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Multilevel Modulated Bandpass
Signaling

B With multilevel signaling, digital inputs with more than
two levels are allowed on the transmitter input.

Binary M = 2¢-jevel Modulated
#1 analog converter [————————- TTANSMIttCT [r—-
R bits /sec ¢ bits symbols R
e ¢

Figure 5-29 Multilevel digital transmission system.



Multiple Amplitude Shift Keying
(MASK)
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M-ary Phase-Shift Keying (MPSK)

B If the transmitter is a PM transmitter with an M = 4-
level digital modulation signal,
IS generated at the transmitter output.
The 4PSK is called

signaling.
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QPSK Generation

B MPSK can also be generated by using two quadrature
carriers modulated by the x and y components of the
complex envelope; in that case,

g(t) = Ae’" =x(t) + jy(t)

X(t) = A, cosd(t) = x, = A. cosé

y(t) = Asing(t) = y, = A sing,

1=12,..., M

For QPSK

(%, ¥1)=(0,0),(0, A), (A, 0), (0, - A ) or
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(X, i) = (f f)(f f)(f ﬁ)’( )
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QPSK Waveform (Complex Envelope)
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QPSK Demodulation
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Quadrature Amplitude Modulation

(QAM)

B Quadrature carrier signaling is called
. In general QAM signal constellations are not
restricted to having permitted signaling points only on a circle (of
radius A., as was the case for MPSK). For example, a popular
16QAM constellation is shown below.

Imaginary
axis
(quadrature)

Figure 5-32 16-symbol QAM constellation (four levels per dimension).
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T
B Quadrature Amplitude Modulation is really Quadrature

Phase Amplitude Modulation

s(t) = Re{g(t)e'*'} = x(t) cos w,t — y(t)sin wt
g(t) = x(t) + jy(t) = R(t)e’®
n

X(t) — anhl(t_nTs) — anhl(t_B)

n
y(t) = Z ynhl(t o nTs) = Z ynhl(t _B)
h, (t) : pulse shape that is for each symbol
T, :symbolinterval

_R

D :symbol rate (baud) D:Ti |

R : bit rate
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16 QAM Constellation
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QAM Constellation
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32 QAM Signal Constellation
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QAM Generation (1)

Baseband processing
e I
| |
i L x(1)
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; -90°
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£=f ™| phase
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(a) Modulator for Generalized Signal Constellation
Figure 5-31 Generation of QAM signals.
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QAM Generation (2)

g(t) = x(1) + jy(1)
M = 2¢ point constellation

Baseband processing D = R/€ symbols/sec
e e e e e e e e M s T T i
: dq(1) '
' R /2 bits/sec € /2-bit : x(t)
: : - digital-to-analog T
Binary - converter :
input ! 2-bit |
d(f ) : converter "
R/2 bits/sec| €/2-bit }
: dy(1) | digital-to-analog 1
| 2 converter ¥
' R/2 bits/sec :
e i e e e s e Tt 4
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Oscillator . pl?a?sc
f=r shift

(b) Modulator for Rectangular Signal Constellation

Figure 5-31 Generation of QAM signals.
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Waveform of QAM
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Offset QPSK

B In some applications, the timing between the x(t) and y(t)
components is offset by

T 1

S

2 2D
K0 = X xh(E-nT) =2 xht-)

T n 1
t =§ h({t-nT ——= :2 h(t—-———
y() - yn 1( S 2) - yn 1( D 2D)

B One popular type of offset signaling is offset QPSK (OQPSK),
which is identical to offset 4PSK or 4QAM.

B This offset greatly reduces the AM on the OQPSK signal
compared with the AM on the corresponding QPSK signal.
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Offset QPSK ( Reducing Carrier
Amplitude Change)
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Possible paths for switching between the message points in (a) QPSK and (b) offset QPSK.
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QPSK vs. OQPSK
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OQPSK Waveform
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PSD for MPSK and QAM

2, (1) =100 5 Rgger

[
R(k) = Z(a:an+k)i PI = a:;a‘n+k
i=1

Assume the data symbols are uncorrelated

* . 2 2 —
R(k);a;aw:{anam kOH k o}

a‘a k #0 m,", k=0

n-'n+k?

2 *
O-az — ‘an o ma‘ = (an o ma)(an _ma)

=(a,—-m,)(a,—m;)=aa —m,a —am +mm.
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g(t)= e, f(t-nT,)

N=—o0

f(t) = H(Ti o F(f)=T.Sa(AT,) = IT,Sa(IT,)

S

P (f)= o?DF(f)f +|m['D? > |F(nD)5(f —nD)

Continuous spectrum

-~
Discrete spectrum

For symmetrical (polar type) signaling with equally likely multilevels

m.=c, =0

0(:2 = CnC: _‘mc‘z = E = ‘Cn‘z =C
P (f)=CD[IT,Sa(AIT,)]? = CIT,Sa2(IT,) = KSa? (T,
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Figure 5-33 PSD for the complex envelope of MPSK and QAM with rectangular data pulses,
where M = 2¢ R is the bit rate, and R/€ = D is the baud rate (positive frequencies shown). Use
€ = 2 for PSD of QPSK, OQPSK, and n/4 QPSK complex envelope.
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M-ary FSK (?)



Homework

T
B | C 5-59, 5-62, 5-63, 5-66
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