Wireless Communications

Chapter 1
Introduction to Wireless Communication Systems
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" In 1897, Guglielmo Marconi first demonstrated radio’s
ability to provide continuous contact with ships sailing the

English channel.

= Particularly during the past ten years, the mobile radio

communications industry has grown by orders of magnitude.

= Digital and RF circuit fa
other miniaturization tec
equipment smaller, chea

prication improvements, VLSI and
nnologies make portable radio
per, and more reliable.

= Digital switching techniques also have facilitated the
deployment of radio communication networks.
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1.1 Evolution of Mobile Radio Communications

F

= Bell Laboratories developed the cellular concept in the 1960s
and 1970s.

= With the development of highly reliable, miniature, solid-
state radio frequency hardware In the 1970s, the wireless
communications era was born.
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Figure 1.1 The growth of mobile telephony as compared with other popular inventions of the
20th century.
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= Figure 1.1 illustrates how mobile telephony has penetrated
’ our daily lives compared with other popular inventions of the

20th century.
= The number of worldwide cellular telephone users grew

from 25,000 in 1984 to about 25 million in 1993, and since
then customer growth rates are well in excess of 50% per

year.
= 630 million in 2001 — 60 % of world’s population in 2009.

Communication Signat Pracessing Lab 5]




1.2 Mobile Radiotelephony in the U.S.

F

= In 1946, the first public mobile telephone service was
Introduced in twenty-five major American cities.

/ = Each system used a single, high-powered transmitter and
large tower to cover distances of over 50 km.

= The early FM push-to-talk telephone systems of the late
1940s used 120 kHz of RF bandwidth in a half-duplex mode.

= The actual telephone-grade speech occupies only 3kHz of
baseband spectrum.
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= Because of the difficulty in mass-producing tight RF filters
’ and low-noise, front-end receiver amplifiers.

= |n 1950, channel bandwidth of voice transmissions was cut
to 30kHz.
= There was only a factor of four increase In spectrum

efficiency due to technology advances from WWII to the
mid 1960s.
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= In 1950s and 1960s, automatic channel trunking was
Introduced and implemented under the label IMTS

(Improveo

Mobile Telephone Service).

= IMTS-T

ne Bell Mobile Phone service for the New York

City by 1976

v"a market of 10,000,000 people

v"12 channel could serve only 543 paying customers
v'a waiting list of 3,700 people

v'service was poor
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= During the 1950s and 1960s, AT&T Bell Lab. and other
telecommunications companies developed the theory and
/ techniques of cellular radiotelephony.

= The basic idea of cellular system is similar to that used by
the FCC when 1t allocates television stations or radio
stations.

= AT&T proposed the concept of a cellular mobile system to
FCC in 1968, although the implementing technology was not
available until the late of 1970s.
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’ = In 1983, the FCC finally allocated 666 duplex channels for

the U.S. Advanced Mobile Phone System (AMPS)
v 40 MHz of spectrum in the 800 MHz band
v"each channel has a one-way bandwidth of 30 kHz
v'60 kHz for each duplex channel

= Each city (called a market) was only allowed to have two
cellular radio system providers — a duopoly.
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Reverse Channel Forward Channel

991(992| e+« (1023 12| e« [799 [9911992 ¢+ {1023| 12|+ |799

e » e b
824-849 MHz 869-894 MHz
Channel Number Center Frequency (MHz)
Reverse Channel 1<N<799 0.030N + 825.0
991 < N <1023 0.030(N - 1023) + 825.0
Forward Channel 1<N<799 0.030N + 870.0
991 <N <1023 0.030(N - 1023) + 870.0

(Channels 800-990 are unused)

Figure 1.2 Frequency spectrum allocation for the U.S. cellular radio service. Identically labeled
channels in the two bands form a forward and reverse channel pair used for duplex communication
between the base station and mobile. Note that the forward and reverse channels in each pair are
separated by 45 MHz.
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= Cellular radio systems rely on judicious frequency reuse
’ nlans and FDMA to maximize capacity.

= In late 1991, the first US Digital Cellular (USDC) system
nardware was Installed in major U.S. cities.

= The USDC standard (1S-54 and later 1S-136) could support
three users in the same 30 kHz bandwidth with digital
channels.

Communication Signal Processing Lab [16]




= Speech coding technology will increase the capacity to six
users per channel in the same 30 kHz bandwidth.

/ = A cellular system based on code division multiple access
(CDMA) was developed by Qualcomm, Inc. and
standardized by the Telecommunications Industry
Association (TI1A) as an Interim Standard (1S-95).

= Inthe early 1990s, a new specialize mobile radio service
(SMR) was developed to compete with U.S. cellular radio
carriers.
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= Motorola replace MIRS (Motorola’s integrated radio system)
’ with the integrated digital enhanced network (iDen).

= Personal Communication Service (PCS) licenses in the
1800/1900 MHz band were auctioned by the U.S.
Government to wireless providers in early 1995.

