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Wireless communication represents transfer of information over a distance without the
use of electrical wires. It permits both short range services (a few meters as in television remote
control) and very long (thousands or even millions of kilometers for radio communications)
which are impossible or impractical to implement with the use of wires. These services use
radio frequency (RF), infrared light, laser light, visible light, acoustic energy, etc. to transfer
information without the use of wires.

Wireless communication earlier refered to a radio receiver or transceiver (a dual purpose
receiver and transmitter device) as in the field of wireless telegraphy. Today, this term is used
to describe modern wireless connections such as point-to-point communication, point-to-
multipoint communication, broadcasting, cellular networks and wireless broadband Internet
among others.

Wireless communication  is different from cordless technologies, which generally refer to
powered electrical or electronic devices that are able to operate from a portable power source
(say a battery pack) without any cable or cord that otherwise would limit the mobility of the
cordless device through a connection to the mains power supply. However, several cordless
devices, such as cordless telephones, are also wireless since signals are transferred from the
cordless telephone to the telephone�s base unit via some type of wireless communications link.

The ground level conditions which justify the use of wireless technology are:
1. Remotely connecting users or networks, which are mobile.
2. Covering a distance where normal wired networks cannot be installed.
3. Areas where normal cabling is difficult or financially impractical.
4. Setting up links over obstacles such as physical structures.
5. Backup communications link in case of normal wired network fails.
6. Linking portable or temporary workstations,

A wireless communication system can be seen as a distributed real-time computer that uses
a number of instructions to transfer information packets from one location to another. In a
manner similar to computers, the making of this system is based on certain requirements:
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1. initial signaling for registration and call establishment
2. maintaining the synchronisation among the terminals
3. mobility management
4. transfering the data traffic.
5. a set of instructions and ports which are referred to as logical channels, to instruct

different elements of the network to perform their specified duties.

1.1 HISTORY OF WIRELESS COMMUNICATION

Before the advent of electronic communication, the first wireless communication systems
used smoke signals, torch signaling and flashing mirrors to convey messages. Observation sta-
tions were built on hilltops to relay these messages over long distances.

1878 : David E. Hughes, inducted the concept of electromagnetic waves in a signal-
ing system. Hughes transmitted Morse code by an induction apparatus.
Hughes�s induction transmission method utilised a �clockwork transmitter�
to transmit signals.

1885 : T. A. Edison used a vibrator magnet for induction transmission.

1888 : Edison deployed a system of signaling on the Lehigh Valley Railroad.

1888 : Heinrich Rudolf Hertz developed the theory of electromagnetic waves. The
theory of electromagnetic waves predicted from the research of James Clerk
Maxwell and Michael Faraday. Hertz demonstrated that electromagnetic waves
could be transmitted and caused to travel through space at straight lines and
that they were able to be received by an experimental apparatus.

1891 : Edison attained the wireless patent for this method using inductance.

1897 : Marconi demonstrated radio ability to provide continuous contact with ship.

1915 : American Telephone & Telegraph developed a wireless phone, but it was not
deployed as the company thought it could undermine its monopoly on wired
service in the U.S.

1934 : The US municipal police radio system adopted AM based mobile communica-
tion. Over 5000 radios were installed in mobiles. Vehicle iganition noise was
found to be the major problem.

1946 : The first public mobile telephone service was introduced in 25 American cit-
ies. Each system used a single high power transmitter to cover a large area.
FM push to talk system was used with 120 kHz of RF bandwidth in half
duplex (only one person can talk at a time).

1978 : Nikola Tesla in Japan worked out the practical applications of the wireless
communication and remote control technology.

1.2 WIRELESS APPLICATIONS AND SERVICES

Wireless Communication deals with a variety of fixed, mobile, and portable devices. These
provide connectivity for portable and mobile applications, both personal and business. These
devices are briefly introduced below.
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Broadcast: The first wireless service was broadcast radio. In broadcast radio, the informa-
tion is transmitted only in one way. And the transmitted information is same for all users. The
information is transmitted continuously. Example: broadcast TV and radio. The broadcast sta-
tion sends the information to the radio or TV receivers; the users (listeners) do not send any
information back to the broadcast station.

Paging systems: Similar to broadcast paging systems are unidirectional. User can only
receiver information and the messages can not be acknowledged. The amount of transmitted
information is very small (short messages). Bandwidth required in paging is small. Paging can
operate at lower carrier frequencies (of about 150 MHz).

