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Overview of Wireless
Communications
and Networking

This book aims at providing students at the senior level an in-depth understanding of end-10-end
communications over an information transport platform consisting of a wireless segment and a
wireline segment. It points out the obstacles that cause spectral limitation in the wircless prop-
agation channel, the difficulty in maintaining service conlinuity as the user roams, the problems
in bridging the wireless and wireline domains, and the techniques o overcome the difficulties in
handling the end-to-end information transfer.

This chapter gives the reader an overview of the salient features of wireless communications
and networking and the organization of the materials presented in the ensuing seven chapiers.

1.1 HISTORICAL OVERVIEW OF WIRELESS COMMUNICATIONS

Long distance wircless transmission has a century-old history, dating from the ame Gughelmo
Marconi sent telegraphic signals over a distance of approximately 1800 miles from Cornwall,
across the Atlantic Ocean, to SL John's, Newloundland in 1901. Over the past century, wireless
transmission has progressed through the development and deployment of radio, radar, television,
satellite and mobile telephone technologies.

In the carly years of wircless communications, radio was the most intensively deployed
wireless technology, baoth in the public domain and by law enforcement establishments (e.g., police
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2 Chapter 1 Overview of Wireless Commumnication: a

forces at all levels). Amplitude modulation (AM) of a radio frequency carmer was (h
technique used until Edwin Armstrong demonstrated the feasibility of frequency nio
in 1935. Since the late 1930s, FM has been the main modulation method dep
communication systems worldwide.

The development of radar technology was escalated and matured during W
practically every university radar research laboratory in the United States, notab
of Michigan at Ann Arbor and the Lincoln Laboratories at Massachusetts Instin
{(MIT), were converted to concentrate mainly on military applicaions, such &
the battle front in Europe. In the late 1940s and 1950s, commercial deployment o
two-way radio and television systems flounshed.

The growth of cellular radio and personal communication systems began o
late 1970s. This growth was spurred on with the successive introduction of the |
(1G), the second generation (2G), and the third generation (3G) cellular sysien

1.2 CHALLENGES IN WIRELESS COMMUNICATION NETWORKING

A wircless communication network offers a flexible information transport plaiio
mobile users to roam without suffering intolerable performance degradation. A
nication networking scenario is depicted in Figure 1.1. Here, a base station (BS)
distribution center for all mobile stations (M3s) within its signaling coverage w
propagation medium between the M3Ss and the BS is wireless. The radio chann
its serving BS is called the uplink or reverse channel, and the radio channel fron
M5s 15 called the downlink or forward channel. Base stations are connected to W
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Figure 1.1 An illustration of wireless communications netwar
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i

Centers (MSCs) by wirclines 1o cxtend the geographical coverage of a single BS. Also, an MSC
may be connected by wirelines 1o other MSCs and/or to a wired backbone network, e.g., an ATM
(Asynchronous Transfer Mode) network or the Internet. In this way, a pair of communicating
mobile users can be separated by a large distance. The key challenge is the creation of a viable
information transport platform for the support of communications between mobile users. This
platform is a hybrid connection of a front-end wireless network and a backbone wireline network.

Definition of Radio Cell A radio cell is a geographical area served by a single base station
supporting the services of many mobile stalions.

Depending on the size of the area covered, radio cells are categonzed into picocells, micro-
cells, and macrocells. The main problems in wireless communications come from {a) the hostile
wircless propagation medium and (b) user mobility.

1.2.1 The Wireless Channel

The radio propagation channcl exhibits many different forms of channel impairments, notably
multipath delay spread, Doppler spread, intracell imerference, intercell interference, fading,
ambicnl noise, etc, Interference, distortion and noise can be differentialed into multiplicative
and addiuve ypes as [ollows:

a. Multuplicative interference and distortion are normally signal-dependent, and include [ading,
intersymbaol interference, cte. [t causes atlenuation, mutilation, ete., of the transmitted signal,
The net resull is a reduction in usable frequency spectrum. This form of disturbance cannot
be suppressed by using filtering.

b. Additive noise is not as severe as multiplicative noise, but it still reduces signal detectability,
Out-of-band noise can be suppressed by fltering, but in-band noise will stll penctrate
through the filter.

