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ABSTRACT

Communication is an important part of our lives, because we are almost always

involved in some form of it. In order to send a message from one point to another, three

system components must be present. We need a source which generates a message and

places it on, a transmission medium which carries the message, to the receiver.

These elements are the minimum requirements in any communication process, and

the absence of any one of them makes the communication process incomplete, and in many

cases useless. For communication to be effective, the message must be understood. In

certain types of communication, information flows only in one direction, for example,

radio/ TV stations and receivers at home.
Classification of communication modes helps us describe a particular communication

system. How ever, certain concepts must be understood for one to discern the operation and

use of modern communication systems. Analog and digital messages, transmission of

messages, encoding of messages, routing and switching of messages, the network of

highways and road ways that message travel over, and regulation of the flow of messages

within that network are a few of the themes that r necessary to an understanding of a

particulars of a communication systems.

•
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INTRODUCTION

In this project the access technologies in wireless communication is studied with

intensive care. Wireless communication is a new technology, which will have a large

impact on telecommunications as well as in the wireless networking, WLANs (Wireless

local area network) and in the satellite communications. The project consists of four

chapters.

Chapter 1 gives a briefly introduction to wireless communications. In this chapter

wireless communication is explained with special emphasis on cellular telephony. It also

explained the generation system FDMA, TDMA and CDMA.

Chapter 2 explained the first generation ofthe communication system, FDMA. It also

gives a short introduction to AMPS, which is based on frequency division multiplexing.

Chapter 3 gives a basic explanation about the Time division multiple access and time

division multiplexing. It also discussed about the TDMA technical details. The TDMA

system is assigned to the same set of frequencies as AMPS ; however, because of time

multiplexing into slots, each carrier handles three physical channels. Thus the TDMA, has

three times the capacity of AMPS.

Chapter 4 covers the discussion about the code division CDMA by considering the

historical development of the spread sectrum. It also gives a short introduction about the

concept of spread spectrum and spread spectrum techniques ; frequency hopping and binary

spreading sequence.
•
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CHAPTERl

INTRODUCTION TO \VIRELESS COMMUNICATION

1.1 Introduction

No area of telecommunications has experienced the recent explosive growth like that

of wireless communications. Of course, wireless communications is essentially radio

communications, which is not all that new. However, the maturation of various

technologies (such as very large scale integration of circuitry and advances in signal

processing), cost reductions in technologies, new frequency availability, and business

pressures for mobility and networking in the past few years have finally made wireless

communications efficient and cost effective.

Wireless telecommunications is, unfortunately, a simple and all encompassıng

phrase. As the name implies, wireless telecommunications means communicating without

the use of wires or other physical guides or conduits (such as fiber) through some distance.

There are numerous examples of wireless communications, including remote controls for

TVs, stereos, garage door openers, pagers cordless phones, and cellular phones to name a

few.

There are several advantages to wireless communications, with the most significant

being that the callers need not be tied to a particular location; that is, wo can have mobile

terminals. Also, the medium, unlike wires, fiber or coaxial cable/ is simply air (for satellite

communications it is space) and is free. The primary disadvantage is that, because of the
@I

possibility of interference among users, the electromagnetic spectrum must be subdivided,

referred to as frequency allocation. •ı,..
Many topics associated with wireless are the same as with other areas of

telecommunications, but some functions, such as power and bandwidth, have a different

significance. For instance, we wish to minimize power consumption in the mobile units

because they are usually run off batteries. We also wish to minimize the broadcast power of

the base station to reduce the effect of interference with other base stations. Bandwidth has
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one set of problems with terrestrial communications, for instance in a twisted pair, and a

different set of problems with cellular technology where air is the transmission medium.

One interesting problem that has to be handled by a cellular phone system is locations of

the communicating parties; that is, the calling party must identify itself and then the system

must find the party being called.

In this chapter we intend to explain the technology associated with the major form of

wireless communications: cellular telephony.

1.2 Pagers and GPS Services

Pagers and paging have been around for a number of years. Paging is a

comparatively simple and inexpensive means of communications. 1 t is a classic example of

simplex transmission in that it is entirely one way without any response from the receiver;

however, two-way paging is likely to be the next wave. There are narrow and wide area

pagers; some simple pagers operate only within a building, others in a radius of a couple

miles, and still others can provide worldwide coverage. The concept of a pager is

straightforward: broadcast a message into the air via a transmitter or transmitters and

assume that the correct receiver will get the message. Pagers typically require large

transmitters (high power) and many transmitters (in wide area paging systems) over which

the message is simulcast. Also/ since the messages are typically short, the data rates need n

otbe high.

A similar system to paging is position-locating systems, which also require only a

receiver. The modem position-locating systems rely on the global positioning system (GPS)

satellites that are in medium earth orbit. A GPS receiver will receive signals from multiple

satellites and, from the received aata, calculate the location within a radius of a few meters.