Mobile telephones: These instruments use radio waves to enable the operator to make
phone calls from many locations world-wide. They can be used anywhere, where there is a
cellular telephone site which contains the equipment necessary to transmit and receive the
signal for transfer of both voice and data. These sites called base stations which are essentially
fixed-position transceivers with relatively high-power transmitters and sensitive receivers. Cel-
lular telephones communicate directly with these stations.

Mobile telephone are basically full-duplex transmissions and permits two-way simultaneous
transmission and thus operates much the same way as the standard wireline telephone service.
For privacy, each cellular telephone is assigned a unique telephone number. Coded transmis-
sions from base stations activate only the intended receiver. With mobile telephone, one can
virtually call anyone with a telephone number, whether it be through a cellular or a wireline
service.

Two-way mobile radio: These systems operate in half-duplex mode and the transmitter
turns off the receiver, whereas releasing the PTT button turns on the receiver and turns off the
transmitter. Examples of two-way mobile radio are citizens band (CB), which is an AM system,
and public land mobile radio, which is a two-way FM system such as those used by police and
fire departments. Most two-way mobile radio systems can access the public telephone network
only through a special arrangement called an autopatch.

The two-way mobile radios are limited to half-duplex operation where neither party can
interrupt the other. There transmissions are limited to relatively small geographic areas unless
they utilise complicated and expensive repeater networks.

Cordless Telephones: These devices (not to be confused with cell phones) are wireless
link between a handset and a base station that is directly connected to PSTN. There is no need
of switching center. When call is coming from PSTN, there is no need to find out the location of
the mobile station. There is no need to provide handover between different base stations. Cur-
rent cordless systems are digital. Examples: DECT (Digital European Cordless Telephone) in
Europe and PHSC (Personal Handy Phone System) in Japan. They operate in 1800 MHz band.
They have limited range.

Wireless networks: A wide variety of different wireless data technologies now exist, some
in direct competition with one another, while several other technologies have been designed to
be optimal for specific applications. These technologies refer to any type of system whose inter-
connections between nodes is implemented without the use of wires. Wireless network connec-
tions are used in notebook computers taken to business meetings or by people who move about
regularly. In home networking, it is preferred by homeowners and tenants who do not want
running wiring through or along the walls. Wireless networks are of four types:
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Some systems such as RONJA and IrDA have been built for point-to-point line-of-sight com-
munications. Other systems are designed to form a wireless mesh network using one of a
variety of list of ad-hoc routing protocols. In a mesh network, when 2 nodes get too far apart to
directly communicate, they can still indirectly communicate through intermediate nodes.

Personal Area Networks (PAN): When the coverage area is much smaller than WLAN,
we speak of PAN. Such networks are mostly used for cable replacement duties. For example,
devices following Bluetooth standard allow connecting a hands-free headset to a cell phone
without any cable (distance between the devices is less than a meter). PAN also provides wire-
less links between DVD player, TV and wireless links between computer and peripheral devices
(printers, mouse).

Wireless Local Area Network (WLAN): A wireless LAN or WLAN is a wireless local area
network, which is the linking of two or more devices without using wires. It uses radio instead
of wires to transmit data back and forth between the devices on the same network. It links users
on particular floor of a building. A community area WLAN  serves an industrial or university
campus.

A WLAN is used to provide wireless Internet access (and access to other systems on the
local network such as other computers, shared printers, and other such devices) throughout a
private property. Typically a WLAN offers much better bandwidth and latency than the user�s
Internet connection, as it is designed as much for local communication as for access to the
Internet.

Wireless Metropolitan Area Network (WMAN): Wireless Metropolitan area networks
are a type of wireless networks that connects several Wireless LANs. WiMAX is refers to wire-
less MANs and is covered in IEEE 802.16d/802.16e. This  connects the residents and visitors to
a city.

WiFi: Wi-Fi is a wireless technology widely used between personal computers and similar
devices. It is the most successful system intended for use as a WLAN system. For (WiFi offered
in many places as an Internet access system in which access speeds are limited by the shared
Internet connection and number of users than the technology itself). Other systems that pro-
vide WLAN functionality include WiFi, DECT and HIPERLAN.

Examples: IEEE 802.11 with 1 Mbits/sec
IEEE 802.11b (WiFi) with 11 Mbits/sec
IEEE 802.11a with 55 Mbits/sec.