Effective and efficient transmitters and receivers are necded o combat interference and distortion.
Transmitterfreceiver design requires a good knowledge of the channel characterisucs. Thus, a
good understanding of the charactensucs of the propagation channel is essential o allow [or the
design of cffective transmitters, receivers, and communications protocols.

1.2.2 User Mobility

To provide communication services (0 a larger number of users using the limited radio spectrum,
wireless systems are designed based on the cellular concept for frequency reuse. By dividing a
large service arca into small nonoverlapping (in an ideal case) cells and letting cach basc station
communicate with all the mobile stations in the cell with low transmitter power, radio frequency
spectrum can be reused in different cells subject 10 ransmission quality satisfaction. As a mohile
station moves from cell to cell, the serving base stalion changes. The process in which a mobile
slation switches its serving base station while crossing the cell boundary is referred to as handoff
management. The process that tracks the user's movement, supports user roaming on a large scale,
and delivers calls to the user at its current location is referred o as location management. As a
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4 Chapter 1 Overview of Wireless Communications =

result, the operation of a wireless network requires proper mobility management [uic
include both handoff management and location management.

While the information is represented and transmitied in the form of signal wavelor
nications between the sender and the receiver can be conveniently viewed as waking ¢
conceptual layers: physical, link and retworking., The physical layer involves the .
transmission and reception over the propagation channel. The link layer deals witl
the output of the cell-site (base station) receiver. Radio resource management fun.t
power control, rate allocation and error control, and network resource managemen [
as service scheduling and call admission control, can be exercised at the link layer, Th:
layer comprises a protocol stack that includes handoff management, location man:
management and traffic control. As reflected by its title, the focus of this text i
and understanding the physical layer and the networking layer properties. The 120
this approach is that resource management and service scheduling strategies at the |
issues that aim al maximizing resource utilization and enhancing quality of se
these areas are currently under intensive research.

1.3 WIRELESS COMMUNICATIONS STANDARDS

Wireless communications systems that have been in deployment for sometime are
generation and second generation. Third generation sysiems are also currently uni.r
but continue to evolve. The first generation (1G) wireless communicalions syster: |
division multiple access (FDMA) as the muluple access technology. FDMA 15 o
mission technique that is inherently narrowband. The second generation (2G) win
use digital transmission. The multiple access wechnology is both rime division o
(TDMA) and code division multiple access (CDMA). Although the second gencr:
systems offer higher transmission rates with greater flexibility than the first gencia
they are nevertheless namowband systems. The service offered by both 1G and 2
predominantly voice. The third generation (3G) standard is based on CDMA s
access technology. With a transmission rate of up to 2 megabits per second (Mbps
arc widchand, and are expected to support multimedia services.

For the first and second gencrations, the main initiatives have been origiou
America, Europe and Japan. Although all regions use similar technology, the sysicm
location of the frequency band in the radio spectrum, the channel spacing, and the day
rate. ITU (Intemational Telecommunications Union) has now adopted both the [
2000 (Intemational Mobile Telecommunications by the year 2000) and the North An
2000} as third generation standards. IMT-2000 is a wideband direct-sequence CDRIA
and cdma-2000 is a multicarrier CODMA (MC-CDMA) technology.

1.3.1 First Generation Cellular Systems

The first generation cellular systems use analog FM for speech transmission. The
use different frequencies and share the available spectrum through FDMA.
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1.3.2 Second Generation Cellular Systems

Table 1.1 First Generation Analog Cellular Systems
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Region | Amenca | Furope [ Japan
Parameier | AMPS """"'I"t-'.-"r.alcﬂ NTT
Multiple sccess | FDMA____| FDMA____| FDMA

Duplexing FDD | FOD FDD '

Forward channel | 860-894 MHz | 935-960 MHz | B70-885 MHz
“Reverse channel | 524-849 MHz | 890-915 MHz | 925-940 MHz

Channel spacing | 30 kHz 25 kHz 25 kHz |

Dala rate 10 kbps 8 khps 0.3 kbps |

Spectral efficiency | 0.33 bpa/Hz | 0.3 bpa/Hz | 0.012 bps/Hz |
“F-ﬁiacut}lv " | 832 channels 1000 channels | 600 channels
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AMPS in America and Australia. America and Australia use the Advanced Mobile Phone
Sysiem (AMPS) with a 25 MHz band in each uplink, from 824 10 849 MHz, and a 25 MHz
band in each downlink, from 869 1o 894 MHz. AMPS uscs a channel spacing of 30 kHz,
with a total capacity of 832 channels, and supports a data transmission rate of 10 kilobits
per second (kbps).

