DEri=

3 95-12-12-13

A Wide-band Channel Simulation Algorithm for
the Suzuki Fading Channel with the Spatial Correlation
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ABSTRACT

A wide-band channel simulation algorithm for Suzuki fading channel has been proposed in this paper. The proposed algorithm
generates the Suzuki fading signal[2] of which the lognormal fading components have the spatial correlation between amplitudes
in adjacent profiles and the temporal correlation between paths in a profile. It has been shown that the algorithm can be extended
to be applicable in the channel where a diversity receiver is used. The proposed algorithm can be used in the design of urban

mobile communication systems as well as the performance evaluation of those systems.
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[ . Introduction

The signal through a mobile communication
channel is essentially contaminated by the
multipath fading due to reflection, refraction
and scattering by buildings. other man-made
obstacles, terrain and etc. The signal compo-
nents arriving from indirect paths and the
direct path. if the direct path exists. combine
and produce a distorted version of the trans-
mitted signal. In narrow-band transmission,
the multipath medium causes fluctuations in
the received signal amplitude and phase. In
wide-band pulse transmission. on the other
hand. the multipath medium produce a series
of delayed and attenuated pulses for every
transmitted pulse.

Experimental testing of radiocommunication
systems is time consuming and expensive
since large amounts of experimental systems
and man powers are required to conduct the
experiment in accordance with the statistical
variation of the mobile channel. It is clearly
attractive to simulate systems in the labora-
tory since conditions can then be tightly con-
trolled, but it is very important to ensure
that all the relevant properties of the signal
can be adequately simulated. Simulation
amounts to produce signals which have appro-
priate statistical properties.

The concept of modeling the wide-band
mobile radio channel is known as a densely
tapped delay line". which was refined and
verified by the extensive sets of measure-

‘" An experimental evidence” shows

ments
that after normalization to remove slow fad-
ing effects. the small-scale amplitude varia-
tions, particularly for paths with delay less
than lus. can be very accurately modeled by
a Rayleigh distribution. The large-scale vari-

ations approximate to a lognormal distribu-
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tion, which tends to confirm the assumption
made by Turin". Thus the fluctuation of
path strength in each time-delay cell can be
well approximated as uncorrelated Rayleigh
fading, superimposed on partially correlated
lognormal fading. According to the analysis
of measured data™ the average correlation
coefficient of Rayleigh fading components is
insignificant, but lognormal fading compo-
nents has considerable value. Realistic simu-
lation requires that the lognormal fading
component has the temporal correlation
between paths and the spatial correlation
between profiles™.

Hashemi™ used the lognormal distribution
to generate all path strengths. One of factors
which influence this choice is the need to
simulate correlation between successive echo
amplitudes in the same profile (temporal cor-
relation) and correlation between amplitudes
in successive profiles (spatial correlation).
Hashemi took into account both the spatial
correlation and the temporal correlation but
only for consecutive paths and profiles. A
simulation algorithm for the generation of
Suzuki fading signal was proposed by Park™'.
The algorithm was based on the measured
data of Turkmani. This algorithm assumed
Suzuki fading and considered the temporal
correlation between all paths in l#s. not just
between consecutive paths, in the same pro-
file. But the algorithm did not take into
account the spatial correlation.

In this paper. we revise the simulation
algorithm of Park™ to consider the spatial
correlation of lognormal fading component
between profiles. The proposed simulation
algorithm is extended so that the algorithm is
also applicable to the channel where a diver-
sity receiver is used. In the mobile communi-

cation systems, the diversity receiver is used
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at most base stations™. The channel effect
has been studied for many years when diver-
sity receiver is used"®*".

In chapter 1. we describe wide-band chan-
nel model and Suzuki fading. The chapter Il
is written for the revised algorithm with the
spatial and temporal correlation of lognormal
component and the extended algorithm for
diversity receiver. The numerical results and
discussion are given in chapter . Chapter V

contains the concluding remarks.

