
CHAPTER 1

WIRELESS DATA—INTRODUCTION

In studying the principles of data communications, the wireless spectrum is
generally treated as part of communications media only. This may give the
impression that the remaining components of a wireless data network were
the same as those of a fixed, wired network. The reality, however, is quite dif-
ferent, thanks to a number of factors with varying degree of roles in wireless
and fixed, wired networks. There are network components that exist in only
one network type and not the other.There are also network components exist-
ing in both types, but playing a less significant role in one or the other. There
are many sub-systems, such as antenna radiation and mobility management
that do not surface in the fixed, wired networks. Wall connectors are not
usually part of transmission systems in wireless networks. There are systems
that do make an essential part of both network types, but with much less 
significance in one than the other. Examples of such systems are power 
consumption systems, data security, and privacy, by containing signal, signal-
detection techniques and error-control techniques. Lastly, there are certainly
many components that play equally important roles in both types of networks,
such as switching and routing techniques, flow and congestion control mech-
anisms and call-control procedures.Thus a study of wireless data networks has
its own scope, different from networking systems in general.

Wireless, however, does not imply mobility. There are wireless networks in
which both ends of communications are fixed, such as in wireless local loops.
In satellite communication systems, even though the satellite is always mobile,
the mobility profile of the satellite is designed so as to provide a constant signal

Wireless and Mobile Data Networks, by Aftab Ahmad
Copyright © 2005 John Wiley & Sons, Inc.

1



level to the connected terminals, thus emulating a fixed end.Wireless networks
with mobility, however, provide the biggest challenge to the network designer.

We will devote this chapter to various types of wireless data networks that
network engineers have to design and deal with. We will start the discussion
with wireless voice communication, as the bulk of data in cellular networks is
still voice. Also, most of the telecommunications developments have been in
telephony.

1.1. WIRELESS VOICE

Before beginning a discussion on wireless data networks, a few words about
the voice signal might be advisable. Even though the wireless data systems
were the precursor of all electronic communications systems, most of the
progress in telecommunications is a result of voice networks. In fact, most of
the developments in cellular systems to date owe their existence to the voice
signal1.Wireless voice poses somewhat relaxed requirements to system design-
ers, which make it easier to make engineering decisions. Here are some exam-
ples of the characteristics of wireless voice.

1.1.1. Fixed Minimum Bandwidth

The voice signal has most of its energy within 300Hz to 3400Hz, giving a band-
width of 3.1kHz, such as shown in Figure 1-1. For typical digital transmissions,
a nominal value of 4kHz is assumed. Consequently, all channels with a band-
width of 4kHz or higher could ideally provide the same quality of transmit-
ted voice if all other factors are kept constant. Digital speech is transmitted in
one of the several standard coding forms, such as ITU G.711, G.721, G.722,
G.723, G.728 and G.729. These standards are based on different mechanisms
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1 The same is true for wired networks, where PSTN has spearheaded the progress.
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of speech digitization and compression, and produce a digital bit stream of
either fixed (G.711, 721,) or variable but a known average rate (G.728, 729).
PSTN uses G.711, which is based on 8-bit per sample PCM transceiver using
one of the two quantization techniques (A-Law in Europe and m-Law in North
America and Japan), both resulting in a 64kbps encoded voice bit stream.
PCM is a waveform coding technique that deals directly with the speech signal
for digitization and transmission purposes.

Other standards use model-based coding, which extracts certain parame-
ters from the speech signals and transmits these parameters instead of the
speech signal. These later systems, called Vocoders, result in bit streams any-
where from 16kbps to less than 4kbps. However, due to the inflexible nature
of the PSTN, the 64kbps standard is the one most used for voice transmission.
For bandwidth-constrained systems, such as wireless networks, lower bit rate
coding techniques have been considered as better alternatives. For example,
the European GSM systems typically employ regular pulse excited hybrid
voice coding (RPE), resulting in 13kbps bit stream and the U.S. Department
of Defense (DoD) uses 4.8kbps code excited linear predictive (CELP) tech-
nique in federal standard FS 1016. In either case, once a network is designed
to support a certain type of voice coding, the required minimum bandwidth is
fixed. Such is not the case in data communications. Numerical, textual, or
graphical data could be transmitted using any bandwidth without impairing its
quality, as long as error-control mechanisms are employed to remove errors
or retransmit lost packets and packets with errors. The channel bandwidth can
only limit the speed of data transmission.

