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Abstract

This paper presents an investigation to the
performance of quantized direct-sequence spread
spectrum system (DSSS) in mobile wireless
communications systems. To obtain a real world
value (RWV), the DSSS received signal is
quantized to different levels of fixed-point values.
These modes of quantization are evaluated by
calculating  BER under different channels
environments (AWGN, Rayleigh, and Rician
multipath fading). The effect of range of the
represented values, the number precision and
increasing in quantization noise on the
performance of quantized DS in mobile wireless
communications is also investigated. Based on
simulation results, it is observed that quantized
direct-sequence offers a trade-off between
complexity and noise rejection compared to non-
quantized DSSS and making a good
representation of the digitized signals to
implement the required DSSS in mobile wireless
communications.

Keywords: mobile wireless communications,

spread  spectrum  systems, direct-sequence,
multipath  fading, quantization, fixed-point
conversion.

1. Introduction

Spread-spectrum techniques are used for RF
communication to increase the information rate
and confrontation to the interfering signals. A
bandlimited signal is transmitted with bandwidth
that is much greater than bandwidth of the signal.
In another meaning, a signal of narrow bandwidth
is expanded over a wide band using spread-
spectrum methods. Therefore, the signal at a
specific band is perceived as noise that enhance
the flexibility to the interference from other
signals [1]. One type of SS is direct-sequence
spread spectrum system (DSSS) which contains a
pseudo-noise generator (PN) codes that are
termed chips. A sequence of chips is used to
modulate the data bits to be sent. The chips have a
much smaller time interval compared to data bit
and each data bit is modulated with an amount of
chips. As the rate of transmitted chip is greater
than data bit rate, the bandlimited signal is spread
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over a large bandwidth. By shared the PN codes
with receiver, DSSS signal can be interpreted or
coded. The DSSS system has become the standard
for wireless communications with the establishing
of the IEEE 802.15.4 standard [2].

Most of mobile wireless communication
channels places essential limits on the function of
mobile communication structures. Multipath is a
complaint where the transmitted signal is
reflected by physical objects, producing
multipaths between transmitter and desired
receiver. These multipath signals could interfere
with the wanted signal then prevent receiver to
detect the transmitted signal. In addition,
reduction in signal strength can be upraised when
multipath signals are out of phase. This
phenomenon of reduction in signal strength is
called fading, and these multipath signals have
both slow and fast fading [3].

The Rayleigh channel distribution is usually
used to define the time-varying characteristic of
the flat fading envelope of received signal, or the
envelope of a single fading path component. It is
assumed that channel induces amplitude in the
model of Rayleigh, which fluctuates in time
according to the Rayleigh channel distribution
whose probability density function (PDF) is given
by [4]:

2
frayieign(®) = S exp(=2), x>0 (1)
where ¢? is the variance of the in-phase and
quadrature components and X is a random
variable corresponding to the signal amplitude. It
is assumed that all signals suffer nearly the same
attenuation, but arrive with different phases.

In wireless communications, there is several
path components between the transmitter antenna
and receiver antenna. One is the dominant path or
main line of sight and the others are diffused
multipath components. In this situation, other
components of faded signal are overlaid on the
main component and the amplitude of resultant
signal follows Rician distribution with the ratio
between line of sight and the diffused components
is known as the Rician factor (K) [5]. K (in dB) is

2
equal to 10log (;7) where A is the amplitude of
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the signal of the dominant path. Doppler-shifted
echoes with a Gaussian distribution cause Rician
fading, but there is at all times a direct line from
the transmitter antenna to the receiver antenna [6].
The Rician distribution has PDF is given by:

fram®) = 5o (-2 (%)

where x = 0,4 =0 and I,() is the zero-order
modified Bessel function of the first kind.

Usually the depth of fading is reduced by the
main path, and in terms of bit error rate (BER),
Rician fading model gives better BER
performance compared with Rayleigh fading. The
existing of line of sight component in fact
depends on the cell size. Smaller cell gives higher
probability of existing of line of sight path. When
no dominant path exists, Rician PDF is
considered a Rayleigh PDF. If the amplitude of
the signal of the main path is greater than o, the
distribution can be considered as Gaussian
distribution. Therefore, since Rician distribution
covers also Gaussian and Rayleigh distribution,
mathematically the Rician fading channel can be
considered as general case [7].