ETACS in Europe. Europe uses the European Total Access Communications System (ETACS)
with a 25 MHz band in the uplink, from 890 to 915 MHz, and a 25 MHz band in the
downlink, from 935 10 960 MHz. ETACS uses a channel spacing of 25 kHz, with a otal
capacity of 1000 channels, and supports a data transmission rate of 8 kbps.

NTT in Japan. The first generation cellular system is the Nippon Telephone and Telegraph
(NTT) system which employs a 15 MHz band in the uplink, from 925 1o 940 MHz, and a
15 MHz band in the downlink, from 870 to 885 MHz, with a channel spacing of 25 kHz.
The NTT system has a total capacity of 600 channels and supporis a dala transmission rale
of 0.3 kbps.
The NTT system was later modified to increase its capacity from 600 1o 2400 channels,
This increase was achieved by decreasing the channel spacing from 25 kHz 10 6.25 kHz.
In addition, the data iransmission rate of cach channel was increased from 0.3 kbps (o

2.40 kbps.

The radio interface technology of the first gencration wireless cellular systems (AMPS in Amenica,
ETACS in Europe, and NTT in Japan) is tabulated in Table 1.1. As can be seen from this table,
the systems differ in the location of the frequency bands, channel spacing, dala rale, spectral

efficiency and system capacity.

The second gencration cellular systems are completely digital, employing either TDMA or CDMA
as the muliple access technology. The digital technology allows greater sharing of the radio
hardware in the base station among the multiple users, and provides a larger capacily Lo support
more users per base station per MHz of spectrum than analog systems. Digital systems offer a
number of advantages over analog systems, including
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natral integration with the evolving digital wireline network,
flexibility for supporting multimedia services,

flexibility for capacity expansion,

reduction in RF (radio frequency) transmil power,

encryption for communication privacy, and

reduction in system complexity.

-

As stated previously, the second generation cellular systems use either TDMA or |
technology. While the CDMA standard is strictly North Amencan, in the form of 15
deployment is regionally based (i.e., Europe, North America, or Japan). In Europe
European GSM (Groupe Special Mobile or Global System for Mobile Communicati: i
1800 (Digital Cellular System). In North America, it is 15-54 and 15-136, and in Jup:
(Personal Digital Cellular) systems. The different second generation standards have (F
specifications.

GSM in Europe. The channel time in TDMA is partitioned into frames, each ¢
time-slots. Each time-slot is of 0.57 ms duration. Each user transmils period
cighth slot and receives in the comesponding slot. (Each slot is a channel.) 77
scheme is Gaussian filtered minimum shift keying (GMSK).

[5-54 in North America. In the frequency domain, the channel spacing is 30 LI
as that of AMPS. The modulation scheme is /4 shifted differential quadra
keying (DQPSK) with a channel rate of 48.6 kbps. In the ime domain, one
contains six time slots supporting three full-rate users or six half-rate users, ¢t
a duration of approximately 6.67 ms. The speech codec rate 1s 7.95 kbps ¢
error protection. The capacity of each frequency channel is three times that

PDC in Japan. The system is TDMA-based with three slots multiplexed on
(similar 1o I5-34). In the frequency domain, the channel spacing is 25 kHz. The
scheme is m/4-shifled DQPSK with a transmission rate of 42 kbps. The
operates at a full rate of 6.7 kbps or 11.2 kbps with error protection.