WiMAX:  WiMAX (Worldwide Interoperability for Microwave Access) is a wireless technol-
ogy which transmits data in a variety of ways, ranging from point-to-point links to full mobile
cellular-type access. As a wireless alternative to cable and DSL and also High Speed Packet
Access, it enables the delivery of last mile wireless broadband access. It combines the benefits of
broadband and wireless. WiMAX is available in multiple configurations, including both Non-
Line-of-Sight (NLOS) and LOS variants. UMTS-TDD, WiMAX, and proprietary systems such as
Canopy are used by Wireless ISPs to provide broadband access without the need for direct cable
access to the end user.

WiMAX in future is expected to provide high-speed wireless Internet over very long dis-
tances and will most likely provide access to large areas such as cities. Next generation WiMAX
provide pure packet switched services with no need to support the circuit switching services
required for voice systems.
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Ad Hoc Networks: Several computers setup a network in which all devices have the same
functionality: communicating with each other. These networks function without base station
and without any internet connection. These networks are restricted to a few devices and to a
range of few meters.

Security systems: Wireless technology may supplement or replace hard wired implemen-
tations in security systems for homes or office buildings.

Wireless Networking and the Internet: A wireless network can be used to share an
Internet connection. Any computer equipped with a wireless network card running suitable
Internet sharing software can share Internet access.

Home RF: It is a wireless scheme used for home networks. It functions in 2.4 GHz ISM
band and modulation FSK. It can support up to 127 devices per network.

Infrared: It is a wireless technology used in home electronics devices like TVs and VCRs
and uses infrared spectrum. It does not involve high cost to build these devices. It uses narrow
beam Infrared, (30 degrees or less) whose wavelength is slightly larger than the wavelength of
visible light.

Bluetooth, UWB, ZigBee, and Wireless USB: These technologies are called Wireless
PAN systems. They are for short range communication between devices typically controlled by
a single person. A keyboard can communicate with a computer, or a mobile phone with a handsfree
kit, using any of these technologies.

Bluetooth provides an integrated cordless system to facilitate access to voice and data. It
operates in the 2.4-2.483 GHz, ISM (Industrial-Scientific-Medical) band. Bluetooth units (such
as mobile handsets, PCs, PDAs, printers, etc.)can be connected through the Bluetooth radio
link to form a piconet in the office environment. Bluetooth is positioned as a replacement for
cable, infrared, and other connection media. It offers a variety of other services, and creates
opportunities for new usage models.

Mobile TV: In wireless communications, mobile TV is relatively a new technology  which is
poised to a variety of services including video-on-demand, traditional and live TV programmes.
This service is delivered to subscribers via mobile telecommunications networks, such as the
mobile phone carriers and the internet. Cell phones need to be compatible with mobile-TV
systems. The services and viewing experience of mobile TV over cellular networks differ a great
deal from traditional TV viewing.

Wireless Internet: Web-enabled mobile devices have been introduced by which a Website
can be accessed on a cell phone to get information. The wireless system delivering multimedia
services (voice, data, video, etc.) to a global base of mobile terminals locate roaming terminals
and transfer the call, if need be, from cell to cell (called handoff management).

Wireless Internet is built around a set of communication protocols  called Wireless Applica-
tion Protocol (WAP), adopted to standardise the way hand-held wireless devices access e-mail
or the Web. WAP supports most wireless technologies (GSM, TDMA and CDMA). WAP is de-
signed for applications including wireless, e-commerce, on-line banking and information access.
The facilities include interactive news, data retrieval and online services.

Airborne Wirelss Internet: The new technology envisages providing high-speed wireless
Internet connection by placing aircraft in fixed patterns over hundreds of cities. Called High
Altitude Long Operation (HALO), it would use lightweight planes to circle overhead and provide
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data delivery faster than a T1 line for businesses. Consumers would get a connection compa-
rable to DSL. Companies like Angel Technologies, AeroVironment in collaboration with NASA
are working on a solar-powered, unmanned plane that would work like the HALO network, and
Sky Station International is planning a similar venture using blimps instead of planes.

Maritime VHF radio Transceiver: It uses electromagnetic waves to implement a form of
wireless communications technology.

