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Introduction: Mathematical model of a signal at the output of a radio channel is the most important stage in constructing
of the channel simulators using for testing of a communication system performance. The signal at the output of propagation
channel suffers from random fading and Doppler frequency spread. Correlation function of the fading signal envelope is
exponential, while its probability density is supposed usually to be Rayleigh. As a result, the quadrature representation of the
fading signal is relevant. This approach is not correct in certain scenarios, particularly in mobile communication applications,
for example in the case of shadowing. Purpose: To find a rather universal method of the fading signal modelling which takes
into account an additional requirement of obtaining typical distribution of random Doppler spread of the received signal
carrier frequency depending of the mobile speed. Results: The effectiveness of the presented compound method was tested
by generating of a signal with sub-Rayleigh envelope distribution (m-Nakagami with m = 0,7) and with the desired spectral
form. It may be useful for simulating of mobile channel propagation channel with arbitrary distributed fading, while preserving
the Doppler spectrum spread characteristics. In the framework of the presented concept the spectrum shape is formed via
linear filtering of wide-band Gaussian random process. The resultant complex process having Rayleigh distributed envelope is
multiplied by a positive real-valued stochastic process with exponential correlation function, providing opportunity to generate
narrowband processes with any envelope distribution, while preserving the classical Doppler spectrum shape as defined by

a system parameters.

Introduction

The propagation medium of mobile wireless
communication is characterized by two phenome-
na: multipath propagation and signal fading. In the
simulation of the land mobile radio fading signal
the most widely used baseband representation is a
quadrature baseband scheme [1] deploying filter-
ing of a Gaussian white noise with identical spec-
trum shaping filters of the in-phase and quadra-
ture components. The spectrum shape of the fading
radio signal is characterized by a spead of Doppler
frequency which has a random cosine distribution
while its typical power spectrum density S(f) for
particular mobile speed, antenna and polarization
is given [2, 3] by
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where E is a rms value of the signal envelope and
f,, is the maximum Doppler spread with respect to
mobile speed and the transmitted signal carrier
frequency. For computer simulations an all-
pole filter of the form H(z)=k/P,(2) can be used,
where £ is a gain constant and P,(2) = a, + a;27 1+

+ .. + @,z The coefficients {a;|7 are to be

derived with respect to the mobile speed, carrier
frequency and other physical parameters. The
known propagation channel simulators generate a
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the best model of the fading signal [4, 5]. We suggest
here a compound generating model of a fading as
narrow-band process with non-Rayleigh distributed
envelope but with the same power spectrum density.

Signal Generation Method

Multiplying the output x () of a classical chan-
nel simulator by a positive realvalued stochastic
process s(t), we obtain so called compound stochas-
tic process

y(@) = x,(1) - s(t) (&)

with modified envelope distribution. The Gaussian
narrowband process x,(t) in (2) defines the spectral
(correlation) properties of y(t), and the modulation
s(t) defines its distribution. The block diagram of
the baseband fading simulator is shown on Fig. 1.

Let the envelope of the resultant process y(¢) is
the generalized Gamma distribution [6]
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which includes as particular cases the Rayleigh
Probability Density Function (PDF) (a=2, y=2),
the Nakagami PDF (o = 2m, y=2) and the Weibull
PDF (o =y) [7]. The linkage between f4 (Ay) and
the distribution f(s) of the modulatingyprocess is

well known

complex signal x,(f) having Rayleigh distributed (>
envelope. However, this distribution is not always fAy (Ay ) - .[0 f <Ay / S)f (s)ds, “)
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B Fig.1. Baseband fading simulator block diagram

Positive random process

where the process s(t) has a one-sided distribution
and its mean value is to be unity to keep the mean
energy of the process y(¢) the same as the mean
energy of the Gaussian process x,(t). This leads to
the following condition

J(:Osfs(s)ds =1, (5)

whichistobe takenintoaccount when we arelooking
for f,(s) as a solution of the integral equation with
the left side defined by (4). Since the modulating
process s(t) has certain correlation function, it will
affect the spectral characteristic of the resultant
signal.

When s(¢) is the so called A-process [8], which has
an exponential correlation function with decay A, it
is possible to compensate the above mentioned phe-
nomena. The stochastic differential equation gener-
ating the A-process s(t) with the PDF f(s) is written
as[9]

§=—As+

(6)

where &(f) is the White Gaussian noise with unit
spectral density.

Since the power spectum of a A-process is formed
by a single pole transfer function, where the pole is
related to the correlation interval, one shall correct
the poles of the transfer function of the spectral
shaping filters. Let us consider the characteristic
polynomial of the spectral shaping filter

P(@=ay+aizt+ .. +a,z" (7)

and let the poles {zni}iv represent the roots of this

polynomial. The Nyquist samples of s(f) are written as
s;=a; + jo,=Flnz, i={1, N}, (©))

where F is the sampling frequency. The correlation
interval of the desired A-process is to be defined in
such a way that the condition

) =max{a; ) /2 ©)

holds.
Now we can correct the poles of the shaping filter

S, =s; T A=o; + L+ jo;

2, =2 exp[%}. (10)

S

This will ensure that the modified form fil-
ter is stable (if the original was a stable one).
Furthermore, if Gaussian process x,(¢) has a spec-
tral characteristic defined by the shaping filter
with the roots {z,; }iv as defined in (9) and the mod-
ulating random process s(f) is a process with decay
of correlation function A defined by (8), then the
resultant compound process y(f) has the same spec-
trum as the original Gaussian process x, ().

