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Call Admission Control in Mobile Cellular Systems
Using Fuzzy Associative Memory

Sivaramakrishna Mopati, and Dilip Sarkar

Abstract—In a mobile cellular system quality of service the lifetime of the call, which requires successful hand-
to mobile terminals (MTs) is measured by the probability of  off from the current cell to the new cell. A handoff will
new call blocking 1%, and the probability of forced termina-  pe unsuccessful if enough resource is not available in the
tion, Py;. Since the available bandwidth in a cell is very lim- new target cell. As a mobile may cross many cell bound-
ited, both P, and Py, cannot be reduced or avoided simul- _ . . L .

aries during the lifetime of a call, failure to get successful

taneously. Usually keeping theP;; below a designated level ) i
is accepted as the measure of quality of service. Admissionhandoff at any cell boundary will force the service to end

of new calls is controlled to reducePy,. However, there are abruptly, which is known aforced termination and its

at least three parameters (new call arrival rate, mean dura- probability is calledorced termination probability?y;.

tion of calls, and mobility of users) that can and change dy-  With the increase in demand for wireless services, wire-
namically. Moreover, these parameters are related with?s;  |ess networks are making use of micro/pico cellular archi-
via complicated non-linear equations. Therefore, Call Ad- tectyre. This means reduced cell size and increase in the
mission Control (CAC) for maintaining a desired value of number of cells in a given geographic area. This in turn

Py, is a very challenging task. No CAC algorithm has been . ,_ -
reported in the past that can function well with dynamic increase the number of handoffs and tebability of

changes to all these three parameters. We proposed an al-forced terminatiorfor MTs.

gorithm that addresses this issue. The new algorithm uses The average lifetime of a call in the system is known
a fuzzy controller to adjust the call pre-blocking load value ascall holding timeor call duration (and is denoted by
with the changing traffic parameters. The fuzzy controller 1/4). The average time that a call resides in a particular
makes use of fuzzy associative memory (FAM) to maintain ce|| is known agesidence timer cell dwell time(and is

the required QoS. The use of new system in dynamic raf- qangied byl /7). The new calls arrive in a cell at a mean
fic conditions is illustrated. Providing the required level of arrival rate of\ calls/sec. Thdoad of a cell is the ratio

QoS, the algorithm also increases the channel utilization. f | arrival I leti
The proposed CAC with FAM is compared and contrasted of new call arrival rate to call completion rate,= A/u

with previous CACs. Erlangs/cell.

Index Terms—Call holding time, Cell dwell time, Quality L
of Service(QoS), Fuzzy Associative Memory, Call Admis- A- Q0S and Variation of System Parameters

sion Control. The QoSof a cellular system can be measured by the

three parameters, namely;, Py, and P, ;. Since termi-

nating of an ongoing call is considered more undesirable

_ _ than blocking a call which is trying to access the network,
IRELESS cellular networks_ derive their name,q useP;; as measure of QoS of the network. It is known
from the fact that the service area of these net-

works is divided into a group of cells, with each cell being

controlled by a Base Station (BS). When a user requests a

service from the network through a mobile terminal (MT), _ _

his request may be accepted or denied based on the avdfieren is the number of channels in the cell. '

ability of required resources in the user’s resident cell. An ideal system should adapt itself to the changes in

Th|s denial Of Service iS known a'_m_” blocking and |ts the netWOI‘k OCCUrring in the I‘eal-time WIthOU'[ exceed'

probability is calledcall blocking probability,. A mo- ing desired value of thé’;; and at the same time should

bile terminal can move from current cell to another during@ve high channel utilization. In section Il we review
merits and demerits of various Call Admission Control
Dr. Dilip Sarkar is with the Department of Computer Science, Un

versity of Miami. E-Mail: sarkar@cs.miami.edu {CAC) algorithms with emphasis on the CAC with con-

Sivaramakrishna Mopati is with the Department of Computer Scitant pre-blocking. We then propose a novel CAC al-
ence, University of Miami. E-Mail: s.mopati@umiami.edu gotithm that makes use of Fuzzy Associative Memory
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(FAM) to dynamically adjust the pre-blocking load valuegraphs clearly show tha®;; value is close to 2 percent

In section IV we present the design of our fuzzy cor(which is the desired value) only for a short range of val-
troller for the mobile system. Operation of the entirees of dwell time and holding time. Most of the time, the
system is described in section V with an example. The, is either very high (indicating bad QoS ) or very low (
fuzzy controller is evaluated and its performance resuitdicating low channel utilization ). This indicate that any
are presented in section VI followed by conclusion in secenstant value of,,, for call pre-blocking cannot maintain
tion VII. a constanPy, with varying parameters. The limitations of
the above schemes show us the need for a system which
can adjusp,, value with the change in system parameters.

