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Impact of PCS Handoff Response Time

Yi-Bing Lin, Senior Member, IEEE

Abstract—In a personal communications services (PCS) net- In this letter, the network response time is characterized by the
work, the network delay for a handoff request is limited by probability « that the network fails to complete the handoff
a timeout period. If the network fails to respond within the = ,5ceqyre within the timeout period (for a particular network

timeout period, the handoff call is forced terminated. We study ti distributi b ted b
the effect of the network response time on the performance response time distributiony can be computed byr[t > 7]).

(the call incomp|etion probabmty) of a PCS network. Our Study In some SpeCIfIC PCS netWOfksJS I|m|ted to be |eSS than 0.1.
indicates that at a small offered load, the network response time
has a significant effect on the call incompletion probability. We
also observe that the effect of the network response time is more Il. AN ANALYTIC MODEL

significant if the mobile residence time distribution at a cell has We propose an analytic model to study the effect of the

a smaller variance. probability « that the network fails to complete the handoff
Index Terms—Forced termination, handoff, network response, procedure within the timeout period on the call incompletion
personal communications. probability. The following assumptions are used in the model.
e The call arrivals to/from a mobile phone are a Poisson

|. INTRODUCTION process. The net new call arrival rate to a celhjs

« The mobile residence times, in a cell have a general
distribution with the density functionf,,(t) and the
Laplace transforny},(s). The expected mobile residence
time is Etm] = 1/n.

« The call holding timet,. is exponentially distributed with
the meanl/p.

N A personal communications servic¥CS) network, the
service area is populated with a large number of base
stations (BS’s) with each providing coverage in its vicinity.
When a call arrives at theoverage areaof a base station
or cell, the destination (or the originating) mobile phone is
connected if a channel is available. Otherwise, the call is
blocked (this is referred to as rew call blocking. When a 1N€ output measures are:
communicating mobile phone moves from one cell to another, A, handoff call arrival rate to a cell;
the channel in the old BS is released, and a channel is requiregy ~ probability that no idle channel is available when a

in the new BS. This process is callédndoff In a perfect new/handoff call arrives;

environment (where handoff occurs instantly), a handoff call o = py—new call blocking probability;

continues if an idle channel exists at the new BS. In a practicalpy =1—(1—a)(1-p) =1~— (1 —a)(1 - p,)—forced
environment, there is an handoff time delay before the mobile ~ termination probability or the probability that a hand-
phone connects to the new BS. The handoff time delay is off call is blocked. Note that a handoff call is forced
constrained by a timeout period. If the delay is longer than terminated if the network handoff response time is too
the timeout period, the handoff call is forced terminated. The long (with probability «) or no channel is available

impact of network response time on handoff performance has  (with probability p;);

not been studied in the literature. We investigate this issuepnc call incompletion probability.

Specifically, we study theall incompletion probabilityor the We modify the derivation of\;, in [1] by considering the
probability that a call is not completed due to a new cafirobability « that the network fails to process handoff within
blocking or a forced termination. Assume that the netwottke timeout period. Consider a communicating mobile phone
response times have a density functifn, and the timeout in a cell. Letr; (72) be the probability that a new call (handoff
period is7. Define« as the probability that the network failscall) of the mobile phone is not completed before the mobile
to complete the handoff procedure within the timeout perioghone moves out of the cell, then from [1], we have

Then

. m=2]1- 0] and 7= £

a=Pit>1= | fy(t)dt. .

