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ABSTRACT 

Mobile Communication Systems is one of the most evolutionary and proırusıng
Communicationsystems of modem Era, having traveled almost 60 years of complex
architectural changes, network protocols and system designing implementations, and

enhancing more benefits, properties, greater bandwidths, security and internet access to the
subscribers than it was once in the 1940's.

The project covers an in-depth look at the evolution of Mobile Communication Systems, as

it was and as it is today, Cellular technology, Introduction to the GSM, which is widely

regarded as the father of today's mobile technology, and study of some new features as the
WAP and I-mode.

Conceptually, the cellular systems are divided into five parts: radios, switching systems,

databases, processing centers and external networks. As the FM radio technologies were

refined, radio channels got narrower, and bandwidths kept increasing. Swift and reliable

switching techniques have changed the concept of mobiles, which was once just restricted

for voice channels, but now, video, and audio data compressions, internet access,

downloadable items and yet there is more to come in the future, where tiny mobiles will be
carried instead oflaptops.

Today's cellular digital systems have come from a long travel punctuated by significant

advances in radio _techniques (for e.g., frequency modulation) and silicon electronics

(microprocessors and digital signal processing). FM made the ... mobile practical, the

microprocessor brought the trunking and cellular status to the mobile radio, and the digital
signal processor brought digital radio costs down to the consumer level.
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INTRODUCTION 

The Convergence of mobile and Internet promise to change the meaning of cellular

technology forever. Mobile devices, still used most exclusively for voice, are on the

threshold of a wave of new service opportunities for business and for consumers.

Mobile phones today include such interactive services as the WAP and SMS.

Rudimentaıy banking services are available on the mobile phones. E-mails from the

mobiles have already revolutionized the way we communicate now. But all have been

made possible, due to a long evolution in the Mobile Communication Systems, with out

that, we would have remained unacquainted with the most unbelievable advantages,
services and facilities today's the world have known in its pockets.

This project covers the most part of Basic Mobile Communication Systems, it's

concept, and architecture, GSM, how the mobiles work, and a general look at the new
technologies related with the mobiles.

Chapter 1, History of Mobile communication Systems, covers the historical background

as well as the most basic mobile technologies, namely: First Generation Mobile

Technology and the Second-generation mobile technology, which is 1 so and 2G

respectively. It also includes the basic steps and idea, which gave way to the modem
mobile systems.

In the 2nd chapter, Cellular Technology, basic concept of Cell Approach as well as its

architecture and the adaptation of the Digital mobiles are explained. The components of
ıı,

a cell phone and its structure are also examined.

The 3rd chapter, Introduction to GSM, states the Histoıy of GSM, it's Architecture,

services provided, speech coding and channel coding aspects of GSM.

In 4th chapter, Smart Cards, an over view of SIM cards is detailed: it's logistical issues,

security benefits and the services provided by the Smart Cards in today's world.
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5th chapter, The Third Generation Technologies, gives a basic idea of WAP, i-mode and

Bluetooth, which, all of them have emerged as the modem approach towards
standardizing mobiles.

And in 6th Chapter, Modem Radio Interfaces, covers the Radio Frequencies: Spread

Spectrum, Code Division Multiple Access (CDMA), Wideband Code Division Multiple

Access (WCDMA), Time Division Multiple Access (TDMA), General Packet Radio

Service (GPRS) and Enhanced Data For Global Evolution (EDGE). All of them are air

interfaces which made possible the: Roaming services, Greater Bandwidths, high speed

networks, low interference and background voice (SIN ratio), and other services as

power control and ceV. size. All of these interfaces have their own advantages and
disadvantages, which are also, thoroughly covered.

At last, the project ends with a conclusion and references. All the subject of this project
has been taken from the same references listed in the end.
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1. HISTORY OF MOBILE COMMUNICATION SYSTEMS 

1.1. BACKGROUND 

Though mobiles and cellular are pretty much synonymous today, they were not

always so. Mobile (but not cellular) existed in the late 1940' s. Those early systems used

a wide-area architecture, one in which a single base site a top a high building managed

fewer than a dozen, Radio channels connecting subscribers to the PSTN (Public

switched telephone network, The central radio at the base sight transmitted tremendous

RF power to the horizon above 100 kın. Away, the service was at the best adequate.