= PCS licenses have spawned new wireless services that
complement, as well as compete with, cellular and SMR.
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1.3 Mobile Radio Systems Around the World

F

= The world’s most common paging standard is the Post Office
Code Standard Advisory Group (POCSAG).

/ = POCSAG was developed by British Post office in the late
1970s.

= The CT2 and Digital European Cordless Telephone (DECT)
standards developed in Europe are the two most popular
cordless telephone standards throughout Europe and Asia.
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= Inthe U.S., the PACS standard, developed by Bellcore and
Motorola, Is likely to be used inside office buildings as a
wireless voice and data telephone system or radio local loop.

= The Personal Handyphone System (PHS) standard supports
Indoor and local loop applications in Japan.

[20]
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= The world’s first cellular system was implemented by the
i Nippon Telephone and Telegraph company (NTT) in Japan
In 1979, using 600 FM duplex channels (25 kHz for each
one-way link) in the 800 kHz band.

= In Europe, the European Total Access Cellular System
(ETACS) was deployed in 1985 and is virtually identical to
the U.S. AMPS system.
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= The Pan European digital cellular standard GSM (Global
’ Systems for Mobiles) was first deployed in 1990 in a new
900 MHz band which all of Europe dedicated for cellular
telephone service.

= In Japan, the Pacific Digital Cellular (PDC) standard
provides digital cellular coverage using a system similar to
North America’s USDC.
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Table 1.1  Major Mobile Radio Standards in North America
Year of Multiple  Frequency Modula- Channel
Standard Type Introduction Access Band tion Bandwidth
AMPS Cellular 1983 FDMA 824-894 MHz FM 30 kHz
NAMPS Cellular 1992 FDMA 824-894 MHz FM 10 kHz
T/4-
uspC Cellular 1991 TDMA 824-894 MHz DQPSK 30 kHz
FH/
CDPD Cellular = 1993 Packet 824-894 MHz  GMSK 30 kHz
Cellular/ 824-894 MHz  QPSK/
1S-95 PCS 1993 CDMA 1.8-2.0 GHz BPSK 1.25 MHz
GSC Paging 1970s Simplex Several FSK 12.5 kHz
POCSAG Paging 1970s Simplex Several FSK 12.5kHz
FLEX Paging 1993 Simplex Several 4-FSK 15 kHz
DCS-1900
(GSM) PCS 1994 TDMA 1.85-1.99 GHz GMSK 200 kHz
Cordless/ TDMA/ /4-
PACS PCS 1994 FDMA 1.85-1.99 GHz DQPSK 300 kHz
MIRS SMR/PCS 1994 TDMA Several 16-QAM 25 kHz
iDen  SMR/PCS 1995 TDMA Several  16-QAM  25kHz
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Table 1.2 Major Mobile Radio Standards in Europe
L . 1 e S e T T T T e NS T

Year of Multiple Frequency Modula- Channel
Standard Type Introduction  Access Band tion Bandwidth
ETACS Cellular 1985 FDMA 900 MHz FM 25 kHz
NMT-450  Cellular 1981 FDMA 450-470 MHz FM 25 kHz
NMT-900 Cellular 1986 FDMA 890-960 MHz FM 125 kH#
Cellular
GSM /PCS 1990 TDMA 890-960 MHz GMSK 200 kHz
20 kHz/
C-450 Cellular 1985 FDMA 450-465 MHz FM 10 kHz
ERMES Paging 1993 FDMA Several 4-FSK 25 kHz
CT2 Cordless 1989 FDMA 864-868 MHz GFSK 100 kHz
1880-1900
DECT Cordless 1993 TDMA MHz GFSK 1.728 MHz
Cordless 1710-1880
DCS-1800 PCS 1993 TDMA MHz GMSK 200 kHz
Communication Signal Processing Lab [24]



s

Table 1.3 Major Mobile Radio Standards in Japan

Year of Multiple Frequency Modula-  Channel
i Standard Type Introduction Access Band tion Bandwidth
JTACS Cellular 1988 FDMA 860-925 MHz M 25 kHz
n/4-

PDC Cellular 1993 TDMA 810-1501 MHz DQPSK 25 kHz
NTT Cellular 1979 FDMA 400/800 MHz FM 25 kHz
NTACS Cellular - 1993 FDMA 843-925 MHz FM 12.5 kHz
NTT Paging 1979 FDMA 280 MHz FSK 12.5 kHz
NEC Paging 1979 FDMA Several FSK 10 kHz

T/4-
PHS Cordless 1993 TDMA 1895-1907MHz ~ DQPSK 300 kHz
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1.4 Examples of Wireless Communication Systems

&F

mobile — historically, mean any radio terminal that could be
moved during operation.
/ Recently, mean a radio terminal that is attached to a
high speed mobile platform.

portable —a radio terminal that can be hand-held and used by
someone at walking speed.

subscriber —a mobile or portable user.
subscriber unit — a user’s communication device.
users or mobiles — the collective group of users.
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= The mobiles communicate to fixed base stations which are
’ connected to a commercial power source and a fixed
backbone network.