I. Wide-band Channel Model and
Suzuki Fading

1. Wide-band Channel Model

As is well known, the wide-band channel is
modeled as a linear filter which is composed
of statistically determined parameters. Let
x(t) and y(t) represent the transmitted signal

and the received signal, respectively. Then
x(t) = Re{s(t)e") t € (-, )

where s(t) denotes the complex valued low-
pass waveform of the transmitted signal and
wy is the carrier frequency. The received sig-

nal will be
y{t) = Re {{h(&)»s(t)} ™'}

where the h(t) denote the impulse response of
the Suzuki fading channel which is usually

given as
-

iy = EIA‘:3(t'-—f/A)cxp(j(!A) (1)

where N represent the number of paths. The
path strength characteristics of the composite
path with the given delay is made up by the
statistical properties of three parameters in

the linear filter model. The parameters are

x(1)

path strengths {A},", time delay {t:},", and
phase shift {,},". The statistical properties of
these parameters are determined and verified
through the channel measurement“**. Path
strength can be modeled by Rayleigh distribu-
tion or lognormal distribution according to
the mobile communications environment.
Modified Poisson distribution is fit well for
the description of time delay. But fixed time
dealy is used for a hard-ware simulator prac-
tically. The phase shift is usually assumed to
be uniformly distributed"”.

The Turin’s model™ of equation (1) is quite
general and can be used to obtain the
response of the channel to any low-pass
waveform signal s(t). The model is the basis
of both a soft-ware simulation of mobile com-

munication channel and a hard-ware".

Linear Filter e
|
a y(U)
N . 1 h
e O =Y A ) o Ly

>

Fig. 1. Wide-band Channel Model.

2. Suzuki Distribution

Multipath fading is classified by the statis-
tical properties of path strength into Rayleigh
fading (sometimes called as fast fading or
short term fading) and lognormal fading
(slow fading or long term fading or shadow-
ing). It is generally accepted that fading path
strength is Rayleigh distributed over a spatial

3377
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dimension of a few hundred wavelength and
is lognormally distributed over much larger
area. But. this assumption always has varia-
tions depending on the particular geography
involved. A new distribution is proposed by
Suzuki. The distribution is Rayleigh distribu-
tion average power of which is lognormally
distributed”. The probability density function

(PDF) of Suzuki distribution is expressed as
PEMY f PO e TG 2)

where PDIFR(A|L) is the PDF of Rayleigh dis-
tribution and PDF,(L) is the PDF of lognor-
mal distribution. The PDF of the Rayleigh
distribution is given as

vy e (3)
where L is the average power of Rayleigh dis-

tribution and the PDF of the lognormal is

Tilog o o A (7.0

IV

where A and ¢, is the mean of lognormal dis-

tribution and the variance. R is Rayleigh dis-

lerrain

Fi
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tributed random variable and L is lognormal-
ly distributed random variable. A is Suzuki
distributed random variable. which equals to
Rayleigh distributed random variable with
lognormally distributed average power. In
succeeding chapters, the same notation is

used.

3. Channel Parameters for Simulation

Turkmani™® suggested parameters of a wide-
band multipath fading channel simulator
which is composed of a densely tapped delay
line. The each tap comprises a Rayleigh mod-
ulator, a lognormal modulator, and a weight-
ing. He deduced several informations on
wide-band channel simulator from channel
measurements. The average correlation coeffi-
cient of Rayleigh fading components and that
of lognormal fading components were repre-
sented. The former is ignorable. but the lat-
ter has a considerable value. He suggested
that the correlations of the lognormal fading
component be considered in a practical hard-
ware channel simulator between only two

adjacent taps for simplicity. The mean signal

g 2. Wide-band Multipath Channel Effect.
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level explicitly indicates the time delay value
of each tap which is the most essential for an
accurate channel simulation. Fig. 3 shows the
schematic diagram of the multipath fading
channel simulator. Channel parameters for 12
taps are listed in table 1 and the temporal
correlation coefficients of lognormal fading
component are listed in table 2 from

Turkmani’s empirical data.

