatibility and worldwide roaming in other GSM networks.

The advanced services and architecture of GSM have made it a model for future

third-generation cellular systems, such as UMTS.These papers cover the mater­

ial about the GSM internal architecture such as mobile stations and base stations.

Also some information about the air interface between them.
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1. INTRODUCTION TO WIRELESS COMMUNICATION 

This century has seen great development in communication technology. We

have a sound global telephone network, which is both affordable and reliable. We have

powerful cable television networks in every urban area, which could provide a relatively

broadband width. And we have the dominating Internet, which is able to provide various

rate of service. And there are also many research and industry going on all over ~his world
about these fueling wire lined networks.

But why do we need wireless communication systems? The answer is simple:

there do exit a group of people who need to be on line all of the time. Business people wish

to be able to have their meeting at any time and in any place; stock dealers wish to know

what is going on in the stock exchange all the time and to respond as soon as possible;

networms tend to access their email boxes every 1 O minutes, the same time that they are

chatting with other networms. That explains why we need wireless communication system,

and it is becoming into the most profitable and appealing area in computer network.

1.1 Solutions To Wireless Communication Network 

The fact is there are already lots of wireless communication network running

currently. Generally speaking, they could roughly be classified into three types: cordless

telephony, cellular system, and satellite communication. The first solution is cordless
••

telephony. The idea in cordless telephony is straightforward. Since we could exploit

electromagnetic wave for radio broadcasting, which is a simplex communication mode,
••why not use it for duplex communication, such as dialog transmitting? Sure we can and so

we did. Cordless communication in a relative large area used to be running in some places,

but it turned out to be not so practical, since in order to reach a larger area. Let's say

100km in radius, we need to do and suffer much. We have to build high towers to place the

antenna, because of both the shape of the earth surface and barriers on the ground; we have

to apply great power to transmission so that signals would not be unrecognizable when

they reach the receivers; handsets would have to use a huge battery for receiving and

transmitting signals (it is really funny to carry a battery 1 O times larger than the handset
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itself); other wireless communication, such as communication at airports where precision

and reliability is vital, would be interference badly; the worse thing is that the capacity of

such a paradigm is low in that there is no way of frequency reusing. Therefore, wide area

cordless communication was aborted because of its great drawbacks. 'Fortunately, it is not a

totally useless invention. On the contrary, we have lots of small-area cordless products,

like the cordless telephones that we are using in kitchen when chatting on the phone the

same time as cooking. These cordless telephones have relatively small coverage's, usually

100 meters, and less radio interferences.

We have been making various sorts of uses of satellites since the former Soviet

Union launched the first man-made satellite in 1957, and one of the most remarkable one is

in communication. There are basically two classes of satellite communication, where the

basic ideas differ a lot. One is Geo synchronous Earth Orbit (GEO) satellites, which is now

very matured and quite of common sense, and the other is Low Earth Orbit (LEO), in

which several consortia are quite involved. And unlike GEO, where we only need a geo

stationery satellite that is always above us for communication purposes, in LEO we do not

have predetermined satellite. Instead, we might use a certain· satellite that is passing
"overhead. What is more, during the whole process of communication, the communication

might be switched to another satellite if the previously used one has got far away. LEO is

much more complicated than GEO, but the round trip delay is decreased greatly since GEO

satellites have to be placed 36,000km above the equator, which is teens as much as GEO
"satellites. While round trip delay is one of the most important criteria for evaluating the

performance of a communication system. Both GEO and LEO wojıld thrive in future, and
•

the only difference between them is that they are serving in communication with different

requirements. There are several GEO paradigms going on, like Iridium, TeleDesic, Global

Star.

Cellular systems are one of the most fashionable words in telecommunication

and electronic industries. And it could be looked on as a deviation of cordless

communication system, which no longer has the drawbacks of wide-area cordless

communication. The basic idea in cellular systems is that a geographic area is divided up
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into small cells and frequencies could be reused in different cells as long as these cells are

not neighboring with one another. Cellular communication mode is has many advantages,

which cordless telephony used to be lack of, such as high capacity, low interference, less

power needed, and etc. Actually satellite communication researchers exploited the idea

from cellular, and that is how LEO became so popular in current communication research

work.

