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~ Abstract— The effects joined by vehicular mobility are inves- dimensional Markov chain is used to obtain the blocking and
tigated in the performance analysis of cellular network. Tte  dropping probabilities for new calls and handoff calls pess
channel holding times induced from mobility and call holding tively [1]. However, the new call’s distribution is diffeméfrom

time are approximately modeled by general distribution to reflect , - .
an actual situation. We propose an iterative numerical algathm the handoff call's [3] [8]. Hence, the multidimensional Meav

to compute the performance values of the CAC as the values f@  chain may be needed.
handoff call dropping probability, new call blocking proba bility, In this paper, we develop a numerical algorithm computing

and hfandoff arri.val rate. Numerical experiment .ShOW.S that g performance of a CAC using a channel reservation and
numerical analysis results equal to the results of simulatin. handoff queueing, when there are different mobility patser

Keywords: Mobility, Call admission control, Cellular network, of users. We note that the mobility of wireless users impacts
Performance analysis, Numerical algorithm. the performance, such as the blocking probability and the
mean of delay. Thus, more realistic analytical model of the
mobility and service rate is needed. General distributiaadeh

Various handoff priority-based call admission control@A has computation complexity problems due to the exponential
schemes have been proposed [1] [2], and they can be broddbrease of dimension. Thus we propose a novel numerical
classified into two categories : Guard Channel (GC) Schemesthod to compute the performance values of the CAC as
and Queueing Priority (QP) Schemes. The GC Schemes h#éve values for a handoff call dropping probability, new call
been proposed by Hong and Rappaport [3]. In their schemeblacking probability, and handoff arrival rate, when new ca
number of channels in each cell are reserved for exclusige wsrival rates are known.
by handoff calls and remaining channels are shared by bothirhe remainder of this paper is structured as follows. In
new and handoff calls. In the QP scheme, when all channskction I, we consider a model of mobility, and the compu-
are occupied, either new calls are queued while handof§ cathtion method for the M{;,/C/K queueing model. The matrix
are dropped [4], or new calls are dropped while handoff cak®lution of the analytical model for Channel guard scheme
are queued [5] [6], or both calls are queued and rearrangeith handoff buffer is presented and the numerical algarith
[7]. In this paper, a handoff prioritization strategy withagd discussed in section Ill. In Section IV, the numerical resof
channel and queue is considered. In this scheme, any handodf analytical model is verified by some numerical examples.
request arriving at a cell when there are no available cHannEinally, conclusions are drawn.
can be queued for a fixed maximum time.

We note that there are some rough approximation in cel- o
lular system modelling in recent research literature.ttre A Preliminary of CAC
channel holding times for new calls and handoff calls have The probability that a new call is blocked is denoted by
been assumed to independent, exponentially distributed, anew call blocking probability (CBP},.;) and the probability
have the same average values [3] [8]. The mobility model ikat a handoff call is dropped is denoted by Handoff Call
important for different issues in cellular network probem Blocking Probability (CDP) P,4). These quantities are most
The mobility model should includes the effects from botkignificant QoS metrics in CAC scheme. When new calls and
direction and speed of mobile [9] [10]. They showed that thHeandoff calls are competing for the usage of a finite channel
distribution of the cell dwell time of mobile users has beeresource in a cell, their claims for QoS are different. From
characterized by the a generalized Gamma distributionpnwhesers’ point of view, a call forced to terminate during seevis
it is assumed that they are moving in a random movemeanbre annoying than the new call blocked at its start. Theegfo
pattern in a cellular network with hexagonal layout. Orlikda handoff calls commonly given a higher priority in accessing
Rappaport proposed that the sum of exponential distributithe wireless channel. This can be realized by handoff pyiori
can be approximated to the dwell time distribution [11] [12ased Call Admission Control (CAC) Schemes. We note that
Second, if all calls are identically distributed, then theeo the mobility patterns of mobile user such as slow or fastdpee

I. INTRODUCTION

Il. TRAFFIC MODEL IN MOBILE NETWORKS



influence to the QoS in wireless networks. The mobility plays T
an important role in the performance of a cellular networks.

