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Abstract—Due to scarce radio resources (e.g., wirelesslink
bandwidth), the cell size is likely to become smaller to in-
crease frequency reuse ratio, especially in next generation
mobile cellular networks. In this scenmario, the analysis of
handoff traffic is crucial for adequate oS provisioning.
With the assumption that incoming handoff traffic into a
cellis equivalent to ontgoing handoff t raffic from the cell, we
propose an iterative computation technique to analyze hand-
off traffic approximately. The iterative relaxation method
i= employed to calculate the steady state probabilities. The
call block ing probability and the handoff dropping probabil -
ity are accordingly obtained. We conduct the approximate
amalysis of handoff traffic in the case of trunk reservation
call admission policy and compare the resultz with those of
simulation experiments.

I. INTRODUCTION

Crver the past decade, the cellular networks have been
deployved to provide mebnle telephony serwice to users.
The cellular aechitecture consists of 4 backbone netwotk
with fixed base statons (BSs) intetconnected through a
fixed netwotk, and of molle terrminals (BITs) that com-
thumcate with 2 BS wia wareless hoks. The geograptucal
area withun whuch an BT can commumeate with a partic-
ular BS 15 refermed to a cell. A set of channels (hme slots,
frequencies, spreading codes, or acombination of these) 15
assighed toeach cell and a channel 15 asaigned for commu-
mcation between an BT and the BS 10 the cell.

When an MT moves from one cell to ancther wihile a
call 1510 progress, the call requires a new channel (in the
forward cell) to continue commumeaton. This procedure
ofchanging channels 15 called handeff. While perferming
handoff, 1T no chianne] 15 available in the forward cell, the
handeff call 15 deopped. In genetral, thus handoff deopmng
15 mote unbearable to users than the new call blecking.

As the cell size becomes smallet, the impact of hand-
off traffic on quahty of service (Qol) 1n mehile cellular
netwotks 15 becoming more and more sigmficant. Specif-
wcally, three (oS performance measures-the probabihity of
call blecking (£y), the probabtihty of handeff dropping
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(L), and the probatnhty of forced tetrtunation duting a
call {Pg)-are widely studied 1o the hterature. Among these
petfortmance measures, £ 1s almost directly propottional
to £y [1], [2], therefore, we focus on £y and EFy hereafter.
To evaluate the above petrfotthance metnics of a cellular
systetr, the handoff traffic should be analyzed, whuch 1s
the focus of this paper

The rest of this paper 15 orgameed as follews. The ana-
Iytic mode] of our cellular system 15 described 1n Section
IL. The ieranve analyss techmque 15 discussed in Sechion
IIL Mumetical results are shown in Section IV, The con-
cluding retnarks are given in Section V.

II. MODEL DESCRIPTION

We consider 2 mode] in wiuch the B s move along an
athtraty topolegy of cells. Each cell has the same capac-
ity of £ channels. In each cell, new calls are generared
according to 42 Fousson process with mean rate A, we as
sume a spatially homeogeneous eatffic dismbunen. The un-
encumbered call duration tme of a call follows an expe-
nential distibution with mean 1 /. Moreover, the cell res
idence time (CKT of every BT 10 a cell 15 assumed to be
exponential with mean 1/n. For the study of generahzed
distnbutions of the CRT, please vefer to [4] for detals.

Our appresamare analysis 15 based on the estumanon of
handetf call amival rate, Ay, inte a cell. Also, we adoept
the trunk reservation call adonssion control (CAC) algo-
tithm [1], [3]. In this medel, a call 15 assumed to coccupy
a angle channel. Let ¢ be the number of channels exch-
sively meserved for handodt calls. In the ttunk veservation
CAC algonthm, t channels are reserved for only handoff
calls to lower the handoff dropmng probabihicy. That is,1f
the number of avalable channels 15 less than or equal to
t, 4 newly armnng call 15 blocked, while a handoff call s
always accepted unless there 15 no move avallable channel.

If we can know Ay exactly, the steady probabuhty of state
x 13 calculated by
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whete state & means that there are x ongomng calls o a
given cell. Also, £ 13 the normahzanon constant and 15
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After calculanng the steady state probabnhnes by the
above equations, the call bloclang probabihty, B, 13 given
by

P, = Z T (3
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Alsn, the handoff dropmng probabahity, Fiz, 15 the steady
state probabihty when there 13 no available channel, and 15

zven by
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ITI. THE ITERATIVE AWALYSIS

In cur approxmate analysis of handeff traffic, the basic
assumpticn 15 4 stanstcal equhbhinm between cutgeing
handoff traffic and incommng handoff traffic when the mo-
bile traffic 13 assumed to be spanally umformly distibuted
ovet the whole cellular system. That s, from a long-term
perspective, the amcunt of cutgong handeff traffic from
a cell 15 assumed to be equal to the amoeunt of incotming
traffic into the cell.

