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Appendix

Brief Introduction to
Wireless Communication
and Networking

A.1 Wireless Communication Basics

Similar to wired communication, a one-way (simplex) wireless commu-
nication requires a transmitter (transmitter electronics plus antenna)
generating (electromagnetic) signals that can be properly received and
deciphered by a receiver (receiving electronics plus antenna). Bidirectional
communication requires a pair of ¢transceivers—each transceiver con-
sists of a transmitter and a receiver. Although it is possible for a trans-
ceiver to be designed such that it can transmit and receive at the same
time, for various reasons such as the cost of the unit and its weight, a
transceiver is designed with shared components (such as antenna)
between its transmitter and receiver—leading it to either send or receive
signals at any given time. Hence, bidirectional communication in wire-
less networks is usually half duplex. Various factors such as the power
used for amplification of the wireless signal, properties of the medium,
sensitivity of the receiver, and the signal interference from various other
sources affect the distance at which a wireless transceiver’s signal can
be received. Directionality of the transceiver’s antenna also plays a cru-
cial role in this. An omnidirectional antenna radiates signals with almost
equal strength in all the directions, whereas a directional antenna radi-
ates signals with substantially more strength in some directions than
others. The region around a transceiver within which the signal of a
transceiver can be satisfactorily received is called the coverage area of
the transceiver. Conceptually, a bidirectional wireless link exists between
a pair of transceivers within the coverage area of each other since each

369
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370 Appendix A

can receive signals sent by the other. All other factors remaining constant,
the coverage area of a transceiver can be increased or decreased by
adjusting the power used for amplifying the signal.

Suppose that the receiver and the transmitter are separated by a dis-
tance R. The average power P, of the signal received by the receiver is pro-
portional to the (average) power P, of the transmitted signal. Under some
simplifying assumptions (which we will not go into here) the relationship
between P, and P, can be expressed as follows:

poige

k R@ (1)

where a is the propagation loss exponent and K is the proportionality
constant, which depends on the characteristics of the antennas. The
value of the propagation loss exponent is usually between 2 and 5. It
should be noted here that the above relationship holds when the receiv-
ing antenna is in the far-field region (as opposed to near-field region),
i.e., R is greater than some minimum distance that marks the bound-
ary of the near-field region around the transmitting antenna.
Depending on the sensitivity of the receiver, the received power has
to be greater than a certain minimum threshold value P, for the
receiver to be able to detect the transmitted signal. Hence the maximum
distance R, that a receiver can be from the transmitter and still detect

max

the signal from it can be determined from Eq. (1):

1/a
PK
R === 2
max [P ] ()

r-th

As can be seen from Eq. (2), as P, increases R,,,, increases, although
very slowly.

Conceptually, R,,., is the radius of the region around the transmitter
within which a mobile unit can communicate with a transmitter, called
the cell (assuming an omnidirectional transmitting antenna). In real-
ity, the cell boundary in a given direction may depend on many factors
such as the directionality of the antenna and the terrain. So, although
we denote the cells as circular regions, in reality a cell may have very
irregular geometry. In fact there are two power thresholds that may be
associated with the receiver:

1. P, -detect: the threshold above which the transmitter detects that
the channel is busy and refrains from transmission.

2. P, -recv: the threshold above which the transmitter is able to correctly
receive a packet.
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Obviously, P, ,-detect < P, y-recv — R, .detect 2 R, -recv.

Wireless transceivers are usually designed to operate within a certain
frequency range called a frequency band. Frequency bands are consis-
tent with the frequency bands allocated by the FCC. Most of these bands
require a license issued by the FCC to use them. The exceptions are the
Industrial Scientific and Medical (ISM) bands that do not require
licenses for using them, and hence they can be freely used as long as the
user abides by the FCC guidelines of not using transmission power
greater than 1 W.

The signal propagation properties vary with the frequency. As the
frequency of the signal increases, its penetrability decreases and the dis-
tance to which it can propagate within a medium (say air) decreases.
Hence, at higher frequencies (such as infrared) the transceivers have to
be in the line-of-sight of each other. At lower frequencies (such as radio
frequencies) the line-of-sight is not required, since signal can be reflected
from various objects and reach the receiver from various indirect paths.
Wireless signals experience fading. There are two types of fading: short-
term fading and long-term fading. This results in severe variability of
the available bandwidth of a wireless link. Fading in a wireless medium
results in much higher bit error rates than in wired communication. For
more in-depth coverage, interested readers can consult many excellent
books available on wireless communication (Rappaport, 1996).

A.2 Wireless Network Architectures

There are several types of wireless networks being currently used.
Figure A.1 shows three different types of mobile network architec-
tures. Figure A.1 (1) shows a wireless LAN and mobile IP-based archi-
tecture, Fig. A.1 (2) shows a mobile cellular architecture, and Fig. A.1
(3) shows a mobile ad hoc network architecture. Each-of these archi-
tectures is described below.

