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Abstract. In previous literature, several cell residence time models for
mobile LEO satellite cellular system (MLSCS) were presented.
However, the effects of signal-impairing factors such as shadowing
and fading on the presented models were neglected. In this paper, the
effects of signal-impairing factors on cell residence time model are
investigated. In particular, the probability density function of the cell
radius and the probability density function of the maximum cell
residence time for MLSCS in the presence of shadowing are derived.
Then, we study the performance of MLSCS in the presence of signal-
impairing factors. Specifically, we evaluate the probability of
premature call termination due to handoff failure and the probability
of call dropping due to handoff failure or new call blocking in the
presence of signal-impairing factors. The analytical results are
validated by computer simulation.

Keywords: Cell Residence Time, Handoff, Shadowing, Premature
Call Termination Probability, Received Signal Power.

1. Introduction

In MLSCS the cell residence time is defined as the time a customer
spends in a cell, and since the speed of the LEO satellite is very high
compared to the speed of the mobile it is widely assumed that the
mobility in MLSCS is due solely to the satellite velocity. Based on the
above assumption, it is obvious that the cell residence time in MLSCS is
finite since the satellite travels in a fixed orbit. Therefore, the statistical
distributions usually used to describe the cell residence time in mobile
LEO satellite cellular networks support a finite range [0, maximum cell
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residence time]. Therefore, the maximum cell residence time (r) in a

MLSCS where ideal channels are assumed (no signal impairing) is a
function of the speed of the satellite ¥ and the radius of the cell R. and

is defined as "%

2R,

Vs

T

)

In previous literature, several MLSCS cell residence time models
were presented [1-3]. However, the effect of signal-impairing factors on
the presented models (hence, on the performance measures) were
neglected. In this paper, the effects of signal-impairing factors on cell
residence time model are investigated, and then, we study the
performance of MLSCS in the presence of signal-impairing factors. In
particular, we evaluate the probability of premature call termination
(denoted by P,;) and the probability of call dropping (denoted by P.,) due
to handoff failure and call blocking. P., may be defined as the probability
that a call will be dropped during its lifetime due to handoff failure, while
P.q 1s the probability that a call will be dropped either due to new call
blocking because of lack of resources or due to premature call
termination due to handoff failure **.

2. Cell Radius Calculation

In MLSCS the handoff decision is made based on the received
signal power from the current cell and the distance from the center of the
cell, where a handoff from the current cell to next cell is requested
whenever the received signal power from the current cell falls below a
prespecified threshold P, or when the distance from the center of the
cell exceeds R. ! Therefore, a mobile user at distance R from the center
of i-th cell may be considered inside that cell as long as the following
conditions are satisfied:

P,(R)=P, and R<R, (2)

where P (R) is the received signal power from cell i at distance R from

the center of cell. Hence, the radius of the cell may be defined as the
distance R, that satisfies the following condition

B(RC):PTh (3)
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In the case of an ideal channel (no signal-impairing factors), assuming
circular cell shape, all mobile users located at distance R from the center
of the cell receive the same signal power level. Hence, it follows that !

_ PGGA (4)
R(R)= (4n)’ (W +R?)

where P, is the transmitted signal power, /4 is the altitude of the satellite,
A, 1s the transmission wavelength, G, is the transmitter gain, and G, is

the receiver gain. Solving (3) and (4) for R. we have

R, =\C —h? (5)
BGGy A,
(4”) F;"h

3. The Effect of Shadowing on Cell Residence Time

where ¢ -

From Section 2, one may observe that for all points R (R < Rc) in
cell i, the received signal should exceed the power threshold, i.e.,
P(R)> P, for ¥V R<R, as shown in Fig. 1. In the presence of shadowing

the received signal power at distance R from the center of cell i may be
found as !
PG/Gy A
P(R)= f;”(%zr toyg where P (R)2 P, for VR<R. (6)
(47) (h +R )

where ¢; is a log-normal random variable with parameters o and x that
represents the shadowing effect with probability density function (pdf),
mean, and variance defined, respectively, as

~(in(5)-#)°

1 22
f(e“,-)—amg_e (7
bfe)-d"%) ®)

and

o? :e<“”2ﬂ>(evz -1)- 9)
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"

R, R

P(R)2 Py, for VR<R,

\| P(R)<P, for R'>R,

Fig. 1. Cell geometry and handoff conditions in MLSCS.

At threshold, (Similar to (5)) the actual cell radius in the presence
of shadowing R; may be found from (6) as

2

Ry =\C¢, —h 0<R; <R, (10)
then
h2
0 <—
g c
2 2 2
R N =
W +R’
R > <,
: Gz
PGCry o : .
where € =—"=->—". Since ¢, is a log-normal random variable, the pdf

(47r) By,

of R, may be found using random variable transformation as L6]
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Pr(g’j S%zjﬁ(r) r=0
£ ()= fg(hzgrzj% O<r<R (12)
Pr[§i2h2+rzjé'(r—Rc) r=R.,

Where ¢ (r) is the Dirac delta function. It follows from (12) that the pdf

of the cell radius in the presence of shadowing is given by

_nl”
lelfc ’u—c 5(r) r=0
2 No -
P+’ ’
> _(l”[ c )_” ] (13)
- 0<r<R
fR’(r) a(r2+h2)\/§rexp 20° ==k
h* +R?
| ﬂ_ln[ C j
I—Ee}fc o 5(r-R.) r=R,

2% o .
where erfc[x]zT Ie"’ dt is the complementary error function. The
ﬂ X

pdf of the maximum cell residence time in the presence of shadowing 7,

may be found from (13) using random variable transformation as '

dR
t)= r =R 14
1 0= ()50 (14)
where from (1), we have
R = .t and aR, :ﬂ_ (15)
2 dr, 2

Then
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2
o
1 c)y.
2
(Vst)z +h2
2 227
f.lr)= Zst expi— ln4T —u (éj 0<,<% (16)
m{wsz@ s
4
I +R
{ H—n C v . -
1— Bfc 0|t — f=—x.
2 2\/5' 2 Vi V.

