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Modeling of Wideband DS-SS Signaling over Multipath Fading Channels

*Chankil Lee, *Youngsik Jeon, and *Deuk-Su Lyu

Abstract

A mobile propagation characteristics for wideband DS-5S (Direct Sequence-Spread Spectrum) signal is presented. Exisling

narrowband model is extended for the wideband pulsc with an arbitrary shape. The received DS-SS signal in the frequency

domain is the transfer function of the propagation channel weighted by lhe inverse Fourier transform. In this proposed

method, received signal spcctral density, instantaneous waveform, and Doppler spectrum of DS-SS signal via either
Rayleigh or Rician channel can be obtained easily. Simulation results match well with both simutated theoretical fading
statistics and classical theory. As expected, the cxtraction of chip timing in Rician fading shown (o bc more traclable than

Rayleigh fading.

I. Introduction

The most widely employed analysis of the fading pheno-
menon are predicled on the assumption that radio ire-
quency carrier i$ either unmodulated or thal the modu-
lation bandwidth is small enough that amplitude and
phase characteristics of the iransmission medium arc con-
stant over the signal bandwidth, which is known as fre-
quency-nonselective fading. Under these conditions, in
the presence or absence of a direct specular path from the
transmitier and receiver, the fading slatistics are classi-
cally found to be Rayleigh or Rician, respectively. In widc-
band transmission, the wave arriving at the mobile
station at some f[requencies within the band becomces
stronger, while at other frequencies it becomes weaker,
which is known as frequency-selective fading [l]. The
variation of the received signal level for wideband trans-
mission is enlirely different from that for narrowband
transmission [2]. Consequently, the propagation charac-
teristics in a wideband transmission musi be clarified 1o
evaluale various digital communicalion systems and select
system parameter.

A gecomelric propagalion simulation model is used for
simulation of direct sequence pseudonoise signaling with
omnidirectional and directional antennas in the dense scat-
ter mobile cnvironment [3). This modecl is first validated
for narrowband signals by a direct comparison of both
simulated signal strength statistics with cumulative den-

sity function (CDF) and simulated diffuse Doppler specira
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with classical theory. The model is then used Lo quantify
the mitigation of the Rayleigh fading effect by the stan-
dard dcviation of the received signal power as a function
of the ratio, chip period/rms delay spread. Rayleigh fading
reduction cffect or frequency diversity effect is also showed
by the simple analysis [4] mcasurement [5), respectively.
This paper presents a generalized approach to clarify
the fundamental propagation characteristics of the rece-
ived signal for narrowband and wideband {ransmission
via ecither Rayleigh fading or Rician fading channel
Based on the gcomelrical propagation model and assum-
plions of thc earlier theoretical treatment [6], a general
expression for the transfer function of the Rayleigh chan-
nel is derived and extended Lo Rician channel at first. For
the characleristics of the received DS-SS signal, the trans-
fer function of the propagation channel weighted by the
spectral shape of pulse is derived. Instantaneous reccived
signal is then given by the inverse Fourier lransform.
Finally, the received signal spectral densily, instantancous
waveform, and Doppler specirum of DS-SS signal via
Rayleigh and Rician channcl are examined by simulations
and compared wilt. both theoretical fading statistics and

classical theory.
I1. Propagation Model and Results
2.1 Propagation Model
The complex impulse response of the propagation chan-

nel at mobile location R is modeled by [3]

Ay &7
h(R. t) = E ﬂ‘n(R) 5(: - [n(”). where an(R} = m—
n 4![?’::{1
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Here, propagalion attenuation constant of »nth path, o
(R), is a function of reflection coefficient An, the distance
from nth scatterer to the antenna 7., the static phasc
shift of the zth scatterer $,, and wavelength A as shown
in Figure | Multipath delay, t«(8) = (x, +7,)/C, is func-
tion of x,, horizontal distance from the left boundary of

the scatterer constellation to the »nth scatterer.
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Figure 1. Scatterers model in mobile propagation channel

2.2 Rayleigh Fading Channel

In order for the narrowband signal to exhibit the char-
acteristic Rayleigh fading, the antenna track musl span
cnough wavelengths to produce a large quantity of uncor-
related fading samples. It was found that a track length
of 800 wavelengths was sufficient lo produce smooth stat-

istical averages.

2.2.1 Narrowband Signaling
For an unmodulated carrier signal, s(¢)=e/**%, the rc-

ceived signal is expressed by

I{R, l)= S([)* h(R, l) ___cjzm‘.l Z a"(R)e—jan.t.(!l_

The cnvelope of received signal at the distance R is then
given by
291,100 Ao
= = ifraC AL i,
fR)=Y aR)e . where ao(R} Y

aod 2. =C/f..

Figure 2 and 3 show the signal strength, CDF stalistics,
and Doppler spectrum for omnidirection and direction
antennas reception, respectively. As shown in the Figures,

the model used in the simulations reflecls well Rayleigh
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Figure 2. Simulated Rayleigh fading signal, unmodulated carrier,

omnidirectional antenna;(a) received signal envelope.
(b) CDF statistics, {c) diffTusc Doppler spectrum.
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Figure 3. Simulaled Rayleigh fading signal, numodulaled carrier,
dircctional anlenna;(a) received signat envelope, (b)

CDF statistics, (o) diffuse Doppler spectrum.
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stalistics. The couarse correspondence in dircctional case
owes to the reduced guantity of uncorrelated samples.
The Doppler spectrum was oblained by inverse Fourier
transform of hamming windowed complex received signal
and shown 10 be malched well wilh theoretical prediction
in |6]. Only posilive offsets in the directional case come
from thal beam pattern of anlenna is in moving direction

ot mobile.