1.1.2. Vague Definition of Service Quality

A second characteristic of voice signal is a lack of a strict scientific definition
of the quality of transmitted speech. The quality of voice transmitted is per-
ception-driven and can’t be adequately measured. Even though the Inter-
national Telecommunications Union (ITU) standards based on scientific
definition of quality perception allow for an automated measurement of voice
quality, the most commonly used metric is still the mean opinion score (MOS),
a subjective quality-determining mechanism in which listeners allocate a
number between 1 and 5, where 5 is for excellent quality. The procedure for
MOS is defined in ITU recommendation ITU-TP.800. A standard introduced
for automated quality assessment was introduced in the early part of 2001.
Called Perceptual Evaluation of Speech Quality (PESQ), it takes into account
factors such as packet loss, delay and jitter. PESQ is defined in the ITU stan-
dard ITU-T862. Though its usability for Internet is agreeable, its validation,
too, is done by comparing it to MOS.

In circuit-switched wireline networks, a fixed voice coding mechanism is
employed, usually based on waveform coding. However, in connectionless
Internet, neither fixed coding scheme must be employed, nor do the network
characteristics remain constant. In wireless networks, the wireless channel is
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highly unstable, enhancing the vagueness of quality. In fact, despite strides in
speech coding mechanisms, there is a discernable degradation in the quality
of transmitted speech in cellular networks as compared with PSTN voice
quality.

1.1.3. Delay Requirements

A third and perhaps the strictest characteristic of conversational speech is the
stringent requirement on maximum delay. Due to its highly interactive nature,
the conversational speech signal is required not to have more than a fraction
of a second delay (250msec maximum recommended by ITU). The variation
in delay is expected to be even smaller by at least an order of magnitude.These
requirements make the flexibility of packet switching somewhat less than ideal
for voice communications. Therefore, the voice networks have traditionally
been circuit switched. This applies to cellular wireless networks as well. Con-
sequently, a voice network consists of a simple circuit-switched data part and
a rather complex signaling system to monitor, supervise, and audit calls and
resources.

In fact, the complexity and intelligence of the modern PSTN is due to its
signaling systems. The contemporary cellular networks make use of the same
signaling systems by adding a mobile part to it for mobility management and
interaction with fixed PSTN. Future cellular networks, (termed as beyond 3G
or 4G) are expected to circumvent signaling systems altogether and use con-
nectionless packet switching for voice and other applications. This also leads
us into a debatable definition of data networks. It is the our view that by data
networks we imply packet-switched networks, such as IP networks. This is
perhaps because such networks are ideally suited to bursty data applications,
such as file and e-mail transfers, which can use store-and-forward mechanisms.

With the increase in demand for packet-switched data, the wireless data
networks have evolved into many types, such as:

• Wireless LANs that provide wireless access just like the broadcast type
fixed LANs provide access to fixed wide area networks. These wireless
local area networks, relative latecomers as compared with their wired
counterparts, are taking over the scene rather quickly. Their integration
with the wide area cellular networks has become possible due to packet-
switched third-generation (3G) systems.

• Wide area cellular systems, predominantly designed for voice, have incor-
porated packet switching all over the world from 3G and above. In fact,
the precursor to 3G systems (sometimes dubbed as 2.5G) started packet
data transmission before 3G technologies.

• Fixed wireless systems are becoming popular for broadband Internet
access for ease of installation.

• Personal area networks (PANs) are the latest addition for short-range,
serial-line-like wireless connections with limited mobility.
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• Satellite-based data systems, though nothing new, are an essential part of
the wireless and mobile networks.

We will look at the characteristics of some of these networks in this chapter.
More detail will follow throughout the rest of the book.

1.2. WIRLESS LOCAL AREA NETWORKS (WLANS)

Protocols for wireless local area networks (WLANs) typically consist of spec-
ifications for the OSI-RM equivalent of physical and the data link control
layers. The physical layer specifications deal with utilizing the indoor wireless
channel for transmission and reception of wireless signal. These specifications
have two types of limitations; the ones set by frequency regulation agencies,
and the others set by the protocol specification agencies. Usually, the band-
width and radiation amounts are regulated by the spectrum regulating agen-
cies and the bandwidth utilization mechanisms (modulation, data rates) and
power radiation mechanisms (direct, indirect, line-of-sight) are set by proto-
col agencies, according to the guidelines provided by the spectrum regulating
agencies. The medium access control (MAC) specifications are set altogether
by the protocol specification agencies. These specifications deal with issues
such as channel access, synchronization of frames, power control, resource
management for multimedia, and so forth.