I. Algorithm for the Generation of
Suzuki Fading Signal

. densely-tapped delay line
input

Suzuki fading signal can be well approxi-
mated as uncorrelated Rayleigh fading.
superimposed on partially correlated lognor-
mal fading”. The lognormal fading compo-
nent has the temporal correlation between
amplitudes of paths in a profile and the spa-
tial correlation between amplitudes in adja-
cent profiles according to the movement of
receiver™. The algorithm of Park® provides
no spatial correlation between profiles which
is described in the section 0I.1. If the algo-
rithm is modified to consider the spatial cor-
relation, it can simulate more realistic mobile
channel. The modification is given in the sec-
tion I.2.

Rayleigh fading component has no temporal
correlation because it is not affected by the

terrain. It has much weaker spatial correla-

Table 2. Temporal Correlation Coefficient of
Lognormal Fading Component.

trtk[#sec] 2y tl‘tk[FSEC] ]
0.0 1.00 0.6 0.43
output
summing bus s 0.1 0.66 0.7 0.40
0.2 0.48 0.8 0.37
Ry Ry.... Ry ! independent, zero-mean, complex Gaussian 0.3 0.44 0.9 0.33
Ly Lo Ly : zero-mean lognormal
Wi, W,....,Wy : weighting factors for each tap 0.4 0.41 1.0 0.29
0.5 0.41
Fig. 3. Tapped Delay-line Representation of a
Multipath Fading Channel Simulator.
Table 1. Channel Parameters.
k tk[/‘SBC] Oy Ak k tk[I‘SEC] O Ak
1 0.0 2.0277 1.0000 7 2.0 1.5560 1.1281
2 0.1 1.9253 0.5708 8 2.3 1.8989 0.1297
3 0.4 1.6982 0.2698 9 3.8 1.3122 1.1012
4 0.7 1.8989 0.2304 10 5.9 1.3032 0.0934
5 1.0 1.8578 .| 0.1841 11 9.4 1.4774 0.0985
6 1.6 1.5399 0.1340 12 10.0 1.4876 0.0959
3379
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tion than the lognormal fading component.
However, when diversity receiver is used, we
should consider the spatial correlation of
Rayleigh fading component according to
antenna spacing. The correlation is larger at
the base station than in the mobile, because
the received signals at the base station have
small arrival angle™®”. The section 1.3 of
this chapter describes the generation of
Rayleigh fading component when a 2-branch

diversity receiver is used.

1. The Existing Algorithm for the Generation

of Suzuki Fading Signal®

Rayleigh fading signal becomes Suzuki fad-
ing when the average power of Rayleigh fad-
ing signal is lognormally distributed®. To
generate Suzuki fading signal, the lognormal
fading component has been first generated
and then Rayleigh fading component superim-
posed on the generated lognormal fading com-
ponent which becomes the average power of
Suzuki signals. Suppose L,(n) denotes the
lognormal fading component at the k-th path
in the n-th profile. Then the lognormal fad-
ing components in a profile have the temporal
correlation. p; (k. m). between the paths k and

m can be expressed as

P,,(k,m) = E{Lk(n)Lm(n)]/ULk GLm .
for k. m=12 ..., N. (5)

The temporally correlated L,{n) can be gen-
erated from the temporally correlated

Gaussian random variables by
Lk(n) = Ak exk("’ (6)

where A, is the mean of L,(n) and X,(n) denotes
the Gaussian random variable and ex(k, m)

denotes the temporal correlation of that.

3380

Then the relationship between g,(k,m) and ey
(k,m) is given by

oxlk,moy oy, = In[ 140,k m)

@

\/ oxp( (7‘\-.3) '1\/ exp( a_\»_2)~1] .

The X,(n) can be obtained from the white
Gaussian random variables, W.(n), by using

the following orthogonal transformation as

[ X}(H)XZ(H)"'XN (U) ]
= A[ Wl(n) Wg(n)"'WN(n) ] (8)

where A is the transformation matrix which
is obtained by decomposing the correlation
matrix of X,(n).