In the following sections, we introduce fuzzy associative

Call admission control plays a key role in maintainingyemory and construct a fuzzy controller for the mobile
desired level of QoS. The two CAC algorithms namelgystem_

static Guard Channel Scheme and Channel Pre-request
Scheme provide desired QoS under constant traffic con-  oos
ditions. However they fail when one or more of the sys- s
tem parameters vary significantly from the default values.
Guard channel scheme under utilizes the channels in tge
network during low mobility whereas Channel pre-request
scheme fails to provide required QoS when the load goés
beyond a pre-determined value [3]. '

Il. REVIEW OF CAC ALGORITHMS
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This scheme recently proposed in [3], provides the re- e
quired QoS by controlling theobserved loadf a cell, o012
irrespective of thactual loadof the system. A maximum oo H—————————————————
new call arrival rate, and hence loag, for a desirable Cell Dwell Time
value of Py, is determined, either by simulation or by arfig. 1. Variation ofP; with change int /n for constantl /.
analytical method. The value @f,, is chosen such that,
any load above,, fails to keepPy; value below desired

level. During the operation of the system, the arrival rate " e
and hence the expected load is estimated. If the estimated **** e
load is no more thap,,, anda channel is available, the call 0.026 - :

is accepted into the system. Otherwise, the load is greater ooz - -

thanp,,, and only a fractionf,., of the incoming calls is E 0022 i

attempted to allocate a channel. The fraction is calculat%d oor /,N S N

as f =pmlpo, Wherepy is the estimated load. Thys, £ g

can be considered as the effective load entering into the *

cell although the actual load js. The block diagram de- ©  °*° T

scribing the main components of this system is shown in o

Figure 3 in solid lines. This scheme can maintain a pre- ooz |

defined level ofPy,, irrespective of new call arrival rate, oo L—= - -+ - . J
provided the call holding time and the cell dwell time to Call Holding Time

remain constant. If the average call holding time and/@ly. 2. variation ofP;, with change int /4 for constant /1
the average cell dwell time changes from the default val-
ues (which is generally the case in real-world systems),
the desired level of’;, cannot be guaranteed — either
under utilization of network resources or increase in the
Py, results. Figure 3 shows a block diagram of the proposed system.
The curves labelled Py, withour FAM” in Figures 1 A fuzzy controller (shown in dotted lines) has been added
and 2 show the variation @?;; in the system with changeto adjust the value g#,, for maintaining desired value of
in cell dwell time and call holding time respectively. TheP;,. If Py, is smaller than that of the desired valys,

[Il. PROPOSEDCAC SYSTEM WITH FAM
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ought to be increased for better utilization of network re-
sources. On the other hand,H¥, is greater than that of

g 52
. EEEE 5 0 K
the desired valuey,,, ought to be decreased for QoS guar- °83s £ 8 3
. . 9882 <] g
antee. Since even for a Markovian systeRy; and p,, 882 O 2 8
are related through a set of non-linear equations, real-time e 288
. . . .. y 2 4
on-line computation of preblocking load valug, is im- ot £S5
. . . ! o] < <
practical. Hence, for estimating the acceptable value of a3 = g
3 C o
o
O

pm, We propose a fuzzy controller. It is assumed that each
cell periodically estimates the average values of cell dwell
time, call holding time, and forced termination probability
for using as inputs to the fuzzy controller. The fuzzy con-
troller computes the change j, value to maintain the
requiredPy;. This process continues throughout the oper-
ation of the system. Thus we have a feedback mechanism
which controlsp,,, and in turnP;, dynamically.

Let Py (k] be the value of call forced termination proba-
bility after observation period. Let the change of forced
termination probability A Py, [k] = Py [k] — Pplk — 1],
between two successive observations be small enough for
relating it with that ofp,,, by a linear equation.

