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Performance of Mobile Prepaid and Priority Call
Services

Ming-Feng Chang and Wei-Zu Yang

Abstract—in this letter, we conduct simulation experiments to  forced-termination and call incompletion probability. Details of
study a mobile phone system that provides priority and prepaid these terms can be found in [6]. In the queueing schemes, when

ﬁ"é‘)'r']psrgg’;fgz n‘ésl'onrgDZ?(;VS";?Vir;‘é‘ieﬁés’t)le‘?}”gg’\fﬁg‘pgoge\'/e‘(ﬁfry ttr;; the resources are not enough, a priority call is placed in a queue
computer simulations. We observe that there exists a threshold until the resources are sufficient. On the other hand, a call re-

point such that beyond this point, increasing the number of mobile quest issued by a mobile without the priority service is blocked
switching center ports (service node ports or the radio channels) if the resources are insufficient. We have studied the priority call
does not improve the system performance. Furthermore, our service in [8]. In this letter, a timer is also set when a priority
results show that priority assignment schemes may significantly ]| is placed in the queue. The buffered request must be served
affect the operator’s revenue. . . .
before the timer expires and before the mobile leaves the cell.
Index Terms—Prepaid call, priority call, service node. Otherwise, the call is dropped. Based on the above model, we
investigate the performance of an integrated service that com-

l. INTROGUCTION bines prepaid call and priority call services.

ECENTLY, the prepaid service has grown rapidly in II. AN ANALYTIC MODEL

mobile phone service business [7]. Four billing tech-
nologies have been used in mobile prepaid service: hot billi
approach, service node approach, intelligent network approa
and handset-based approach. We have studied performanc‘?—)e
the hot billing approach in [1] and the service node approa

In this section we use the analytical technique developed in

to study the performance of prepaid and nonprepaid call
’Yices. This technique uses an iterative algorithm where the
ly model [4] is utilized in each iteration to compute the

in [2]. Since the service node is widely deployed today, we u éocking probabilities. Since the Kelly model does not consider
' e queueing effect of the priority calls, the results of numeric

it as the platform for prepaid services. The architecture of th ) .
nalysis were used only to verify the correctness of computer

service node approach is depicted in Fig. 1. In this archite® ) . o .
ture, a service node (SN) is connected to a mobile switchir‘?{jnul""t'ons that support both prepaid and priority services.

center (MSC) using high-speed T1/E1 trunks and the MSC iSAssume that the MSC connectsi@S'’s. BS: is equipped

connected to base stations (BSs). Each BS communicates WitH! & radio channels for communication. Let the number of
mobile stations through radio channels. ports of the MSC and the SN iex Cysc and2 x Csy, re-

Two types of calls (i.e., nonprepaid calls and prepaid CaII%v's.)ectively. The call arrivals. to BBare assumeq to be Poisson
exist in the network. For each originating prepaid call, the MS ith “’?‘;e*ou fcl)lr n_?rr:prepmd new c_aIIs and_ with rﬁegiffor .
routes the call to the service node for call processing. After tReePal _newltlzal S easksu?ﬁtlonlllsheﬁg.erlm_enta ?Et (;]r voice
service node performs service control functions (e.g., checking V/c€ In celluiar n_etwor s. The callholding times o Ot. hon-
the credit), the prepaid call is routed back to the MSC and th8 epaid and prepaid calls are assumed to be e'xponenyally dis-
to the called party. Thus, to set up a prepaid call, it requires ol Utfﬁ with mea;]rl/u. Assum;a;hatéhel cell resld:nce time of
radio channel, four MSC ports, and two SN ports. On the oth@fMople station has a general distribution with m .

In the Kelly model, a route is a fixed path that accepts some

hand, for a nonprepaid new call, the MSC directly routes the callII ! A th#tt denotes th t of all rout
to its destination. Hence, it requires one radio channel and t S In progress. Assume enotes the set ot all routes.
etr ; andry; (1 < 4 < k) denote the route of nonpre-

MSC ports to set up a nonprepaid call. . . .
When a mobile initiates a call and the resources are insf?s?'d and prepaid calls served by BSrespectively. Len =

ficient, the call is blocked. Many priority solutions based on "’ ”Tlhzv e Mg n?‘z_,uﬂ??‘z,z? o ﬂrzf,k] be a|§R|_d>< 1
the queueing schemes have been proposed to reduce the RGI{%, Wheren.., ; (., ;) is the number of nonprepaid (pre-

blocking and incompletion rates [3], [8]. We assume that tfgid) Calls in progress on the routg; (r,), V7 (r2;) € R.
readers are familiar with the terms such as new call blocking, erefore, vecton denotes the state of a stochastic process on

e network. Since the total amount of resources used by the
outstanding calls should be no more than the capacities of the
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Fig. 1. The architecture of the service node approach.

Let p; ; andp, ; be the offered load on the route; andrs ;,

E : ?n

respectively. LetF, ;(¢) be the new call blocking probablllty 95 Py
of nonprepaid calls in BS andP, »(¢) be that of prepaid calls e
in BS i. Let Py 1(¢) and Py »(¢) denote the forced-termination 5 7 207
probability of nonprepaid and prepaid calls in B&spectively. 7, P
From the offered load equation in [G}; ; and p> ; can be ex- Ify Po;c
pressed as (%) ) 0

Aot - . 5]
p1,i=<¢>{1+M} fori1<i<k ? L

pw+n p+nPs 1(L) 0 I B e — 0 T ‘ T

o (L = Py (i) 200 220 240 260 280 300 320 240 280 320 360 400
P24 = < ki ) |:1 + :| fori1<:<k (1) Cwmsc Cusc

et e+ 77Pf, (4) @ )
According to the Kelly model, the stationary probability of the;; »  Eftects ofcysc for variousd (k = 36, ¢ = 10, A, = 5y, =
staten can be computed as 1 min~1, 5 = p/5,Csy = 150 andT, = 30s). (@)d = 20%. (b)d = 80%.

k pn k pnTz,i
pm) =G ] Lt ] lH i ] (2) Let P,. (i) and P,.(4) be the call incompletion probability
i=1 ()t i=1 (et of nonprepaid and prepaid calls, respectively. From [6, eq.

