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network congestion praile
dynamic pricing is iSedfto So ency. Since, dynamic pricing
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handover users. The simulation results of new pricing scheme for moving users show

expected revenue. e callu]ar system has been mode

that expected revenue of handover calls will be higher than the conventional scheme
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balance equation AiuazlFrANaziunnsFanlduinisremsminlusignlias
(new call blocking probability, B, ) uazAiadniiaziilunuaudlenainsningnanian

(handover call dropping probability, B,,) An

j—i-1 j “m -m
B, =Jz ZJ: z(n,m) + ZJ: NZ z(n,m) + i ) z(n,m) (3.12)
m=0 n=j-m m=j—in=j-m m=j+1 n=0
=3 2(n N —n) (3.13)
n=0
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a111309 lsann
ER, ] = = ‘im(ﬂp(n,mZn(n,m)]+ ‘ jzllm(ip(n,mjﬁ(n,m)J

(3.16)
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q puazilunnainludazaaniuanmnisidasulihily p,
NINTUNUAN TUZIBTLLILIA S
S={(n,n,,n;,n,)[0<n+n,<(N-j),0<n+n,+n,+n, <N}

Tae n,n,,n,n,unudnuauae ldusnisuuun 1-4 luszuu uaz Auuali
r(n,n,,ng,n,;m,m,m,n,) uwudnsanistfguaniuy (transiton  rate) AINANUY

r(n,n,,n,n,) lueanue e(@, m,, 0, 0,) eduiagls

¥ |

r((n,ny,,ng,n,); (N =Lmy N, ))=n,  0<n+n <(N-j),0<n+n,+n+n, <N)
r((n,n,,n,,n,); (n +&M,, 0gN,)) = 4, ‘| (0<n +n, <(N-j),0<n +n +n +n, <i)
r((ny, My, N5 n,); (N 400, 0 0 ) £ 4, J(0<n +n, <(N— )i <n +n,+n +n, <N)
r((n, Ny, g0, ) (N, N, <4 g N0 = N /lg (00, £, (N — j),0<n +n,+n, +n, <N)

n

r((n,n,,ng,n,); (n,n, +8NNJ)= 4, L i@<n 0, <(N-j),0<n +n,+n +n, <i)

r((n,, 0,0y, n,); (N, 0+ 1,0, 10,)) = A, :::j:_(,oJ; n+ny<(N-j)i<n+n +n +n <N)
r((n,ny,ng,n,);(n,ny, 05 =1n,)) =R i, 0 <n +n, < (N-j),0<n+n,+n +n, <N)
r((n,n,,ng,n,);(n,n,n, +L n =4, ;(Q,ﬁjjnl +n, <(N=j),0<n +n,+n +n, <N)

r((ny, Ny, N5,10,); (N, Ny, 0y, =Y =1, 24, 50 <, +1n, < (N = j),0<n,+n,+n,+n, <N)
r((n,n,,n,,n,); (N, g0, +1) =4,  (0<n +ns(N=j),0<n+n +n +n, <N)
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C A y O . 224 - .
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NN LTI IeuEUR AN TIWAN AD 1, = g1 + 11, [25], [26] Tnennuualiiszuud
nsulasunlasAniEinisdassuuiauautesdyyiunnasgnldusnig i desdnynyin

asnaliidnseasrasnisidinldiinissasnaninludanauily 4 = g4, 39818190

NANTUMEUNINADNUE (state diagram) 1EAesLN 3.9

U

L T

Number of channels occupied by handover calls

14 ' iy (@D (G+2)u (J-Da
Number of channels occupied by new calls

sruvazidingninzAuAuiiaawintdesdyayinignlden i desdnyoio



34

iansanAtaNnaziiuiszuuazeg luaniue (n,m) lalilagld global
balance equation AiuazlFFANaiunnsFanlduinisremsvinlusignlias
(new call blocking probability, By, ) uazAradutnaziiluniuaudlenainsningnanian

(handover call dropping probability, By, )?m

j-i-1 ] j N-m N N-m
ZJ: z(n,m) + ZJ: D> z(nm)+ > D x(n,m) (3.18)
m=0 n=j-m m=j—in=j-m m=j+1 n=0
B+ J 7Z(n, N —n) (3.19)

n=0
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(B;) Wiy B, uszmaaAlladiainisian (By) tuaisnsounlfaindnadauaasnig
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4 el !
FaaNLNNsEen 3NN 3889 AR lrsevin A naNnash (2.3)

By =——— VI ENE: V.. (3.20)
1-1 1-1-m iF ] Id i N-m N N-m ~
{ ﬂ(n,m)ﬂi}{z SoammEds Doanm)+ > > z(nm) (4
m=0 n=0 m=0n=i-m ¥ m#:j—i+1 n=i-m m=i+1 n=0
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m=0 n=i—m m=j—i+lh=i-m m=i+l n=0

wazrArAIanisansse lfaaananinlua (expected revenue of new calls, E[R,])
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m=0 n=0 /vﬁ m=0 n=i—-m /vﬁ
j-1 jl=m( 7 (3.22)
n ;1 Z:(; ﬂlp(n,n:iﬁ(n’m)
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pandsaasselFaasuauslanasnemiln (expected revenue of handover calls, E[R,])

