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Abstract

Thew is 7 growing interest in deploying pultimedin ser-
vices in mobite ceflular netvworks. Call admission control
fCAC) iz a key factor in quality of service (Daf) provision-
g for these services. We propose a CAC which maxi-
ntizes the vevenwe By finding oot cafl admission decisions
FJoreach state. A seri-Markor decision process is employed
to model the ceflilar systam. Also, the Qo8 requivesent
siech as the handoff drepping probabifity iz taken into con-
sideration. Simfations veveal that owr CAC owperforms
the wpper fimit CAC while satisfeing the Qo8 requirements.

1 Introduction

With the recent advances in mobilefwieless communi-
cation technologies, there is a glowing interest in deploying
muoltimedia services in mobile cellolar networkes (HCH ).
For mobile moltimedia services, the existing MCW for
woice-orented services, needs to be adapted in nomerons
aspects. Call admission contmol (CAC) is one of soch areas
in need of adaptation to accommodate multimediatraffic.

The connection-level guality of service (DoS)in MCMs
is nsnally expressed in terms of call Stocking probabifity
and cafl dropping probabifite [1, 2], The call diopping
pmobability is the pmbability that an accepted call will be
forced to terminate before the completion of its service. Ac-
coming to [1, 3], the call dropping probability is directly
poportional to the handoff dropping probabifity which is
the probability that a handoff attemmpt fails. Therefore, we
tocnson the handoft dropping probability asthe main Qo3
equirement inthis paper Inaddition, an attractive CACfor
service providers shoold maximize the revenoe.

Borthe sake of clarity, moltimedia cals belong to molti-
ple and different types of classes and will be efened 1o as
mititiciass calls henceforth. Typical CAC policies in wire-
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line muolticlass networls are complete sharving (C5), comt-
plete partitioning (CP) and threshold. Tn the C5 policy.calls
of every class share the bardwidth pool. Wheeas, in the CF
policy, bardwidth for each class isexclusively mserved. In
the thresheold policy, a newly awiving call is blocked if the
nurmber of calls of each class is greater than or eqoal to a
predefined threshold. Tt is proven that the thieshold policy
is optimal in two-class networks [4]. However, the thresh-
old policy is not optimal in general multiclass networks.

The above-mentioned thiee policies ae classified as the
coordinate-convex poficy. The coordinate-convex policy
boasts of easy tractability; thos, several CAC schemes in
this policy have been proposed [4, 7, 8], Howewver, it
turns ont that incertain cases coovdinate-convex policies are
strictly suboptimal. Instead, it isindicated that a CAC using
sewi-Markor decision process (SMDP) can maximize the
revenie for molticlass networks [5].

A few proposed CAC policies are based on SMDFE. Kwon
et al. [9] toolk into account only one isolated cell and re-
sorted to linear programming (LFP) formalation to find oot
optimal decisions. Yoon et al. [10] also proposed the CAC
policy considering acne-cell networl; they used an appiox-
imation technique to solve an SMDP-formulated problem.
However, both approaches take into account only one cell.
In this paper, we model a one-dimensional cellular network
and desciibe how to find out optimal admission decisions,
which wounld be nseful in more general casa.

The rest of this paper is oiganized as follows. A model
of a molticlass MCM is illustiated in Section 2. Section 3
describes how to find out an optimal CAC policy. Momeri-
cal results are shown in Section 4. Finally, we conclode this
paper in Section 5.

2 Model Description

The cellolar system onder considercation is one-
dimensional [1-D), which is deployed in streets and high-
wars[11]. Our system consists of IV cells as shown in Big-



oie 1. Alen, we considera general model of malticlass calls
with mobility chaacteristics.

Suppose that there are K classes of calls in an MCM.
Call reqnests of class<4 (§ = L,2,..,KYin cellm R =
1,2,.., ¥} are assumed to form a Poisson process with
mean acnval rate )L“,,-. The call holding time (CHT) of a
class- call is assumed to follow an exponential distibation
with mean ll.i"js,-. The bandwidth of a class+4 call, L.e., the
nurmber of channels required to accommodate the call, is
dercted by b;. Finally, for each on-going class4 call, wv-
€nue is accrued at ate 7.

The following simple model is assamed for mobility
characterization. A mobile terminal (MT) mowves thiough
the whole cellular system. The cefl residence e (CRTY,
i.e., the amount of time that an ®T staysin 2 cell beforr
hardoff, is assumed to follow an exponential distiibuation
with mean 1f%. Here, we assume that the CRT is indepen-
dent of class. Hence, any class call in each cell follows the
same CRT distribution. Mote that the parameters iepresents
the hardott rate. boreover, an BT is assumed to handott o
its adjacent cells with equal probability. Tn ooar 1-D cellular
network, the probability that an M T will handeff to one of
its adjacent cells is(}.5. Conseguently, the rate that acall in
agivencell will handoff 1o one of its adjacent cells is p/2.