= Mobile radio transmission systems may be classified as
simplex, half-duplex or full-duplex.

= Frequency division duplexing (FDD) — by providing two
simultaneous but separate channels.
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same antenna to be used for simultaneous transmission and
reception.

’ = A duplexer is used inside the subscriber unit to enable the

IV Communication Signal Processing Lab [28]
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forward channel — the channel used to covey traffic to the
’ mobile user from a base station.

reverse channel — the channel used to carry traffic from the
mobile user to a base station.

time division duplexing (TDD) — by providing adjacent time
slots on a single radio channel.

TDD is only possible with digital transmission formats and
digital modulation, and Is very sensitive to timing.
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1.4.1 Paging Systems

= Paging systems are designed to provide reliable
’ communication to subscribers wherever they are.

= This necessitates large transmitter power and low data rates
for maximum coverage from each base station.
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Figure 1.3 A wide area paging system. The paging control center dispatches pages received
from the PSTN throughout several cities at the same time.
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1.4.2 Cordless Telephone Systems

’I.

' Wireless
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Switched Dt
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Figure 1.4 A cordless telephone system.
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1.4.3 Cellular Telephone Systems
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Figure 1.5 A cellular system. The towers represent base stations which provide radio access be-
tween mobile users and the mobile switching center (MSC). ‘
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= cell
’ = handoff
* mobile stations, base stations, mobile switching center

(MSC), mobile telephone switching office (MTSO).

= A typical MSC handles 100,000 cellular subscribers and
5,000 simultaneous conversations at a time, and
accommodates all billing and system maitenance functions,
as well.

Communication Signat Pracessing Lab [34]




V. i

= Forward voice channels (FVC), reverse voice channels
(RVC), forward control channels (FCC), reverse control
channels (RCC).
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1.4.3.1 How a Cellular Telephone Call is Made

= Mobile identification number (MIN) — the subcriber’s
’ telephone number.

= Electronic serial number

= Station class mark — indicates what the maximum transmitter
power level is for the particular user.
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&7 AT

Receives call from Verifies that the Requests BS to Connects the
MSC PSTN. Sends the mobile has a valid | move mobile to mobile with the
requested MIN to MIN, ESN pair. unused voice calling party on
all base stations. channel pair. the PSTN.
FCC Transmits page : Transmits data
(MIN) for message for mobile
specified user. | B o ' to move to specific
voice channel.
RCC Receives MIN,
Base ESN, Station Class
2 Mark and passes to
Station g
FVC Begin voice
' transmission.
RVC Begin voice
reception.
>
FCC Receives page and Receives data
matches the MIN messages to move
with its own MIN. + ¢ to specified voice
channel.
RCC Acknowledges
receipt of MIN and
Mobile sends ESN and
Station Class Mark |
FVC Begin voice
reception.
RVC Begin voice
transmission.

time —
Figure 1.6 Timing diagram illustrating how a call to a mobile user initiated by a landline subscriber is established.
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A7V AT

Receives call initiation [ Instructs FCC of Connects the mobile
request from base originating base station with the called party on
MSC station and verifies that | to move mobile to a pair the PSTN.
the mobile has a valid ] of voice channels.
MIN, ESN pair.
FCC Page for called mobile,
instructing the mobile to
move to voice channel.
RCC | Receives call initiation
Base request and MIN, ESN,
Station Station Class Mark.
FVC Begin voice
transmission.
RVC Begin voice
reception.
FCC Receives page and
matches the MIN with
its own MIN. Receives
instruction to move to
voice channel.
RCC | Sends a call initiation
Mobile request along with
subscribe MIN and
number of called party.
FVC Begin voice
reception.
RVC Begin voice
transmission.
time —
Figure 1.7 Timing diagram illustrating how a call initiated by a mobile is established.
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1.4.4 Comparison of Common Wireless
. Communication Systems

| Table 1.5 Comparison of Mobile Communication Systems—Mobile Station

: Required
' Coverage Infra- Hardware Carrier
Service Range structure Complexity Cost Frequency Functionality
TV
Remote
Control Low Low Low Low Infrared Transmitter
Garage
Door
Opener Low Low Low Low < 100 MHz Transmitter
Paging
System High High Low Low <1 GHz Receiver
Cordless
Phone Low Low Moderate Low <1GHz Transceiver
Cellular
Phone High High High Moderate <2 GHz Transceiver




4. =

Table 1.6 Comparison of Mobile Communication Systems—Base Station

Required
Coverage Infra- Hardware  Carrier
Service Range structure Complexity Cost Frequency Functionality
TV

Remote

Control Low Low Low Low Infrared Receiver
Garage

Door

Opener Low Low Low Low < 100 MHz Receiver
Paging

System High High High High &1 CGHz Transmitter
Cordless

Phone Low Low Low Moderate <1GHz Transceiver
Cellular

Phone High High High High <2 GHz Transceiver
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