In this paper, the performance of quantized
DSSS in mobile communications is evaluated
under different channels environments (AWGN,
Rayleigh fading, and Rician multipath fading). To
obtain a real-world value (RWV), the DS received
signal is quantized to different levels of fixed-
point values and comparing with non-quantized
case (floating-point DS signal values).

2. Modeling of Non-quantized DSSS
DSSS spreads the baseband data by directly
multiplying the data pulses with PN sequence. A
single pulse of PN waveform is known as a chip.
Figure.1 shows the model of DSSS with BPSK

modulation.
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Figure.1 Model of transmitter and
receiver of basic DSSS

The received spread spectrum signal for single
subscriber can be represented as [8]:

r(t) = /% m(t) p(t) cosnufot + 0) ©)
where Egis energy of data symbol, T;is the
duration of data symbol, m(t)is the data
sequence, p(t) is the PN spreading sequence,
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f- is the carrier frequency, and 8 is the carrier
phase. An estimated amount of the interference
rejection ability is given by processing gain
defined as PG = T, /T, where T, is chip duration.
The greater the processing gain of the system, the
greater will be its ability to suppress in-band
interference. The original PN code in the receiver
part of Figure.l is multiplied by the received
signal then integrated over the time of data
symbol. This process is called despreading. In
multiple access systems, signals from other
subscribers interfere with the desired signal at
receiver antenna. In this situation, despreading
makes an additional role of decorrelating the
multiple access interference. The interfering
signals have spreading codes that are orthogonal
to the desired subscribers spreading code, and
thus they are suppressed during despreading. One
advantage of DSSS is the reduced receiver
sensitivity to interference. This advantage is due
to this fact that the despreading system acts as
spreading system for any signal to which it is not
matched. Figure.2 shows the Simulink model of
DSSS that uses BPSK modulation for both data
symbols and PN spreading code. The PN
spreading code has 10 chips per bit that

results PG = 10 dB. AWGN is only included in
this model, but no fading or interference exist in
channel just to clarify DSSS characteristics.

S5 rodisiy i

SSoupt

o| 33 Bfsl 88

fomSSmonder it CompER
- (e
st e
Moy
BzeiEnl L)

FomSSnga  LrpEin

Figure.2 Simulink model of DSSS
using BPSK modulation

The simulation of Figure.2 has the following
parameters: simulation time=100 sec, sample
time=1 sec, chip sample time=100 msec, and the

range of % from 0 to 8 dB. Figure.3 (a-d) shows

the effect gf PN spreading code on the modulated
data with 10 chips per bit for 8 seconds period
and forf}—”=3dB, while (e) shows the BER

performance of DSSS. The theoretical BER for
BPSK is given by [8]:

1 Ep
BER = > erfc (\/;) (4)
where erfc()is the complementary error

function. The simulation gives BER=0.02097
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(Figure.3e) forf{—” = 3dB, while

theoretical BER = % erfc(10°3) = 0.0229.

Clearly, from this result it seems that the BER
performance is not affected by spreading process.
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Figure.3 DS signals of 8 seconds Time scope
and BER performance for 10 chips/bit DSSS

3. Modeling of Non-quantized DSSS

with fading channels

In actual environment, the RF propagation
effects are combined and leads to fading channels
that generate multipath. Various signals will be
received when there is many propagation paths
and the resultant received signal level is just the
summing of signals. These signals that incident to

the receiver come from random angels. As a

result, some of reflected signals are in-phase with

the direct path and others are out-phase.

Practically, fading is produced by different

physical occurrence like Doppler shift, reflection,

diffraction, and scattering. Based on the effect of

multiple path, there are two types of fading [9]:

e Long-term fading: here the signal attenuation
that determined by the physical context of the
path causes the received signal power to be
varied slowly.

e Short-term fading: here the fading results a
fast variation in both signal phase and
amplitude when the signal moves over a
distance in the order of wavelength.

In this paper, only the short-term fading will be

taken when simulate the quantized DSSS. In fact,
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many models describe the short-term fading. Out

of these models, Rayleigh fading, and Rician

fading.

e Rayleigh fading model: This model is mostly
produced by multipath reception. It is
considered as statistical model for effect of
propagation environment on RF signal and it
is most appropriate model when the
transmitter and receiver do not have any line
of sight between them.

e Rician fading model: Rician model is
analogous to Rayleigh fading model, except
that a strong component is present in Rician
model.