B. The Effects of Mobility M J

The cell dwell times are modeled as exponential distribu- 1
tions, but real fast user’'s ones are not [8]. We can reasgnabl
assume that the holding channel times of the static user is a
exponential distribution. The average cell dell times fig‘H’l Fig. 1. The time diagram for call holding time and cell reside time
speed users depend on the speed of the users. The users are

moving in a random movement patt_ern in a cellular netWOrEt)mpleted or forced-terminated can be computed as follows:
We assume that the speed of users is known to the base station 4

and, furthermore, that classes of vehicular (fast) user ang,r(H —0)= 1— Py /”+]OO 1— fr(s) £ (—s)ds
pedestrian (slow) user can be distinguished by measurement 215 Jo—joo s der T

The cell dwell time of mobile user has been characterized (1= Py)(1 = Pyg)t"! /-(7+joo

by a generalized gamma distribution. The Gamma distributio Pr(H =) =
does not have a specific distribution shape. Depending on the
parameters, Gamma distribution can be used to model the frs-(Q —Phd)f*(S)][f*(S)]lﬂfc(—s)ds
exponential, the Erlang and the Chi-square distributidmee s
distribution of cell dwell time can be modeled by the Erlanwhere f*(s) defined by a Laplace transformation fft) and
function given by fr(t) is a distribution function of.
If the density function of the independent identical disri
flz) = puk (kpa) ! P ) tion calling holding times has a general distribution, tilea
(k—1)! ' - handoff rate for a nonblocking call is given by

] —joo

We denotek by Erlang Index. The average of this densit;E[H] — (1- ]?nb) /UHOO 1 = f(s)] f(=s)ds,
function is 1/ independent ok. The standard deviation is 2mj ojoo S2[1 = (1= Pra)f(s)]"" '
o= L\/E For simplicity, we assume that the distribution (2)

can be approximately identified by its mean and derivatid’?ﬁheref‘-‘(_t) Is o_lefined by the_distrib_ution of call holc_iing _time
of mobile users’ speed. Let, be the arrival rate for new and f(t) is defined by the distribution of cell dwelling time.

calls and),, be the arrival rate for handoff calh\;, depends \é\_/heg it, is za_srs]grrgjed tha:j the c]ell d(\j/vehll tin]thEjS' a _Erlang
on A, and the distributionf(¢) of cell dwell time. A mobile istribution with indexk and meary; and the call holding time

can move through several cells while being involved in a cd]fS @ exponential distribution with meah it is expected that

as shown in 1. the handoff rate\,, is
We discuss how the distributions of the cell dwell time and An = An(1 — Ppy)E[H]
the call holding time influence the distributions of the new Y
and handoff call channel holding times in Figure 1. It - (uo+kzu) ] (3)

denote the lifetime of the call holding that is the lengthnfro = An(1 = Pup) kit
the instant of admission to the base station to the instashwh 1= (1= Pra) (uo+ku)

the connection is terminated in the cell or in_ another ce#raf wherel /y is the average of call holding time. We can see that
several more handovers. If the call holding time has a negjati,e handoff call arrival rate, depends on the user mobility

exponential distribution with meag-, denoted byf, («), then (1) and the new call arrival rate\(,). The steady state values
the residual call length of the handover also has the safe A» and A, have a relation as the equation (3).

distribution, due to the memoryless property. Figure 1 show
diagram for our study similar to that in [13]. L&t be the C. M/Ey/C/K Modeling
call holding for a new call; for 2 < i < m be the typical ~ The Erlang distribution provides much more modeling
cell dwell time in a cell for a handoff user; be a residence flexibility than the exponential distribution. We will com-
time in the first cell for a new call, and; be the residual pute the blocking and dropping probabilities by using model
time when the call finishesn-th handoff successfully. The M()\)/Ey/C/K, where arrival process is a Poisson process
typical cell dwell time is generally distributed dependiog with arrival rate of customers\.. If customer waiting for
the velocity of a mobile user with mea. service in the queue does not receive service within the
The number of handoff timed? that a mobile crossestimeout interval, then the customer impatiently leaves the
different boundaries during a call holding time is a randomsystem. We assume that the timeout interval is a random
variable dependent on the cell size, call holding time andriable and exponentially distributed with megfy;. Erlang
mobility parameter [9]. From [13], it is known that thedistribution can be modeled by a tandem lofexponential
probability Pr(H = [) that a call madé handoffs before it is processes. The dimension of the state-space descriptturvec



increases. Fok processes, we require la+ 2 component wherem,, is the number of the p053|ble states when there

vector (n;ng, ng,ng—1,--- ,n1) to describe the state of thearen customersp, = [pn1  pn,2 pn,mn] is a column
system where is the total number of customers in the systenvector with dimensionn,,, and thei—th steady state proba-
the remainingi components:; for 0 < i < k represent the bility p,.,,,n,.....n, IS denoted byp, ; for i = 1,--- m,.

distribution of customers in various phases of service, and Hence the normalization equation is satisfied as follows:

is the number of customers in the queue. We can simplify t@ o i pns = 1. Dy, is a diagonal matrix whoséi, i)

notations as follows: entry equals the sum of all the entries in thth columns of
the matriced/,, 1, V,, andW,,_4, i.e.