1.2 Electromagnetic Spectrum and Its Uses For Communication

Some radical people think that the future holds only two kinds of

communication: fiber and wireless, so before taking a close look at cellular- communication

systems themselves, let's take a quick glance at electromagnetic spectrum. British scientist

James Clerk Maxwell predicted the behavior of electromagnetic wave in 1865 and then

began our uses of such a natural resource from then on. From figure 1 we can see that we

are making a pretty good use of such resource nowadays. The radio, microwave, infrared,

and visible light portions of the spectrum can all be used for transmitting information by

modulating the amplitude, frequency, phase, or a combination of them. Higher frequencies,

like ultraviolet light, X-rays, and gamma rays would be even better, but they are hard to

produce, control and modulate, and do not propagate well through buildings, since they

behave more like particle rather than wave, and dangerous to living things.

1.3 Wireless LANs and WANs
"'

Wireless Local Area Networks (LANs) and Wide Area Networks (WANs)

provide the means for the mobile user to access. information stored-in remote peripherals or

databases. Wireless LANs enable communications within a single building or campus.

Wireless WANs fulfill the same function but have a greater reach, often spanning an entire

continent, by interconnecting with a wide area service provider.

An extensive array of wireless LAN and WAN hardware and software underscores IBM's

recognition of the importance of communications sans wires. Wireless LAN adapter cards

use radio frequencies to communicate with each other, thus allowing the user to converse,

retrieve or enter data without having his or her personal computer, notebook or pen-tablet

physically attached to a wired LAN or telephone line. Wireless WANs communicate in a
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similar fashion but use wireless PCMCIA modems to connect across radio or cellular

networks owned and operated by service providers. A look at LAN and WAN

configurations and components

1.3.1. Wireless LANs 

There are three types of wireless LAN configurations: base-to-remote, peer-to-peer or

micro cellular. In base-to-remote, distant workstations and personal computers are linked

to a central base workstation. Because the base workstation is located at the center of the

LAN, excellent coverage, good range, high security levels and more management functions

across the network are the result. For commercial uses such as those found within a single

building or integrated set of buildings, base-to-remote works well either as a standalone

wireless LAN or as an extension to a wired LAN. Peer-to-peer wireless LANs is self­

defining since they permit direct communication between devices without going through a

base station. As such these networks are quick to install and therefore well suited to ad hoc

networking. The downside to peer-to-peer is that security and network management

concerns are not easily addressed and the range of communications is limited. This latter

concern can be resolved, however, by adding an access point product for attachment of the

wireless peer-to-peer LAN to a wired LAN.

Micro cellular wireless LANs use access points on a wired backbone to permit

client devices to communicate to any backbone-connected device or to any other wireless

device connected to the backbone through the same or another access point. This

configuration also permits seamless roaming from cell to cell when the coverage of those
•cells via the access points provides sufficient overlap. This configuration is analogous to

the technique used in cellular telephones-now on a local area basis due to the restricted

range of LAN radios.

1.3.2. Wireless WANs 

The key components in wireless WANS are PCMCIA adapters that represent the latest

in wireless communication. Currently, IBM offers systems with integrated WAN modems
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for Cellular/CDPD (Cellular Digital Packet Data), ARDIS (U.S. and Canada only) and

Mobitex'. Each modem has a different business application.

CDPD is unique to the Advanced Mobile Phone Service (AMPS) cellular network, the

largest in the United States. IBM's 2489-600 with the optional wireless modem for CDPD

includes an internal PCMCIA radio modem and radio antenna. The use of this radio

modem requires the purchase of CDPD services from a service provider. Advanced Radio

Data Information Service (ARDIS) provides interactive, real-time" data communications

throughout the U.S. and Canada. The IBM 2489-600 with integrated Wireless Modem for

ARDIS supports automatic nationwide "roaming," which means users can move

seamlessly from one city to another and still communicate. The use of this radio modem

requires the purchase of ARDIS services from a service provider. Mobitex runs on the

MOBITEX network that serves some European countries and about 8,000 cities across the

United States with fax, e-mail, two-way messaging and server applications. The IBM

2489-600 with integrated Wireless Modem for Mobitex consists of an integrated PCM CIA

adapter' with an integrated antenna. The use of this radio modem requires the purchase of

MOBITEX services from a service provider.