The white Gaussian random variables can
easily be generated by Box-Muller method"".
Suzuki distributed random variable, A,(n) is
obtained by the PDF transformation of

A - I T (©)

where U, is an independent uniformly dis-

tributed random variable.

2. The Revised Algorithm for the Generation
of Suzuki Fading Signal

It is necessary to modify the conventional
procedure introduced in the previous section
so that the lognormal fading component can
have the spatial correlation between ampli-
tudes in successive profiles. The lognormal
fading components have the spatial correla-
tion coefficient g, (1) between the k-th paths
in the adjacent profiles. At the same time.
the lognormal fading components in a profile
have the temporal correlation, p,(k, m).
between path k and m. Fig. 4 shows the
relationships between lognormal fading com-
ponents.

The lognormal fading components between
the k~th paths in adjacent profiles have the

spatial correlation PLk(l) as
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Fig. 4. Sequence of Profiles.

e, (1) = E{Ly(n) Ly(n-D)}/o,,
fork=1.2,..., N {19

where ¢°;;, is the variance of Ly(n) for all n.
The correlated lognormally distributed random
variables can be generated from the correlat-
ed Gaussian distributed random variables as
the algorithm described in the previous sec-
tion™. However, the spatially and temporally
correlated L,(n) can be generated from the
spatially and temporally correlated X,(n).
Hence, X, (n) is required to have the spatial
correlation py, (1) as well as the temporal cor-
relation px{k.m). The relationship between ¢,
(k,m) and px(k.m) is given by the equation
(7). Since p., (1) represents the spatial corre-
lation of Li(n) between the k-th paths of the
adjacent profiles, the corresponding fx, (1)
represents the spatial correlation of the
Caussian random variable from which Lx(n)
will be obtained. The relationship between ¢
1,(1) and px, (1) can be obtained by

Pxi(1)9x,? = In(1+p,, (1) (explox)-1)). an

The spatially and temporally correlated
Gaussian random variable Xx(n) can be

obtained from a Gaussian random variable of

which the mean is zero and the variance ka’
(1- ka2 (1)) and temporal correlation @ x(k, m)
with no spatial correlation by using a linear

transformation
Xn) = X y(n) +ox, (1D X, (0-1). 12

The temporally correlated )?k(n) can be
obtained from the white Gaussian random
variable W,(n) as in the equation (8). The

initial condition of equation (12) is given by

- - 0 for n<0
Xilon) X0) for n=0 13

where X, (0) is a Gaussian random variable of
which the mean is zero and the variance ka2
and the temporal correlation px(k,m). The
sptially, temporally correlated Lx(n) can be
obtained by the equation (6) and the Suzuki
fading signal is generated by the equation
(9).

At this point, we should show the two
things. The one is that X,(n) has the spatial
correlation Py, (1). The PDF of XNk(n) is
expressed as

e 1
PLX I n)) w e e X
: G 27— P 1)) ‘“’_{mn))z
X

14

R

From the equation (12), it is possible to

obtain the conditional PDF of the Gaussian

random variable X,(n) under the assumption

that Gaussian random variable X,(n-1) is

constant. The joint PDF of X,(n) and X, (n-1)

can be found from the conditional PDF of
Xi(n) as

1
ax) er{l— py (1))

p(X ), Xi(n—1)) =

X exp

— (X4 =203, (DNMX (1 =1) + X{(n = 1))
2 ‘7.\{,z (1- ."J,\',Z [€0))

( 1.49

Thus, it is apparent that X,(n) has the

spatial correlation px, (1) between adjacent

3381
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profiles from the equation (15). The spatial
correlaton between the n-th profile and the

(n-1)-th profile can be written as
Xk(l) = ka‘(l). (16)

The other is that X,(n) has the temporal

correlation as
E{Xk(H>Xm(H)} = Px(k.m)“xkaxm. (17)