( ]) (n;nq:nk:"' 7n]) Mn+1 Mp —1
(n; +) (N5 g, gy ni 4+ 1, ,ny) ZU J: 1) +ZV ) EWn(]J)-
]:
( ) (n;nlhnky"'nif]-t'“7”1) . R
B _ 1 1 Then, we obtain the detailed balance equations, = wp,+1
(nyi=,j%) = (nimg, g, ni — 1, i+ 1, m), Withun:eUnandwn:eWn,Wheree:[1 R | 1] is
wheren, is specially denoted by the number of customers ihe unity vector with lengthn,,. The state probability,, with
the queue. A lexicographic seétt,, is defined by respect ton customers can be computed py = > pn.i.
My = {(n;ng, g, -+ ,n1)} (4)  1ll. ANALYSIS OF CALL ADMISSION CONTROL SCHEME

wheren —n, = Zf:] n;. Here;n, =0if n <C.n,=n—-C A CAC with Guard channel and Handoff Queueing

if n > C. Letus define a lexicographic ordering relation on the We will analyze the performance of a CAC scheme with
setM,,. Let us define the ordering relatior) of the lexico- handoff queueing and guard channels. We assume that the

graphic labeling by(n;ng, ng, - -+ .n1) < (n;ng,ny, -~ ,ni) channel holding times for new calls and handoff calls are
if it satisfies one of the following statements: independent and have different distribution [3] [9] [11he
1) there is a firsfj from the left side such that; < n},and one-dimensional Markov chain model for CAC schemes as-
n; =n; foralli>jif 0<n<c(ng=n;=0) suming that cell dwell times of new calls and handoff calls
2) there is a firstj from the left side such that; < n}, are identically distributed may not be appropriate. Thenesf
ng = ng andn; = n} foralli > jif n > C. the multi-dimensional Markov chain model is needed.
The cardinality of a lexicographic ordering sét,, for n Let us consider the channel holding time. There are two
customers is defined by, (M| = m,). Accordingly, the kinds of channel holding times : a new call channel holding
cardinality of M,, can be computed by and handoff call channel holding time. L&}, andt,, denote

the new call channel holding time and the handoff call channe
(?'ka 1%‘)| (5) holding time, respectively. The new call channel holdimgeti
TR=D) whenN >n > C. is t,, = min{T,,r} and the handoff call channel holding
wheren! is a factorial ofn. This gives the number of the M€ iS twn = min{ry,¢,,}. Applying the Laplace transform
total elements of the state spade— 1 + anl m,. There of the probability density function of new call channel hialgl

is an one-to-one mapping such that n,, ng, ny_1, - ,ny) UME We obtain

{ kD! \whenl < n < C;
m, =

corresponds t¢n, 1) for 1 <1 < m,, with the same order. The Fru(s) = M i s F2(s + o). ®)
state probabilityy,.n, n,_,.--- .n, represents the probability for " s+po s+ "

which there are. customers in system and customers in the The Laplace transform of the probability density functidn o
phase of service fori = 1, - - - k, wheren,+ny_1+---+n1 = the handoff call channel holding time is given by
min{n,C}. If there is no ambiguity, we use the simplified o s

notationpy (1) = Pnin,.ny,ni_1 .- ni - EQuating flow in to flow fan(s) = + f*(s + o). 9)

out yields the global balance equations in (6). §HHo S po

Using a truncated system, due to the finite buffer length We separated calls into new calls and handoff calls when
for n > K, we can see tha,.., ne.ne ., — 0. We can considering the channel holding time. We need to consider
use numerical techniques for solving these equationsesiibe channel holding time for merged traffic of new calls and
we have a finite set of linear algebraic equations [14]. $eelBandoff calls. From (8) and (9), we can see that channel
proposed an algorithm for calculating steady-state pritiiap holding times depend on the cell dwelling time and call
in practical Ph/Ph/C queueing models [15]. The Erlangholding time. For simplification of analysis, we assume that
distribution (E) is a special case of phase-type distributiori§ie distributions of channel holding times is approximétgd

(Ph). Using the above ordering relation, the vector-valugdrlang distribution. We study the multi-dimensional Mavko
balanced equation can be written by chain under the assumption that some random variable, such

. . . as dwell time may be modeled by the Erlang distribution.
Dopo = Voo + Wopr Therefore, the multi-dimensional Markov chain may be
Dypn = UnPn—1 + Vb + WnPni (7)  needed. We study the multi-dimensional Markov chain under

Dnpn = Unpn_1 + VNN, the assumption that some random variable, such as cell dwell



( APo;o = ppra+ if n=20 (6a)
A+ np)pPnyj = APp_1- + (1 + 1) ppy g 1+

1 _
+ ICZ(WH + V) upn(i1)+ i fo<n<C (6b)
o1

A+ Cu)pnj = ;(nm T Y P o .

