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ABSTRACT

In cellular networks, quantities such as number of handoff probability and handoff rate are very important
parameters in the cellular system performance analysis. In previous literature, several techniques were
introduced to evaluate these parameters; however, there are some limitations in the introduced techniques.
In this paper, we approximate number of handoff probability and handoff rate in cellular systems in which
the call holding time and cell residence time follow arbitrary statistical distributions. Specifically, we derive
approximate expressions to evaluate the probability mass function of handoff number and handoff rate. The
technique used does not require knowledge of the distribution of the cell residence times but only their first
two moments, which may be determined easily from empirical data. The analytical results are validated by

computer simulation.
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1. INTRODUCTION

Recent advance in wireless communications
and cellular systems make it possible for cellular
networks to support a wide variety of services to
the user on the move. 4G systems and future
wireless networks will enable the user to make
voice, data, multimedia calls, or make an internet
connection to surf the web, and retrieve data.
These advance services have motivated the study
of network's quality-of-service (QoS), in cellular
networks the following QoS measures are the
most important measures used to specify the
quality of the connections:

e New call blocking probability (PO):

defined as the probability that a new call
request be denied for lack of resources.

e  Premature call termination probability
(CTP) : defined as the probability that an
accepted on going call is terminated due to
lack of recourses.

e Call dropping probability (CDP): defined
as the probability that a call will
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experience  either  premature  call
termination or new call blocking.
e Handoff failure probability (th ):

defined as the probability that a handoff
request is denied for lack of resources.

Some of these measures may be specified in
the design, for example, In second generation
cellular systems, the premature call termination
probability is lower than 5%, and the handoff
failure probability is lower than 2% for voice calls
[1]. To evaluate these QoS measures several
system parameters such as call holding time, cell
residence time, handoff counting, and handoff rate
must be defined. The handoff number (handoff
counting), defined as the number of handoff
requested during a call connection, is an important
parameter in such a system since it has a direct
impact on handoff arrival traffic and call
admission control policy design [2], and the
handoff rate is defined as the average number of
handoffs undertaken during the actual call
connection. In order to determine these two
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parameters, the call holding time and the cell
residence time need to be defined clearly, where as
shown in Fig. 1:

e The call holding time (TH ) is defined as

the period from the instant the accepted
call starts to the instant the call completes.
e  Cell residence time in the origination cell

(rl) is defined as the time that the mobile

user travels from the point where the call
is originated to the edge of the cell.
e Cell residence time in handoff cell

(ti i =2,3,4...) is defined as the time

that the mobile user travels through a cell
(edge to  edge) reached  after
(i =1, i=2,3,4,...) handoff(s).

Many previous literature introduced techniques
and expressions to evaluate number of handoff
probability and handoff rate. In early literature the
following assumptions are commonly used : the
call holding time and the cell residence time are
assumed to be exponentially distributed, and calls
arrival is a Poisson process [3,4,5,6]. However,
because of technological advances and the
growing interest in personal communication
services, and because of new marketing service
plans (e.g. flat-rate service), mobile users behavior
pattern was changed such that they use there
mobile devices for longer period of time and more
frequently. Hence, the exponential distribution
may no longer appropriately models the service
time or the interarrival time of practical 3G
networks [7,8,9,10]. In recent literature, several
techniques were introduced to determine number
of handoff probability and handoff rate where
more general call holding time and cell residence
time distributions were assumed [1,2,11],
however, there are some limitations in the
introduced techniques. For example, in [1,11], the
authors introduced techniques to determine
number of handoff probability and handoff rate for
general call holding time and cell residence time,
however, it is assumed that the Laplace Stieltjes
Transform is existed for call holding time, which
may not be satisfied for heavy tailed call holding
time distributions such as gamma and Log-Normal
distributions [2]. In [2], the authors used
Transform Approximation Method (TAM) to
approximate the Laplace Stieltjes Transform of the
call holding time, however, this technique requires
recursive procedure to determine the approximated
transform which may requires more time,
resources, and effort. In this paper, we introduced

a new approximation that may be used to evaluate
the number of handoff probability and handoff rate
in systems with arbitrary call holding time and cell
residence time distributions. Unlike past
researches which require that the probability
density function (pdf) of the cell residence time
and/or the pdf of the call holding time are known
and have known rational Laplace transforms, our
technique only requires that the first two moments
of the cell residence time, and the cumulative
distribution function (cdf) of the call holding time
are known. The rest of this paper is organized as
follow: In section 2, the analytical formula for
handoff number probability mass function (pmf)
and handoff rate are derived. In section 3, the
developed expressions are applied, and numerical
results based on the analysis as well as computer
simulation are presented. Finally, some concluding
remarks are made in section 4.

2. NUMBER OF HANDOFF PROBABILITY
AND HANDOFF RATE

Let (H) be the number of handoffs of a
nonblocked call during the call connection, then
for nonblocked call, H =0 if the cell residence

time in the origination cell n is longer than the

call holding time (TH ), H =1 if the call

terminated because of the first handoff failure or
the call make the first successful handoff and
completed successfully in the new cell, and so on.
Then, for a nonblocked call the handoff number
probability mass function may be found as

R(T,<t), k=0
1)
H:k = k
T e qnendonf s
(T, >t (1R R
which may be simplified as
1-Pr(T, >1), k=0
Pr(H =k)= @
=k)= Pr(T, >4, +. 4t ) (1R, )7 -
k>1