The most popular WLAN standards, recommended by IEEE (we call these
the IEEE 802.11 suite), use infrared and the unlicensed spectra. These spectra
are allocated in many countries for research and developments in industry (I),
science (S) and medicine (M)—therefore, called the ISM band.The IEEE stan-
dard PHY provides several mechanisms for the use of ISM band (and unli-
censed national information infrastructure U-NII band), designed to combat
interference from other sources of the same bands.This is necessary because the
use of such a system does not require license from the government, which could
result in numerous sources of interference.The infrared band specifies only one
type of radiation, that is, indirect radiation reflected from a course surface
(called diffused infrared).The medium access control mechanism specifies a dis-
tributed coordination function (DCF) for channel access, distributed referring
to the fact that it is to be implemented in all participating wireless stations. It
defines several device types, for example,a mobile station (STA),which is a user
terminal, and an access point (AP), which relays data between two stations or a
station and a terminal on a fixed LAN. This gives rise to two configurations of
WLANs, as shown in Figure 1-2, the infrastructure WLANs and ad hoc WLAN.

1.2.1. Ad hoc WLAN

In an ad hoc or independent WLAN, two stations communicate directly with
each other without an access point. Mobile stations for such networks may
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require the capability to forward a packet, thus acting as a repeater. With this
relaying capability, two mobile stations could exchange data packets even if
they are unable to receive signals directly from each other.

Wide area networking in ad hoc networks is possible if one or more sta-
tions are connected to a wide area network, such as an IP network. However,
this connectivity is not guaranteed and there is no guaranteed communication
mechanism outside the ad hoc network.

1.2.2. Infrastructure WLAN

In an infrastructure WLAN, two stations exchanging data can communicate
only through an access point. Figure 1-2 shows an access point connected to
the ceiling with a cable connection to the wired network. The access point per-
forms several functions in addition to relaying packets between stations in
wireless and wired networks; such as implementing a point coordinating func-
tion (PCF) to allow reservation based communications for delay-bound traffic.
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The MAC sublayer of the IEEE WLAN provides access-related mecha-
nisms. For this purpose, it employs a mechanism similar to Ethernet. The Eth-
ernet MAC (IEEE 802.3) uses carrier sense multiple access with collision
detection (CSMA/CD). However, collision detection can’t be efficient in wire-
less media, due to the rapid attenuation of the signal with distance. Instead of
collision detection, a mechanism for collision avoidance is specified. Collision
avoidance is implemented by requiring certain minimum time between any
two packets transmitted. This time is called the inter-frame spacing (IFS). Due
to the collision avoidance mechanism, the IEEE 802.11 MAC procedure is
called CSMA/CA, carrier sense multiple access with collision avoidance. The
subject of WLANs is as important as the application of such networks and it
will be extensively discussed throughout the text.

1.3. WIDE AREA CELLULAR NETWORKS

Voice communication has been and continues to be the main application of
cellular systems. These systems use PSTN-friendly infrastructure that employs
circuit switching and signaling systems. However, with the wide spread of the
Internet use, packet-switched services were introduced in enhancements of
digital cellular systems.These included time division multiple access (TDMA)-
based systems, such as GPRS (general packet radio service) and enhancement
of code division multiple access (CDMA)-based systems IS-95B. The wireless
standards for the new millennium that were internationally coordinated under
the name of international mobile telecommunications 2000 (IMT-2000)
(known from their air interfaces, WCDMA in Europe and cdma2000 in North
America) have IP capability with data rates much higher than GPRS and IS-
95B. The data networks of the first digital cellular generation were a result of
defining new user terminals types, network devices and signaling system above
the existing voice network, as shown in Figure 1-3 for GPRS. The latest gen-
eration wide area cellular networks provide access mechanisms for circuit- and
packet-switched communication. For a true packet-switched cellular network
an access mechanism similar to the WLANs could provide a better transport
vehicle for data applications. Work is in progress in that direction and some
countries already have WLAN access using the wide area cellular backbone
for auditing and admission control purposes.2 Such networks are expected to
make broadband wireless access as ubiquitous as the Ethernet for the Inter-
net. The next releases of the cellular networks could be a starting point for
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this true merger of IP and cellular networking. At this time, broadband wire-
less is available in the form of fixed wireless networks only.

A universal installation of cellular systems based on 3G and above has been
hampered by various technical, economic, and political factors. On the tech-
nical side, the world remains divided into groups based on evolution of their
current systems. Two main camps are the European, supporting Wideband
CDMA and North American, supporting cdma2000 evolution. The 3G part-
nership projects (3GPP for WCDMA and 3GPP2 for WCDMA) are destined
to help actual implementation of 3G+ systems and take steps toward harmo-
nization of the two camps.

1.4. FIXED WIRELESS NETWORKS

Started as a solution to carry subscriber’s loop in hard-to-reach areas, the fixed
wireless networks have emerged as a phenomenon unto themselves. This is
owing to their ease of installation and the availability of broadband frequency
spectra for this purpose. Toward the late nineties, it was obvious that short-
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range, broadband, fixed wireless, line-of-sight networks would provide an
excellent alternative to wired broadband Internet access. Many countries allo-
cated a spectrum specifically for this purpose, in the millimeter wave range
(around 28GHz). Figure 1-4 shows an example of use of such networks.