The total bandwidth (in nomberof channels)ineach cell
is the =ame and denoted by £, assuming a fixed channel
allocation (FCAY scheme. Burthermmore, it is assamed that
the handwidth of wideband call can be scattered across the
bardwidth pool [3, 5, 8].

Our traffic model is summarized in Figare 1. The ar-
rival ate of class4 calls that originate in cell-w is denoted
by )L",,-. The ate of class-i calls that depart fiom a cell due
to service completion is denoted by ji;. The rate of class4
calls that handoff to our system from ontside is deroted by
hpi{m=1orN). Also, the rate of class-icalls that hand-
off from a given cell to one of adjacent cells is expressed by
/2.

The curent state of our cellolar system is then repre-
sented by the vector

T=(F1 1100 T1 K Ta 1y mey T2 Ky vy TN 1y ooy TN K (10

where Iy, ; denctes the nomber of classy calls in cell-w. In
the absence of contml, the set A of all possible states is
given by

X
A={x: Ei),-:rm,.- LI = Oitore = 1,2,..,N}.

i=l1
(2)
Ultimately, for each state x, a CAC policy shoald find oot
an “accept/reject” decision for all kinds of traffic (new call
and handoff callyin Figore 1.

3 SMDP Approach in Our CAC
A1 SMDP Overview

The coriginal semi-Madcov decision process [SMDP)
model [17] considers a dynamic system which, at random
points in time, isobserved and classifed into one of seversl
possible states. After observing the state, a decision has
to be made ard the coresponding revenue for each state is
gained. Bor each state =, a set of actions is available. This
contiolled dynamic system iscalled an S8 DP when the fol-
lowing Markovian properties are satisfied. if a a decision
epoch the action a is chosen in state x, then the time until,
ard the state at, the next decision epoch depends only on the
prEsent state I.

Consequently, we focus on finding oat an optimal de-
cision for each state. An SMDP-formulated problem can
be solved by a tew methods [12] ameong which linear pro-
gramming {LP} has an advantage that additional constraints
can be easily incorporated. Thus, using the LF approach,
we can guarantee the upperbound of the handotf diopping
probability.  Finally, we apply the LF approach to solve
the SMDP-tormulated CAC problem in onrcellular system,
which aims at both maximom revenne and QoS guarantee.

12 Our SMDP Approach

We basically adopt the SMDP appioach introduced in
[5]. Decisions are made befowe, rather than after, the oc-
curience of an event. The SMDP state of the system at a
decision epoch is given by the vector s = (z,€}, whee =
isthe vector of class-{ calls firom Section 2. The variable £
represents the event type of anarival andisgiven by

EE {ﬂl,lg sy K] K1y 2K ,02 1, ...,ﬂN;K}
(33

That is, the indicator oy, ; (0. i € {0,1},)denotes the origi-
nation (eventiof aclass-{ call within the cell w2 whend < K,
while it denotes the amrival (event) of a class< call doe 1o
handoff flom adjacent cells when d 2> K + 1.

In this case, when the system is in state x, an a-
cept/e]ect decision most be made for each type of possible
awival. Thus, the action space B can be expressed by

B = {{a11,0132,0N2K) 2 0n; € {0,1}
s =1,2,.,N;i=1,2,..,2K}. (4

Borexample, when W =2, K =2 and

(211,012,01 3,814,02,1,02 2,025,024}
={1:ﬂ:1:1:1:1:1:1} (3}

thenonly an ovigination of 2 new class-2 call within the cell-
1 wonld be mjected. The action space is actnally a state-
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Figure 1. Traffic Model in Our Cellular System.

dependent subset of B denoted by

Ba={2€B:tn:=0ifr+en; ¢ A} (6)

where ey s a vector of zews, except for an one in the
{m # {K — 1} +1)-th position.

If the system isin state = € A ard the action @ € B, is
chosen, then the expected time, 7 {z, @}, until a new state is
entered is given by

N K
T{m,ﬂ} = [Z E{}'ﬂ,iﬂﬂ,i + T ifbi + Ty i ‘?}

w1 i=1
K
+ E{hl,iﬂl it hN,iﬂN,i}]_l . (7}
=1

On the right hard side of (T}, the first two terms, l",iu“,.-
and T ije;, @present the mte at which calls originate from
and terminate at cell-w, mspectively. The thid term, &, 47,
means the rate of outgoing hardoffs from the cell-w, while
the last two termns, fr; 0, ; and by san ,, Epresent the mte
of incoming handoffs to the oo system. Mote that the in-
coming handoff calls firom outside arive only in the boond-
awy cells (cell-1 and cell- W To summarize, the transition
probahility Foey from the state = to any next state y € A
takes one of the expressions in Table 1.