Au170u tFaN
SN ALp(nm)z(nm) ) &G & [ A4,p(n,m)z(n,m)
ERI=SS [ 53>
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L& Ap(nmz(nm) | & "E"( 4, p(n,m)z(n,m)
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Analytical Approach for Performance Evaluation of Pricing Incentives Based
Call Admission Control in Cellular Network

Chatkwan Pongmala and Chaiyachet Saivichit
Department of Electrical Engineering, Faculty of Engineering
Chulalongkorn University
Bangkok 10330, Thailand
e-mail: chatkwanp@gmail.com and chaiyachet.s@chula.ac.th

Abstract— In this paper, we investigate the effects of pricing
incentives in order to control the number of users requested
access in cellular system. The system has been modeled as
continuous time Markov chains with Poisson traffic for both
new and handover calls. With mathematical = results,
formulations have been derived to show the values of new
call blocking probability, probability of new calls are given
up because of changing price and the total revenue. The
results explain that by setting a suitable pricesit'not only can
reduce new call blocking probability but also_can inerease
the total revenue in the system. Althoughysome.ealls have
given up because of changing price.

Keywords-call admission control; pricing; handover

. INTRODUCTION

Nowadays, wireless mobile network / has been
developed to provide various multimedia services to"Users
with mobility in mind. As the demand of mobile services
has been continually increasing over the limited resgurees;
efficient resource allocation has become very important
issue. Without proper planning, this could cause the
network congestion problem. Using Call  Admission
Control (CAC) is a well-known strategy to control the
number of users and can also provide-Quality of Service
(QoS) to users [1], [2], [3]. Normally, call blocking
probability and call dropping probability are used to
indicate the level of congestion and QoS+ Since, handover
calls have higher priority than new calls,sguard channel
scheme is normally used toapply ifor, callsadmission
control [1], [3].

However, call admission ,control “cannot provide
incentives information to users t0 accept or reject calls:
Pricing is used as a decision indicator [4],-[5] .including
traffic management and congestion’ control.  Integration
between call admission, control ‘and "dynamic pricing ‘is
discussed in the literature [2], [6], [7], [8]. In dynamic
pricing, network provider charged the price based on the
amount of traffic in the system. In [2], [6], [8], they
dynamically computed the optimal arrival rate to
maximize total utility. The initial price is charged to users,
when the new call arrival rate is less than the optimal
arrival rate. Otherwise, dynamic pricing will be charged to
users who accept the price. This scheme is proposed to
reduce network congestion. However, it cannot provide
incentives to users when the network is underutilized and
every call consumes equivalent amount of resource. This
may not be suitable for the next generation network which
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can support several services. The work in [6] compares
the difference between uniform and non uniform cellular
network traffic. However, the same amount of bandwidth
Is consumed by every call. It is not suitable for the
netwoik that carries multiple types of services. In [8],
each-user.eonsumes various bandwidths depending on
services:in-{ 7], this paper analyzed the performance when
the price is changed dynamically based on the amount of
load. The price is constant until the amount of load
reaches the threshold point and the dynamic pricing will
then be applies. However, this paper does not consider
handover users. Because of the mobility of the mobile
users, it is necessary to extend the study to cover handover
calls.

_From the literature, the price of handover traffic is
computed at the call originating cell. Nevertheless, this
traffic will contribute to the increasing load in the cells
that handover call move passed. Therefore, the new calls
in these cells have to pay high price and it is unfair for
new calls. In this paper, we focus on the problem of
reducing network congestion and analyzing that pricing
incentives and how handover calls has effects over the
performance of single cell system.

The rest of this'paper is organized as following: the
proposed scheme s presented in section 2. Then, the
numerical results are’shown in section 3. In section 4, the
paper is concluded.

A. .. System Model

In our proposed model, the system will dynamically
change theyprice when trafficsin the system is high to
reachraysetting statel Whensthis@vent occurs, the system
willl inform-the current price, to users. Incoming calls are
blocked when the system capacity is fully seized and
some arriving calls may give up due to the current price is
too high. As an early work, we model the cellular network
with no guard channel. We assume that the capacity of the
system is N channels. New and handover call arrivals are
modeled as Poisson process with rate 4 and A, the
holding times are exponential distribution with mean 7/«
and 1/up. The system has no buffer and no retrial calls.

