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BPSK Receiver

If no multipath impairments are induced by the
BPSK signal can be expressed as
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Chapter 6 * Modulation Techniques for Mobile Radio

17, 137, 15T,

Mys

2, 4T, 6T, 8T, 10T, 12T, 147,

Figure 6.2¢ The time oifset waveforms that are appfied to the in-phase and guadrature arms of.
an OGQPSK modulator. Notice that & half-symbol offset is used.

Due to the time alignment of () and mg(t) in standard QPSK, phase transitions °
occur only once every T, = 27, s, and will be a maximum of 180° if there is a change in the
value of both (1) and:m,(z}. However, in OQPSK signaling, bit transitions (and, hence,
phase transitions) occur every T, s. Since the transition instants of (1) and m(t} are offget,
at any given time only one of the two bit streams can change values. This implies that the maxi- °
mum phase shift of the transmitted signal at any given time is limited to +90°. Hence, by switch
ing phases more frequently (ie., every T, s instead of 27}, s) OQPSK signaling eliminates 180

phase transitions.

Since 180° phase transitions have been eliminated, bandlimiting of (i.e., pulse shaping)
OQPSK signals does not cause the signal envelope to go to zero. Obviously, there will be somne
amount of IS caused by the bandlimiting process, especially at the 90° phase transition points. But =
the envelope variations are considerably less, and hence hardlimiting or nonlinear amplification of
OQPSK signals does not regencrate the high frequency sidelobes as much as in QPSK. Thus, spe
tral occupancy is significantly reduced, while permitting more efficient RF amplification.

The spectrum of an OQPSK signal is identical to that of a QPSK signal, hence both Sign_
occupy the same bandwidth. The staggered alignment of the even and odd bit streams does
change the nature of the spectrum. OQPSK retains its bandlimited nature even after nonline
amplification, and therefore is very atiractive for mobile communication systems where band
width eﬁiciency and efficient nonlinear amplifiers are critical for low power drain. Furthe
OQPSK signals also appear to-perform better than QPSK in the presence of phase jitter due
noisy reference signals at the receiver [Chu87]. v
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Figure 3.12 Comparison of QPSK (top) and offset QPSK (bottom} with same data
and 30% root RC pulses. Data as in Figs. 3.1. 3.2. and 3.11.
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Figure 7.25 MSK waveform composition. {2} Modified / bit stream. (b) / bit stream times carrier.
(c) Modified Q bit stream. {d} Q bit stream times carrier, (¢) MSK waveforms. (From [Pas78]
© IEEE.)
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Figure 5.39
Block diagram of an MSK transmitter.

Integrator —7L ——..._.Tg:jizld’ > om(t)
t=20+1)T - o
x(z) 7 '
Susk()
y(8)
: t=(2k+2)T A
T
Figure 5.40 | '
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Gaussian Pulse-shaping Filter

It is also possible to use non-Nyquist techniques for pulse shaping. Promi-
nent among such techniques is the use of a Gaussian pulse-shaping filter which
is particularly effective when used in conjunction with Minimum Shift Keying :

(MSK) modulation, or other modulations which are well suited for power effi- -

- cient nonlinear amplifiers. Unlike Nyquist filters which have zero-crossings at

adjacent symbol peaks and a truncated transfer function, the Gaussian filter has
a smooth transfer function with no zero-crossings. The impulse response of the
Gaussian filter gives rise to a transfer function that is highly dependent upon

‘the 3-dB bandwidth. The Gaussian lowpass filter has a transfer function given

by

e

G(f) = eXP(—af)

The parameter o is related to B, the 3-dB bandwidth of the baseband gauss;an
shaping filter, -

o« = Nin2 _ 0.5887 3. 53)
2B B }
As o increases, the spectral occupancy of the Gaussian filter decreases and t1me

dispersion of the apphed signal increases. The impulse response of the Gaussmn :

filter is given by , . f_r,f_

N n
ho(t) = Enexp —-0?152

32 -T2 T2 T2 time

Figure 5.20
Impulse response of 2 Gaussian pulse- shaping filter.
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Gaussian Minimum Shift Keying (GMSK)

The GMSK premodulation filter has an impulse response given by
_ 2
Rt) = —“(/xjexp [- 55#] . (5.108)
and the transfer function given by _
o H(f) = exp(-a’f") (5.109) °
The parameter o is related to B, the 3 dB baseband bandwidth of Hs(f), by

