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Abbreviations

3-RC

8-AMPM
8-PSK
16-PSK
16-QAM
32-AMPM
32-CROSS
64-QAM
256-QAM
a.c.f.
ACG
ACI
ACS
ADC
ADSL
AM-AM
AMP
AM-PM
AMPM
ASIC
ASK
AWGN
BCC
BCH
BCJR
BCM
BER
BPSK
BT

BU

C-M
CCl
CCITT

CCSDS
Cb

3 (symbol period) raised cosine (continuous phase
modulation)

8-state amplitude and phase modulation

8-state phase-shift keying

16-state phase-shift keying

16-state quadrature amplitude modulation
32-state amplitude and phase modulation
32-state cross-shaped (modulation constellation)
64-state quadrature amplitude modulation
256-state quadrature amplitude modulation
auto correlation function

asymptotic coding gain

adjacent channel interference

add, compare, select (operations)

analog to digital conversion

asymmetric digital subscriber line

“amplitude modulation to amplitude modulation

amplitude modulated pulses

amplitude modulation to phase modulation
amplitude and phase modulation
application-specific integrated circuit
amplitude-shift keying

additive white Gaussian noise

body-centred cubic (lattice)
Bose—-Chaudhuri-Hocquenghem
Bahl-Cocke-Jelinek—Raviv

block coded modulation

bit error ratio

binary phase-shift keying

time-bandwidth product

bad urban (COST 207 mobile channel model)
carrier-to-multipath ratio

co-channel interference

Consultative Committee on International
Telecommunications

Consultative Committee on Space Data Systems
compact disk
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Abbreviations

CDMA
COFDM
COST 207

CP-FSK
CPM
CSI
DAB
DBPSK
DECT
DFE
DFT
DPSK
DQPSK
DSL
DSP
DVB
DVB-T
EGC
ETSI
FDMA
FEC
FIR
FM
FPGA
FSK
FSM
GF
GMSK
GSM
GWSSUS
HF
HPA
HT

i.c.l.
i.s.1.
IDFT
IF

IIR
IMT-2000
I/Q
IS-54

code division multiple access

coded orthogonal frequency division multiplexing
COllaboration in Science and Technology — European
research programme responsible for mobile channel models
continuous phase frequency-shift keying
continuous phase modulation

channel-state information

digital audio broadcast

differential binary phase-shift keying

digitally enhanced cordless telecommunications
decision-feedback equalization

discrete Fourier transform

differential phase-shift keying

differential quadrature phase-shift keying

digital subscriber line

digital signal processing

digital video broadcast

digital video broadcasting (terrestrial)

equal gain combining

European Telecommunication Standards Institute
frequency division multiple access

forward error correction

finite impulse response

frequency modulation

field programmable gate array

frequency-shift keying

finite state machine

Galois field

Gaussian minimum-shift keying

global system for mobile communications
Gaussian wide-sensc stationary uncorrelated scatterers
high frequency

high power amplifier

hilly terrain (COST 207 mobile channel model)
inter-channel interference

inter-symbol interference

inverse discrete Fourier transform

intermediate frequency

infinite impulse response

international mobile telecommunications 2000
in-phase and quadrature (modulator/demodulator)
Interim Standard 54 (American second generation mobile
standard)



IS-136
ITU-T

JPL

LCM
LLC
LLR
LNA

LO

LSB
MAC
MAP
M-FSK
ML
ML-TCM
MLCM
MLSD
MLSE
MMSE
MPEG
M-PSK
MRC
MSB
MSK
NASA
OFDM
OQPSK
OS]

p.d.f.
p-s.d.

m/4 QPSK
PACS-UB

PC-RSC

PCTCM
PD
PLL
PMR
QAM
QPSK

Abbreviations

Interim Standard 136 (American second generation
mobile standard)