Hence, the k-th moment of the residence time in the i-¢4 cell (i=0,1,...)
may be found as

E[T}]- Vj [t 1, (Y, (2)drde (17)

where T; is a random variable denoting the residence time in the i-#4 cell.
Based on the effect of shadowing on cell residence time, it is possible to
determine the effect of shadowing on several performance measures such
as premature call termination probability and call dropping probability in
the presence of shadowing, which will be discussed in the next section.

4. Mustration and Results

To illustrate the effect of shadowing on the cell residence time, the
cell residence time model presented in Ref. [2] is used. The model
presented in Ref. [2] consists of two components, the first component
represents the residence time in the origination cell 7, and the second

represents the residence time in subsequent cells 7, (i=1,2,3,...), where 121

41 ,2 0 <t <
S O=v2c " |z == (18)

0 elsewhere
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and

t

Tf«[l—(t/rs)z
fr (;) = | . (19)
sin(cos ~ (1-&/2)) t = (I_E)Ts

0

&
0<t<(I-2)r,
2

elsewhere,

where € is the overlap parameter. In Fig. 2, the effect of shadowing on
the means of cell residence time in the origination cell and in subsequent
cells is shown, where from (17), (18), and (19) we have

E [TJ‘]: V] T]tk fr, (), (7)dtdz (20)

and

G
E[T )= [ [ ¢ f (). (r)didr. Q1)

0 0
The figure shows that as the shadowing increases the mean of the cell
residence time decreases, this is because increasing the shadowing decreases
the received signal power from the current cell, hence, a handoft will be
requested at distance R, < R, (hence the maximum cell residence time 73<z). The

effect of shadowing on premature call termination probability (P) is
presented in Fig. 3. From Ref. [7] we have

=S 0 it et 20) 28 5 o

(22)

where P, is the handoff failure probability, that is, the probability that a

handoff request will be denied 7 ' Fu @) is the cumulative

distribution function (cdf) of the random variable (H) which represents
the call holding time, G o Mg and 0'(2;]_ are defined, respectively, as
J

J J
G,=T,+>.T,, Ho, =ty + D py and 6 =07 +) o7 where 41 and
i=1

i=l i=1
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Fig. 2. Mean of the cell residence time vs the variance of the shadowing.

2 . . .
o, are the mean and the variance of the random variable x respectively,

and the difference parameter ¢ may be found as shown in Ref. [7].
Several statistical distributions (such as the Erlang, gamma, and
lognormal distributions) have been used in the literature to model the call
holding time in MLSCS and PCS networks. We note that many of these
distributions are special or limited cases of the more versatile generalized
gamma distribution. Therefore, we assume further that the call holding
time follows a three-parameter generalized gamma distribution with pdf

given by [12]
w 15)

_ ct” e
BT ()

where « is the shape parameter, B is the scale parameter, and c¢ is the

£u(0) 23)

power parameter. The corresponding cdf is given by
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7(@,(t/ﬁ')c) (24)

FH(t): T(a)

y

where y(x,y)= jtx_le"’dt is the incomplete gamma function and I'(x)is
0

the gamma function 1121 1n Fig. 3, where a=3, =60, and ¢ =1, one

may observe that the premature call termination probability increases as
the shadowing increases, this is due to the fact that as the shadowing
increases the maximum cell residence time reduces as shown in Fig. 2,
hence, the call will pass through a larger number of cells ( larger number
of handoff requests) during its lifetime. Therefore, the probability of
premature call termination during its lifetime due to handoff failure
increases as the shadowing increases. The effect of shadowing on call
dropping probability is shown in Fig. 4, where

P,=p,+(1-p,)P,, (25)
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Fig. 3. Premature call termination probability vs handoff failure probability, for
different values of the shadowing factors variance.
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and p, denotes the new call blocking probability. As expected, the call
dropping probability increases as the shadowing increases. This is due to
the fact that premature call termination probability increases as the
shadowing increases, as shown in Fig. 3, which, in turn, will increase the
probability of call dropping.

0.60
h=1000km R, =180km
=041 V, =6.6km/séc . : :
0.50 1-~--2- Pt PR RRREE, preeere et <
E[¢]=0dB A, =0025m ;52 :
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Q 0.30 - : ; ; :
020 ------ I Ty (s T T TR RR
0.10 Ko o e e e e
OOOI ) ) T T T T
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Fig. 4. Call dropping probability vs handoff failure probability, for different values of the
shadowing factors variance.

5. Conclusion

In this paper, we investigated the effect of shadowing on cell
residence time and on the performance of MLSCS. In particular, the pdf
of the cell residence time, and an expression to determine the k-th
moment of cell residence time in MLSCS in the presence of shadowing
were derived. We showed that shadowing has a significant impact on the
performance of such a system. In addition, we showed that the mean
value of the cell residence time distribution has a significant influence on
the performance of MLSCS.
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