_Change in Load
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assign
channels
L)
Call Blocking Probabiw

<

Pre — Blocked

Controller
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Arrival Rate | Call Pre—blocking

Estimated

New call arrival
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Estimator

APy (k] = slope x App,[K] (2)

New Calls
Arrivals

Thus, we can calculatép,,[k] from the value of the
slope and APy, [k]. We develop a FAM for storing a set
of rules and an inference mechanism that uses the rufégs 3. Block Diagram for CAC with constant pre-load and Varying
for computing a slope value for a given pair of values fdre-oad -

average call holding time and cell dwell time.
ship functions for call holding time used in our experi-

IV. DESIGN OFFAM FOR MOBILE SYSTEM ments are shown in Figure 4. Note that the interval be-
Let the range of average cell dwell time be fraity,;,
to dt.naz, and that of call holding time be froat,,,;,, to
htmaz- FOr our experiments we usdéh,,;, = 8, dtmar = owes
100, Atmin = 30, andht e = 300. The design of fuzzy . ee, ; ¢ %
controller consists of three steps namely fuzzification of
control and solution variables, inference mechanism and
defuzzification. I e e *
Fuzzification of control and solution variables: For
our system two control variables are the average cell dwell. 4. Membership functions for tr@all Holding Time
time and the average call holding time. Solution vari-
able is the slope of,, which is required to calculate thetweenhit,,;,, and ht,,.. has been divided into seven seg-
change inp,, for a particularPy,. To construct the FAM ments whose lengths are geometric progressio(GP).
we define eight fuzzy sets on each of the control variabl&he GP partitioning was based on extensive study and ed-
These sets are denoted by the linguistic (fuzzy) variablegated guess for spacingvs Py; curves evenly. A set
Very Very Low (VVL), Very Low (VL), Low (L), Medium of these curves are shown in Figures 5. Similarly, we de-
(M), High (H), Very High (VH), Very Very High (VVH), fined the membership functions for cell dwell time. The
and Very Very Very High (VVVH) respectively. Fuzzifi- length of segments were a combination o&rthmetic
cation involves scaling and mapping of these input vagprogressionand ageometric progressionWe also define
ables to fuzzy sets. This is done by defining the membdite membership functions for the fuzzy solution variable
ship functions. We use triangular and trapezoidal menmtope by defining eight fuzzy sets with identical names.
bership functions for case of computation. The membérhe range of the values for the solution variable is de-

<

Call Holding Timein seconds
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Fig. 5. Variation ofPy; with load for1/» kept constant at 8 seconds
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termined by the ranges of the values of control variabless | wr || vs | s | m H H VH | VH VH
With (8 x 8 =) 64 combinations of cell dwell times and
. . E VVVH VVS VS S M H H VH VH
call holding times, we plotted 64 curves.

Now for each curve, the point on the X-axis at which
the Py, value just crosses the desired forced termination

probability (DPy,) mark gives the call pre-blocking IoadSIOSGfSha.I:_ be .H'  This invol . fthe f
value for that particular combination of cell dwell time efuzziication: This involves conversion of the fuzzy

and call holding times. For example, in the Figure 5 fo(}utputs "_T[O crsp OPtPUtS- The fu_zzy output valuepglf i
1/ = 156.6 seconds anty = 8 seconds, load value ofslope Whlch is obtained from the inference mecha'n.lsm is
9.5 Erlangs/cell give® Py, of about 0.02. In our desiredponverted mtq the reql value based on the definition of
intervals the value of,, changes from a minimum of its membersh!p functions. We used the center of area
about 8.9 Erlangs/cell to a maximum of 16.5 Erlangs/c%h”e tg determine the resultant slope value of the call pre-
for the D Py, of 0.02. We computediopes at all required locking load.
values ofp,,, and used them to define the fuzzy member-
ship functions for the solution variablope. V. OPERATION OF THESYSTEM

FAM and Inference mechanism: This involves defin-
ing various fuzzy rules which say how the system adjust
solution variable to maintain the desired QoS. In generaﬁ
a fuzzy rule is of the form

Operation of the system consists of the following 5

1) Estimation of parameters, namely cell dwell time,
. . call holding time andPy;.
If <fuzzy propositiory, then<fuzzy proposition 2) Fuzzification of dwell time and holding time.

where the fuzzy propositions are of the form, “x is Y” or 3) Firing of fuzzy rules using inference mechanism.