15-95 in North America. 15-95 is a CDMA-based standard, Users share a conu
for transmission within a cell. Users in adjacent cells also use the same rad:
other words, the frequency spectrum is reused from cell 1o cell. The system
to be compatible with the existing analog system AMPS; the allocated frequc
824-849 MHz for the uplink using offsct quadrature phase shift keying (OQ15
#94 MHz for the downlink using QPSK. The spreading code chip rate is 1.27%
per second (Meps). The spreading factor is 128, with the maximum user data ro ¢
Forward and reverse links use different spreading processes. Rake receivers ur.
the base station and mobile station to resolve and to combine multipath corix

R

[=1

The radio interface technology of the second generation digital systems is tabulate i

In cellular communications, location management is critically important, 15~
tered network architecture for location management, is a companion standard to | 5-
America, GSM in Europe performs location management using MAP (Mobile Apy
which is also a two-tiered network architecture.
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Table 1.2 Second Generation Digital Cellular Systerns

_ Region US. | Furope | Japan _US.

" Parameter 15-54 GSM PDC | 15-95

Mulliple access | TOMA/FDD | TODMA/FDD | TDMA/FDD | CDMA

Modulation | m/4 DQPSKE | GMSK x/4 DQPSK | QPSK/OQPSK
Forward channel | 869-804 MHz | 935-060 MHz | 810-826 MHz | 869-894 MHz
Reverse channel | 824-849 MHz | 890-915 MHz | 940-956 MHz | 824-849 MHz

Channel spacing | 30 kHz 200 kHz 1 25 kHz | 1,250 kHz
Data/chip rale | 48.6 kbps 270,833 kbps | 42 kbps 1.2288 Meps
Spocch codec raic | 795Kbps | T34 kbps | 67kbps | T.HZ4/4.879.6 kbps |

1.3.3 Third Generation Wireless Communications Networks

Third generation standardization activities were initiated in Europe and in North America under
he respective names IMT-2000 and cdma-2000. IMT-2000 is wideband direct-sequence code
livision multiple access (DS-CDMA), while cdma-2000 is multicarmier code division multple
iccess (MC-CDMA). ITU has adopted the recommendations of both IMT-2000 and cdma-2000
inder the banner of Harmonized Global 3G (G3G). Both IMT-2000 and cdma-2000 use frequency
livision duplex (FDD) o support two-way transmissions with frequency isolation, TDD {time
livision duplex) has also been suggested as a third 3G mode, The gist of harmonization is that
with ANSI-41 and GSM MAP based services should be fully supported in the Radio Access
Jetwork with all 3G CDMA modes.

It is likely that the third generation cellular systems will be equipped with the infrastructure o
upport Personal Communications Systems (PCS). The network infrastructure support will likely
nclude

public land mobile networks (PLMNs),

Mobile Internet Protocol (Mobile TP),

wireless asynchronous transfer mode (WATM) networks, and
low earth orbil (LEO) satellite networks.

B 0 O

mpact of High Transmission Rate. The most prominent features of 3G, compared with 206,
re the higher transmission rate and the support of multimedia services. The higher transmission
ate means thal the bandwidth of the signal will be large compared with the coherence bandwidth
{ the propagation channel. When the signal bandwidth is large compared with the coherence
andwidth of the channel, different frequency components of the signal will experience different
ading characteristics (i.c., different parts of the signal spectrum will be affected differently by
hannel fading). Techniques o combat frequency selective fading need 1o be used in order 1o
ltain an acceplable error rate at the outpul of the cell-site receiver, A basic approach o combat
requency selectve fading 15 1o partition the signal into contigeous frequency bands, each of which
i narrow comparced with the coherence bandwidth of the channel. Each of the signal components
i then modulated onto a different subcarrier and the signal components are sent over Lthe channel
1 parallel. In this way, each of the signal components will experience non-frequency-selective
ading, 1.¢., the fading is uniform across a given component’s frequency band. This can be achicved
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by converting the high rate serial data sequence into a number of lower rate parall:|

and then modulating each onto a subcarrier. An effective method to achieve this |
frequency division multiplexing (OFDM). OFDM, as a signaling method, will be
detail later in the text.

Mobiles can be located anywhere within the footprint of a base station. If «
transmils al the same power level, the signal received at the cell-site receiver from |

closest 1o it will be the strongest. This is referred to as the near—far problem, and the | o
need to be controlled 1o smooth out the near—far effect. Power control, rate allocation

scheduling are radio resource management functions. The pnmary purpose in manag
resources is 10 maximize system utiization. Strategies to effectively mechanize th
are challenging rescarch issues, which are not addressed in this text

System Capacity and Impact of User Mobility. The capacity of cellular sysien
through efficient employment of the available bandwidth (i.c., frequency reuse). To s
transmission rates in 3G systems, the limited bandwidth of the sysiems needs o be
often.

