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Abstract. The expected value of the signal to noise ratio of
W-CDMA infostations is derived. A model of 5 cells is used
to analyze the system performance. The infostations are as-
sumed to exist in rural zones. The performance of the info-
stations is studied for different breakpoint distances, diffe-
rent infostations separation, a different number of users for
each infostation and for different bit rate.
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1. Introduction

In the primer years of the cellular revolution, voice
service have become a common place and ubiquitous, and
the attention of researcher has shifted to wireless informa-
tion. It is clear that the information services have an almost
unlimited potential in the wireless environment [1]. Recen-
tly, an array of isolated wireless ports called infostation has
been proposed [2]. This system is characterized by isolated
pockets of high bandwidth connectivity.

Frenkiel et a/ [1] studied the infostation performance
in one and two dimensions coverage. The effect of shado-
wing was neglected. Borras et al [2] studied the cellular
excess capacity for the infostations where the infostations
are assumed to be overlaid on the GSM system. Irvine et al
[3] gave an efficient UMTS data service provision using
infostations.

In this work, we introduce a model for cigar-shaped
infostations in rural highways zones with general propa-
gation exponent using a two-slope model and then inves-
tigate the expected value of the signal to noise ratio of the
data users.

2. Propagation Model

A two-slope propagation model with lognormal sha-
dowing is used in the calculations. The exponent of the
propagation is assumed to be s; till the break point R, and
then it converts to s,. In this way the path loss is given by:

L, [dB]~ L, +10 + 105, log(d/R,) + &
ifd<R,, (1)
L, [dB]~ L, +10+10s, log(d/R,) + &,
ifd>R,, 2

where d is the distance between the infostation of the cell d
and the mobile, L, and R, are given by [4]:
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Here, £, is the base station antenna height, 4, is the mobile
antenna height, A is the wavelength and &, and & are Gaus-
sian random variables of zero-mean and a standard devi-
ation of o7 and o, respectively.
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Fig. 1. The five infostations model: A) the five infostations mo-

del, B) the infostation coverage.

Typical values of the above mentioned parameters are R, =
=300m, sy =175 +225,5,=35+45,0,=2+3dB,
and o, =4 + 6 dB.

3. Interference Analysis

Fig. 1 shows the configuration of the 5 infostations
model and the coverage of each infostation. Infostations
are regularly spaced every 2R. If the user i is at a distance
rio from its infostation base station and at a distance r;,
from the interfering infostation base station d as shown in
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Fig. 2, then the interference signal ratio L( 74, r;0) due to E{I/C} - {I/C}. + (I/C). , (15)
the distance only is given as ! e nira
o Ifry<R,and ro< R, then L( r, 1) is and the expected value of E,/N, is given as
= , 16
L(’"id’rio) = (rid/rt'O)Sl : (%) E{Eb/NO} G”/E{I/C}’ (16)

o Ifry>Ryand r < R, then L( 74, 7o) 1S

sl
o (6)
R}fl (rid/Rh)sz

o Ifry,>R,and ri> R, then L( 7y, i) 1S

L(rid’rio) = (73'0 /rid)xz : @)

Now the ratio of the interference signal /( 74, ;o) due to the
distance and shadowing is given by

I(ry,10) = 105010 L(ry510) ®

L(rid’rio) =

&qand &, are given as:

o Ifry;<R,andry<Rythen &;=¢& and &= &.
o Ifry>R,and ry< Ry,then &;= & and &= &.
L] If}"id>Rb and r,-o>Rb then é:id: é:z and é:,-(): é:z.

The total intercellular interference to carrier ratio is given
4
(I/C)inter = Nu Zl(,’;d s ’:0) 2 (9)
d=1

where N, is the number of users per each infostation.

The expected value of /C is given by

E{I/C}im =N, iexp(ﬂzaz/Z)L(lfm/rjO) (10)
d=1

with f=1In(10)/ 10.
The general value of &” is given as:
e Ifr,;<Ry,andry<R,then o,;,= 0y, 63 = 01, and
o’ =2(1+C,)o? , (11)

where C, is the correlation coefficient between the
random variable &, and &.

e Ifry,> R, and ry < R, then the value of ¢ is given by
o’ =(0,-0,)+2(1-C,)o, 0, - (12)
o Ifry,;> R, and ry> R, then o, = 05, 03 = 0> and
o’ =2(1-C,)os . (13)
The intra-cellular interference to carrier ratio is given by:
1/ C)ipye = (N, =D(A=9) , (14)

where ¢ is the orthogonality factor of the downlink.

The expected value of the total interference to carrier
ratio is given by:

where G, is the processing gain. For a user with a high bit
rate and using QPSK modulation, the relation E,/N, has to
be 10 dB or more [1].
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Fig. 2. Schematic diagram of infostation base stations and mobi-
les for highway microcells.

4. Numerical Results

In our estimation, we have assumed that W-CDMA
chip rate is 3.84 Mchips/sec and data rate is 3.84 Mbit/sec,
i.e., G, = 1. For our calculations, some reasonable figures
are applied. The correlation coefficients Cy = 0.0 (worst
case), s1 =2,5, =4, 0y=2dB, 0 =4 dB, R= 1000 m, and
N, = 1 unless other values are mentioned. The orthogonali-
ty factor ¢ is assumed to be 0.95. The effective range is the
maximum range at which E,/N, is the required E,/Nj.
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Fig. 3. The E,/N, ratio as a function of user distance from the
reference station, s, =2, s, =4, 01 =2 dB, 0o =4 dB and
R=1000 m.

Fig. 3 shows the E,/N, as a function of the distance from
the infostation base station. It can be seen that the ratio is
monotonically decreased with increasing the distance of
the user. Here we can notice that the user can receive the
full data rate up to 613 m.

The effect of the infostations separation on the info-
station performance is shown in Fig. 4. We can notice here
that reducing the separation between the infostations redu-
ces the effective range of the infostation.

The effect of the break-point distance on the infosta-
tion performance is shown in Fig. 5. Here we can notice
that, in general, the performance is better when the break-
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point distance is 300 m compared to the case when the
break-point distance is 400 m.
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Fig. 4. The effect of the infostations separation distance on the
infostation performance.

The effect of reducing the bit rate is shown in Fig. 6. We
assume that the bit rate is 0.96 Mbit/sec, i.e., G, = 4. The
effective range is 680 m, 562 m for &, = 2 and 4 respec-
tively. Thus, the maximum info-station capacity is G, with
a range of 562 m. Thus reducing the bit rate will give a rise
of the effective range or increment in the number of users.
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Fig. 5. The effect of the break point distance on the infostation
performance

5. Conclusions

We have presented a model that determines the ex-
pected value of signal to noise ratio interference of

W-CDMA rural highway cigar-shaped infostations. The
performance of the infostation is analyzed using a general
two-slope propagation model with lognormal shadowing.
The effect of the break-point distance, the infostations
separation, the number of users in infostation coverage and
the bit rate is studied. We noticed that reducing the bit rate
gives a rise of the effective range or increment in the num-
ber of users.
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Fig. 6. The performance of the infostation for users with G, = 4.
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