. L 14)].P.., andP,,. can be expressed as
whereG is a normalization factor to ensure the}, s p(n) = (A4 Pre, 1 (2) 200 P

1. Let S5 denote the state space where a prepaid new call is _ _ g
blocked in BSi. A prepaid new call is blocked if either no radio Fre,1(é) = Fo1(4) + nd 1 For *(L))[l Pfl WlPrald)
channel is available or the capacity of the MSC/SN is insuffi- L= L) + Pra(dfi(w]
;:_ient. A staten € S; if n satisfies one of the following equa- Presli) = Pya(i) + (1l — P, 7*(L))[1 — fE()]Pr2(4) -
ions or inequality: p[l = f1() + Pra() 1 ()]
Ny, TNy, =6 wheref; (1) is the Laplace transform of the density function of
k k the residence time.
Cusc —2 < Z Ty + 2 Z Ny, SOMsC The values ot; andk determine the scale and the configura-
i=1 i=1 tion of a PCS network. We consider a homogeneous network
wherec; = ¢, Aoli = Aoly Ao2i = Aoz, P1i = P1 and
Zﬂrz,i =Csy. ()  pai = po, for1 < i < k. The homogeneous network model
‘ is a good approximation for a large-scale network. In this case,
From (3), we have the blocking probabilities, forced-termination probabilities and
call incompletion probabilities for all BS’s are the same. We
P, (i) = Z p(n). (4) usethenotations,, = P, 1(i), Po2 = P, 2(2), Pr1 = Pya(4),
VnES; Pf2 = Pf, ()1 Pncl = Pncl( ) andPan = PN(’Q( ) for

1 <4 < k. The values of,1, P,a, Pf1, Pya, Pre1 @and P,
P, 1(4), Pr1(¢) and Py (%) can also be derived with similar can be computed by using the iterative algorithm in [6] with (4)
equat|ons and inequalities describing the resource constraiatsd (5) until all values of blocking probabilities converge.
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I1l. NUMERIC RESULTS

solid: scheme PP
_| dashed: scheme NP

Based on the analytical model described in Section I,
we have validated our simulation model. Each simulation
experiment was repeated 4000000 times to ensure stable
results. In this section, we present the simulation results on the
performance of prepaid and priority call services. We assume
that a priority call can wait in the queue f@ seconds. The
queued call can be served if the resources are sufficient before
the waiting timer expires and before the mobile leaves the cell.

(NT$)

A. Effect of the Number of MSC Ports

In this subsection, we consider the case where only the pre- o
paid new calls are given priority services. Lef be the total Fig. 3. Effectofo (k = 36,c = 10, A, = Ty, jt = Lmin—", 5 = 1/3
new call arrival rate of prepaid and nonprepaid calls. A& .. = 360, Csx = 150, T, = 30 secs and = 0.5). ' '
the ratio of the new call arrival rate of prepaid calls over that of
total new calls (i.e.d = A\p2/),). Let P, = (1 —d) P, +dP,2,
?f = (1 - d)Pfl + deQ andpf,. = (1 - d)Pncl 4+ dPpes.
ProbabilitiesP,, PT andp,. provide the net effect of the output
measures for both nonprepaid and prepaid calls.
Fig. 2 plotsP,, P; and P, as functions ofCysc,
k = 36 andc¢ = 10. The values ofc and k& are chosen to
capture the behavior of a system without incurring high ovele
heads associated with large simulations. Intuition suggests that
as Cysc increases, the probability that a new call is blocked IV. CONCLUSIONS

decreases an#f, decreases. In addition, since the number of | ths |etter, we studied a mobile phone system that provides
accepted new calls increases, the number of available chanpgisyity and prepaid call services based on the service node ap-
decreases anl; increases. Fig. 2 also shows that there exisfyoach. We observed that there exists a threshold point such that
a threshold poinCy;s; such that beyond this point, increasingyeyond this point, increasing the number of mobile switching
Cusc does notimprove the system performance. The value @nter ports does not improve system performance. Similar phe-
Clisc shifts from 260 to 340 forl = 20% (i.e., less prepaid nomenon can also be observed in the effect of increasing the
calls) t080% (i.e., prepaid calls dominate). number of service node ports and the radio channels. Finally,
Our results indicate that an improper expansion of the MSfe propose a revenue function that can be used as a guideline

capacity may notimprove the system performance. Similar phg-select the priority assignment scheme.
nomenon can also be observed in the effect of increasing the

number of SN ports and the radio channels.

« > 2), scheme PP provides higher revenue than scheme NP.
On the other hand, the scheme should be selected to favor the
calls that have higher traffic ratio. From Fig. 3, we observe that
where Scheme NP is better than scheme PRIfer0.1, and ford = 0.2
whena < 2. We conclude that bottianda have significant ef-

ct on the choice of priority assignment schemes.
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