Due to distinct country differences in communications standards, it is currently

impossible to say one network provides wireless WAN services globally. In most cases,

analog data is transmitted using a cellular-enabled modem with a hand held phone.

GSM/DCS 1800 data wireless networks are further made up of GSM, the digital equivalent

of AMPS, and DCS 1800, an 1800MHz system with similar protocÖls to GSM and a data

adapter. CT2 (Cellular Telephone) is a short-range campus and public network. It requires

an integrated adapter/transceiver connected to a local base station for "campus" work that

is connected to a PSTN for WAN communications.

Public safety agencies (police, fire, rescue) can use wireless WAN s for

immediate access to state and national databases. Real estate agencies find that WAN s

bring timely information to realtors "in the field" through updates to the online version of

the Multiple Listings Book. The book was formerly updated once every two weeks, it now

can be updated as soon as there is a change to a listing. Another \VA."'\ application ~~ ·

8



mobile nursing field. Now, using a wireless WAN, nurses at patients' homes can enter

current status and last treatment information for immediate update in the healthcare

database. The risk of error is greatly reduced and time is saved (locating and pulling charts,

etc.) because critical information is only a few keystrokes away.

What Wireless can mean to our business

1. Support for short- and long-term requirements without cabling

2.Support for mobile and roaming users in a campus or across a continent

3 .Reduction or elimination of cabling costs

4.Provide the ability to keep employees informed and responsive to customer needs
anywhere anytime

5.Save time and money by simplifying processes

1.4 What is personal communications? 

The PCS buzzword is not new in the worldwide wireless industry. The PCS

term, in particular, is used and misused in North America. Since 1995, the notion of

personal communications was coupled with the words systems and services. In fact, we

should go back LO the end of the 1980s, when the first personal communications concepts

were discussed in the United Kingdom, still one of the most competitive cellular markets

in the world. Can we define what personal communications stands for? What

communications system offer that other systems do not? When we gather together the

different definitions, advertisements, explanatiqns, and technology-offerings of the mobile

marketplace, we find some common problems, requirements, design targets, and technical

solutions.

Changes in lift-style and work habits have increased the mobility of people in

recent years. People in industrialized countries are forced 1 O increase their productivity by

managing more information relative to things. Remote working and longer work hours

have blurred the border between personal time and work time in the information society.

The blending of work and home is enabled with supplements to plain old voice telephony.
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Now, many workers routinely add video, fax, and data communications to their voice

communications tools. The process feeds on itself. Additional low-cost, non-voice

communications services make it easier for employers to expect more performance out of

their busy employees, and for customers to expect even faster service from their suppliers.

The communicating society finds itself using more and more value-added services that did

not exist a few years ago. Point-to-multipoint information systems such as cell broadcast,

short messaging, and supplementary (personalized) paging services seem ideal for alerting

people to sports scores, business events, weather, and stock price changes. Packet data

servıces, in addition to conventional point-to-point telecommunications, add interactive

features. The convergence of communications equipment and computers continues to

create new products and new services for mobile users. The challenge is to make these

products reliable and simple to use, but affordable. The cycle is an enticing trap that guar­

antees further innovation, for the very tools and services that force people to carry their

work around with them are the same things that seem to offer a way out of the trap. Look

at how things have escalated. Fifteen years ago an airmail letter was fast enough for most

needs. Today, a fax is seldom fast enough. The more features and gadgets people can use

with their phones, the greater will be the number of people who feel they cannot function

without at least one of them. The picture is not yet clear. We have listed some features and

services people often associate with PCS and other personal communications terms, but we

still don't know what it is. Let's try a more orderly approach

1.5 Defining the requirement's 

Boiling the requirements down to a few visionary buzzwords would mean to say:
receive, revise, and originate calls or messages... • •

With one small terminal;

Everywhere (in the world);

Under one number;

In any form;

At any time.