AWGN model will also be taken into account

throughout the simulation of quantized DSSS

because it is normally simulates the background
noise of channel.

The probability of error in the case of the BPSK

under Rayleigh fading effect defined by [10]:

ES PR
Py = 2 [1 1+Eb/No] (%)

where E, /N, is the average SNR per bit. The
PSD of the channel S(f) characterizes the time
varying of the channel.

S(f) = ——— . <
where f,,, is the maximum Doppler frequency. In
mobile communications, where an object travels
at speed of v and carrier frequency is f;,
then f,, = vf,/c where c is the light speed.

A Rician model can be considered as a
generalization of Rayleigh model where a strong
component happens beside various reflected
signals. If x; and x, are independent Gaussian
random variables with variance o2 and mean p,
and if a is considered as distribution random
variable for Rician model, then a? =x;2+
x,2 is recognized to be non-central Chi squared
with two degrees of freedom. The probability of
error in the case of BPSK under Rician fading is
defined by [10]:

(6)

Pb =
1 ’ Ep/No (n24p2
Q(a, b) —E|:1 + —1+I;b/No:| e (a +b )/2 Io(ab)

)
where E, /N, is the average value and equal to
E,/N, (2u*+2a?),and

Qa,b) = J; xe @D 2 @) dx (@)

———
1+2Eb/No—ZJEb/NO(1+Eb/NO)

©)

2[1+Ep/No |

———
1+2Eb/No+2\/Eb/No (1+Ep/No)

(10)

2[1+Ep/No |
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Where K is equal to u?/ a2.

Figure.4 shows the Simulink model that used
to compute BER performance of DSSS with
Rayleigh fading. The Matlab fading model uses
Simulink Jakes model [11] where Doppler shift is
equal to 0.01 Hz. The AWGN block specifies one
Watt input signal power with average SNR from
zero to 25 dB. The math function 1/u after fading
model is essential to follow time variation in the
fading channel and works as automatic-gain
control in DS receiver.
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Figure.4 Simulink model of Non-quantized
DSSS with Rayleigh fading channel

Figure.5 (a and b) shows the complex parts of
the gain of main path in Rayleigh channel.
Figure.5 (c and d) shows the real and imaginary
parts of the Rayleigh fading channel output where
the time-variation of the fading channel is visibly
plain as a result of chosen Jakes fading model that
be considered as flat (frequency non-selective)
model.

BER performance of Non-quantized DSSS
with Rayleigh fading can be shown in Figure.6.
The performance shows the theoretical and
simulated BER for Rayleigh fading channel along
with the theoretical BER of Non-quantized DSSS
with AWGN alone. The BER penalty with the
existence of fading effect against AWGN
performance is very clear in this figure.

For Non-quantized DSSS with Rician fading
channel, the same Simulink model in Figure.4 is
used but with Rician Matlab channel block
instead of Rayleigh block. The parameters for this
model are as following: frame-based with 20
samples per frame, 0.01 Hz Doppler shift, and the
maximum diffuse Doppler shift is 0.01 Hz.

Figure.7 shows BER performance for Non-
quantized DSSS with Rician fading channel and
for different values of Rician factor (K).

The theoretical BER of Rayleigh channel is
included in the Figure.7 for comparison with
simulated values. The increasing of Rician factor
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from K=1 to K=2, puts forward high dominant

received

component which leads to an

improvement in BER performance.
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Figure.5 Real and Imaginary parts of Rayleigh
fading channel in Non-quantized DSSS: (a, b)
channel Gain, (c, d) channel output
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Figure.6 BER performance of non-quantized DSSS
with Rayleigh fading and AWGN channels
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Figure.7 BER performance of non-quantized DSSS

with Rician fading channel with K=1, 2

4. Modeling of Quantized DSSS (fixed-

point performance)

In all previous models of DSSS, the
performance evaluation has been done with
floating—point operations. In the real world, these
models are realized as an application-specific
integrated circuit (ASIC) with finite values
processing (discreet) such as digital signal
processing (DSP) or field-programmable gate
array (FPGA). So to obtain a real world value
(RWV), the DSSS received signal is quantized to
different levels of fixed-point values to evaluate
the exact behavior and real-time performance.
Fixed-point numbers in the Matlab are
represented in  binary form by the
expression fixdt(s,ws,n), where s is the sign
bit, ws is the word length, and n is fraction length
[12].