Suppose the temporal correlation of fk(n)
is
P\ (1)[‘\,,“)

ol b, mYy=px(k, 1) —pmmme 7

\/170 Ty el

First, we calculate
EIN N, () =EH{Xm +o (DX (=1}
'\ (n)ln\() =D
SNLOD N, A top Doy (D)
N n—=DN,(n-1))
Foy (DEN (=D X ()} 19
o (DB, r=1) X0 ).
fk(n) and fm(n) are independent of pro-
file index n and the initial value X,(0) is
generated to be independent of )F(vm(n) for any
path k. m. Therefore, the expectation of
Xm(n~1))?k(n) and that of Xk(n-l))?m(n) are
all zero. which are appeared in the third and
the fourth term in the equation (19). The

equation (19) becomes,
E(Xdm N0l +ov Doy, (1)1:‘ AECIERS!
Noln—1) ) = ok, rh)\ - ’»1 )

c-'\-p.l" f**p’i\\ n, ))})‘T-‘-,,‘ oy Doy (1)

B (=D N 1)) @

Using equation (18), the equation (20)
becomes equation (17). Thus, with the equa-
tion (18), X,(n) has the temporal correlation
of the equation (17).

The P;(k,m) is determined by the equation
(7) and the equation (18) with the given g
(k,m) and py (1) is determined by the equa-

3382

tion (11), the spatially, temporally completed
Xi(n) can be generated by the derived
method.

3. The Extended Algorithm for the Generation of
Suzuki Fading Signal when the Diversity
Receiver is used

Most. base stations use a diversity receiver

to cope with the faded signal®. Mobile sta-
tions also adopts the diversity receiver in
most cases. Thus diversity receiver can be
regarded as a port of mobile communications
channel. In the section .2, we have derived
the algorithm that generates the spatially,
temporally correlated lognormal fading compo-
nent. However, the Rayleigh fading compo-
nent is generated by using the same method
of the reference (5] for the channel where a
single antenna is used. In this section, we
derive the method that generates the
Rayleigh fading components at each diversity
antenna have the correlation corresponding to
the antenna spacing.

We assume that lognormal fading compo-

nents are almost completely correlated such
that

Ly = L= Ly

Antenna 2

Y

Diversity
Receiver

Antenna |

Fig. 5. 2-branch Diversity Receiver.
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where L;, is the lognormal fading component
of antenna 1 and Ly, is that of antenna 2 and
Rayleigh fading components at each diversity
antenna have correlation coefficient, pp(d)
which is dependent on the antenna spacing d.
The performance enhancement is the highest
when two branches of diversity receiver are
used. Using more branches brings smaller
enhancement so in a practical situation only
two branches are usually used"™. In this sec-
tion two branches are used. The correlation
coefficients of Rayleigh fading component at
the base station are measured at versatile sit-
uation. Table 3 gives the example values at
the correlation coefficient of Rayleigh fading
components when the diversity antenna are

separated horizontally and vertically®.

Table 3. Measured Correlation Coefficient of Rayleigh
Fading Component at Base Station.

SPACING VERTICAL HORIZONTAL
ANTENNA 3.44 0.714 0.712
SEPARATION | 6.64 0.947 0.57
DISTANCE 10.04 0.722 0.432

We need two Rayleigh random variables for
each diversity antenna which have correlation
coefficient pg, (d). If we denote Rayleigh fad-
ing component at the antenna 1 as R, and at
the antenna 2 as Ry, the correlation coeffi-
cient of these variables can be expressed as

Jal RuRu]“H [‘)A!]ETRA‘.]

ol = e T R VAR ETR

Rayleigh fading components can be obtained
from the envelope of complex Gaussian ran-
dom variables. Let the complex Gaussian ran-
dom variable be (X,;.Y,) and (X, Yi). The
correlations of (X, Yi) and (X Vi) are

assumed as follows:

EX) = E(Yy) = @y, E(X) = B[V o)= @y
E( XXkl = EXXn) = ElY;, Y]

= ElY)o Yi)= %90 x(d) @2
ElXuY) = ElYuXi) = ElXeYk2) = E[YiuX)= 0
XY = ElYuXu) = B XY = ElYuX) = 0.