Figure 1-4 shows a community network of digital subscriber’s loop (DSL),
coaxial, or optical fiber being fed by the Internet Service Provider (ISP)
headend node from a radio network unit (RNU) via point-to-point fixed wire-
less connections. Systems such as local multipoint distribution systems
(LMDS) could easily accommodate several hundred Mbps rates for similar
radio connections. The IEEE standard 802.16 (Air Interface for Fixed Broad-
band Wireless Access Systems) is one of the latest arrivals in this arena. This
technology is expected to revolutionize the way Internet service is provided.
The standard, along with the enhancement IEEE 802.16a, is projected to lay
foundations for across-the-board wireless data systems from desktop to Inter-
net backbone. The IEEE 802.16 Working Group on Broadband Wireless
Access also calls this standard as Wireless Metropolitan Area Network (Wire-
less MANTM). IEEE 802.16 is defined for line-of-site (last mile) spectrum of
10–66GHz, while IEEE 802.16a extends its capability to non-line-of-site spec-
trum of 2–11GHz. It provides service differentiation and bandwidth negotia-
tion capabilities in order to be customized according to application needs and
channel conditions. Fragmentation and packing at the MAC layer allows for
efficient use of available channel resources.A separate Privacy Layer provides
specifications for encryption. The MAC layer is designed keeping multicasting
in mind. Due to the complex nature of the IEEE 802.16 architecture, and due
to the fact that the IEEE standards need conformance testing, a compliance
forum WiMAX (Worldwide interoperability for Microwave Access) has been
formed by leading developers of equipment.

In addition to the fixed wireless access to packet-switched networks, a
number of standards and products exist for wireless local loops for PSTN.
These include a standards suite by ANSI called Personal Access Communica-
tions System (PACS) [12] , Qualcomm’s QCTel, and base station to PSTN
system by Lucent Technologies, called Wireless Subscriber System (WSS).
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1.5. PERSONAL AREA NETWORKS

Short-range wireless data networks, also called personal area networks
(PAN)s have seen some recent standards activity on various fronts. These net-
works are more like fixed wireless networks than mobile networks, due to low
mobility. However, they have an identity of their own due to several charac-
teristics such as their use of the ISM bandwidth and limited span and mobil-
ity.These networks can be thought as a generalization of the television remote
control mechanism to include cell phones, personal digital assistants (PDAs),
and a host of other devices that use short-range cabled connections.

Figure 1-5 shows a use of such networks, where a notebook user is con-
nected to a cellular network through a pocket-held cell phone. The connec-
tion between the laptop and cell phone forms a personal area network.
Standards in this range of wireless communications are already available by
HomeRF Working Group, infrared data association (IRDA), Bluetooth, and
lately by IEEE, in the form of a new suite of standards IEEE802.15.

The IEEE 802.15 group has come up with a series of standards recom-
mendations ranging from adopting Bluetooth v1.1 (802.15.1) to very low com-
plexity, low speed and low battery solutions for sensors (802.15.4). The
Bluetooth Special Interest Group (SIG) spearheaded the initiative of stan-
dards in the license-free spectrum for PANs. The standard recognizes the dif-
fering needs of various applications and accommodates these by defining
profiles. Each profile is like a different protocol stack with some common
layers, making it possible to have all or several profiles easily implemented.
Four general profiles are, (1) generic access profile (GAP), (2) serial port
profile, (3) service discovery application profile, and (4) generic object
exchange profile [1]. Other profiles have been added in this and later versions
to facilitate specific usage environments. Figure 1-6 shows an example profile
of LAN access.

1.6. SATELLITE-BASED DATA NETWORKS

Many wide area mobile networks and some wireless local loops use satellite-
based communications. Satellite systems have made their own niche due to
the wide geographical area covered and the availability of a broad spectrum
in the microwave range. The main disadvantages of satellite systems, that is,
cost of increasing payload and significant delay, have been offset by the fact
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that plenty of solar energy is available in the orbits and that data services do
not require critical delay bounds. Figure 1-7 shows a schematic of the use of
satellite in a wireless local loop system. HNS Terminal Earth Station Quantum
System uses a similar architecture.

One of the critical issues to be resolved in satellite system design is their
location in the earth orbit.A satellite could be geosynchronous, low earth orbit
(LEO), or a medium earth orbit (MEO). Some well-known systems, such as
INMARSAT and EUTELSAT, consist of geosynchronous satellites. These
satellites are located at an altitude of about 36,000km and appear stationary
with respect to the earth. LEO-based systems, set around 600–1600km above
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the earth include Iridium and Globalstar. The MEO-based systems that are
above the LEOs and below the geosynchronous satellites include Inter-
mediate Circular Orbit (ICO) and a new INMARSAT proposal called
INMARSAT-P. Usually the satellite systems based on LEOs and MEOs use
a number of satellites (66 for Iridium, 48 for Globalstar). Ellipso is a satellite-
based data system that employs elliptical orbits around the earth, sometimes
called Highly Elliptical Orbit (HEO).