International Telecommunications Union —
Telecommunications

Jet Propulsion Laboratory

least common multiple

logical link control

log likelihood ratio

low noise amplifier

local oscillator

least significant bit

medium access control

maximum a posteriori

M-ary frequency-shift keying

maximum likelihood

multilevel turbo-coded modulation

multilevel coded modulation

maximum likelihood sequence detection

maximum likelihood sequence estimation
minimum mean-square error

Motion Picture Experts Group (coded video standard)
M-ary phase-shift keying

maximum ratio combining

most significant bit

minimum-shift keying

North American Space Administration

orthogonal frequency division multiplexing

offset quadrature phase-shift keying

open systems interconnect

probability density function

power spectral density

pi-by-4 quadrature phase-shift keying

Personal Access Communication System — Unlicensed
Band (American second generation mobile/cordless
standard)

parallel concatenated recursive-systematic convolutional
codes

version of trellis turbo-coded modulation

phase detector

phase-locked loop

private mobile radio

quadrature amplitude modulation

quadrature phase-shift keying



Abbreviations

r.m.s.
RA
RAKE
RF
RM
RPE-LPC
RS
RSC
RSSE
RS-TCM
RX
S-random
SC
SEP
SFH
SFN
SISO
SNR
SOVA
SPC
STAR-QAM
TCM
TDMA
TETRA
TFM
TOI
T-TCM
TU
TWT
TX
UHF
UMTS
V.32, V.32(bis),
V.34
vCC
VCO
WER
WLAN
XOR
ZF

.16.

root mean square

rural area (COST 207 mobile channel model)
spread spectrum receiver (not an acronym)
radio frequency

Reed—Muller

regular pulse excited linear predictive coding
Reed--Solomon

recursive-systematic convolutional
reduced-state sequence estimation
recursive-systematic turbo-coded modulation
receiver

spread random

switched (or selection) combining

symbol error probability

slow frequency hopping

single frequency network

soft in, soft out

signal-to-noise ratio

soft output Viterbi algorithm

single parity check

star quadrature amplitude modulation

trellis coded modulation

time division multiple access

terrestrial trunked radio

tamed frequency modulation

third-order intercept

turbo trellis coded modulation

typical urban (COST 207 mobile channel model)
travelling wave tube

transmitter

ultra high frequency (i.e. 300 MHz-3 GHz)
universal mobile telecommunications system
ITU-T voiceband modem standards

voltage-controlled clock
voltage-controlled oscillator
word error ratio

wireless local area networks
exclusive-OR (logic function)
zero-forcing
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Chapter 1

Introduction to modulation and
coding

1.1 Role of moduiation and coding 2
1.2 Performance parameters 5
1.3 Power- and bandwidth-efficient schemes 8
1.4 Advantages of advanced modulation and coding 1
1.5 Book outline 12

Wireless communications has become one of the most rapidly growing
industries in the world, and its products are now exerting an impact in all
our lives. This is most obvious in the form of the mobile phone; but many
other advances, such as digital broadcasting and the 'wireless Internet’, will
very soon be making their influence felt. In the developing world, wireless
communications is also bringing telecommunications to millions (and poten-
tially to billions) who have never yet made a telephone call. This book concerns
one of the most fundamental aspects of wireless, or radio communications: the
modulation and coding schemes that enable information to be transmitted over
the radio channel.

Our purpose in this first chapter is to set the scene for the remainder of the
book. We begin in Section 1.1 by placing modulation and coding in the context
of a complete radio communication system, outlining its role in the transmitter
and receiver, and its position in the open systems interconnect (OSI) model,
which is often used to describe telecommunication systems. We also show
that coding and modulation, although traditionally regarded as separate func-
tions, should actually be treated jointly. We then, in Section 1.2, consider the
parameters by which the performance of a modulation and coding scheme
can be assessed, and how they impact on the performance of the communica-
tion system as a whole. This gives us the tools that will be used to assess the
performance of schemes in the following chapters. The most important of
these parameters are bandwidth and power requirements, upon which we
focus in Section 1.3. This leads to a description in Section 1.4 of the system-
level advantages which can result from improvements in modulation and

1