APn-t- MWPpiamf + (n1 + D) pppgr k- 1+

A+ Cpt 4 ngm)Pnsj = APn15j + (ng + 1)0p,, 5+

= if K>n>C (6d)
(77,1 + l)luer»]:k*,lJr + Z(ni+1 + l)upn:(i+])+,i*
i=1
k—1
(Cu+ngm)pnj = APn—1;j + Z(nz’+1 + 1),upn:(i+])+7i* if n=K (6e)

\ i=1

time may be modeled by the generalized Erlang distribution

[9] [11]. We develop an algorithm that computes the blocking Figure 2 shows an example f&f = 6, M = 2, N =1

probability of new calls and the dropping probability ofand B = 3. Let p,, ,, denote the steady-state probability

handoff calls. We develop an algorithm that computes thkat there are:; new calls andr, handoff calls in the cell.

blocking probability of new calls and the dropping prob#pil Let us consider the two-dimensional steady-state proibabil

of handoff calls. p(n1,ne) occurring in theM / Ey, /C'/ K queueing system. The

We assume that each base station has a finite buffer shgisson interarrival and Erlang distributions i/ E;,/C /K

B. Let C be the total number of channels in a cell alfl queueing system can model two-dimensional Markov chain

and N be the number of channels only assigned for new cabis a generalized version of two-dimensional Markov chain

and handoff calls, respectively. There @&'e- M — N shared proposed in [16].

channels that can be used by either type of call. All channelsLet us define a vectofi; = (n;,nik---,ni1). FOrc

are employed in a first-come first-serve manner. The quegervers, we require & + 2 component vector to describe

model can be described by a two-dimensiofialj) Markov the state of the system, which is defined by;;i;) =

chain, wherei andj denote the number of existing new call§n;; n; ,, n; g, -+ ,n;1) in (4) wheren; = n;, + 25:1 ni

and handoff calls in a cell, respectively. The state spacefig i = 1,2. The new call and handoff states can be re-

given by ordered by lexicographical labeling. Let,, ,, denote the
S={(6,j)0<i<M,0<j<C—-M+B or state probability that there are, new calls andn, handoff
M<i<C—-NO0<j<C—i+B) calls in the call. The probability,,, », can be divided into

The statq(i, j) transits to(i+ 1, j) with rate \,, if channels for
new call become available (i.é.< C—Nori+j < C) and to

(i, j+1) with transition rate\, if the handoff buffer is not full.
When one of the channels occupiedbgew calls is released
with rate iu,, the state(i, j) transits to(i — 1,5) with rate
114,. Two kinds of processes will contribute to the transition
from (i,j)to (i,j—1). fi<Mandj<C—-Mori>M
andj < C — i (i.e., no queued handoff calls), the transition
from (i, j) to (4,7 — 1) occurs with rateju,. Wheni < M
andj > C— M andi > M andj > C —i, the transition from
(i,7) to (4,5 — 1) occurs with ratgC —i)up + (j — (C —1i))n
and(C — M)un + (j — (C— M))n, respectively. The region of
the two-dimensional Markov chain can be divided into three
parts, as follows:

S ={(i,5)i+j<C,0<i<C—-N,0<j<C-M}
Sy ={(i,j)[i < M,C - M < j < C~ M+ B}
Sy ={(i,))li+j>C,M <i<C- N}

Fig. 2. Two dimension Markov Chain



Dny.n, DY lexicographical ordering. The transition diagram for
the new and handoff call bounding schemes with buffers for
handoff is modeled by the two-dimensional Markov chain. . N
Define py, n, (I1,12) such thatp,, n,(1,12) = Pn,.i, nois ye
where 7i; is I; elements ofM,, for i = 1,2. The state d
VECtor f,, n, can be defined such that = m,, s1 + s2 )

element ispy, n,(s1,$2). In order to handle the total state o
probability easily, we define a vectdp, such thatP, = (@) Analytic CBP
[ﬁo,n Plin-1 *° Pn-11 ﬁn,o] where the total number . J—

of new calls and handoff calls is. Then, we can obtain a
global balance equation, as follows:

Unﬁnfl + (Vn - Dn)ﬁn + Wnﬁn+1 =0, (10)

for 0 < n < K. The detail derivation is omitted for the space
saving. We solve the following equations