t=T Consider a homogeneous PCS network structure where the rate
of the handoff calls flow in a cell is the rate of the handoff
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30 number of blocked calls i®, A, At + prAnAt. Thus py.
L:a=0 is expressed as (3). Note thai. # p, + p; because an
95 4o a=005 incomplete call may successfully make several handoffs before
; : . X o .
it is forced terminated.
o:a=0.1 The expectediwell time(i.e., the channel occupancy time)
20 7 E[ta,] for a new call is derived in [2]
pnc .
15
(%) Bltal = & = %5 [1- 0 ©)
10 e
The expected dwell time for a handoff call is
5 —
Eltan] = 1 1 - 6
) - il = 1= 70 ©
2 4 6 8
@ The probabilityp, is computed by using the following iterative
algorithm and (2), (5), and (6).
30
tra= The lterative Algorithm
250 a=0.05 Input Parameters: )\, (the new call arrival rate), (the call
o:ra=10.1 completion rate),c (the number of channels in a BS), and
20 fm(tm) (the mobile residence time density function).
Pre Output Measures:)\;, (the handoff call arrival rate)y, =
(%) 15+ p, (the probability that no idle channel is available when a
call arrives or the new call blocking probability), apd. (the
10 call incompletion probability).
Step 1: Select an initial value for\,.
5 S Step 2: Computep,, (to be elaborated).
Step 3: Apotd — An.
0 I I Step 4: Compute ), by using (2):
i ' ’ i ( ) )
Nl —po)[1 = f ()] Ao
mhibmamwg M= U= (1= )1 = po) )]
Fig. 1. The interaction between and 5 (¢ = 8). (a) A = 0.008, Step 5: If [Ay,— Ay 014 > 6y, then go to Step 2. Otherwise,
n = 0.125p. (b) A = 0.008, n = 0.5p4. go to Step 6. Note that is a pre-defined value.
Step 6: The values for\;,, andp, converge. Computg,,.
by using (4):

Equation (1) implies that a handoff call overflows from a cell
to its neighbors in two cases.

* A new call is not blocked (with probability — p, = *
. n(1 —po)[1 — fa(w]ll — (1 — &)(1 = po)]
1 —p,) at the cell and the call is not completed before p,. = p, +
o) P ulL = (1 — a)(1 = po) ()]

the mobile phone leaves the cell (with probability).
* A handoff call is not forced terminated (with probability In Step 2, the system under study can be modeled as an
M/G/c/c queue. By using (5) and (6), the net traffic to a cell is

l—pr=(1-a)(1-py)=(1-a)l-p,) at the cell
and the call is not completed before the mobile phone
leaves the cell (with probability,).

= Ao Eltago] + An(l — @) Eltan
The probabilityp,. can be derived from (2): r [fao] + AL = ) Eltar]

_ Ao et o= apo)[L = fu(w)]
_ Anpy o pll = (1= )1 =po) fia(w)] S
Pne = Po + )\0 (3)
(1= p)[l = 5] = (1= a)(1 = p,)] Since the blocking probability for an M/G/c/c queue is the
=Ppot W= (1 — o) (L = po) ()] : same as an M/M/c/c queue [3],
4) ¢
R V. )
Equation (3) is interpreted as follows. In a peridd, there ? ’ doisolpt/ih)

are \,At new call arrivals to a cell. These new calls generate
ArAt handoff calls. Among these new/handoff calls, thehere B(p,c) is the Erlang loss equation.
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I1l. DISCUSSION AND CONCLUSIONS the mobile phone leaves the cell, anddoes not have any

We discuss the impact ofc on p,. based on the ana- effect ON Pne- . .
lytic model in the previous section. Assume that the mobile 2) Intéraction Between and the Offered Load¥Fig. 1 in-
residence times in a cell have a Gamma distribution [4fiCates that the effect oft is more significant for a small
Depending upon the values of the parameters, the Gam_ﬂf?red load than a large offered load. In other words, it is
distributions can be shaped to represent many distributions'B@ortant to reduce the network response time for a small
well as shaped to fit sets of measured data determined by @ifgred load. At a large offered load, reducing the network

mobile phone speed, moving direction, the size of a cell, afgSPONse time does not improve the performance. We also
the signal propagation. observe (not shown in Fig. 1) that the effect of the network

For any~ > 0, a Gamma density function is response time is more significant if the mobile residence time

istributi vari .
distribution at a cell has a smaller variance
Brer—le—ot

£t = where F(fy):/ e N dr
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