The enabling technology for the early forms of mobile radio was FM, which matured

during the worldwar2 (pre-war Am technology though fine in the fixed broadcast, and

aeronautical applications, defied attempts to get it to the work reliably in the trunk of a
car was very sensitive to noise and interference).

In the U.S. the mobile telephone channels offered I-telephone channels of a FM based

mobile phone services in the 40-MHz bands. To improve system (IMTS-MJ and -Mk)

followed, occupying 11 and 12 radio channels in the 152-and454MHz band
respectively.

As FM radio technologies in practice were defined, radio channels got narrower. The

earliest mobile phones needed 120khz of spectrum to transmit 3-Khz voice circuit. The
early 1960's had dropped the requirements to 10 and 30khz.

1.1.1. TRUNK IN THE LEAD: 

Post war improvements in the FM radio were followed by innovation in

trunking-radio techniques that free mobiles from the constraints dedicating a single

channel to each .user, A frequency agile radio can search for itile channels among a

catalogue of frequencies. Rather than wait for it's own assigned channel to be free.

Under the most conditions trunking system can support quite a bit more traffic than can

a system with as many radio channels available but without trunking aids.

The earliest wide-area mobile phone system uses no trunking techniques at all. Later

system employed manual trunking in which subscriber's search for open channels by



switching among the available channels until they found one with no life traffic. Still

latest systems flaked any free channels with tones for which mobile phones could search

a head of subscribers wish to make a call.

Even with narrow 10-khz channel and the best automatic trunking scheme IMTS service

was often abysmal. The largest systems were usually oversubscribed, and blocking (the

likely hood of not getting a channel during a short period of time) was typical 20%.

Blocking during the busy hours-rush hours was so high .as to render some systems

useless. Tariffs were as might be expected very high.

1.1.2. OVER WHELMED: 

Bad as the service was, waiting list for the privilege of becoming subscriber

were worse five times the subscriber system I the total system. Radio channels werer 
simply too few to accommodate the traffic offered. Private dispatch mobile radio (PMR

system with 11 or 12 channels can cope with far more traffic than can a mobile radio

system offering PSTN inter connection because typical phone connection last 2 3

minutes, as against sec's for connection in a dispatched scenario.

Effort to secure more spectrum for mobile telephone and PMR fell on the defers of

federal communication commission, which saw spectrum for broadcast service as more

socially responsible. But a political winds began to shift favor of mobile telephone and

PMR in 1968 when the commission agreed to hand over T.Vs UHF channels 70-83 (800

MHz band) to land mobile use. At that time mobile phone users in the U.N number only
70,000.

1.2. THE FIRST CELLULAR: 

ATNT the bell laboratory proposed the cellular conserve as the advance the
•

mobile system (amps) architecture in 1971 it was an intriguing idea that called for the

replacing the single base station high above the center of the city with multiple low

power copies of the. fixed infra structure distributed over the coverage area on sides

placed closer to the ground. Each cell side was a copy of the trunked radio installation;

it's traffic channels being run by a trunking controller over a dedicated controlled
channel.

2



The cellular concept ad a spatial dimension to the simple trunking models. The low

profile, low power cell sites were linked through a central switching center and

controlled function. It was the old wide area network reemploy on a grand scale.

Reducing each cell's area of the coverage invited frequency reuse. Cell using the same

set of the radio channels could avoid mutual interference if they were sufficient distance

a part. Interference among the cells is proportional to the transmitter power, system

designer have a great leeway in determining the number of the radio channels available

to the subscribers. More radio channels can be added to the system simple by decreasing

the transmit power per cell, making the cells smaller and filling the vacated coverage

area with new cells.

Cellular system started to spring up all over the world in early 1980's. In a crazy quilt of

incompatible signals schemes deployed in different frequency bands. Each was a

variation on the Amps model that appeared in the western Hemisphere, Australia as

parts of Asia Some of the other simple FM systems were NMT-450 and NMT-900. IN

Scandinavia, Eastern Europe and parts of Asia; C-NETZ in Germany, Portugal and

south Africa; RMTS in Italy; RC-2000 in France; TACS in U.K and elsewhere; and the

MCSLl and JTACS systems in Japan.

1.2.1. FIVE PARTS CONCEPT:

Cellular system may be divided conceptually in to five parts: Radios,

switching systems, database, processing centers and external networks. Often, though,

multiple parts will be realized in single physical entity- a database combine with a

switching system, for e.g.

