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ABSTRACT: Hybrid code division multiple access
(CDMA) scheme utilizes advantages of both direct
sequence spread spectrum (DS/SS) and frequency hopped
spread spectrum (F’H/SS) systems, while overcoming some
of their shortcomings. To enhance performance of this
hybrid system, an efficient modulation scheme must be
used that can perform favorably in a fadmg environment.
We have compared the bit error rate (BER) performance
of two spectrally efficient schemes namely, quadrature
phase shift keying (QPSK) and minimum phase shift
keying (MSK), when used in a hybrid system, over a
Rayleigh fading channel. Simulation results show that
hybrid MSK indeed is a better scheme in a multi-user
(CDMA) environment in that, it achieves lower BER than
hybrid QPSK. The comparison has been extended by
includmg a predetection dwersity reception scheme.
I. INTRODUCTION

Spread spectrum CDMA scheme has in the recent years
generated a lot of excitement in the mobile radlo
communication industry. It has been shown that CDMA
offers a tremendous increase in capacity and performance
in a mobile radio environment, when compared to existing
digital technologies such as time division multiple access
(TDMA). Both DS/SS and FWSS have been studied in the
past and performance comparisons have been made [ 1-31,
Hybrid DS/FH systems have also been considered and
their performance have been evaluated [4-71. Hybrid SS
systems are attractive since they combine antimultipath
effectiveness of DS/SS with antipartial-band-jamming and
anti-near/far effectiveness of FWSS system. Hybrid
systems may also use shorter signature sequences and
hopping patterns thus reducing the overall acquisition
time. Increased implementation complexity is often the
main dmdvantage of a hybrid S S system.
The choice of a specific modulation scheme is an
important design consideration in SS systems. Factors
such as improved bandwidth efficiency, better
performance in a multi-user environment, etc. often

Prashant P. Gandhi
Department ofECE
Villanova UniversiQ, Villanova, PA 19085.

dictate this choice. The binary phase shift keying (BPSK)
scheme is often used in DS/FH S S systems due to its
optimal BER performance. QPSK and MSK schemes are
also employed, to increase data rate. However, in QPSK
the occasional fall of the signal amplitude to zero
increases the out-of-band interference, which can be
deleterious especially in a multi-user environment. On the
other hand, in MSK the sinusoidal weighting of the
pulses, coupled by staggering of in-phase and the
quadrature components keeps the signal envelope
constant, thereby preventing it from going to zero [SI.
This inherent advantage of the MSK scheme can be
utilized to improve performance of a hybrid CDMA
system. Also, MSK is a more compact scheme in that,
99% of the total power is present in a smaller bandwidth
(1.17iT versus 8/T for QPSK with T being the bit period),
which suggests that in wide-band channels, MSK may be
spectrally more efficient than QPSK[9].
In this paper, we have compared BER performance of the
above two spectrally efficient modulation schemes for
varying number of users. Predetection diversity has been
used to further improve the BER. The commonly used
Rayleigh fading model is assumed for the channel. We
have used hopping rates much slower than the data rate so
that coherent demodulation is feasible. In addition,
synchronous hybrid model with deterministic signature
sequences have been considered.
The paper is organized as follows. Section I1 describes
the transmitter, channel and receiver models of both the
QPSK and the MSK hybrid systems. Simulation results
are given in Section 111, followed by brief concludmg
remarks in Section IV.
11. SYSTEM MODEL

We assume K users to be transmitting simultaneously.
Transmitted signal Sk(t) of the Mh user is then
given by
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Rayleigh distributed and the path delays are uniformly
distributed in LO, TI. The random phase associated with
each path is uniformly distributed in [O,22r] .
The received signal is the sum of the signals from K
users transmitting simultaneously with each user's signal
taking three paths. The signal at the receiver of the kth
user is given by

where P is the transmitted power, 62k-l (t) and b2k (t) are
rectangular data sequences of duration T. In the case of
MSK, the transmitted signal will have sinusoidal pulse
weighting, and is given by

where hk (t) is the impulse response of the Rayleigh
fading channel and n ( t ) is the additive whte Gaussian
noise with power density No / 2 .
The receiver of a hybrid system consists of a bandpass
filter that removes the out-of-band noise components, a
dehopper that performs the appropriate frequency
translation followed by a despreader and a conventional
data demodulator. The QPSK system, due to its large
phase transitions has more of the out-of-band noise when
compared to the MSK system. The continuos waveform
nature of MSK prevents large occurrences of out-of-band
noise components, thus reducing mutual interference. The
filtered signal is then dehopped by the kth user's hopping
pattern. It is assumed that the hopping pattern of the
receiver is synchronized with the hopping pattern of the
signal associated with jth path of the kth reference user.
The dehopper introduces a phase p k (t) that is analogous
to the phase a k ( t ) introduced by the hopper at the
transmitter, and is constant during a single hop interval.
The dehopper is followed by a bandpass filter that removes
the high frequency components. The output of the filter is
given by