These systems have revolutionized navigation for ships and airplanes and they are now
•

.• available in auto mobiles.

1.3 Introduction to Cellular Telephone

The fastest growing and most commonly practiced and recognized version of

wireless telecommunications is the cellular phone. The cellular concept is remarkable in its
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apparent simplicity but is rather complicated to implement because of the vast number of

calls to be serviced. Think of a large flat plane divided into hexagonal cells as shown in

Figure 1-1. Assume that a base station exists at the center of each cell. Mobile units within

a particular cell are served

Figure 1.1 The cellular concept

by that cell's base station, and if a mobile unit moves from one cell to another a handoff

occurs (to the new cell's base station).

If each cell had its own unique set of frequencies, we would quickly use up the

available bandwidth, but that is not necessary. If the power is adjusted properly and the

spacing is appropriate, we can have sets of cells with the same frequencies, with virtually

no interference, allowing for frequency reuse. Notice the groups of shaded cells in Figure 1-

1. They constitute the set of frequencies used for this system. Within the group of seven

cells the frequencies are different, but then these seven cells are reused over and over again.
!Jo

This concept allows the manufacturers of standard telephones (mobile units) to use the

same set of channels. These mobiles can then be used throughout pıe country. Not all
•

" systems use sets of seven cells; additionally, some do not reuse frequencies at all.

If we were dealing with devices such as walkie-talkies, when you talked on one

cellular phone the signal would go through the air and be received directly by your friend

on another cell phone. But of course that is not practical, especially if you are any distance

away from each other and other people are using walkie-talkies in the vicinity. The other
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people using walkie-talkies would have to have their own frequencies to avoid interference

with your conversation-a totally impractical situation. Therefore, each cell phone connects

to a base station that makes the connection to another cell phone or a regular phone in the

public switched telephone network (PSTN).

The base stations are connected to switches which are connected to other switches,

which are ultimately connected to the PSTN. How are these connections made? There is no

need to do this through the air and use up more band width, so typically it is done with land

lines, which are usually fiber optic cables although line-of-sight microwave links are also

often used.

l
I

I
-~·

'•
\ Col1ıt2'r-,il l,,_,;·.

MTSO = Mobile Telephone Switching Office

D = Base Station for Cell

L). = Mobile within a Particular

Figure 1.2 The architecture of a cellular phone connection
" •

Figure 1-2 illustrates the interconnection of two cellular phones through base

stations, switches, and the PSTN. We will discuss the details of how this phone call is set

up shortly, but for now the important point is what the path looks like. Notice that there is

no direct connection between two wireless phones through the air. Even if they happened to
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be in the same cell the call would be interconnected through at least a switch and a channel

set up for each mobile unit,

1.3.1 Cellular Operation

The cellular concept is straightforward and ingenious. The terrain is divided into

cells represented as hexagons or circles (hexagons look neater, but ragged-looking circles

are closer to reality), as shown in Figure 1-1. In most systems, seven sets of cells (reuse

factor of 7) are repeated. Within the pattern of seven cells, each cell has a unique set of

frequencies to use, thereby avoiding interference among cells. There are no adjacent cells

where the same frequencies are used. Notice the shaded cells (number 1), which have the

same set of frequencies but are never adjacent to each other. Cell "1, in each set of seven

cells, is always surrounded by cells 2, 4, 7, 5 3, and 6 (going around cell 1 in a clockwise

direction).
When a terminal within a cell initiates a call, the base station establishes a channel

for the call. The channel consists of two carrier frequencies: one frequency is for the base

station to transmit to the mobile unit (referred to as the forward channel) and another

frequency is for the mobile unit to transmit to the base station (referred to as the reverse

channel). Within a channel, the forward and reverse sets of frequencies are separated to

provide full-duplex operation.
If a terminal moves from one cell to another, a handoff must occur. The base station

currently serving a mobile continuously measures the received signal. If that signal falls

below a specific level, then a handoff sequence is initiated. The first step is for the base

station to send a message to its switch (mobile telephone switching office, MTSO, or
•

mobile switching center, MSC). The switch asks nearby base stations to measure the signal

from the mobile unit, and the base station having the strongest signal wilt then handle the
ı,

.• call. This usually requires switching the mobile to another channel (referred to as a hard

handofl).If all goes well, the switching to another base station is virtually unnoticed by

those involved in the conversation.
If the unit happens to be adjacent to an area served by another system, then an

intersystem handoff is initiated. This type of handoff is more complicated, but the principle
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is the same. In the end, the mobile will be connected to a new base station which is part of a

different MTSO.

1.3.2 Cell Size and Expansion of Systems

In areas of low population density and thus little cellular traffic, the cells can be up

to several kilometers in diameter, depending on the lay of the land hills, valleys, large

buildings, and other obstructions. All of these configurations affect the design and layout of

cells. Of course power restrictions also determine how large a cell can be. As we move into

more densely populated areas, including suburbs and cities, the phone traffic expands

proportionately as do building obstructions. Another area of increased mobile phone usage

is along major highways and at the intersection of two or more major highways. These

conditions necessitate having smaller cells.