Pr(Ty, >+, +. 4t ) (1-Ry )k

The main key to evaluate Pr(H = k) using

(2) is to find the probability density function of the
random variable 7y, =1 +t, +..+ty , assuming
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that  (t, t3,..ty ) are independent and

identically distributed random variables. In
literature, several techniques were used to do so,
such as using Laplace Stieltjes Transform or using
transform  approximation method, as we
mentioned above. In this paper, we will start by
approximating the pdf of the cell residence times

Mtorntm and then use the approximated

result(s) to derive the pdf of the random variable

m - It was shown that two processes are

(approximately) equivalent if they have the same
first few moments [12], hence, a moment
matching technique may be used to approximate

the pdf of the random variables r;,t,, ...ty . One

of the most flexible standard distributions is the
gamma distribution, by changing its parameters it
can take many shapes that may be used to
approximate other distributions as shown in Fig.
2, in addition, gamma distribution is the general
case of several distributions, such as Exponential
distribution and Erlang distribution , which are
used in many literature to model the call holding
time and the cell residence time. Based on that, to
derive an approximated pdf of the random variable

Nm » the residence time in the first cell r is
approximated by a gamma distributed random
variable that has the same mean Hr, and the
residence time in all subsequent cells are
approximated by a gamma distributed random
variable that have the same mean ,uti and

variance atz_ , such that
[

1 -1 At

frl(t)El_w, (3)
and
a o -1 —pt
~ﬂil e

where fy (t) is the pdf of the random variable x,

X -1

o0
and F(x ) =0t e_tdt . Hence, the mean and
0

the variance of the random variable t; may be
found from (4), respectively, as

o 2 a:

H, :ﬂ:’ o, =7 ©)

A

Solving (5) for a; and By we have

ﬂti
& :ﬂt.ﬂi! ﬂi =7 (6)
| Jt

Similarly, for the residence time in the first cell

o
we have ﬂrl = —1, and letting /3 = B we have
1
erll“ti
ay = =5 . 7
1= M Py 2 ™

{i

Based on the above, the random variable 7y,

is a summation of (m) gamma distributed
random variables that have the same shape
parameter 'Bi , then 7y, is also a gamma

distributed random variable with parameters
am=ag+(m-Ya, ad  B=f=4 (@

hence, the pdf of 7, may be found as

ﬂam tam —1e —ﬂt

i = ) ®
From (2) we have
1-Pr(Ty >1), k=0
_ (10)
"y ooae
kel
Pr(Ty > a) (1R )
then
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1)

where FT (t) is the cumulative distribution
H

function of the call holding time. Hence, the mean
of H may be found as

E[H]=

§ k Pr(H =k).

2o (12)

3. Hlustration and Discussion

To lllustrate the use of the proposed method,
we evaluate the probability mass function of the
number of handoff and the mean of handoff in a
cellular network, in which the cell residence times
are assumed to be a generalized gamma random

variables, with parameters al,bl, and C1» for the

origination cell, and N b and Ci for all other

subsequent cells, meanwhlle, the call holding time
is assumed to be exponentially distributed random

variable with mean

. Hence, we have [13]

"y
_”I'Ht
Fr, (t)=1-e : (13)
and
) A
q+— A+
9 P ‘g
ity rla)y (14)

=ttt

Substituting (14) in (6), (7), (8), and (13) in
(11) we have
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(15)

!
H

o o
A4 A4
LREM "

LR
From (12) and (15), the handoff rate may be

k-1
k>1.

(--Ry) 1Ry )

found as
" k4 * " :
E[H]‘kék{(lpw) [ﬂl ﬁ‘l’H} {L(lpﬁ)[ﬂ'ﬁm] ” ( )
1 ( A - A iE g |
Tmalas,) 14 f’f.J é‘{(wﬁ )[/" ”‘fH]
then
q
i (14>H)[ ] -(17)
aq "
e ( , y A,
(1‘%)@ , A )| i
- 1—(1—PH)[ d ]
Gia

Fig. 3 shows the probability mass function of
the number of handoff as a function of the
number of handoff, as evaluated using (11), and
computer simulation. From the figure, we can see
that the analytical results derived using the
introduced technique and the computer simulation
results are in very good agreement for different
system parameters. The handoff rate derived using
computer simulation and analysis, for different
values of the call holding time and cell residence
time means is shown in table 1, the results show
that the approximation that was used in the
introduced analytical method leads to a highly
acceptable accuracy.

TABLE |. HANDOFF RATE FOR DIFFERENT VALUES OF CALL
HOLDING TIME AND CELL RESIDENCE TIME MEANS

Handoff
Call Origination cell
holding cell residence | Simulation | Analysis
time residence time handoff handoff
mean time mean mean rate rate
4 1 15 25758 | 2.5932
4 15 2 1.8269 | 1.8388
6 1 15 3.8324 | 3.8479
6 15 2 2.7921 | 2.7966
8 2 4 1.9974 | 2.0096
8 3 4 1.768 1.7801

4. CONCLUSION
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In this paper we introduced a new
approximation technique that may be used to
evaluate the probability mass function of handoff
number and handoff rate in cellular system. The
advantages of this technique are, firstly, its
flexibility such that it may be used with any
assumptions for call holding time and cell
residence time distributions. Secondly, unlike
other techniques, which require the distribution of
the cell residence time which may not be available
in practical applications, this technique requires
only the first moment of the origination cell
residence time, and the first two moments of
subsequent cells residence time to evaluate the
handoff probability mass function and the handoff
rate. The results obtained from computer
simulation and the analysis show that the
introduced approximation technique produces a
highly accurate results.
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Figure 1. Timing Diagram for Cell Residence Time and Call Holding Time.
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Figure 3.a Handoff Probability Mass Function.
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Figure 3.b Handoff Probability Mass Function.
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