Here, we develop cur analync framework as follows.
Let ¢y be the transition rate from state 2 to state y. Then,
according to out trunk reservanon CAC algonthim, gy 13

cwven by
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Let g be the steady probabnhty of state 2. Also, §1sthe
set of possible states. The steady state probabnhines shonld
sansfy the following state balance equanons

3 attey =0 (7
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with the additienal netmahzanon requirement that
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Tw calculare the steady probabihty of state space 5, we
need to know handoff call amval vate, Ay, In the proposed
approximate analysis, we estmate Ay by

Ay =17 Z Xiflg ()]
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MNote that the above handett call amval tate 15 approw-
mated by the product of hand off rate (the reciprocal of the
CKT) and the average number of ongong calls. More pre-
aisely, (9 represents the outgong handoff rate from acell.
Recall that cur basic assumpticen 15 that cutgoing handetf
traffic 1s equivalent to incomung handoff rate.

The ireranve procedure to calculate Ay and thereby the
steady-state probalnhties are descnibed as follows. Tm-
nally, Ay 15 set to 0. And the corresponding steady-state
probatnhity 15 calculated. (Thisis sc-called the 1t itera-
tion.) Then, we te-calculate A, through (30 to (9). There
exist quite 4 few methods for numenical calenlanon of
steady-state probabuhines. We employ the iteranve relax-
anon method which boasts of fast convergence [5]. Let
ﬂiﬂ be the j-th iteranon for the steady probabnhity of state
x. Lete{z),x € &, be an ordeting for 2, 1.e., 2 one-to-one
mappng from 5 to 1,2, ...,|5]. Given ggy, this method is

desctibed by
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whete e, (0 < w <« 2, 13 the relaxation factor. We terate
the above procedure unnl the convergence 15 reached.

1V, NUMERICAL EESULTS

In this section, we first explain how to configure the cel-
lular system 1n the simulatcn experiments and the perfor-
mance metrics of the proposed approximate analyss and
those of simulanon experiments are then shown.

The cellular system assumed 10 the simulahon experi-
ments 15 depcted in Figure 1. To remove the boundary ef-
fect, we design the overall cellular system with the sum that
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Fig. 1. The Cellular System in Simuolation
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Fig. 2. Cell Index in Handoft

every cell 13 connected to exactly six neighboring cells.
Mote that 1o this figure, the cells in the boundary are fict-
tously drawn.

Let @ and & dencte the number of columns and tows 1n
the cellular system. Then, the total number of cellsisas b
From a cell n, an outgoing handodf call from the cell n 15
assurned to handeff ene of six neighbeting cells with equal
probatnhty 1/6. The index of six adjacent cells of the cell
n 13 detertrnned by Figure 2. Note that the cell index 13
calculated by a modular operation of ab. For example, if
the calculated cell index n — & 4+ 1 15 negatve, the final
whdexis n —a + 1 4+ ah Likewise, 1fthe cellindex n +a
15 greatet that ab, the final index is n +a — ah.

The tota] available capacity 0 wittun a cell 13 chosen as
20. In Figure 3, the call blecking probalnhty and the hand-
off deopmng prebabhty of cur analysis and sumulation are
shown as the Erlang Ioad incteases in the case of & = 20
andt =4

In Fignre 4, the call blecling probatahity and the hand-
off dropmng probatility of our analysis and simmlation are
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Fig. 3. Byand Py when{ =M andt =4

£77 270

100

[t arwe

nir

N

srlHosicenoe o caec )

- e SitTL atior JPas
--= - =i Ao R L

——anzksis P

—=— FnFhEiE R

Fig. 4. Byand Py when{! =M andt =4

showh asthe CET dectease s (handoff rate incteases) where
the Etlang load1s 20, Note that I} decreaszes asthe handoff
rate thcredses.

V. CONCLUSLON

As the cell aze 10 next generation mokile networks 15
likely to becomes smaller, the impact of handeff raffic on
20310 motle cellular networlcs 15 crumal accordingly. To
evaluate the performance metrics {e.g., the call blocking
prebabuhity and the handeff dropmng probabnhny) of cel-
lular networlk, the calculaton of handoff traffic 15 2 key
factor. With the assumpnion that incetung handoff traf-
fic into a cell 15 stahistically equivalent to cutgomng hand-
off traffic from the cell, we propose an iteranve techmque
to analyze handeff waffic appresumately. The relaxation
method 13 employed tooteranvely solve the state transinon
equations. We conduct the approximate analyais of hand-
off taffic in the case of trunk reservanon call admission
pohey and venify the results by simulanion expetiments.
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