2.2.2 Wideband Signaling

For the wideband lransmission case, comsider DS-58
signal with a spectrum of
S(en) =1S(wd e k=14, .., 2afL.
The iranster function ol Favieigh channel al fr=C/A is

siven by

i N A"cw.
TR, o= Y R, o de 7 where aolR, en) = ———-— .

n 4ﬂrn//\k
The frequency resporse of reccived DS-8S signal at dis-

tance R s then given by

R(R, cs1=" HIR, «n)Sleag)

I3

=SS TR ) Slag)] @ PmO -Gl
A "
The received signal can he oblained by inverse Fourier

transform
R, =0 "IR(R, @)}

FFor the simulations, 00% raised cosine shaped chip
pulse. the delay spread 1A} ol S108% for omnidirectional
and 4432x% for direchional antenna, were used. Figure 4
shows the received signal power lor the chip duration of
1.2% A and typical spectral power density of received signal
al mobile location 1004, This result indicates the ant-
fading effect of wideband signaling. Figure 5 indicates that
the extraction of chip timing (rom complex received signal
seems (o be dilficell. Figure 6 show slandard dB devi-
alion as changing bandwidth of chip pulse. This result
indicates that optimum chip rate can be delermined for a

specific channel characleristics described by delay spread.

2.3 Rician Fading Channel
Rician [ading resulls from the multipath signals from
many diffuse scallers in the presence of direet signal from

buildings conlaintng metallic components or struclure gui-
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Figure 4. Simulated Rayleigh fading signal at mobile location
1004, )S/SS;(a) received signal envelope, (b) spectral
power density.

ding waves. The Rician channel is suitable te model PCS
and Satellite communication environment. The statistics

of the received signal via this channel are described by
NYdr=(rfct)e "+ [ (r4lc?)dr.

Here, 1, is zero-order modificd-Bessel function and 7, A is
amplitude of received signal and power of dircct signal,
respectively. o2 is mean power of in-phase and quadrature-

phase component of multipath signal.

2.3.1 Narrowband Signaling

Let the impulse response of direct path and multipath
channel be ZAR, 1) and A(R, £), respectively. The impulsc
response of dircct path channel is described by s R, £} =
acdR) 5(2 — R/C), where a determines the strength via di-
rect path. Therclore, Lhe received signal from Rician chan-

nel is given by
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Figure 5. Received instanianeous signal, antenna position 1004
(a) transmit chip waveform, (b} magnitude.
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PR ty=rAR 2} +rdR. D =5(R O*[haR, t} AR, )]

=™ % [add RV — RICY + T an{ RYS(t — 2,(£D)]

ag FahRiC

i TL el Ryen i g

The eavelope of received signal is 7(R) = de /22 RiC | ¥~
"

afRYe 7 where A =af(4nR/A). For the simulations,
the power of received signal via direcl path was changed by
integer multiple of power of multipath signal (~57.97dR).
Figure 7 and 8 show the reccived signal envelope, CDF
slatistics lfor A =g, V2 g, V3 a, and Doppler specirum for
4=+ in omnidirectional and dircctional antenna rece-
nlion, respectively, As expecled, the variation of received
<ignal decreases as increasing power of direct signal. The
discrepancy for directional antenna case is due 10 insul-

ficient number of scattcrers as in Rayleiph fading case.
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The Doppler spectrum showing a strong power at f; + £,
owes to a direct wave propagation toward mobile move-

menl,

2.3.2 Wideband Signaling
The specirum of a dircct signal is given by RAR, w)=

Y HAR, 04)Slewy), where transier function of direct path is
P

ae 7" RIN

Ha R, wi) = aalR) e /1R =
AR, wi o AnRfAp

The received signal via Rician channel is then
(R, 1)=F " {RAR, ) +R{(R. )}

Figure 9 shows the received signal as a hanction of
powcer of direct signal and the spectral power density of
the received signal. The resultls indicate that anli-fading
effect wsing wideband signal cannot be obtained as much
as Rayleigh channel case and the spectrum ol received
signal conlains almost the spectrum ol iransmil signal.
Time waveform of received signal via Rician channel
shown in Figure (0 indicates that detector can recover the

signal easily.
. Conclusions

In this paper, existing narcowband model for (he char-
acterization of mobile channel modcl is extended for (he
wideband pulse with an arbitrary shape. To obtain the in-
standancous received signal, the (ransfer funclion of the
propagation channel weighted by the spectrad shape of
pulsc is inversely Fourier lransformed. Simulaied results
such as the received signal spectral densily, CDF statislics
of the fading signal. and Doppler speclrum of DS-S8 sig-
nal via Rayleigh and Rictan channel are shown (o be
machted well with both theorelical lading stalistics and

classical lheory.
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