The mobile connection of the cellar subscriber and fixed telecommunication network is,

ofcourse, realized with the radios. The mobile station (MS) is usually hand set these

days. It's corresponding base sit radio, and base transceiver station (BTS), works

through a base station controller (BSC), which keeps the rest of the fixed network

happily in the dark about the radio details of the mobile MS-BTS connection. Together,

the BTS and BSC are called Base station.
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1.3. FIRST GENERATION MOBILE SYSTEMS (lG) 

All First-generation analog cellular system, such as APS, use narrow band FM

radio techniques that need only 10-30Khz of a spectrum of each channel. Today, the

variety of radio linked technology feeds the controversies in third generation proposals.

Since radio link defines the base mobile station a lot is at stake. The arguments that to

mass continuing innovation in the fixed part of the mobile networks.

The switching function is a combination of computing platform and transmission

facility that out user information and signaling among nodes through out the mobile

network. The functional entity is called mobile switching center (MSC). The center, it's

attached base station and any inter working function to terrestrial networks or other

kinds of network are collectively called a mobile switching center, and in inter working

function, BMI. The BMI is said to communicate the mobile station over air interference.

Server types of database are queried by network entities while providing services to

mobile subscribers. Location registers manage mobility and are unique to mobile

networks. The home location register HLR permanently store subscriber data relative to

network intelligence, while the visitor location register (VLR), maintain temporary

working copies of active subscriber in the network.

Peripheral computing the platforms enhances the profitability of mobile networks.

Authentication center (AC), for instances perform the functions that validate the mobile

station identity. Voice announcement systems and message centers are other functions.

1.3.1. CATALOGUE 01 EVENTS:. 
Cellular networks that employ tradition fin for the traffic channels are sometimes

referred as First Generation systems. About 15 years past between the time the

regulatory way was cleared in the U.S. for the l " Generation AMPS deployment and

, their: first launch in 1983. Entrenched competitive interests had funded elaborate legal

delays cloaked in esoteric technical jargon, Interestingly wireless deployment in the

united states have generally fallen out of the Bell monopolies-note MCI 's microwave

links and the private radio common carriers. These last were mostly mom and pop

organizations supplying al kinds of commercial mobile radio services, like radio paging.

4



AT&T, which played a key role in developing the AMPS proposal argued that the

minimum critical mass of radio channels was needed before the cellular concept could

work. But the radio common carrier fought bitterly for the opportunities to be awarded
cellular licenses.

After some hesitation Motorola, which inherited a large portion of the mobile radio

manufacturing business, took up their cause and AT&T gave up in the 1956 consent
decree with the U.S. justice dept.

When the first cellular system at the last went on line in early 80's the FCC tried to

foster competition by insisting that two cellular operator share the triple six channels

available in each of it" market area. The B operators were the usual wire line (Bell

system) operators, and the A operator were any other competent entity, some times a

successful radio common carrier. Each operator got half.

1.3.2. AFTER THOUGHT: 

In the retrospect, AT&T may have been right. The legacy FM technology,

further under cut by this halving of each operator allotment of 30-khz channel operated

inefficiently enough to keep cost from falling. Phone prices and Airtime charges were

high, but the convenience of wireless tantalized enough new subscribers to courage

hope. But the industry had to wait the digital radio innovation of the early 90's before

real success and market would come.

1.4. SECOND GENERATION MOBILE PHONES (2G) 
Fifteen years ago, mobile telephones were an exotic extravagance. Today as

a Cellular phones, they ale often give away as freebies in support of marketing schemes

and product promotions. Having become a mainstream voice communication medium,

they are poised to take over new challenges, transmission (fairly) high-speed video, data

and multimedia traffic as well as voice signals to the users on the move.

The technology needed to tackle the challenges is known as Third generation cellular
technology.
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The principle advantage of Second-generation over it's predecessors are greater

capacity and less frequent needs for battery charging. In other word, they accommodate

more users in a given piece of spectrum, and they consume new power.

These two improvements have lead to low prices and increased productivity and

convenience. Some in the business also claim that digital phones offer better sound

quality than analog phones, but that alleged advantage is much debated, and some

customers also feel that the opposite is true.