Communications and related services become personalized, customized, and location

independent in PCS. We connect to people, not places. We dial one number to reach one
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person, regardless of where this person is. The communicator, and all the things the user

does with it, becomes part of the person. The person and the output of her labor become

ubiquitous, in both time and space, to a growing number of people. What processes and

services make this happen?

1.6 Cost of ownership 

Subscriptions have to be affordable to a wide variety of mass users. We are

talking about individual and personal services for the mass markets that compete with, and

to some degree replace, the wired phone services. To be successful, even in developing

countries, such services must be priced at levels matching the wealth structures of the

customers. Service revenues per subscriber are shrinking, because the majority of new

entrants to wireless network services are private users and not business users. Western

Europe will see a drop in annual revenues per subscriber of approximately 30% from 1995

to the year 2000. Similar decreases in the range of 20% to 40% are to be expected in all
other regions worldwide.

1.7 Access, mobility, connectivity, and services 

Access to both wireless and fixed networks will be supported with mobility.

The user wants to be able to originate and receive calls that are routed through public

switches, to and from practically anywhere in the world, without any restrictions.

Furthermore, in order to be reachable all the time and at any location (with the option of

some private imitations), sôme kind of sophisticated mobility management has to be

employed. This should be transparent to the'user without the need to call in with a roaming
"'code for the area in which the user is currently located. Users do not want to participate

directly in the mobility management processes. Services and applications have to be state

of the art and scalable to the user. Bearer services should allow for high data rates, up to

144 Kbps (basic rate ISDN) and fast packet oriented delivery, say, for fast Internet access.

The portfolio is completed with voice mailboxes, messaging, and alerting-each of which

has to function well when users do not need to be reached or prefer not to be disturbed.

Combinations of business and private use, overlaid on even more combinations of office,

residential, and wide-area use, challenge the system and its services. One terminal, one
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number (or explicitly two numbers: one for incoming private and another for business

calls) will be possible. Different billing and even different radio access may be provided

for different applications of the same communicator. The concept is to have a single

terminal for each user. The user can be sitting still at home or walking in the street, at work

or at leisure, alone in the office or with a client in a meeting. The user does not have the

time or the skill to assist in mobility management tasks or to deal with the details of his

private branch exchange (PBX), roaming, and handover.

1.8 Coverage and capacity 

Network coverage and capacity must be able to cope with a high user density,

a broad mix of traffic, and sharp spikes in peak usage. Peaks will occur during daytime

business use and evening private use. In conventional cellular networks operators cleverly

exploited this peak business capacity by marketing the off-peak periods to the private user

at "moonshine" tariffs. Adequate coverage to the private user means that she can use her

phone anywhere in a given area she ma:y find herself most of the time say, 90% of her

time. The service should be available everywhere and anytime: at home, on the road, on

the street, in the office, outside, or inside. Roaming agreements between operators, or the

fact that a particular operator's service is nationwide, enhance the chances of being granted
access to service all the time.

1.9 Voice quality 

Voice quality has to be high. The trend is toward fixed-line toll quality without

any compromises that are characteristic of first- and second-generation speech trans coder

technologies. As a benchmark' the CCITT/ITU G721/726 adaptive differential pulse code

modulation (ADPCM) algorithm delivers adequate quality, but at a relatively high rate of
•32 Kbps. An abundance of speech coding algorithms is available that have been designed

for use in communication systems with a requirement for low-bandwidth (baud rate) voice

data, such as spectrally efficient wireless transmission systems, with few sacrifices in voice

quality. Voice quality is determined by system design. Mobile systems dedicated to voice

traffic can tolerate relatively high errorrates on the channel relative to the lower error rates

demanded of data services. Operators have to perform yet another balancing act as they

configure their network densities in accordance with the mix of voice and data services