In spite of their wide range application to mobile and wireless data appli-
cations, the satellite systems are on a slow or receding course and some are
even facing bankruptcy.

1.7. MOBILE IP

While mobility in wireless networks implies data transmission with the termi-
nal in motion, it has a different connotation in mobile IP. Mobile IP is a pro-
tocol to be used with the existing Internet to allow a user terminal to be
attached at a different point from its home network. This is essentially not a
wireless network, but a portable fixed network protocol. Figure 1-8 shows
various components of a mobile IP network.

The home network of the mobile terminal has a router that performs the
function of home agent to keep the information of user’s current location and
forward, packets to that location. This packet forwarding is done with the help
of a care-of address, required in addition to the permanent IP address of the
mobile terminal.

When a mobile terminal enters a visited area, it requires the services of a
foreign agent. The foreign agent provides registration and packet-forwarding
services to the visiting terminals. Each mobile IP host uses one permanent IP
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address (home address) and one temporary address (care-of address) if away
from the home network. Thus, the IP packet exchange consists of the three
mechanisms; namely, (1) discovering the care-of address, (2) registering the
care-of address with the home agent, and (3) the home agent redirecting the
received datagrams to the foreign network using care-of address. The mobile
IP is not a wireless protocol, however, it could be employed for the IP infra-
structure of the cellular networks. Several sources are available for a discus-
sion on this important protocol, such as [8]. The Mobile IP Working Group of
the Internet Engineering Task Force (IETF) was formed in 1996. The group
has spearheaded the effort to come up with draft standards and recommen-
dations for IPv4 and IPv6. The Cellular IP (cIP) project at Columbia Univer-
sity (http://www.ctr.columbia.edu/~andras/cellularip/) will use Mobile IP “to
support migrations between Cellular IP Access Networks”.

1.8. THE WIRELESS SPECTRUM

Wireless networks exist since before the concepts of frequency and bandwidth
were understood. After over a hundred years of experience, significant strides
have occurred in the understanding and management of wireless spectrum.
Respective countries own their radio spectrum and most regulate it for up to
300GHz. Since the actual usability of the spectrum is driven by its character-
istics, generally similar frequency windows are allocated for same applications
worldwide. International Telecommunications Union (ITU) has recommen-
dations that could provide further ground for international cooperation.
Unfortunately, a host of factors have resulted in some incompatibility of the
allocation among various countries. In an era when wireless telecommunica-
tions is central to global trade, divisions exist in spectrum allocation. However,
the coordination, too, is unprecedented and the world is not divided into as
many blocks as the countries. ITU has divided the world into three regions,
based on factors that influence wireless signal propagation. Region 1 covers
Europe, Africa, parts of the Middle East and Northern Asia. Region 2 covers
the Americas, Caribbean and Hawaii. Region 3 is everywhere else, that is,Asia,
Southeast Asia, the Pacific Islands, Australia and New Zealand. Formation of
international trade agreements, such as GATT (General Agreement of Trade
and Tariffs), WTO (World Trade Organization) and OECD (Organization of
Economically Developed Countries) have helped bring countries together in
designing internationally interoperable goods and commodities, including
wireless communications and the networking industry. Since our interest here
is public and private data networks, we will have a look at some of the spec-
trum assignments in this area. For this purpose, we divide the spectrum accord-
ing to the network scope, starting with the low power/personal area, through
local area, to metropolitan area, to wide area to cellular networks.

The variability of the radio channel with frequency of signal is quite
complex. The reason for this complexity is that the radio propagation charac-
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teristics are a function of many man-made and natural factors. Depending on
the distance between the transmitter and receiver, the temperature, the sur-
rounding material and mobility, we get a different profile for different condi-
tions. The governments own and regulate the radio spectrum and, for reasons
understandable, break it down according to some common characteristics of
frequency bands. In general, the bandwidth of the wireless channel is
extremely large (300GHz regulated in most countries). However, due to
breaks in performance at different frequency levels, only windows of conti-
nuity are available. Luckily, these windows can be suitable for different appli-
cations.This gives the government agencies the opportunity to allocate various
windows for different applications. A company wanting to use a certain spec-
trum would normally require a license, which amounts to buying the spectrum.
In order to provide a flexible platform for research and development, many
governments have allocated parts of radio spectrum that don’t require 
licensing.