A.2.1 Wireless local area network (WLANS)
and mobile IP

An access point (AP) is usually a (mostly static) wireless transceiver con-
nected to the wired network. A mobile station can establish a bidirec-
tional link with an access point using a common protocol such as IEEE
802.11 or Bluetooth. Of course, the mobile station has to have the appro-
priate protocol stack and hardware (e.g., PCMCIA card or built-in trans-
ceiver) to communicate with an IEEE 802.11 or a Bluetooth access point.
Wireless LANs are being used to provide wireless access called “hot
spots” or “oases” in places such as airports, coffee shops, hotels, shop-
ping malls, and homes. A wireless LAN permits mobility within the

Amazon EX1038 Page 14




coverage area
of the covera,
RFIDS, arou
this can rang
around 300 n
satellite cells
Mobile IPis a
less mobility

Basestation
(cell d)

A.2.2 Wireles

In a wireless ¢
(BS), are depl
the range of a
nicate with ea
wireless) netw

(2) Mobile cellular network (infrastucture-based)

y~ Mobile switching center (MSC)

Basestation (cell ¢)

o s, |\t
&is ',-‘;\/ less) cell.
g = & 2 When an ac

in communice
it (or the syst¢
in order to cor
a cellular net

(3) Mobile ad hoc network (infrastructure-less)

Qé w §
2/ EFus, allow a smoot
< \\ c¥ oo
! =_z § 2 é or 2 to another. Fu
17} &) = 3 = =T . &
8 A T HEZY (bandwidth) i
2 By 8 = is wi
g ,),3e % = nel is wide enc
7] WUE A g V% cuit. Adjoining
I\ o 1
B s interference.
Mobile ad hoc

$
=
5
2 f
w 0w
— © = :
i < ol ) lished by an a
2 8 = 155 S ? i
38 x = 2 2 sion capabilif
2 oM S SEn 3]
s 8[1H : €30 5 establishing st
@ cT EoOo> = o o
i o B E8aon B computer is li
= =98 6 00 = .
£ | gz 88 é’i g < é deh\{er a pack
£ *% o ££°0C a routing protoc
ol = =1 2352 4
< TS - s 2° & routing (DSR)
- - 2 .
3 ARG h=E 5 2 mobile ad hoc
= g 5 of the network
— a .
| = = in the networ

node’s energy i
the developme
networks is ar

Figure A.1

372

Amazon EX1038 Page 15



=

single nop

communicatio
using |IEEE

[$]

o
f =
el

©
S
T
[aY]
o
@
3

f
—
=

using ad hoc routing
protocols e.g. DSR,
AODV.

=~ mode

(3) Mobile ad hoc network (infrastructure-less)

Figure A.1 Different types of mobile networks.

Brief Introduction to Wireless Communication and Networking 373

coverage area of the access point. For short-range technology, the radius
of the coverage area can be a few meters (e.g., around few meters for
RFIDS, around 10 m for Bluetooth), whereas for long-range technology
this can range from several hundred to several thousand meters (e.g.,
around 300 m for IEEE 802.11 Wireless LANs, several kilometers for
satellite cells). Protocols such as mobile IP provide wide-area mobility.
Mobile IP is an extension of the Internet Protocol (IP) to support seam-
less mobility across IP networks.

A.2.2 Wireless cellular networks

In a wireless cellular network, several access points, called base stations
(BS), are deployed such that each location in the service area is within
the range of at least one base station. These base stations can commu-
nicate with each other and other static computers via a wired (or another
wireless) network. The coverage area of a base station is called its (wire-
less) cell.

When an active mobile station (a mobile unit that is actively involved
in communication) moves out of the coverage area of one base station,
it (or the system) tries to establish a connection to another base station
in order to continue communicating this process is called a hand-off. In
a cellular network, cells of adjoining base stations usually overlap to
allow a smooth hand-off of a mobile’s connections from one base station
to another. Further, in wireless telephony the available frequency range
(bandwidth) is divided into wireless communication channels. A chan-
nel is wide enough (minimum of 64 kbps) to accommodate one voice cir-
cuit. Adjoining cells use different (sets of) channels to reduce (co-channel)

interference.

Mobile ad hoc networks. A mobile ad hoc network is a network estab-
lished by an ad hoc group of mobile computers with wireless transmis-
sion capabilities. IEEE 802.11 has an ad hoc mode that permits
establishing such networks. Since the transmission range of each mobile
computer is limited, multihop packet transmission may be needed to
deliver a packet to its destination mobile computer. Several multihop
routing protocols have been developed, for example, dynamic source
routing (DSR) and ad hoc distance vector (AODV). Multihop routing in
mobile ad hoc networks poses several challenges. For one, the topology
of the network changes as the nodes move around. Further, the nodes
in the network are mostly battery powered and so an intermediate
node’s energy is depleted in forwarding a packet for someone else. Hence,
the development of energy-efficient routing protocols for mobile ad hoc
networks is an active area of research.
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For more in-depth coverage, interested readers can consult many
excellent books available on wireless and mobile networks (Pahlavan
and Krishnamurthy, 2002).
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