In the row 1 and 2 of Table 1, A, i8,,; and b, 0., i
mean the rate of originating of a class-i call and incoming
hardofts from the ontside of our system, espectively. In the
mw 3, 4 and 5 of Table 1, &, 4y and J:,,,,-'r;l.l’ﬂ represent the
rate of terminating of class+ calls and ontgoing handoffs
to the ontside of onr system espectively. Tn the row 3, 4
and 5 of Table 1, £, {1 — 0n w4 I9/2 means the rate of
diopping incoming handoff class-{ calls to the cellw. Also,
In the row 6 and T of Table 1 mepresent the rate of handoffs
between cells within oor system.

Let v{x,a} be the revenue mte when the cell is in state
r and action a has been chosen. It v; is the revenue rate of
class+ call, then the total wvenue ate forthe cell s calcn-
lated by

K
rizr,a) = E-r,-:r,.-. (83

i=1
The untilization of the system can be obtained by replacing
with by in (8). Precisely, we should also consider the effect
of handoff call dropping into the definition of mvenoe mate.
However, we assume that the effect of bandwidth nsed by
forced-terminated calls is negligible in oo TP formaolation.

A3} LP Formmlation

The LF associated withour SWDP forthe maximom ev-
enue is given by (9}, where the decision variable zaz repre-
sents “the long -run fraction of decision epochs at which the
gysterm is in state & and action a istalen”™

maximize E Z riz,alr(x, a)z,,

acA R,
5t E E TT, a) 20, = 1,
acAoceR,
Z Zya = Z Z FroyZaz, ¥E M,
zER, nEA oE B,

Zna 20, xEMh ac B, L9y

By solving the LP formulation in (99, we can obtain an
optimal CAC policy. However, we also need to consider the
(Jo3 requirements: the npperbonnd of the handoff diopping
pmobability. Tet I} denote the maximum tolerable hand-
off diopping probahility of a class-i call. Hee, we shoold
consider this probability from two aspects: external handoft



Table 1. Transition Probability B,

[ T I I A P B e R

{-}ln,iﬂn,i + hn,iﬂn,ff'l-l'}'r{:: ﬂ}

A i i T, O

Toi{pti + 72 + {1 — ag i/ 2 7{x, a)

Traliti + {1 — an—1 g {2 + (1 — @ni1 gy {2y 7iz, a)
Tmititi {1 — en_1 k472 + 9/ 27ix, a)

Fri Ol K+ "?.l‘rﬂ Ti{r, a}

Fri O —1 K+ "?.m Ti{r, a}

=T+ Eni, n=1lorlV,
=T+ Eni, n=2.,N-1
F=T—€ni. =1,

=T —€n,, n=2.,N-1,
=T —€n,, =N,
¥F=T—€ni tept14. =L...,0N-1
WF=T—€pi tep_14. n=2..,N,

0 otherwise

from ootside and intemal hardoft between cells inonr sys-
tem. Then the following constiaint needs o be added 1o the
LP formulation in (%) 1o satisty the QoS requirements:

Z E {1- ﬂﬂ,K-i—i}T{::ﬂ}zmn < iy,
acheER.
fori=1,2,.,K and e =1laor¥ 1%

E E[Dil[ 3 &n i +Eﬂtn,i]l

acA agcH, i
N1

-{ E'{I —linyl Kopilla +
famm 1

N
3 (1= nt R MY (2, 6} 220 2 0,
-
fori=1,2, .., K. (11)
Equation 10} represents the apper bound of the handotf
dopping probability from ontside. Recall that the handott
diopping pmbability isthe pmbabillt;i;that handott attemﬁt
tails. Then, the handoff diopping probability between cell-
iz — 1) and cell isgiven by
Ti@a] 2na{{l — dn K4i]@n—1,4 W2+ (1 —dn_1 K4i]Tnd B/2]}
(@ ) 2na(Ta_1,i 12+ Tn ¢ 0]
Mext, we can extend {12} to the all cells within our sys-
tem. The upper bourd of the handoff dropping prebability
between cells is represented by

N-1
{z z T{F O} Z0a] E{l — Bt 1 K i) T i N2

acheeR,

N
+ E{l — O K T B2 1)

N-1
< D.-{E E T{:n,u}zm{z T i 2
ach B, —l
N
+Z-’ﬂn,i ﬂf'rﬂ}}:

fori=1,2,...,K. (13)

Table 2. Complexity of the Simulation {C=5,
K=2, b =1, by=2).

| M || yaltH | columns | non-2ems |

1 16 113 12
2 153 12320 144

pFrom [13%, we can get the constraint (11},

4 MNumerical Resulis

Bor numerical resolts, we simolated one-cell model
(W = 1) and two-cell model (W = 2% becanse the ocom-
plexity increases exponentially as M increases. Table 2 il-
lustrates the complexity of two models.