The relation between ppi(d) and the correla-
tion coefficient of two sets of Gaussian ran-
dom variables, (X, Yy) and (X Yi,), is

12

given by
puld) = 7'1“(71/%“,,7 ol d). @3

From the equation (22), we can write the
fourth order Gaussian PDF of (X,;.Y,)and
(ng, Ykz) as

1 ,_
4’ (7_\',‘2 O (1— oy, ()

PNy Vi X, YY) =

I S
2= oy ()

[ox,0x IN L Nyt (1\'5';'/0.\':')2 +(Yy /oyt

< (X Jox ) =200, (d)

expl —

@)

=203 (D]0v,00) YV Yt (Velay ).

This fourth order Gaussian density can be
transformed to p(Ry,. Ri. $ 1. # x2) such that

Ry= \/—h\r: + Y, = arctan(Yy/Xy)

Ro= \/—Iz» F 1%, du= arctan{ Y/ Xe). (9
So the transformed PDF is

PR Bia. # 10, #42)= 1 J1 | DXy, Y. Xz, Yio)
- 'RmRu . expl( =1
Ax* opove(l — o5 ()

. TTTOAY
21—l )
xRS o + Rl o — 200 il ) 0 030

RyRycos(dp~dy))] &

where J; is the jacobian of the transformation
(25). The joint PDF of Rayleigh random vari-
ables is obtained by integrating the equation
(26) with respect to #,, and ¢ ,"" as
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~2x p2r
MRy, Re) = .Ju I; PRy, Ry duy, die) dipiydi e

o Rk

Fadiell — oild))
R ARG o Bl i eil )
2R L= %) S S

» expl

O3 (( d)i

The relation between #p(d) and Py (d) can
be found by using the mean and variance of
Rayleigh random variables and expectation of

R“sz”m as

ol d)= “\l’r I3 7\“1‘
and it becomes the equation (23).

Since we know the relation of px(d) and p
r#x{d) as the equation (23), the two correlated

Rayleigh random variables with any correla-

tion coefficient can be obtained from four
correlated Gaussian random variables. The
four correlated Gaussian random variables
can be generated by transforming the inde-
pendent Gaussian random variables (W, Z,,)
and (W, Z,,) using

(5] | oot (Lot

Net oo VT o Gy V2

an Y (U=p b )T ( m‘)
ao (U oy G d V2 W)
( Vi ) (i Gk DY
L Y ( avoy U oy (R, NI 9
T, ‘,e’r (L - (i, d) Ve v

From the PDF of (X, Yi), (Xk. Yu). the

PDF of the independent Gaussian random

s Caraclted Gunssioa, Nin)
siicd Lrne o

from b

dlaerernad, o

related Ganessen

T
e
—
< e Ml e Tt
/-/

oY o Yooy

Iw
Crnerate thie faa Cureelar iy Hin Rt
Sroanthe soretat, r
T
Mo - \
PN e Seandaton
T

R

Fig. 6. Flow Chart of the Expanded Algorithm.
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variables (Wi, Zi). (Wi, Zi) can be

obtained as

P Wi, Zyy. Wiz, Zya) = P X1, Yy, Xiz, Yid | Jz |

= 71/;5 expl :QL {4+ ng—i—Zfl + 240 30

where J, is the jacobian of transformation
(29).

The independent Gaussian random variables
can easily be generated from the uniform

random variables Uy, Uks. Uks. Ui “Vas

Wa=  —2In Uy cos (2al)
Wo=\ —2In Uy sin (27U)

Zy= \f =20 Ug cus (2xU) @31

Consequently, using the equations (25),
(29) and (31). we can get the correlated
Rayleigh random variables from the indepen-
dent uniform random variables. Thus if the
generated lognormal fading component in the
section 1.2 is used as an average power, the
R,; and Ry, become Suzuki distributed random
variables. The generated Suzuki fading signal
is composed of Rayleigh fading component
which have the spatial correlation depending
on the diversity antenna spacing and the log-
normal fading components which have the
spatial correlation and the temporal correla-
tion corresponding to the channel character-
tics. Fig. 6 is the flow chart of the algorithm

which is derived in the sections 1.2 and 1.3.
V. Numerical Results and Discussion

The channel parameters and the temporal
correlation values used in the simulation are
given in Table 1 and Table 2 respectively. It
has been assumed that carrier frequency is

900MHz and the lognormal fading component

is refreshed whenever a mobile moves a dis-
tance of 10m. The spatial correlation coeffi- .
cient of 0.89 is used for all paths in the sim-
ulation and the value represent the correla-
tion when a mobile receiver moves a distance
of 10m. The value is roughly calculated from
the measured data®.

