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Chapter 6 * Modulation Techniques for Mobile Radio

17, 137, 15T,
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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 3.13 The 7/Q plots for QPSK (left) and offset QPSK (right) for / data
' A+—+—+——++—)and @ data (+ — + — + + + + —+). There zre
five 180 phase changes. :
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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 10.30 MSK waveforms.

I

Sin (T B2 3n o Cosp T Gt Sin il

\\4-)7

e



’ g MSK Powgr Spect_x"?mi

Py = lg(cosQﬂ(f-z-fc)T)!_l_ 1_6(0052E(f—fc)T)2 E
1

n\ 11677 '\ LI6F°T?

— MSK
eees  QPSK, OQPSK

N

dB

::__/\,.. . /\

s
<
. "
'y
-

+ .
. -

L3 1 ]

=70 _ S ' L : i : :
A f+035R, fARy _ fA15R, foA2R, JA2.5R,
Frequency —»

Power épéétral deﬁsity of MSK signals as compared to QPSK and OQPSK signals.

___,| BFF
FA14T ]

+

ZD——' Swsg(t)

cosZif, t

cos(n27y ——>

Figure 5.39
Block diagram of an MSK transmitter.
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Block diagram of an MSK receiver.
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