_ ofin2 _ 05887 C(5.110)
Jf28 B

and the GMSK filter may be completely defined from B and the baseband sym-
bol duration 7! It is therefore customary to define GMSK by its BT product.
" Figure 5.41 shows the simulated RF power spectrum of the GMSK signal j
for various values of BT. The power spectrum of MSK, which is equivalent to
GMSK with a BT product of infinity, is also shown for comparison purposes. It is
clearly seen from the graph that as the BT product decreases, the sidelobe levels
fall off very rapidly. For example, for a BT=0.5, the peak of the second lobe is
more than 30dB below the main lobe, whereas for simple MSK, the second Iobe is
only 20 dB below main lobe. Howevet, reducing BT increases the irreducible
error rate produced by the low pass filter due to ISI. As shown in Section 5.11,
mobile radio channels induce an irreducible error rate due to mobile velocity, so
as long as the GMSK irreducible error rate is less than that produced by the
mobile channel, there is no penalty in using GMSK. Table 5.3 shows occupied
bandwidth containing a given percentage of power in a (GMSK signal as a func-
tion of the BT product [Mur81].

Table 5.3 Occup;ied RF Bandwidth (for GMSK and MSK as a fraction of R,) Containing a Given
Percentage of Power [Mur81]. Notice that GMSK is spectrally tighter than MSK.

BT 90% - 20% 99.9% | 99.99%
0.2GMSK | 052 0.79 0.99 1.22
0.25 GMSK | 0.57 0.86 1.09 1.37
0.5GMSK | 0.69 1.04 1.33 2.08
MSK | 0.78 1.20 2.76 6.00
|
0 i
l
8. 7= e (MSK) |
b !
.20 N
0.7 k

0.2 =%

S
0.25

-40 \‘n %//C\i /n;\ P
N
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GMSK Bit Error Rate
The bit error rate for GMSK was first found in [Murg1]
nels, and was shown to offer performance within 1 dB of opti
B7'=0.25. The bit error probability is a function of BT, since the pulse shaping

impacts ISL. The bit error probability for GMSK is given by

where ¥ is a constant related to BT by

0.68 for GMSK with BT = 0.25
0.85 for simple MSK (BT = )

LPF

Lbop
Filter

1F Tocal
oscillator

LPF

Figure 5.43
Block diagram of a GMSK receiver.
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5.7.2 Differential Phase Shift Keying (DPSK)

Differential PSK is a noncoherent form of phase shift keying which avoids
the need for a coherent reference signal at the receiver. Noncoherent receivers
are easy and cheap to build, and hence are widely used in wireless communica-
tions. In DPSK systems, the input binary sequence is first differentially encoded

" and then modulated using a BPSK modulator. The differentially encoded

sequence {d,} is generated from the input binary sequence {m,} by comple-
menting the modulo-2 sum of m, and d;_,. The effect is to leave the symbol g,
unchanged from the previous symbol if the incoming binary symbol m, is 1, and
to toggle d, if m, is 0. Table 5.1 illustrates the generation of a DPSK signal for
a sample sequence m, which follows the relationship d, = m, ©d,_, .

Table 5.1 lllustration of the Differential Encoding Process

s} 1 0 0 1 0 1 1 0
iy 1} 1 1 0 1 1 0 0 0
gt |1 1 0 1 1 0 0 0 1

A block diagram of a DPSK transmitter is shown in Figure 5.24. It consists
of a one bit delay element and a logic circuit interconnected so as to generate the
differentially encoded sequence from the input binary sequence. The output i5-
passed through a product modulator to obtain the DPSK signal. At the receiver,
the original sequence is recovered from the demodulated differentially encoded

signal through a complementary process, as shown in Figure 5.25.

? ] Input data Logic {did Product DPSK
g’f P Circuit ’ Modul signal
P ulator gn
&= {my}
;g‘ .
) {de.i}
! cos(2nrf 1)
Delay
Ty +
" Figure 5.24
Block diagram of a DPSK transmitter.
DPSK Bandpass Logic | Integrate Threshold demodulated
* signal Fiiter Circuit and Dump Device signal
Delay
Ty
Figure 5.25

Block diagram of DPSK receiver,

While DPSK signaling has the advantage of reduced receiver complexity, its
energy efficiency is inferior to that of coherent PSK by about 3 dB. The average
probability of error for DPSK in additive white Gaussiap noise is given by

P, DPSK

=22

Lex (_Eé)
29PN,

(5.75)
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Figure 7.30 =/ 4TQ'F'SK modulation. (a) Possible phase states of the ‘= /4-QPSK rigdulated
carrier at sampling instants. (b) The signal constellation with sinuscidal shaping. (¢) Specirum of the
=/ 4-QPSK signal {upper trace) compared with that of an SQAM signal {lower trace). (From [Feh91]
€ IEEE) , - o