Fig. 7 shows the cumulative distribution
function (CDF) of the Suzuki fading strength
generated with the proposed algorithm and
that of the theoretical values for paths 1, 2,
3 and 7. The generated fading path strengths
almost agree with the theoretical values. The
theoretical values of CDF for path k is

[§¥4)

obtained by

N o —~ A% 101 o
CDF(AA,)-:[J {1 —exp(—57 A‘ ) \[20_”0‘;"01‘
A <k L, Ak
7 (32)
x exp[— {IO]OH’;(L"/M)} 1 dL,.
02

Fig. 8. compares the simulated values of
the spatial correlation coefficient of lognormal
fading component to empirical values. And
Fig. 9. shows the temporal correlation coeffi-
cient with the corresponding empirical values.
The simulated correlation coefficient is
obtained by using ®

ox(k, m)=

,ﬁx(XA () = X)X, 00) —

v

X m

(33)

V{ lil(‘\"(n) - ;Yl)fyﬁl(x,n(;z) X))
The correlation coefficients almost agree
with the empirical values except some error
appearing in the temporal correlation. In the
equation (18) the third and the fourth term
are assumed to be zero. These terms can be

expressed as

P)(k( l)]‘:{.\:‘( n-— 1) ‘\;;( 7’l> )
= pxel D EUXn = 1) + o DX (n=2) ) X ()]
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The third and fourth term of the equation

1
f R
(18) are expressed as the summation of F{
134) X m X n{n-i)}. The accumulation of these
o values is unavoidable and it causes the tem-
ALt .
poral correlation values to have the small
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deviation. is large. When the equation (23) is evaluat-
The correlation coefficient of Rayleigh fad- ed"?, the expectation of Ry Ry, is approximat-
ing component is plotted in Fig. 10. The sim- ed by a series expansion and the high order
ulation values deviate from the theoretical terms of the series are neglected. This causes
values when the correlation coefficient value the deviation of correlation coefficients.

Spatial Correlation Coefficient of Log-normal Fading Component
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Fig. 8. Spatial Correlation Coefficient of Lognormal Fading Component, number of sample = 5000.
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Fig. 9. Temporal Correlation Coefficient of Lognormal Fading Component, number of sample = 5000.
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Currelation Cocfficient of Rayleigh Fading Component
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> ool 105 pR(h, )]

The proposed algorithm can generate the
Suzuki fading signal and it can control the
spatial correlation of the lognormal fading
component between amplitudes in the adjacent
profiles and the temporal correlation between
paths in a profile. The algorithm can also be

applicable when a diversity receiver is used.
V. CONCLUSION

We have proposed the improved mobile
channel simulation algorithm which generates
the Suzuki fading signals. The spatial corre-
lation of lognormal fading component in addi-
tion to the temporal correlation is taken into

account. The temporal correlation of lognor-

3388

mal fading component is considered for all
paths within the range of 1 #s. in contrast
with the conventional algorithm™ which con-
siders consecutive paths only. It has been
shown that the algorithm can be extended for
the simulation of the multipath fading chan-
nel where a diversity receiver is used. With
the proposed algorithm. the correlations of
Suzuki fading signal can easily be control-
table. Therefore, more realistic multipath
fading channel simulation is possible.

The wide-band mobile communication sys-
tems are required in many applications such
as cordless telephone, personal communication
networks. mobile-satellite communications
and etc. The proposed algorithm can be used
not only in the estimation of existing system
performance. but also in the design of urban

communication systems.
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