Satellite Cellular Communication: Satellite television: allows viewers in almost any
location to select from hundreds of channels. The distance between the base station (satellite)
and mobile station is much larger (for geostationary satellites 36000 km and for Low Earth
Orbit (LEO) satellites  several hundred kilometers). In satellite cellular communication, the
transmission power must be larger, high gain antennas need to be used, cell areas are larger
and the cost of setting up a base station is high. Major systems are: AMSC (American Mobile
Satellite Corporation) series, MSAT (Mobile Satellite System) satellites each with the capability
to support 2000 simultaneous radio channels, N-STAR series and INMARSAT series of satel-
lites.

Global Positioning Satellite Systems (GPS): The Global Positioning Satellite Systems
(GPSs) are used as means of navigation for ships and aircraft, road transport and in surveying
many other applications.

The GPS space segment consists of 24 satellites in medium earth orbit (MEO) at a nominal
altitude of 20,200 km with an orbital inclination of 550. The orbits of the 24 GPS satellites
ensure that at any time, anywhere in the world, a GPS receiver can pick up signals from at least
four satellites. Up to 10 satellites may be visible at some times, and more than four satellites
are visible nearly all of the time. They provide a direct readout of the present position of a GPS
receiver with a typical accuracy of 30 m. A large number of GPS receivers can operate simulta-
neously because all that a GPS receiver has to do to locate itself is to receive signals from four
GPS satellites.

Professional Mobile Radio: It is a field radio communications system, which uses por-
table, mobile, base station, and dispatch console radios for dedicated use by specific organisa-
tions such as police forces and fire brigades. Known as Private Mobile Radio (PMR) in the UK
and Land Mobile Radio (LMR) in North America), it is based on such standards as MPT-1327,
TETRA and APCO 25.

Key features of professional mobile radio systems can include point to multi-point communi-
cations (as opposed to cell phones which are point to point communications), push-to-talk, re-
lease to listen�a single button press opens communication on a radio frequency channel, closed
user groups and use of VHF or UHF frequency bands.

Other specialised radios: Specialised Mobile Radio (SMR) used by business, industrial
and Public Safety entities; Consumer Two Way Radio including Family Radio Service (FRS),
Citizens Band (CB) radios and The Amateur Radio Service (Ham radio).

Cordless computer peripherals: These include cordless mouse; and keyboards and printers
linked to a computer via wireless.
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TV remote: These are wireless (generally based on infrared frequencies) remote control
units.

Automatic garage door openers: These are used for wireless linked systems similar to
TV remote.

Personal Digital Assistant (PDA) devices: These devices work in wireless local-area
networks and enable their users to browse the Web and download scanned pages to PDAs by
using an infrared link. The interaction between information appliances and information infra-
structure is done by the so- called IRDA technology (named after the standard specified by
Infrared Data Association) formed in 1993 in the US. The lowcost, easy-to-use, interoperable
wireless technology provides short-range connectivity between various devices such as mobile
phones, PDAs and pagers without going through common control points.

In the light of the above, it can be seen that the boom in wireless links is leading to the
emergence of the second generation of the Internet. New Web portals are being designed to
function effectively within the constraints of wireless devices with small screens and slower
Internet connections. Concurrently, a separate Internet standard for mobile phones is being
considered.

1.3 TECHNICAL FEATURES OF WIRELESS COMMUNICATION

The wireless networks worldwide utilise Ultra High Frequency or UHF band for the trans-
mission and reception of their signals. The UHF band is also shared with Television, Wi-Fi and
Bluetooth transmission. The cellular frequencies are the sets of frequency ranges within the
UHF band that have been allocated for cellular phone use.

1.3.1. Cellular Frequency Bands

Cellular telephony provides full- duplex communications, which requires simultaneous trans-
missions in both directions.(1) forward path or downlink and (2) reverse path or uplink. Fig. 1.1
shows cellular frequency allocation. A 45- MHz guardband is provided to avoid interferences
between Tx/Rx channels.

The frequency bands are further divided into several sub- bands. It is as follows:
1. Each band occupies 12.5 MHz, of which 10 MHz is Non- expanded Spectrum (NES)

and 2.5 MHz is Expanded Spectrum (ES).
2. These bands are divided into several channels of 30 kHz each, and each channel is

assigned to a subscriber. This arrangement provides 10 MHz /30 kHz = 333 channels
per band in the NES and 2.5 MHz/ 30 kHz = 83 channels per band in the ES.

3. The total number of channels per band is therefore 333 + 83 = 416 in each band.
4. Among these, 21 channels are used as control channels, which are used for channels

assignment, paging, messaging, etc.
5. The remaining 395 channels are used as voice channels for conversations.