“X is not Y;” x being a scalar variable and Y being a fuzzy 4) Estimation of pre-load slope.

set associated with that variable [5]. The number of rulesS) Computation of change in pre-load from the slope.

a system requires is related to the number of control vafihe new call pre-blocking load value is then used to block
ables. As our mobile system has two control variablethie calls entering into the system. All these steps are re-
each of which is divided into eight fuzzy regions, therpeated periodically during the operation of the system in
are 64 rules for 64 possible input combinations. All theseder to maintain the desireldy;.

rules are represented in a matrix form with the combina- For real-time estimation of the parametersy, and

tion of inputs giving the required outputs. Such matri¥y;, there are several factors that need consideration.
forms thefuzzy associative memofgr the system. The They include storage requirements, computation power of
FAM for our system is shown in Table I. As an exampldhe BS, and update period — time interval between two
the following two rules can be derived from the matrix, successive estimations and parameter updates. If the up-
If cell dwell time is VSand call holding time is Hthen date period is too long, the BS will require a large storage
slope shall be VVH. to save all call related activities. Moreover, the adjustment
If cell dwell time is VHand call holding time is Shen of p,, as the control parameters change is delayed. On the
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other hand, if update period is too small, estimation ErrOMGmas "
are too high. Our experiments used 300 seconds for the
update period. Degreeof

0 Membership VH

Accurate estimation of;; is the most difficult prob- call Holing Time : A

lem. Especially, when desiref;; value is very small, oeea > —

such as 0.02. During an update period there may be onfy™*", s ‘

a few forced terminated calls; even during some update Sope

periods no call may be forced terminated. To keep the ef-

fect of long observation period and that of small update Cell Duell Time

2\efl:§((:jt,ixeauzl‘e?h\évgitslesr\ljggvzllgl32 2;(?gllir(;tlgr?nvii;at?(;% g. 6. Here we take the minimum of the degrees of the membership
s the premises are connected by AND

probability O Py, during the observation periddis added

with (1 — o) EPy[k — 1], that is,

Degree of
Membership

EPp[k] = aOPy[k] + (1 — a)EPyk—1]  (3)

Degree of
Membership

Thus, the difference between the desired and estimated ' Call Holding Time 1 e
forced termination iNE Py (k] = (DPpy — EPp[k] and | ey B o

the change in the pre-blocking load is obtained from ) . ) —
Apm[k] = AEP[k] x slope (4) A

Call Dwell Time

For calculation oflope the fuzzy inference mechanism is

invoked. Since the fuzzy membership functions may ovdrig. 7. Again we take the minimum of the degrees of membership as
lap (and most of the time they do), eadhpe calculation e Premises are connected by AND

may trigger as many a2 x 2 =) four fuzzy rules. An

example of slope calculation using fuzzy inference mecthe value of the combination at each point on the horizon-

anism is shown next. tal axis. The resultant area is shown in Figure 8. Using
center of area method the pre-load slope is computed and
A. Example is found to be 0.013. This slope value is used in equation 4
Let the estimated value of cell dwell time be 18 secon& computedp.

and the value of call holding time be 120 seconds. Also
let the desiredP;, be 0.02. From our definitions of  VI. EVALUATION OF THE FUzzy CONTROLLER

membership functions, cell dwell time of 18 seconds is |, this section we discuss the simulation model and re-

70 percent Small and 30 percent .Medilum.. Likewise, thets of our simulation. We used wraparound topology
value of 120 seconds for call holding time is 100 percefiih 49 cells to eliminate boundary effect as in [7]. The
Medium. These values trigger the following two rUIeﬁﬂobiIity of MTs is modeled using a simple Brownian-
from the knowledge base. S motion or random walk approximation [8], [9]. A MT
If cell dwell time is Sand call holding time is Mthen .4y move to any of the current cell’s neighbors with equal

slope shall be VH. o probability - 1/6 for the hexagonal layout. It is assumed
If cell dwell time is Mand call holding time is Mthen

slope shall be H.