1.8.1. Licensed and License-Free Bands

To allow new unhindered developments and research, parts of the spectrum
are assigned to be used without a license. In the last 10–15 years, advance-
ments in interference limiting signaling schemes have resulted in these unli-
censed spectra being used for networking products. The use of the unlicensed
band called ISM (Industrial, Scientific and Medical) has become so prolific
that during late 1990s and early 2000s it created a false alarm of competing
with cellular services (that are based on expensive licensed spectra). Interest-
ingly, allocation of more spectra in both licensed and license-free arenas con-
tinues, while each is finding its niche. For the unlicensed band the regulating
agencies usually regulate emissions.

1.8.2. Low-Power Wireless Data Systems

These systems include wireless personal area networks (PANs) and wireless
sensors. BluetoothTM (IEEE 802.15.1) and Ultra-Wide Band (UWB) are some
of the technologies making use of spectrum for low power ranges. The bands
used are UWB, ISM and Un-licensed National Information Infrastructure 
(U-NII).

1.8.3. Ultra-Wide Band (UWB)

Ultrawide band (UWB) is generally considered any band with a bandwidth of
1.5GHz or higher [2]. The distinguishing characteristic of UWB is that emis-
sions are at extremely low power (power density below -41dBm in the United
States). UWB signal is below the noise floor. It can penetrate through hard
surfaces and provide very high data rates for very short distances. In the
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United States, the bandwidth 3.1GHz–10.6GHz is regarded as UWB. It is
sometimes broken into two main bands, the lower one 3.1–4.8GHz and the
upper one 6.1–10.6GHz. The reason for leaving out the middle band it that it
is allocated for Un-licensed National Information Infrastructure (U-NII).

Another distinguishing feature of UWB is the possibility of baseband trans-
mission due to wide bandwidth. Instead of using sinusoidal signals, thin pulses
are used in UWB transceivers. These thin pulses, with extremely low duty
cycles, practically eliminate multipath. Multipath is the phenomenon used 
to describe multiple receptions of the wireless signal from reflections in the
surroundings.

The UWB band has been in use since the 1980s for radar applications.
However, its main projected uses are in Personal Area Network, IEEE 1349
and wireless universal serial bus (WUSB). The IEEE 802.15 Working Group
is considering it for IEEE 802.15.3a PHY. In the United States, the commer-
cial use of UWB has been allowed since February 2002. Other countries have
not yet considered its use. This has led the industrial community into two
groups, one advocating that the UWB standards be made, keeping in view that
one day other countries may join in allocating the band. This group, with com-
panies like Intel in it, favors a multi-band approach that could employ spread
spectrum schemes, such as frequency hopping.The other group, with Motorola
among its participants, originally advocated the use of the one big chunk of
3.1–10.6GHz to be used with an alternative spread spectrum techniques,
Direct Sequence Code Division Multiple Access (DS-CDMA).

1.8.4. The ISM Band

The ISM band is dedicated for the research and development of wireless
devices for short-range applications in fields of industry, science and medicine.
The actual location of the ISM band is not continuous and varies from country
to country. However, the ISM band close to 2.4GHz is allocated in most of
the developed countries. Some variations of allocation are shown in Table 1.1.

The availability of the ISM band to anyone makes it an easy candidate for
excessive interference. Spread spectrum communications techniques are used
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TABLE 1.1. ISM Band Allocations

Geographical ISM band around ISM band around ISM Band
Area 434MHz 900MHz around 2.4GHz

Europe 433.05–434.79 868–868.6 2.4–2.4835
USA 902–928 2.4–2.4835
Japan 2.471–2.497
France 2.4465–2.4835
Spain 2.445–2.475



in many devices for mitigating interference. In addition to the 2.4GHz some
unlicensed radio spectrums are allocated around 900MHz.

1.8.5. U-NII Spectrum

About 300MB of spectrum around 5–6GHz has been allocated for high-speed
digital wireless communications to provide broadband access to the informa-
tion highway. This is also license free band. The United States and the Euro-
pean Union have slightly different allocations, because in the European
Union, the 5.15–5.35/5.47–5.75GHz was already allocated for High Perfor-
mance LAN (HIPERLAN) [3]. Table 1.2 shows the U-NII allocations. IEEE
802.11a PHY is specified for this frequency band.

As shown in Table 1.2, Japan originally had 100MB from 5.15 to 5.35GHz.
The remaining bands were added later on.

In the United States, FCC requires the companies only to follow radiation
restrictions in this band. The European Union, however, requires the imple-
mentation of the HIPERLAN standard in part of the spectrum. WRC rec-
ommends the power limitation of 200mW for indoor and 1W for outdoor
bands.