Figure.8 (a) shows the Simulink convert-
block that converts the ADC floating-point to
fixed-point which will be used to reevaluate
DSSS performance under real-time applications,
while Figure.8 (b) shows the structure of fixed-
point representation.
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Figure.8 (a) Simulink convert-block, (b)
Fixed-point representation

5. Simulation Results

The model of Quantized DSSS (10 chips/bit)
with only AWGN channel can be shown in
Figure.9. This Simulink model contains a convert-
block that translates the received floating-point
values into fixed-point precision for word size 8
and different quantization levels. The using of
double-block that precedes the AWGN block is
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just to make the input to AWGN as floating-point
value.
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Figure.9 Simulink model of Quantized
DSSS with AWGN channel
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Figure.10 BER performance of Quantized
DSSS with AWGN channel

The BER performance of Quantized DSSS
for 100000 transmitted bits with word size 8 and
fraction lengths of 4, 2, and 1 can be shown in
Figure.10.

For SNR equal to 10 dB (Figure.10), BER for
fraction length of four results in a little degraded
performance compared to theoretical
performance. This degraded is due to an
insufficient time that required calculating BER
rather than from errors added by quantized error.
For other cases of fraction lengths (n = 1,2), the
performance seems a high degraded due to
increasing in quantization error. Values of
fraction lengths that greater than four leads to a
saturation in the model and reach to the
theoretical performance. The choice of suitable
word and fraction length in Quantized DSSS is a
trade-off between system complexity and noise
rejection. In addition, this compromise includes
the range of the represented values, the number
precision, and the quantized errors to make a
good format of the digitized signals to implement
the required DSSS in mobile wireless
communications.

Figure.11 shows the Simulink model for
estimating BER performance of quantized DSSS
(10 chips/bit) with Rayleigh fading channel.
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Figure.12 BER performance of Quantized
DSSS with Rayleigh channel for different
quantization levels

This model uses Jakes fading model for
Doppler shift equal to 0.01 Hz. The AWGN block
specifies one Watt input signal power with
average SNR from zero to 25 dB. To apply
different quantization levels, the convert-block is
used here to translate the received floating-point
values into fixed-point precision for a word size 8
and different fraction lengths. The BER
performance of Quantized DSSS (Rayleigh fading
channel) for 10000 transmitted bits with word
size 8 and different quantization levels (fraction
lengths of 4, 2, and 1) can be shown in Figure.12.
For average SNR = 15 dB, the BER performance
which at low quantization levels (fraction lengths
of 1 and 2) seems high degraded and saturated
around BER = 1072 regardless of increasing in
SNR values. This is because of an increasing in
guantization noise at such low quantization levels.
BER performance at quantization level of fraction
length of four (n = 4) reaches the theoretical
performance and seems a good choice for
digitized signals to implement the required DSSS
in mobile wireless communications that operates
under Rayleigh fading channel environment.

Figure.13 shows the Simulink model for
quantized DSSS (10 chips/bit) with Rician
multipath fading channel for the following
simulation parameters:
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e DSSS (10 chips/bit) with BPSK modulation.

o Three levels of received signal quantization
(n=1, 2, and 4).

e Two paths with delay vector {0 and 2}
seconds and average paths gain {0, and -3}
dB.

o Jakes fading model with maximum diffuse
Doppler shift 0.01 Hz.

e The line of sight component has 0.01 Hz
Doppler.

e Simulation time = 10000 sec and sampled-
based (20 samples/frame) with 1 second

sample time.
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Figure.13 Simulink model of Quantized DSSS
affected by multipath Rician fading channel

Before developing BER performance of
quantized DSSS with Rician multipath fading
channel, it is important to investigate the behavior
of Rician channel using specific parameters.
These parameters include Rician factor that
denotes the ratio of signal power in the main
component over the scattered power (for diffuse
multipath components), the Doppler shift (for line
of sight component), and the maximum Doppler
shift (for diffuse multipath components).
Figure.14 shows the Rician channel Doppler
spectrum with multipath for Rician factor 3,
where no multipath case (a) is setting at 0.1 Hz
maximum diffuse Doppler shift.