Mobile radio transmission is not feasible at 10 GHz or above because service propagation
path loss, multipath fading, and rain activity make the medium improper for mobile communi-
cations.
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Fig. 1.1. Cellular Frequency Allocation.

Table 1.1 gives frequency allocation for various cellular systems.

Table 1.1.  Frequency Allocations for Wireless Systems

Europe US Japan

Mobile phones : 453- 475 MHz NMT CDMA AMPS,TDMA PDC
463- 467 MHz 824- 849 MHz 810- 826 MHz

GSM 890- 915 MHz 869- 894 MHz 940- 956 MHz
935- 960 MHz GSM, TDMA, CDMA 1429- 1465 MHz

1710- 1785 MHz 1850- 1910 MHz 1477- 1513 MHz
1805- 1880 MHz , 1930- 1990 MHz

Cordless telephones CTI+ PACS PHS
930-932 MHz 885- 887 MHz 1850- 1910 MHz 1895- 1918 MHz

CT2  864-868 MHz 1930- 1990 MHz JCT
DECT  1880-1900 MHz PACS-UB 254- 380 MHz,

1910-1930 MHz

Wireless LANS IEEE 802.11 IEEE 802.11 IEEE 802.11
2400-2483 MHz 2400-2483 MHz 2471- 2497 MHz

HIPERLAN
1 5176-5270 MHz

In the USA, the FCC allows 800 MHz for mobile radio communication because of severe
spectrum limitations at lower frequency bands. FM broadcasting services operate in the vicinity
of 100 MHz. The television broadcasting service starts at 41 MHz and extends up to 960 MHz.

Air-to-ground systems use 118 to 136 MHz; military aircraft use 225 to 400 MHz. The
maritime mobile service is located in the vicinity of 160 MHz. Fixed-station services are allo-
cated portions of the 300 to 100 MHz band. In view of above, it was difficult for the FCC to
allocate a spectrum in the lower portions of the 30 to 400 MHz band since the service of this
band had become so crowded.
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1.3.2 Data Rates

Speech communication requires data rates between 5 kbits/sec and 64 kbits/sec. For cordless,
- 32 kbits/sec data rates are used. For cellular systems, which require higher spectral efficiency,
10 kbits/sec are standard. Elementary data services require data rates between 10 and 100
kbits/sec. Communication between computer peripherals around 1 Mbits/sec is used. High speed
data services such as WLAN and 3G cellular systems are used to provide fast internet access,
with speeds range from 0.5 Mbits/sec to 100 Mbits/sec. PAN applications requires 100 Mbits/sec.

1.3.3 Range and Number of Users

Body Area Network (BAN) cover communication between different devices attached to one
body.

Example
1. From a cell phone in a hip holster to a headset attached  to the ear (distance  1 m).
2. Personal area networks cover distance up to 10 m.
3. Network linking components of computers and home entertainment systems.
4. WLAN and cordless phones cover up to 100 m. The number of users is limited. When

the number of users is increased, the data rates for each user decrease.
5. Cellular systems micro-cells typically cover 500 m radius; macro-cells cover 10-30 km.

The number of users is calculated based on the available bandwidth, frequency reuse,
interference and multiple accesses. If the system provides high speed data services to
one user, the number of active users reduces.

6. Fixed wireless access services cover from 100 m to several tens of kilometres.
7. Satellite systems provide larger cell sizes, typically 1000 km radius.

1.3.4 Mobility

The mobility of the wireless devices is classified as follows:

Low mobility : Devices operated at pedestrain speeds.

High mobility : Ranges from 30 km/hr - 150 km/hr

Very high mobility : 300 km/hr - 1000 km/hr.

Nomadic devices : Devices placed at a certain location for some time and then
moved to a different location. Example: Laptop computers.

1.3.5 Energy Consumption

Most wireless devices use one-way or rechargeable batteries, as they should be free from
wires. The weight of a mobile station is determined mostly (70-80%) by the battery. Also the
costs of a cell phone are determined to a considerable degree by the cost of battery.

1.4 SYSTEM PARAMETERS

1. Throughput: The throughput is the data rate of the standard service. The theoretical
maximum throughput is the throughput rate available to a single connection under ideal cir-
cumstances. These speeds may not be achieved regularly in typical usage.
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2. Latency: The latency is the time taken for the smallest packet to travel between the user
terminal and base station.