Although decreasing the cell size allows for a higher degree of frequency reus
system capacity, the tradeoff for this benefit is that mobile users tend o move in an

much more frequently. To maintain service continuity, the connection of a mobile u-e

handed off from the serving base station to base station of the target cell. Also, o
complete, the mobile needs o identify its current location within the cellular amray sot
can be delivered to it in its new location. As a resull, a reduction in the cell size o
larger overhead for mobility management (i.e., handoff management and location 1
in the network, This text provides a lucid discussion of handoff and location manag:
and approaches to construct handoff and location management algorithms.

1.3.4 Coverage Extension

Wireless systems have limited geographical coverage. A backbone network such as |

is needed to extend the geographical coverage. Interworking of a wircless domain wi
domain introduces many challenging issues, chief among which is the problem «
information o the mobile as it roams around the extended network. These issues and
to handle information delivery in an efficient manner are discussed and treated later

1.3.5 Types of Wireless Communication Networks

-

[

=

-

Depending on whether or not there is a fixed infrastructure, wireless systems can be coigy

cellular systems or ad hoc networks. A cellular system has a fixed infrastructure in !

base station, which performs central administration for the system. Cellular networks |

information transport plaiform for wireless local area networks (WLANs) and wirele:
networks (WWANs), Wireless LAN standards activities have been spearheaded by 1
while wircless WAN standards activities have been led by ANSI (American Nation:
Institute) and ITU (International Telecommunications Union).

Ad hoe metworks have no fixed infrastructure and the network architecture 15 Col

Every node (mobile) in the ad hoc network can set up as, and play the role of, a ba-
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9
ransmit to and receive from other nodes ip the network. The main focus of

Lo
s LH:IL 1% "-'-'|l1'| ¢¢11.u1ﬂr networks, but a bird's eye view into the operational features of ad hoc
aworks is also given.

ial it can directly

4 ORGANIZATION OF THIS TEXT

fith the overview of challenging i1ssues 1n wireless communications and networking presented in
is chapter, in-depth discussions of channel characterization, transmitter/receiver design, cellular
awork architecture, multiple access technologies, mobility management, and traffic management

extended networks are provided in Chapters 2 through 8. The rationale behind the material
esented in each of these chaplers is concisely summarized next.

Characterization of the Wireless Channel (Chapter 2). Because of impairments in the wircless
channel, signal transmission through the wircless propagation medium presents a set of
very challenging problems. Impairmenis in the wireless channel include multipath delay
spread. Doppler spread, fading, path loss, shadowing, interference and ambicent noise, ete.
Knowledge of the channel characteristics will facilitate transmitter and receiver design. In
the absence of this knowledge, ways to characterize the propagation channel are critically
III'I|'.|'HI1..|'-.I..I'IL

Bandpass Transmission Technigues for Mobile Radio (Chapter 3). To minimize the effects of
signal attenuation and signal distortion, the information-bearing baseband signal needs 1o be
suitably modulated onto an appropriate carrier frequency, or a set of subcarrier frequencics.
With high transmission rales, the bandwidth of the transmitted signal will likely exceed
the coherence bandwidth of the wireless channel, resulting in frequency-selective fading.
Transmission techniques such as OFDM, having the ability wo render the fading channel non-
frequency-selective, are imporiant o mobile radio communications. With severe channel
impairments, residual errors are unavoidable. Error probabilities of different modulation
schemes that provide appropriate measures of system performance need to be analyzed and
evaluated.

Receiver Techniques for Fading Dispersive Channels {Chaprer 4). Optimum reception of trans-
mitted signals over fading dispersive channels subject (o a suitably chosen cniterion 15 key
to oplimum receiver design. With the wireless channel exhibiting impairments such as inter-
symbol interference, Doppler spread and multipath delay spread, techniques such as diver-
sily receplion, linear combining, channel equalization, etc., are crucial to optimal signal
receplion at the cell-site receiver.