1.8.6. Cellular Systems’ Spectrum

Table 1.3 shows different parts of spectra allocated to cellular systems. These
range from generation I to III in the United States and II and III in the Euro-
pean Union. The 3G systems can, in general, use all the spectra allocated
before them as long as they do not interfere with other systems. In fact, ac-
cording to http://www.cdg.org/technology/3g/spectrum.asp, the 3G systems
(cdma2000-based) are deployed in all bands, including 450MHz, 700MHz,
800MHz, 900MHz, 1700MHz, 1800MHz, 1900MHz and 2100MHz. Figures
1.9 to 1.12 taken from the website of NTIA, USA and show various world-
wide plans for spectrum reserved for 3G systems.3
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TABLE 1.2. License-free Allocations Around 5–6GHz

Geographical Area ISM Band around 5GHz Remarks

Europe 5.725–5.825/5.825–5.875 5.15–5.35/5.47–5.725 reserved for
HiPeRLAN

Japan 5.15–5.35, 4.9–5/5.03–5.091
USA 5.15–5.35/5.725–5.825
International 5.15–5.35 Indoor As per World Radio Conference 

Recommendation 5.47–5.725 Outdoor (WRC) 2003.

3 http://www.ntia.doc.gov/ntiahome/threeg/3g_plan14.htm “Plan to select spectrum for third 
generation (3G) wireless systems in the USA,” Oct. 2000.



1.8.7. Fixed Wireless Systems

There are several types of fixed wireless systems (not mobile). Wireless local
loops and broadband Internet access systems are of most interest to us. These
systems, also referred to as last-mile technologies, are generally allocated
spectra that have short ranges and are for line-of-site communications. Several
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TABLE 1.3. Cellular Bands in the United States

Band Generation Purpose

824–849MHz All Uplink
869–894MHz All Downlink
901–902MHz Narrowband PCS Paging, Text msg. etc.
930–931MHz Narrowband PCS Paging, Text msg. etc.
940–941MHz Narrowband PCS Paging, Text msg. etc.

1850–1990MHz II and III PCS, GSM (5 bands)
1710–1755MHZ III mobile and fixed
2110–2150MHz III mobile and fixed
2160–2165MHz III mobile and fixed
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Figure 1-9. Comparison chart for the European Union and the United States for new
allocations in 1700–2690MHz range.
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Figure 1-11. 1700–2200MHz present and planned allocation by Brazil, Japan, China,
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existing PCS and 3G bands can also be used for this purpose (which will not
have the line-of-site and last-mile restrictions). However, using PCS band for
fixed wireless access (FWA) could be considered waste of its capability of sup-
porting mobility.

The fixed systems have been used for analog communications, for example,
a system called MMDS (microwave/multichannel multipoint distribution
system) has been used to provide wireless ‘cable’ television in the New York
area. New systems for digital Internet access are also under development in
this frequency spectrum, generally below 10GHz. Above 10GHz, line-of-sight
systems with 1–3km range, for example, LMDS (local multipoint distribution
system) can potentially provide over a Gbps Internet access. In the United
States, LMDS uses spectrum around 28GHz (total 1.3GHz) while in Europe
the allocated spectrum is around 40GHz. Additionally, two companies,
Winstar and Advanced Radio Telecommunications, were allowed to get license
for some bandwidth around 38GHz. Another 100MHz have been purchased
by Telegent in the United States around the 18GHz band. FCC has also
allowed digital transmission in the originally ‘analog’ MMDS band around 
2.1GHz and 2.5–2.7GHz. A detailed account of spectrum allocation for 
broadband Internet access is given in [4] for various countries4.
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Figure 1-12. Lower spectrum (700–1000) allocation and plans by Brazil, Japan, China,
Republic of Korea and South Africa.

4 The author, Roger Mark, is the Chair of the IEEE 802.16 Working Group on broadband wire-
less access.



Some spectrum has been allocated for narrowband data and voice over
local loops. In [5] three categories of WLL are described as digital cellular,
cordless, and proprietary. The digital category uses one of the cellular inter-
face (GSM, TDMA or CDMA) with the second-generation and PCS bands
and provide narrowband data access. Such local loops have been developed
for both the digital cellular and PCS bands, albeit lower rates.

1.8.8. Wireless Metropolitan Area Networks (WMAN)

Various parts of the wireless spectrum between 11GHz to 66GHz have been
allocated all over the world for broadband wireless Internet access. Unlicensed
and licensed spectra below 11GHz are also usable, making possible high
speeds while connected. Several standards initiatives are in place to take
advantage of these plans and allocations. Perhaps the most discussed among
these are two IEEE initiatives, the fixed WMAN and Mobile WMAN (IEEE
work Groups 802.16/16a and IEEE 802.20, respectively).

