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[0 O 2.Bandwidth efficiency i.e.[] the bandwidth occupied by the modulated carrier for a given information rate
in the baseband signal. This aspect plays a critical role in today's systems because the available spectrum is
limited.For example[] the GSM phone system provides a total bandwidth of 25 MHz for millions of users in
crowded cities. The sharing of this bandwidth among so many users is explained in Section 3.6.00 (I 3.Power
efficiency i.e.0 the type of power amplifierC] PAO that can be used in the transmitter.As explained later in this
chapter[] some modulated waveforms can be processed by means of nonlinear power amplifiersC] whereas some
others require linear amplifiers.Since nonlinear PAs are generally more efficientl] Chapter 1200 [ it is desirable to
employ a modulation scheme that lends itself to nonlinear amplification.[J (I The above three attributes typically
trade with one another.For example[J we may suspect that the modulation format in Fig.3.30 b is more
bandwidth-efficient than that in Fig.3.3[] alJ because it carries twice as much information for the same
bandwidth.This advantage comes at the cost of detectability-because the amplitude values are more closely
spaced-and power efficiency-because PA nonlinearity compresses the larger amplitudes.[] [0 3.2 ANALOG
MODULATIONLC [ If an analog signalJ e.g.0 that produced by a microphonelJ isimpressed on a carrier

[J then we say we have performed analog modulation.While uncommon in today's high-performance
communicationstJ analog modulation provides fundamental concepts that prove essential in studying digital
modulation as well.CJ [0 3.2.1 Amplitude Modulation [J For a baseband signal xBBU t[J [J an
amplitude-modulated[J AMO waveform can be constructed ast] [0 xAMU t0 = Ac 1+mxBB[I t[J [J cosw ctld
[0 3.20 0O 00 where m is called the"modulation index."lllustrated in Fig.3.40 all is a multiplication method for
generating an AM signal.We say the baseband signal is"upconverted."The waveform Ac cosw ct is generated by
a"local oscillator"[] LOLI .Multiplication by cosw ct in the time domain simply translates the spectrum of xBB[ t
(] to a center frequency of w cJ Fig.3.400 b0 [0 .Thus[] the bandwidth of xAMO t[ iS twice that of xBB[ t

[0 .Note that since XBBL1 t[1 has a symmetric spectrum around zero[] because it is a real signal] [] the spectrum
of xAMU t[J is also symmetric around w c.This symmetry does not hold for all modulation schemes and plays a
significant role in the design of transceiver architecturest] Chapter 400 .00 00 0 O
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