Results

The described scheme was used for simulation of
a propagation channel for the case of the mobile ve-
locity 45 mph, carrier frequency 900 MHz and sam-
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0,3 ' ' ' ' ' pling rate of 36 ksps. The multiplying random pro-
- cess was distributed according to Nakagami dis-
0,25 1 | |~ tribution law [7] with parameter m = 0,7 (the sub-
— Rayleigh fading), corresponding to (4) with param-
0,2 f B eters 1 < a<2, y=2. The envelope probability den-
_ sity function of the compound process is shown on

0,15 [ Fig. 2.
While the distributions of the envelopes for two
0,1 processes are quite different, the results show a
very good matching of correlation functions. Thus
0,05 the presented method provides a procedure for
generating of non-Gaussian processes having the
0 , ) HHHHHHH,—‘,_W desired spectral form. It may be useful for simu-

4 6 8

0 2 10 12 lating of radio channel propagation with arbitrary

distributed fading, while preserving the Doppler

Fig.2. Envelope distribution of the compound process spectrum spread characteristics.
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Komnayngnasa mogens peqmuara

B. 3. JIaugpec?, PhD, npodeccop
aHereBckuit yuuBepcuteT uM. Beun-I'ypuona, Beep IllaBa, 3paunsb

BBenenue: BEIOOD MaTeMaTUYECKON MOJIEJIM PAANOCUTHAJIA SBJISETCA HanboJee BasKHBIM 9TallOM IIPY KOHCTPYUPOBAHUYM UMUTATOPOB,
HMCIIOJIb3YEeMBIX IJIS UCCIef0BaHUA 3(PHEeKTUBHOCTH MOOMIBHBIX CUCTEM CBA3U. [[J1s TaKOro curHaia xapakTepHsbl crerududyeckas hopma
JIOTIIJIEPOBCKOTO CIIEKTPA M CAydYaiHble 9KCIOHEHI[MAJIbHO KOPPeJIUPOBaHHbIEe U3MeHeHUuA aMILIuTyAbl (hexunr). OOBIYHO IIpe/moara-
ercs, 4To (DeIUHT UMeeT pacipeesieHre Pejes, KOTOPOMY COOTBETCTBYET IIPECTABIEHIE C IIOMOIIIO I'ayCCOBBIX KBaJAPATyPHBIX KOMIIO-
HeHT. TeM He MeHee AJis KaHajJa MOOMJIBLHOM PagUOCBA3Y 3a4aCTyI0 XapaKTepeH (DeJUHT ¢ pacupeesieHueM, OTJINYHBIM OT DEJIeeeBCKOr0
(HampuMeD, B OTCYTCTBYE IPAMOi BuaumMocTu). Iless nccaegoBaHus: co3janre KOMIIAYHIHOM MOJEIN CUTHAJIA C IIOOBIM PacipesieleHueM
(eguHra ¢ THIUYHBIM pacIpefeJeHreM JOMIIIEPOBCKOI0 CMEIeHNs, 3aBUCSIIEr0 OT HeCyIeil YacTOThl M CKOPOCTH BUKEHUS IIepeaT-
yuka. Pe3yaprarsl: 9 (GeKTUBHOCTS KOMIAYHHON Mozeau (enuHra Obljia TECTUPOBAaHA IPU MOJEJIUPOBAHNY KaHAJIA IOABUYKHOMN CBA3U
¢ epuHrOM, GOJIEEe TIIYOOKMM, ueM pesieeBcKuil (pacupeenenue Hakaramu ¢ mapamerpom m = 0,7), U cO CIIEKTPOM, OIpeesiieMbIM He-
Cylei 4acTOTOM U CKOPOCTHIO ABUIKEHU IlepelaTurKa. B paMKax mpeiaraemMoro moaxoaa ¢hopMa CIeKTpa 3aTyxalollero cursana Gop-
MUPYETCs C IOMOIIHIO JUHENHOM (PUIBTPAINY IIINPOKOIIOJOCHOI'0 HOPMAaJIbHO PACIIPeesIeHHOTO IIporecca. BIxox puiabTpa yMHOKAETCS
Ha IIPOIECC C HKCIOHEHIINAIbHON KOPPEJAIMOHHON (DYHKITUEH U ¢ OIpefieIeHHBIM OJHOCTOPOHHUM pacupeseleHneM. Pe3yrpTupyommia
Y3KOIIOJIOCHBIH IIpoIlecc 00JIajaeT 3alaHHbIM pacIpe/ieJIeHIeM Orn0aroIeil ¥ TUIIOBIM JONIIJIEPOBCKUM CIIEKTPOM, OIIPeessieMbIM Iapa-
MeTpaMu CUCTEeMBI.

KaroueBsie ¢jI0Ba — MHOI'OJIyUEeBOe 3aTyXaHUe, KaHAJ PACIPOCTPAHEHUA MOOUIBHOM PaANOCBA3Y, CMEIIIaHHbIE CTOXACTUUYECKUE IIPO-
IIECCHI.
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