PROPOSED MODEL

B. Dynamic Pricing

Dynamic pricing is one of the methods that price
setting depends on the load in the system. When the load is
high, the price will increase and decrease when the load

3CA 2010
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Figure 1. 1-dimensional state diagram of the system that changes
price when occupied channels equal to i
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Figure 2. 2-dimensional state diagram of the system that changes
price when occupied channels equal o i

becomes lower. Some users do not accept the price, so the
numbers of users who are willing to accept the price will
affect the number of calls in the system. Demand funetion
is applied to represent “willingness-to-pay”. There “is
various demands function in the literature [2], [8]. This
paper [2] uses demand function as following:

P, —4IT(a) (1)

2

where, q is the percentage of users who accept the
changing price (or percentage of users in the system), pg is
an initial price and py, is the new price; Whenjthe traffic
load in the system is high, 'the system 'will limit the
number of users in the systém to alleviate network
congestion by using pricing scheme. After the system sets
the percentage of usersiinithe systeriy(q), then the system
will compute the price(py).

P, =P, +

C. State Balance Equations

The state diagram of the system with no handover calls
and handover calls is shown in Fig.l1 and Fig.2,
respectively, where Continuous Time Markov Chains
(CTMCs) have assumed to be the system state model.

In Fig.1, we consider only new call arrivals and assume
that price will be changed when the occupied channels
equal to i. The system wants to reduce new call arrivals
toAi=qxA. From local balance equation, we obtain

probability that the system is in state n at steady state as
follow:
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FH) o) 0<n<i
(n)= (ﬂ/;)’i iy @)
n—!ﬂ'(O) ;i<n<N
where
2(0) = 1 3)

(/) (/)
Sl | 2

From (2), When the system has N busy channels, new
call blocking probability (B) is given by

M”( 0) 4)

Then;probability of users that glve up calls because of

B=xz(N)=

" the changing price is defined as the ratio of the number of

users that will'not accept the new price to the total users
that originally want to make calls. Because (1-q) is
probability that ‘the users will not accept the changing
prlce we can obtain the probability of given up calls (Bg)
as_lfollow

P4 B, = (L-a)27(n) (5)

In Fig.2, we consider both new calls and handover calls

with no guard channels. When used channels equal to i,
then the system will change the price. So, the new call
arrival rates will be limited to 1 =qgx 4

Fromy local balance equation, we obtain the new call
blocking probabilities (By) and handover call dropping
probability (By) as follow:

N
B, =B, = > z(n,N-n) (6)

0

Then, the probability of new calls that give up because
of changing price (Bg) is given by

=3 Waxzm @)

n=0 m=i-n
D. Call and Time Congestion

Probabitiities in (4) and (6) are probabilities that the
system is saturated or the ratio of time that the system is
saturated because of-the ergodic property. These are called
time congestion (By). Practically, the system want to find
the proportion of arriving calls that will be blocked when
the system is saturated. Therefore, it is called call
congestion (Bc). Considering call congestion as follow:

B, x AxT Bx A

BC = N = i-1 N
D amxAxT Y zyx A+ Y z(n)x i

®)
We obtain (8) for one-dimensional system model and
two-dimensional system model is given by
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Figure 3. Numerical result of the system that changes price when
occupied channels equal to 4.

B, )
Bc_ i-1 N-n (9)
Zzﬂ(n m)xﬂ+zzﬂ(n m)xl

In this section, we use numerical result to iliustrate the
previous mathematical analysis by using MATLAB
program. In this paper, we assume that the'system is-
single cell and capacity of the system is 8 channels. In:the
first scenario, we consider one dimensionalisystem or only’
new calls. We set 1/p = 1 unit time, ¢'= 0.5 and initial
price (po) is 1 per unit time. When the occupied ehannels
(i) is 4, then the price will be changed. The results of new
call blocking probability; probability of calls that will-give
up because of changing price and total revenue; are:shown
in Fig.3, Fig.4 and Fig. 5, respectively.

In Fig. 3, the new call blocking_probability -of the
system that applies dynamic pricing is.-less than the result

NUMERICAL RESULT
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Figure 4. Probability of given up calls when probabilities of accepted
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obtained from the system that does&t—apply—dyrra‘mrc—s—"—*—

pricing. For our proposed scheme, thenew call blocking
probabilities from simulation are less than mathematical
analysis. It is because simulation =results are call
congestion but mathematical results are time_congestion.
This can be further supported by-equation,(8),

In Fig. 4, when the system sets probability of accepted
price equal to 1. It means that no users give upbecause of
price. So, the probability of given up calls because of
changing price is zero. On the.other. hand, if the.system
sets probability of accepied pricey equal to 0.5, ‘the
probability of given up.call ‘will"increase when ‘the new
call arrival rate increase but it will not exceed 0.5.
Although, some users give up because of changing price
but the total revenue of our proposed scheme is higher
than the traditional scheme as shown in Fig. 5.

For second scenario, two-dimensional system, we
consider both new and handover calls. We set 1/u, = 1/p =
1 unit time, A, = 2 calls/ unit time, g = 0.5 and initial price
(po) is 1 per unit time. In Fig. 6, our scheme can reduce
new call blocking probability compared with the
traditional scheme.
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