There is a lot of research and developmental software on the subject of designing

cells. Most of the fundamental mathematics and computer science theories have been

developed, but many researchers are still studying the nature of the optimum definitions of

cells. Many telecommunications engineers and technologists are involved in cell design and

antenna design and positioning.

In the recent past, an explosive growth of cellular telephone usage has occurred. Of

course, manufacturers and service providers are delighted with the increased business, but

there are consequent problems. The biggest problem occurs when all the channels are in use

and there is no room for another call. This leads to call blocking not allowing a subscriber

to initiate a call. Incidentally, it is a dilemma for service operators to choose between

allowing a new call versus allowing a handoff of a call in progress into a busy cell.-Typically, companies have decided that customers find it more annoying for a call to be

terminated than to have to wait to start a call. The service provider will leave some
• •

.• channels unused even though a caller is waiting to initiate a call. The main problem is that

the increased traffic can only be accommodated in the following ways:

• Expand bandwidth and reallocate frequencies this is a problem because only so much

spectrum is available (the allocation was expanded from 40 MHz to 50 MHz) and

the channels cannot be made narrower without serious interference problems.
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• Subdivide the cells so there are fewer users per cell this is the main way users have

been added, but there are practical limitations on how small cells can be.

• Develop and implement new technologies this is also being done

(TDMA and CDMA).

1.3.3 Signal Degeneration in Cellular Systems

A signal moving down a copper wire is attenuated so many dB per foot due to loss in

the wire. Also, a light signal in a fiber optic cable is attenuated. We can use amplifiers and

regenerators at the appropriate spots to bolster these signals. However, we do not have such

a luxury for radio signals in the air, and these signals also degenerate with distance. Of

course, this degeneration is another limitation on cell size.

A common unit of power is the dB where dB is defined as P(dB) = lülog [P(W)l.

However, this is a fairly large unit for cellular systems and more often the unit dBm is used,

which is defined as: P(dBm) = 101og[P(mW)l = 101og[watts/lmW], For example, a

transmitter transmitting 2 watts of power could be expressed as:

(a) P(dB) = 10 log[P(W)] = 10 log(2) = 3.01 dB or,

(b) P(dBm) = 10 log[P(mW)] = 10 log(2W/lmW) = 10log(2000) = 33.0 dBm.

There are four major impediments regarding signal integrity in cellular telephony:

1. The power loss due to distance, assuming free space (no obstructions), can be

determined. The received powers, PR, can be determined from PR = kPT /( 4rn2

d2 where PT is the transmitted power, dis the distance, and k is a constant that

is determined from such variables as transmitter and receiver antenna gains (G1.

and Gr)/ wavelength of the signal (A), and losses in the system hardware (L).

The formula for k is: k = GtGr )} /L

.. 2 . 
ı, •

Objects such as buildings and hills in the path of the signal cause both signal

loss due to absorption and additional signal paths due to reflection. These

multiple paths can cause a single signal to arrive at the receiver at different

times, producing phase shifts.
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3. Motion of the terminal across the terrain causes what is called slow fading: that

is, at different spots the reception will be stronger or weaker than in other

spots. These signal changes are mostly random because of the general

unpredictability of the terminal's motion. However, in rural areas the main

effect is decreasing power due to distance (approximately a linear decline with

the log of the distance from the transmitter). In cities and suburbs the random

effect is more noticeable.
4. Rayleigh fading (or fast fading) is due to the terminal moving quickly through

a cell. The various rays reaching the receiver undergo a Doppler shift (the same

as the familiar examples of train whistle frequency changes or the red shift of

stars). Sometimes the signals add and sometimes they subtract, adversely

affecting the quality of the received signal even when the average received

signal is strong.

There are various competing factors in the quality of service relative to power.

On the one hand, we would like to boost the power from the base stations and from the

mobiles (forward and reverse), but on the other hand increasing power increases the

likelihood of interference among cells. Also, since mobiles are typically battery

powered, increasing the transmit power of a mobile unit proportionately reduces its

battery life. Thus, system designers look for other methods to increase the quality of

servıce.

1.3.4 Roaming, Intersystem Operations, and IS-41

Roaming occurs when a subscriber for a particular service provider moves into an

area administered by another service provider. Typically, this has meant an extra charge
•.. tacked on to the user's bill; however, competition' among the service providers is, if not

totally eliminating these expensive roaming charges, at least making the regions where

there is no roaming charge larger and larger.

Aside from charging customers money for roaming, technological problems need to

be overcome to actually allow roaming. In the early days of cellular telephony, large and/or

nearby cellular carriers made agreements and common procedures to set up and document
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