czkand c2k-l are the code waveforms of the inphase and
the quadrature components respectively, and f, is the
carrier frequency, f k ( f ) is the kth hopping pattern,
derived from a sequence f j k of frequencies from a set
S = { V I ,v 2 , y ,. . . vq } of q frequencies (possibly nonequispaced) having a minimum spacing of A . It is
assumed that these frequencies are ordered such that
v,, < v,,,~ for each n, 1~n I q . Then, f k (t) = f j k for
jTh 5 t I ( j + l ) T h where Th is the dwell time. It is
assumed that A >> 2G-l = 2NT-l where T, is the chip
period, and that the number of data bits transmitted per
Th is
. a positive integer greater than 1. The
hop N b = T
requirement on N b is necessary so as to facilitate coherent
detection. Bk and akare the phases introduced by the kth
modulator spreader and hopper, respectively. Y ( t ) is the
shaping waveform. The data bits are modulated by either
QPSK or MSK scheme and then shaped by the shaping
waveform. The inphase and the quadrature components
are then spread by the signature codes c~~ and c 2 k - 1 ,
respectively. The spread signal is then frequency hopped
by the kth user's frequency hop pattern.
The signal is assumed to take three paths, of whch one
of them is the direct path. The delays along the paths are
randomly chosen to be within the bit period T. The three
path model can be written as [ 101

s,(t) = s(t) + m(t-71) + pS(t-7d

3
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where i ( t ) is the bandlimited version of the zero mean
double sided Gaussian stationary process n (t) and

(3)

where a and p are Rayleigh path gains, r1 and io are
time delays along the two paths. The gains, delays and the
phases associated with each of the three paths are
assumed to be statistically independent. The gains are

The filtered output is then demodulated by a conventional
demodulator. Inphase and quadrature phases at the
demodulator output during the time interval [hT, (h+l)T],
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where h = j i N b + ni, i.e. for thc nilh data bit and thejith
hop, are given by

loo I
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Fig. 1 I'erformnce of QI'SK hybrid system

111 SIMULATION RESULTS

A frequency hit may either be full or partial. A full hit
occurs when an inlerfering signal is present in the kth
user's signal during the entire symbol duration. In a fading
channel, a full hit from interferer can occur during the nth
data symbol duration if

1 IO0
- 1

A partial hit occurs when the interfering signal is present
only for a portion of the kth user's symbol duration. In a
synchronous hybrid system, only full hits can occur and
they do so with a probability

E&o (a)
Fig. 2 Performance of MSK hybrid system

The use of Equal Gain Combining (EGC) diversity
involves the use of M random variables where M is the
order of the diversity scheme. The decision variable is the
average of the M random variables [ 5 ] .
Both QPSK and MSK DS/FH hybrid schemes were
simulated. The same number of hopping frequencies, q =
100 wcre used in both cases. Hadamard codcs of length 127
were used as dctcrministic signaturc scqucnces. The
number of symbols transmitted per hop was Nb = 10. Fig. 1
shows the performance of the QPSK hybrid system. For
voice transmission, a BER of
or less is considered
tolerable. It is seen that the performance degrades fairly
quickly as the number of users increase. The MSK hybrid
schcmc on thc othcr hand is sccn to pcrform slightly bcttcr
under similar channcl conditions (Fig. 2). This may be
attributed to its smooth pulse shape as well as its
compactness.
Fig. 3 shows the performance improvement in a QPSK
hybrid system upon the use of diversity of order 3 i.e., with
three receiving branches. For small number of users, the
BER rcduction is more pronounced. Howcvcr, for largc
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Fig. 3 Perfonnonce of Uie QPSK hybrid system
with diversity
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number of users, the improvement is only marginal.
Fig. 4 shows the performance of the MSK hybrid system
with the inclusion of predetection diversity. There is a vast
improvement in performance even for large number of
users.
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Performance comparison of two DS/FH hybrid spread
spectrum CDMA systems has been presented in a Rayleigh
fading environment. It is seen that BER performance of a
hybrid CDMA system can be improvcd while achieving
incrcascd bandwidth
efliciency, by
choosing an
appropriate keying scheme. Thc capacity of the hybrid
schcmc may further bc enhanced by using powerful
error correcting codes (although, this will reduce the
bit rate to an extent), and by choosing better hopping
patterns.
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