3. Spectral use and efficiency: This parameter assesses the ability of a wireless system
towards an efficient use of the frequency bands allocated to it. In setting frequency allocation,
the regulatory authorities such as the ITU envisage that the systems should need minimal
bandwidth but provide services to high almost unlimited number of users in unlimited areas
and uphold consumer satisfaction. For this, the basic strategies are to use Single-sideband
(SSB), which divides the allocated frequency band into maximum number of channels; and
reuse of the allocated frequency band in different geographic locations.

1.5  TECHNOLOGICAL CHALLENGES AND SOLUTIONS

The explosive demand for mobile telephones and other wireless devices since the 1990s
world created a number of problems to meet the demand and new requirements of the prospec-
tive users. These are:

1. Inadquate system capacity: This was primarily due to limited availability of frequency
bands for wireless and Limited channel capacity of existing systems.

2. Multi-path propagation problems: The mobile or indoor radio channel is character-
ised by multipath reception. The signal reaching the receiver contains not only a direct line-of-
sight radio wave, but also a large number of reflected radio waves. Since these reflected waves
interfere with the direct wave, it leads to significant degradation of the performance of the
network.

3. Spectrum efficiency: Most existing systems had low spectrum efficiency or utilisation
of allocated frequency bands and limited number of users served within a given frequency band.

4. Fading: When systems use higher transmission rate, it makes the bandwidth of the
signal large compared with the coherence bandwidth of the propagation channel. As a result,
different frequency components of the signal will experience different fading characteristics.

1.6 SOLUTIONS

The following technological breakthroughs have been made to provide solutions to prob-
lems in several key areas and to make wireless/cellular systems technically and commercially
viable.

(a) Expanding the channel capacity of existing systems through resorting to digital trans-
mission in lieu of the analog FDM transmission used by analog cellular systems.

(b) Allocating new frequency bands to cellular mobile phone service through suitable
frequency regulation polices.

(c) Development of low-cost digital signal processing technology which include:
� compressing a digital speech signal into a low enough bit rate than digital voice

transmission. Speech compression algorithms have advanced to the point that
digitisation can, in some cases, provide greater spectrum efficiency than analog
systems.

� Application of sophisticated equalisers to overcome the effects of dynamic multipath
transmission impairments.

� Adoption of sophisticated error correction and control measures to overcome sus-
ceptibility of the speech compression algorithms to channel errors.
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� Adoption of low-bit rate voice coders and the digital system architectures to intro-
duce significant artificial delay into the voice channel and echo cancellers to achieve
acceptable voice quality.

(d) Techniques to combat frequency selective fading are used in order to attain an accept-
able error rate at the output of the cell-site receiver.

SHORT QUESTIONS WITH ANSWERS

1. What are the ground level conditions which justify the use of wireless technol-
ogy?

Ans.
1. This technology facilitates remotely connecting users or networks, which are on the

move.
2. It covers areas where normal wired networks cannot be installed, or are two costly.
3. The area contains large number of obstacles such as physical structures.
4. It provide backup communications link for wired network.
5. It can link portable or temporary work stations,

2. Explain why frequency spectrum in the conventional system cannot be utilised
efficiently.

Ans. In a conventional system, each channel can only serve one customer at a time in a
whole area leading to high frequency requirements. Since the available radio frequency spec-
trum is limited in setting frequency allocation, it is necessary that the systems use minimal
bandwidth but provide high usage and consumer satisfaction.

3. Write short notes on:
(a) Two-way mobile radio
(b) Cordless telephones
(c) Infrared.

Ans. (a) Two-way mobile radio: These systems operate half-duplex and the transmitter
and turns off the receiver, whereas releasing the PTT button turns on the receiver and turns off
the transmitter. Examples of two-way mobile radio are citizen�s band (CB), which is an AM
system, and public land mobile radio, which is a two-way FM system such as those used by police
and fire departments. Most two-way mobile radio systems can access the public telephone net-
work only through a special arrangement called an autopatch, and then they are limited to half-
duplex operation where neither party can interrupt the other. Another limitation of two-way
mobile radio is that transmissions are limited to relatively small geographic areas unless they
utilise complicated and expensive repeater networks.