Comparing (a) with (b) and (c) in Figure.14,
it can be seen that the time varying characteristic
of fading channel consequences in worse
estimation in Doppler spectrum. For two paths
with delay = 0 second for first path and delay =
2 seconds for second path, Figure.15 shows the
Rician channel frequency and impulse responses
for Rician factor 3 and after 10000 samples.

The variation in frequency response is due to
channel variation in time and taken after 10000
samples. It can be seen a null at 0.07 Hz in
frequency response which resulted from the
presence of multipath effect in the channel. This
null occurred at about 0.23 Hz from the peak. The
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BER performance of Quantized DSSS (Rician
multipath fading channel) for 10000 transmitted
bits with word size 8 and different quantization
levels (fraction lengths of 4, 2, and 1) and for
Rician factors (K =1,2) can be shown in
Figure.16.
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Figure.14 Rician channel Doppler spectrum for
Rician factor=3 and after 10000 samples: (a)
Doppler spectrum without multipath, (b)
Doppler spectrum for 1% path, (c) Doppler

For both cases K=1 and 2 when average
SNR=15 dB, the BER performance at low
quantization levels (n =1 and 2) seems high
degraded and saturated around BER =
1072 regardless of increasing in SNR values (as
in case of Rayleigh BER). As mentioned before,
this happens due to increasing in quantization
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noise at such low quantization levels. BER
performance at quantization level of n =4
reaches the theoretical performance until SNR =
20dB and seems a superior choice when
implemented quantized DSSS in mobile wireless
communications that affected by Rician multipath
fading channel.

Frequency response
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Figure.15 Frequency response and Impulse
response of Rician multipath channel for Rician
factor=3 after 10000 samples

Table.l1 shows a comparison between the
BER performance of non-quantized DSSS
(floating-point) and quantized DSSS (fixed-point)
along with related theoretical results for different
channel types and for specific values of SNR and
transmitted bits.
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Figure.16 BER performance of Quantized DSSS
with Rician multipath fading channel for
different quantization levels (n=1, 2, and 4): (a)
Rician factor K=1, (b) Rician factor K=2.
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6. Conclusion

The performance of quantized DSSS for
different channels (AWGN, Rayleigh fading, and
Rician multipath fading) depends mainly upon the
selection of the range of the represented values,
the precision received value, and the quantization
noise. From simulation results, it is found that at
low level quantization (fraction length 1 and 2)
the BER performance is high degraded due to
increasing in quantization noise and insufficient
time that required calculating BER rather than
from errors added by quantized error. At the
quantization leveln = 4, the performance is
slightly degraded and reaches to the theoretical
performance and seems a good choice to make a
better representation for digitized signals to
implement the required DSSS in mobile wireless
communications. It is also observed that the BER
performance in all channel types behave in the
same manner for both cases (floating-point and
fixed-point) where BER of AWGN is better than
BER of Rician and the latter in turn is better than
BER of Rayleigh channel. The choice of suitable
word and fraction length in Quantized DSSS is a
trade-off between system complexity and noise
rejection spatially when required implementation
of fixed-point DSSS receivers in application-
specific integrated circuit such as DSP or FPGA.

Table.1 Comparison between non-quantized and quantized DSSS for different channel models

BER
Quantized DSSS (fixed-point)
SNR .
Channel Model of DSSS (dB) Trans. bits | Theoretical Non-Quantized DSSS Performance improvement
value (floating-point)
n=1 n=2 n=4
AWGN 8 100000 2X107* 2.1X107* 2X1073 5X10™* | 2.2x107*
=5 =3 =7 =7 =3
AWGN + Rayleigh 15 10000 5.8X10 5.5X10 2X10 1.2X10 7X10
AWGN + Rician 15 10000 6X1073 6.3X1073 2.2X107% | 9.1X107% | 6.4X1073
(Rician factor K = 1)
AWGN + Rician 15 10000 3.4X1073 3.9X1073 9X1073 6X1073 5X1073
(Rician factor K = 2)
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