QP =0
EP =1

(11) (c) Analytic CDP (d) Simulation CDP

Fig. 3. The loss probabilities(CBP and CDP) for Guard chbawith respect
whereE =[1 1 --- 1].Using the results, let us computel© queue length

the new call dropping probability, the terminated handattf ¢
probability, and queueing delay as QoS metrics. A new call

arrival is blocked when it arrives at th?_Sta(tEJ) € Ss. « Output values: the handoff call arrival rate\,, the new
Therefore, the new call blocking probability,, is the sum call blocking probabilityP,,;,, and the handoff dropping
of the conditional state probabilities when a new call a&siv probability P,.

in the state(i,j) € Si, such asP,;, = Z(me& pij- The
dropping probability of a handoff call can be calculated as
the fraction of the incomplete handoff calls whose mobile
leave the handoff area prior to their coming into the first
gueue position and getting a channel. The dropping prababil
Ph,d\(i,j) is defined byPhd = Z(i,j)eHD Dij where HD = Pnb,old — aPnb,old + (1 — a)Pnb
{(,j)eSlj=C—-M+B,ori+j=C}. Praota & @Prgorqa + (1 — @) Pha,
B. The total cellular system where0 < a < 1.

We want to compute the CAC parameters as the values for  4) cOmputg the new-call-blocking and handoff-call-

1) Select initial values forP,;, and Py, .

2) Compute the handoff call rate, as (3) (the instant
value can directly be measured).

3) Update old values:

a handoff call dropping probability?,;, new call blocking dropping probabilities ®,, and P4, respectively)
probability P,,;, and handoff arrival rate\,, when new call by using the results in Sec. llI-A.

arrival rates\,, are known. These values can not computed by 5) If |Poup.ota — Pu| @nd|Pha 010 — Pra| are larger than
using local information in a single cell, but need the global the given thresholds, then go to step 2. Otherwise,
information. However, it is impossible to know the global go to the final step

information, because the total cellular system is verydarg 6) The values for\,, P,; and P, converge.

and dynamics. The values fdi, depends on the integrationin Step 3,a is an exponential moving average factor. The
on each the drop or blocking probability of the total celtulaconvergence rate depends an

system. So, we believe that a local valueXpf measured in
single cell is not a steady state value and is a dynamicakvalu IV. NUMERICAL RESULTS
depending on instant state. Therefore, the value$fQr P, In this section, the numerical computation results obtiine
An, and ), should be predicted by an iterative method undevith our analytical model are discussed. We compare the
the simplified model similar to [17] [3]. Beginning with anperformance QoS metrics of CAC with guard channel and
proper initial guess for the unknowns, the equations aneesol finite queueing and reneging for various parameter settings
numerically using an iterative method. This section shows h to find the critical parameters of the performance under the
to use an iterative technique to computg,, and P4 using assumption that the cell dwell time distribution is an Egan
the equations derived in Sec. llI-A. The iterative algaritis  distribution.
as follows: Figure 3 illustrates the effects of the change of Erlangsinde
Algorithm 1 (Iterative algorithm): ComputeP,;, and P,4:  on the new-call-blocking and handoff-call-dropping protba
« Input parameters. the new call arrival rate,,,, the number ities, depending on queue length with respect to each Erlang
of channelsC, and the mean and derivation of the celindex. We set\, = 10, A\, = 10,C =3, M =0, N = 0,
dwell time. th = unp = 5, and0 < B < 5. We compare the different



under the assumption that cell residence time has a Erlang di
tribution. We have made CAC performance analysis reflected
mobility effect. We have proposed a numerical algorithm
to compute the QoS metrics, such as the new-call-blocking
probability and the handoff-call forced-terminated prioitigy
when the distribution of channel holding times is an Erlang
distribution. The complexity of the computation increases
exponentially as the Erlang index increase. By numerical
experiment results, we have verified that there should be a
tradeoff between the exactness of the performance model and
the computational complexity. We have verified the analysis

(1]

(c) Handoff arrival rate

Fig. 4. The CDP and CBP probabilities with respect to Erlamgek k& (2]
(3]
Erlang distributions with same me%n but different variances
(k]—Q, when guard channel schemes with queue is used. WE
can see that there is some differences in the blocking ar{oJ
dropping probabilities for different Erlang Indices. Wenca
verify that the results of our analysis are almost equal t&!
the results derived by the event-driven simulation in Fig 3.
Here, arrival process in each cell is generated with idahtic
independent distribution. However, it is known as Erlangslo [6]
that the steady state probabilities for ah/G/C/C is the
same as those of aW /M /C /C with the same arrival process [7]

' ' reliance by using event-driven simulation. In future woitke
multidimensional mobility should be researched.
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