Fundamemntals of Cellular Communications (Chaprer 5). The area covered by a single base
station is limited. The area coverage can be extended by (a) linking cells in a two-
dimensional amray and (b) wiring the cell-sites o an MSC and then 10 a backbone network
as illustrated in Figure 1.1.

An array structure offers reuse of the same frequency in neighboring cells. However,
frequency reuse can cause interference from adjacent cells. Therefore, effecuve sirategics
to manage the available resources are needed.

Multiple Access Techniques (Chapter 6). There is no interference if only one mobile transmits

tor the hase station (cell-site receiver). If two or more mobiles ransmit to the same cell-site
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receiver simultaneously, collision(s) can occur leading to destructive interfen
an effective multiple access control scheme to enhance spectral efficiency
necded.

Mobility Management in Wireless Networks (Chapter 7). A wireless network
bility 1o support user roaming. To achieve this roaming feature, it is necessy:
efficient and effective methods for (a) call admission control, (#) handoff, and
I['I..EJ':IH.gEI'.III:I'I[-

WirelessWireline [nterworking (Chapter 8). While the wireless sysiem offer: |
for user roaming, a backbone network such as the Internet is needed to -u
communications. The interworking of a wireless segment with a wireline seg s
the geographical coverage is imperative for future personal communication
networks. The interworking of wireless/TP-based networks introduces so.
issues in terms of maintaining network integrity, maximization of network L
provision of quality of service in end-to-end network information delivery.

SUMMARY

The flexibility offered by a wireless communications system, especially the inhore
in supporting user roaming, has cscalated wireless communications as an inform i
platform to the forefront of society. With the inherent severe impairments, wireless .|
greatly [rom spectral limitations and relatively high and nonconsiant residual en
challenge in the transmission of signals over wireless channels lies in secking tron
reception methods to mitigate channe]l impairments in an attempt to broaden the s
and 10 make the residual error profile as low and flat as possible.

With narrowband voice service, channel impairments pose a lesser problem th
high transmission rates associated with the third generation and beyond sysicon
expected o support mulumedia services, In this overview chapter, we have pres
of the first and second generation wireless technologies, and gazed into third gen:
iZalion acuvilies.

The intent of this text is o provide a good understanding of the fundamenta!- |
and analysis of wircless communications systems and networks that could serve o
and efficient information transport platform for information delivery to/lrom mo!

ENDNOTES

l. For detmls of the first generation analog cellular systems, see the special issuc
Mobile Phone Service (AMPS) of Bell Systemn Technical Journal [19), and € ha
book by Rappaport [128].

2. For details of the second generation cellular systems, see Chapter 10 of the o
port [128].

3. For an overview of wireless personal communications, see the papers by Cox [ 3

[85], and by Padgett, Giinther and Hattori [107].
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4. For an overview of the third generation wireless systems, see the paper by Chawdhury, Mohr,
and Onoe [27).

PROBLEMS

P1-1 Truc or false,

a. An FM signal offers better receptive quality compared with AM because it has a
narrower signal bandwidth than that of AM.

b. A wireless channel is said 1o exhibit flat (ading when different components of the
signal spectrum experience similar fading characteristics.

€. Mohiles in a cellular network can directly communicate with cach other.

d. The term reverse channel transmission is used to represent the transmissions from
the base station o the mobiles located within coverage area of the base station.

e. AMPS is a digital communications technology deployed in North America,

P1-2 a. In wireless mobile communications, what 15 meant by aear=far problem?
b. What step(s) should be taken to compensate for the near—far problem?
P1-3 Consider a mobile cellular system.

a. A cellular network consists of radio cells. What is meant by a radio ccll?

b. How can the capacily of a cellular network be enlarged? Explain.

¢, Associated with capacity enlargement is a price tag. What is the price o be paid for
the capacily enlargement attained using the method in part (b)7

Pl-4 OFDM is a lechnique that can be used to compensate for frequency sclective fading.
Explain how OFDM achieves mitigation of frequency selective fading.
P1-5 a. What 15 the basic difference between a mobile cellular network and an ad hoc
network?!
b. Describe the characteristics of the two types of wireless networks.

g
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