We compare our SMDF CAC with the upperlimit (UL}
CAC policy [13] that has a threshold €; for a class+ call
oviginating in 2 cell. (The UL CAC is eguoivalert to the
threshold CAC. ) Por example, for a two-class case in one
cell, the UL policy with threshold (2,1} blocls a new class-

« (1] call originating in 2 cell if there ave aleady at least two

class-1 calls in the cell. Similady, it blocks 2 new class-
2 call orginating in the cell if the® is aleady at least one
class-2 call in the cell An incoming handoff call of any
class is accepted only if the® are enongh available channels
for the call.

As the number of bandwidth onits (channels) increases,
the complexity of the coresponding LP formuolation in-
creases exponentially [3]. Hence, we compare the ahove
CAC policiesinthe case of small bandwidth capacity. Here,
Welet ! =5, K =20 =1,y =2 14 =002 a2
Ly =004

Simulations ae cavied oot as the Erlang load (A, /)
of every class increases. Mowover, the handoff call amival
rate to onr system is assumed to be proportional to the new
call arrival mte by b, ; = @A, (# = 1 or V) for every
class. Here o is set to 0.5, Thiooghoot the experiments, the
CHT 11/ and the CRT (1%} is assumed to follow expo-



b
..-:
_.: [ A
L i c
3 N - i B . e a—
:_: B LS S = K - —+— L 7 Ca5s
" A" - e L - LI B R
v v _.-i B PR -E o
Pt LSS . - — E- TN e BEE
R - B -
o "
.:-"} E - -
" _':' - ..
L0 0 053 [ el s " -
e " L 1 1
Fil I

Figure 4. Handoff Dropping Probability from
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Figure 3. Utilization vs. Erlang Load {N=2). Ll —

nential distribotion with mean 100 seconds ard 60 seconds,
espectively [14]. Figure 5. Handoff Dropping Probability from

The ntilization of a cell is the main performance met- outside vs. Erlang Load (W =2).
ric in the above simulation experiments. The utilization of
both CAC policies in the case of onecell model (N = 1}
and twocell model (AN = 2 aE shown in Figore 2 and Fig-
ne 3. We adopt the highest otilization of UL policy that
satisfies the npper bound of handoft dropping probahility.

Figored ,Figne 5 and Figore 6 demonstate that oo policy
and UL policy satisty the upperbonnd of handoff diopping o
probability.

Figunre 7 shows the weverue ratio in the cases of one-
cell model and two-cell model. Here, the revenoe ratio is -
defined as the ratio of the mvenoe of our 3MDF policy o - x
that of UL policy. As shown in Figare 7, the ®venoe ra- IRl L
tio of twocell model is genecaly greater than that of one- el e e e e
cell model. We believe that the advantage of our policy can Eambes
increase accomdingly as the number of cells in oor model
LICreases.

Mote that solving LF problem is an off-line procedute. Figure 6. Handoff Dropping Probability be-
That is, call admiszsion decisions ae foond oot a priod be- tween Cells vs. Erlang Load (Vv = 2).
tore operating CAC. Also, the technigues for solving lage-
scale LP problem soch as [13] can be used to apply to the
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Figure 7. Revenue Ratio vs. Erlang Load.

cases of lage cellular systems and/orcellolar systems with
large capacity.

5 Conclusion

It is anticipated that demands for multimedia services
will grow in future mobile cellolar netwodcs. Optimal CAC
iz eszential for the efficient ntilization of scarce mdio hand-
width. We proposed an optimal CAC policy that can max-
imize the revenoe while satisfying the QoS requiements.
The proposed CAC policy models oar cellalar systems us-
ing the semi-Markoy decision process (SMDP). The linear
progamming method for solving the SMDP is employed
to find oat the optimal CAC decisions for each state. Sim-
ulation experiments ae cartied out to show that our CAC
outpertorms the upper limit CAC while satisfying the apper
bound ot handotf diopping probability.
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