(b) Cordless telephones: These devices (not to be confused with cell phones) are a wire-
less link between a handset and a base station that is directly connected to PSTN. There is no
need of switching center. When call is coming from PSTN, there is no need to find out the
location of the mobile station. There is no need to provide handover between different base
stations. Current cordless systems are digital. Examples: DECT (Digital European Cordless
Telephone) in Europe and PHSC (Personal Handy Phone System) in Japan. They operate in
1800 MHz band.  They have limited range.
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(c) Infrared: It is a wireless technology used in home electronics devices like TVs and
VCRs and uses infrared spectrum. It does not involve high cost to build into devices. It uses
narrow beam Infrared, (30 degrees or less) whose wavelength is slightly linger than the wave-
length of visible light.

4. Describe Wireless local area network (WLAN).

Ans. A wireless LAN or WLAN is a wireless local area network, which is the linking of two
or more devices without using wires. It uses radio instead of wires to transmit data back and
forth between the devices on the same network. It links users on particular floor of a building.
A community area WLAN serves an industrial or university campus. A WLAN is used to provide
wireless Internet access (and access to other systems on the local network such as other com-
puters, shared printers, and other such devices) throughout a private property. Typically a
WLAN offers much better bandwidth and latency than the user�s Internet connection, being
designed as much for local communication as for access to the Internet, and while WiFi may be
offered in many places as an Internet access system, access speeds are usually more limited by
the shared Internet connection and number of users than the technology itself.

5. What do you means by ad hoc networks?

Ans. Several computers setup a network in which all devices have the same functionality:
communicating with each other. These networks function without base station and without any
internet connection. These networks are restricted to a few devices and to range of few metres.

6. What are the functions of Bluetooth, UWB, ZigBee, and Wireless USB?

Ans. These technologies are intended for use as so called Wireless PAN systems. They are
for short range communication between devices typically controlled by a single person. A key-
board might communicate with a computer, or a mobile phone with a handsfree kit, using any of
these technologies. Bluetooth, in particular, provides an integrated cordless system to facilitate
access to voice and data. It operates in the 2.4-2.483 GHz, ISM (Industrial-Scientific-Medical)
band. Bluetooth units (such as mobile handsets, PCs, PDAs, printers, and so on) can be con-
nected through the Bluetooth radio link to form a piconet in the office environment.  Bluetooth
is positioned as a replacement for cable, infrared, and other connection media, it offers a variety
of other services, and creates opportunities for new usage models.

7. Describe briefly the concept of mobile TV.

Ans. In wireless communications, mobile TV is relatively a new technology  which is posed
to a variety of services including video-on-demand, traditional and live TV programmes. This
television service delivered to subscribers via mobile telecommunications networks, such as the
mobile phone carriers and the internet. Cell phones need to be compatible with mobile-TV
systems. The services and viewing experience of mobile TV over cellular networks going to
differ a great deal from traditional TV viewing. In addition to mobility, this TV offers a few
more benefits than traditional television does, although improving video quality and screen size
are currently highly critical factors to ensure its popularity.

8. Describe the frequencies used in wireless communication.

Ans. The wireless system worldwide utilises Ultra High Frequency or UHF band for the
transmission and reception of their signals. The UHF band is also shared with television, Wi-Fi
and Bluetooth transmission.
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Wireless communication is allocated the spectrum from 9 GHz to 300 GHz for:
� Radio frequency communication
� Microwave communication, for example long-range line-of-sight via highly directional

antennas, or short-range communication
� Infrared (IR) short-range communication, for example from remote controls or via

IRDA.

In the USA, 800 MHz is used for mobile radio communication because of severe spectrum
limitations at lower frequency bands. FM broadcasting services operate in the vicinity of 100
MHz. The television broadcasting service takes place at 41-960 MHz.

9. Discuss the data rates used in various systems.

Ans. Speech communication offers data rates between 5 kilobits/sec and 64 kilobits/sec. For
cordless, 32 kilobits/sec data rates are used. For cellular systems, which require higher spectral
efficiency, 10 kilobits/sec are employed. Elementary data services require data rates between 10
and 100 kilobits/sec. Communication between computer peripherals takes place around 1
Mbits/sec. High speed data services such as WLAN and 3G cellular systems which are used to
provide fast internet access, have speeds between 0.5 Mbits/sec and 100 Mbits/sec. PAN applica-
tions requires 100 Mbits/sec.

10. Describe the classification of the mobility of the wireless devices.

Ans. These are as follows:

Low mobility: Devices operated at pedestrian speeds.