Ten GHz is roughly the cutoff for line-of-site communications. Therefore,
non-line-of-site (mobile) broadband access systems are possible below 
10GHz. For example, IEEE 802.20has targeted the spectra below 3.5GHz for
mobile broadband access, while IEEE 802.16a is designed keeping in mind the
various bands in the 10–66GHz range (e.g., 10.5, 25, 26, 31, 38 and 39GHz).
An amendment in IEEE 802.16a is considering lower spectra for non-line-of-
site systems. An international interoperability forum WiMAX (Worldwide
interoperability for Microwave Access) is working on developing interoper-
ability principles for these standards and companies like Intel are among its
participants.

1.8.9. Satellite Data Communications

In its frequency recommendations, the ITU identifies satellite communications
bands along with the terrestrial bands. In spite of the overestimation in the
success on lower orbit systems, satellites continue to play an important role in
data communications. Communications satellites use spectrum in UHF, SHF,
as well as EHF. Some of the operational bands are listed in Table 1.4. These
are in addition to the proposed ITU recommendations for 3G technologies in
2GHz and 2.2GHz to be employed in Asia and Europe.
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TABLE 1.4. Frequency Bands for Fixed Satellite Service
Communications

Range Name Application example

1.5–1.6GHz L-band Intelsat, INMARSAT, MAREC
6/4GHz C-band Intelsat 806, SDRS 5
14/12GHz Ku-band Telstar 12, PAS 6B, Echostar 3
30/20GHz Ka-band Echostar 9



There are military bands designated as X-band (8/7GHz), Q-band (44/
20GHz) and V-band (64/59GHz). Part of Ka-band is also allocated for mili-
tary communications. In addition to the above Fixed Satellite Service (FSS),
there are many other types of satellite systems, for example, mobile-services
satellite (MSS) and broadcast-service satellite (BSS). In the United States,
spectrum in 12–18GHz has been allocated to direct broadcast satellite (DBS),
such as DirecTV and Echostar. DARS has been authorized to use spectrum
in 2–3GHz for BSS. Comsat is operating MSS in the 1–2GHz range. Some
spectrum below 1GHz is also used by low earth orbit satellite (LEOS)
systems, for example, Orbcomm. In general, the spectrum allocation for satel-
lite communications has been much more a complex issue than terrestrial
systems for a number of reasons. The possibility of sharing satellite spectrum
with terrestrial ones is one big source of this complexity. There is a lot in the
pipeline for satellites based on demands, and WRC/ IMT-2000 recommenda-
tions. The presentation [6] throws some light on the complexity of satellite
spectrum along with mechanisms of sharing it with terrestrial systems.

REFERENCES

[1] Bluetooth, “Bluetooth Protocol Architecture Version 1.0”, Riku Mettala,
available from https://www.bluetooth.org/foundry/sitecontent/document/
Protocol_Architecture

[2] Safecom, “Emerging Wireless Technologies: Ultra Wideband Communications”,
available from www.pswn.gov

[3] David Skellern, “The Future of Wireless LANs” Cisco Systems, CSIRO- 
Macquarie Technology Trends 2003 Seminar Series, February 2003, available 
from http://www.ics.mq.edu.au/business/events/2003/WLANsFuture.pdf

[4] Roger B. Mark, “Technical consensus in broadband wireless access technology”,
National Institute of Science and Technology.

[5] Michael Lee, “WLL in emerging markets: key development issues” Intelecon,
available from http://www.inteleconresearch.com/pdf/WLLForum.pdf

[6] Edward M. Davison, “Spectrum Issues related to satellite communications, NTIA
Office of Spectrum Management, available from http://www.its.bldrdoc.gov/
meetings/art/art99/slides99/hat/dav_s.pdf

[7] Yi-Bing Lin, and Chlamtac, Imrich, Wireless and Mobile Network Architecture,
John Wiley and Sons, New York, 2001.

[8] Charles E. Perkins, Mobile IP: Design Principles and Practices, Addison-Wesley
Wireless Communications Series, Reading, MA, 1997.

[9] R. Bekkers, and J. Smits, Mobile Telecommunications: Standards, Regulation 
and Applications, Artech House Publishers, Mobile Communications Series,
Boston/London, 1998.

[10] R. Ganesh, and K. Pahlavan, (Eds.), Wireless Network Deployment, Kluwer Aca-
demic Publishers, Boston, 2000.

REFERENCES 21



[11] B. Bing, High-speed Wireless ATM and LANs, Artech House Publishers, Boston,
London, 2000.

[12] Anthony R. Noerpel, Lin Yi-Bing, and Sherry Howard, “PACS: Personal Access
Communications System—A Tutorial”, IEEE Personal Communications, June
1996, pp. 32–43.

22 WIRELESS DATA—INTRODUCTION