What is not debatable is that the second-generation mobile systems have pretty much

the same voice services, as do the first generation systems. As far as the user is

concerned, the services differ little among operators," technologies, and equipment

manufacturers. That leaves network operators exposed to chum-the tendency of

customers to terminate services with one network provider and sign up with another in

response to an attractive promotional offering. ·

The second generation networks retain the inefficient circuit-switched legacy of analog

networks. They were, after all, designed to carry voice traffic, which has a little

tolerance of delay. Data services are more tolerant to network latencies. They offer

incremental income for carriers, and can appear in many forms that encourage a wide

variety of uses and terminals. By giving cellular systems a chance to stand out with

unusual service providers a chance to stand out with unusual services, the third

generation could reduce chum and help service providers sustain the growth rates to

which they have become accustomed.

1.5. The First Revolution in Mobile Phones:
When the cellular system began switching from analog to digital transmission

in early 1990's, the main goal was to increase capacity. The system therefore needed a

different kind of voice coding from that employed in wired networks.

Simple pulse code modulation, as introduced into wired networks, would not, for it

increased the bandwidth needed to transmit a voice cal. NO matter twisted wire pairs

have bandwidths to spare, rendered unusable for analogue transmission by excessive
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noıse and distortion. Digital technology vanquished this impairment so that entire

bandwidth could cany revenue-producing traffic.

The cellular picture is different. Bandwidth really is limited and must be husbanded. So

sophisticated voice coding techniques, implemented in advanced coderdecoders

(codecs), compress speech by removing some of it's natural redundancy. This they do

by all kinds of assumptions about the voice traffic carried on the radio channel. And

they succeeded. Whereas the usual wire line codec converts speech into 64-kb/s bit

stream (8000 8-bit samples per sec), the voice coedcs get by with a fifth of that, or even

less.

1.5.1. THE BREAK THROUGH: 

In fact voice coding and compression may be termed the breakthrough that

enabled the Second Generation of cellular radio technologies. Digital radios take some

of the redundancy removed by the voicecodecs and replace it using some of the codec's

own carefully contrived redundancy bits, which their receiver can also use to correct

errors. Channel coding extends not just the range of low-powered handsets but battery

life, general approaches to be time and code division multiple access (TDMA and

CDMA). The TDMA technique serves all second-generation systems except IS-95,

which employs CDMA

1.5.2. CUSTOMER APPEAL: 

The digital traffic channel brought the efficiency, quality and privacy that the

cellular Networks always needed, but gave subscribers no compelling reason to pay

extra for Dual mode.

(AMPS/TDMA) handset. Entire TIA/EID-16 in the mid of 1990's as IS-136, defining a

Digital version of the AMPS analog control channel. The digital channel has new

logical resources, which brought the networks as a bulk of new features: longer battery

cellular networks such as caller ID.

Subscribers finally had some reason to buy a dual-mode phone. Broadcast data, of

interest to all mobile phones, and point-to-point data, directed at a specific mobile
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phone, are mapped onto a digital control channel in a hierarchical partitioning scheme,

on that adaptively accommodates the various messages supporting the new features.

Within a few sec after turn on, a mobile phone synchronizes with the channel's data

stream as the phone enters an idle state during which it monitors the channel for
message.

Data such as paging messages are partitioned in time according to an intended mobile

phone's identity. This phone can then be told to remove power to most of it's circuits

and wake up just in time to receive, demodulate, and decode messages in the frames

reserved for it. Sleep time conserves battery capacity beyond the TDMA technique itself

so that hand set can be even smaller.

While U.S. companies took care to preserve their investments in the AMPS

infrastructure and the five million AMPS already in use in 1992, Europeans defined a

totally new TDMA radio scheme. The quickly abandoned their early attempts to

preserve analog legacy when it made clear just how fragmented that legacy was: the

continents three million phones were spread among many incompatible protocols

deployed on several frequency bands.

So, For it's second-generation cellular phones, Europe adopted GSM. The new

technology, which operates in 900-MHz band, was designed from a clean slate, and

appeared in the early 1990's fully formed. It has logical resources a plenty to give

subscribers an early taste of advanced services, such as circuit switches data and short

message services, that in other technology would not appear until the late 90's.
"'

1.5.3. COMPLETELY DIFFERENT MULTI-ACCESS: 

When engineers think about making the most efficient use of the radio

frequency spectrum, they tend to mull improving oscillator stability, sharpening filter

roll-off, and reducing guard bands. The proposal code division multiple access (CDMA)

was particularly bold because it appeared after the IS-54 and GSM standards are well on

their path to publication.
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