High mobility: Ranges from 30 km/h � 150 km/h

Very high mobility: 300 km/h � 1000 km/h.

Nomadic devices: Placed at a certain location for some time and then moved to a differ-
ent location. Example: Laptop computers

11. Define the throughput and latency.

Ans. The throughput is the data rate of the standard. The theoretical maximum throughput
is the throughput rate available to a single connection under ideal circumstances. These speeds
may not be achieved regularly in typical usage.

The latency is the time taken for the smallest packet to travel between the user terminal
and base station.

12. Discuss the technological breakthroughs which have made wireless/cellular
systems technically and commercially viable.

Ans. The technological breakthroughs are:

(a) Expanding the channel capacity of existing systems through resorting to digital trans-
mission in lieu of the analog FDM transmission used by analog cellular systems.

(b) Allocating new frequency bands to cellular mobile phone service through suitable
frequency regulation polices.

(c) Development of low-cost digital signal processing technology which include:
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� compressing a digital speech signal into a low enough bit rate that digital voice
transmission. Speech compression algorithms have advanced to the point that
digitisation can, in some cases, provide greater spectrum efficiency than analog
systems.

� Application of sophisticated equalizers to overcome the effects of dynamic multipath
transmission impairments.

� Adoption of sophisticated error correction and control measures  to overcome
susceptibility of the speech compression algorithms to channel errors.

� Adoption of low-bit rate voice coders and the digital system architectures to intro-
duce significant artificial delay into the voice channel and echo cancellers to achieve
acceptable voice quality.

(d) Techniques to combat frequency selective fading are used in order to attain an accept-
able error rate at the output of the cell-site receiver.

13. Describe WiMAX system. What are its advantages?

Ans. The WiMAX is deployed in cellular systems using base stations that service a radius of
several miles/km. The most typical WiMAX-based architecture includes a base station mounted
on a building and is responsible for communicating on a point to multi-point basis with sub-
scriber stations located in business offices and homes. The customer premise equipment (CPE)
connects the base station to a customer; the signal of voice and data is then routed through
standard Ethernet cable either directly to a single computer, or to an 802.11 hot spot or a wired
Ethernet LAN.

WiMAX-based solutions offer advantages, such as robust security features, good QoS (Qual-
ity of Service), and mesh and smart antenna technology that will allow better utilisation of the
spectrum resources.  WiMAX-based voice service can work on either traditional Time Division
Multiplexed (TDM) voice or IP-based Voice, also known as Voice over IP (VoIP).

REVIEW QUESTIONS

1. What are the requirements for building a wireless system?

2. What is the difference between wireless communication and cordless technologies?

3. Describe briefly the history of wireless communication.

4. Describe the applications and services provided by wireless systems.

5. List the technical features of wireless communication.

6. Discuss briefly frequency band allocation for cellular systems.

7. What are PDA devices?

8. What are the technological challenges being faced by wireless systems.
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MULTIPLE CHOICE QUESTIONS AND ANSWERS

1. The first wireless phone was developed by
(a) Nokia (b) Bell labs
(c) Ericcsons (d) AT & T

2. The first public mobile phone services was introdued in the USA in
(a) 1946 (b) 1958
(c) 1980 (d) 1991

3. The first wireless patent annouced in 1891 was awarded to
(a) Thomas Edison (b) David E. Hughes
(c) Jaines Maxwell (d) Michael Faraday

4. For an extremely difficult remote area, the most appropriate technology to set tele-
communication link will be
(a) Communication satellite (b) Wired network
(c) Wireless network (d) Either of these

5. Which of the following is a chrodless technology?
(a) Mobile phone (b) WLAN
(c) TV remote (d) Wireless TV

6. The set of instructions and ports in a wireless system is called
(a) Traffic channels (b) Logical channels
(c) Fundamental channels (d) All of these.

7. Which of the following wireless network technologies are the most advanced?
(a) WLAN (b) Wifi
(c) WiMAX (d) IrDA

8. Which of the following system operates as half-duplex?
(a) Professional mobile radio (b) Two-way mobile phone
(c) Cordless phone (d) Wireless USB

9. Which of the following technologies is meant for short range communication?
(a) Bluetooth (b) Professional mobile radio
(c) WiMax (d) All of these.

1. (d) 2. (a) 3. (a) 4. (c) 5. (c) 6. (b)

7. (c) 8. (b) 9. (a)