The first of these rules gives the resultant slope to be 70 -
percent VeryHigh. As both the premises are combined us- !
ing AND operator, we take the minimum of the degrees of

membership. This is depicted in Figure 6. The next rule

gives the slope to be 30 percent High. This is shown in 0 Som
Figure 7. By combining these two rules, we get the resul-
tant area as shown in Figure 8. To combine the rules, we Soant

OR them together by taking the larger of the two values &9. 8. Defuzzification
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that the motion of the MTs is random between the cells'n and1/u to maintain the required value &f;. Since
and the trajectory of their motion is not known. Each cethe value of change in pre-load to maintain a consignt
is assigned 20 channels. New call arrivals into the networlith random changes it/ and1/x cannot be computed
follow a Poisson distribution, call holding and cell dwelusing mathematical equations, we used a fuzzy controller
times are exponentially distributed. The desired on-going determine its value. The fuzzy controller takes the val-
call forced termination probability) Py, = 0.02. ues of Py, 1/n and1/u at a given instant and gives the
change in pre-load value to maintain the QoS.

With extensive simulation, we observed that FAM-
_ o , _ based controller can maintain any desifég. For further
Figure 1 shows the variation @y, with change in cell gytension of this study, one may address the problem of

dwell time(l /7). Call holding time and loag are kept maintaining QoS in the network servicing multiple classes
constant at 120 seconds and 30 Erlangs/cell respectively,,sers with different QoS requirements.

Two curves, one showing the system with FAM and the

other without FAM are plotted. The system with FAM

shows value ofP;; to be very close to 2% for all the "
: . 1

val_ues Of1/77 as compared with th.e O.ne WIthO.Ut FAM assignment strategies for PCS hand-off and initial accHSEE

wh_lch shows gradugl dec_rc_aasaf?ﬁ with increase i /7. Transactions on Vehicular Technolggyol. 43, pp. 704-712, no.

This improvement in efficiency is obtained because the 3, August 1994.

extended system adjusts the pre-blocking load valye [2] Qiang Ren and G.Ramamurthg Real-Time Dynamic Connec-

with Change in the value df/77- Figure 2 shows the vari- tion Admission Controller Based On Traffic Modelling, Measure-

. . . . . ment, and Fuzzy Logic ContrdEEE Journal on Selected Areas
ation Ofpft with change in call holding tlméﬁa). Cell in Communicationsvol. 18, no. 2,pp. 184-196, February 2000.

dwell time and loacgh are kept constant at 12 seconds ang] Satya Kovvuri, Dipak Ghosal, Biswanath Mukherjee,and Dilip
30 Erlangs/cell respectively. The figure shows the value SarkarA Call-Admission Control(CAC) Algorithm for Providing
of Pft to be again very close to 2% for all the values of Guaranteed QoS in Cellular Networkdroceedings of the In-

. . ternational Conference on Broadband Wireless Access Systems
1/p for the system with FAM. This can be compared to April 2000
the system without FAM which shows gradual increase ify] v.k. Garg and J.E. WilkesWireless and Personal Communica-
Py, with increase inl /. This stability inPy, is achieved tion SystemsPrentice Hall, 1996.
because the proposed System using fuzzy controller a@l Earl Cox, Fuzzy Fundamentals IEEE Spectru@ctober 1992.

. _ . . . 6] Shigeo Abe,Neural Networks And Fuzzy Systems - Theory and
justs the pre-blocking load valys,, with the changes in Applications 1997,

value Oﬂ/:“- [7] L.O. Guerrero and A.H. AghvamA prioritized handoff dynamic
From the above simulations and results, it is evident channel allocation strategy for PGSEEE Transactions on Ve-
that the new system functions efficiently in changing traf-  hicular Technologyol. 48, No. 4, July 1999. o
fic conditions. It maintains requireB; at the same time 8] Y.B. Lin, L.F. Chang, and A. NeorpeModeling hierarchical mi-
. . . crocell/macrocell PCS architectur@®roceedings of ICC (Seat-
having better channel utilization. tle, WA), 1995.

[9] A.D. May, Traffic Flow FundamentalsPentice Hal|] 1990.
VII [10] Elvino S. Sousa and John A. Silvest8preading Code Protocols
. CONCLUSION for Distributed Spread-Spectrum Packet Radio NetworkEE

Call admission control algorithms aim to provide de- _ ransactions on Communicationsl. 36, No. 3, March 1988.
sired level of QoS by foIIowing a particular strateg 11] VY.B. Llp, S. Mohan, and A..Nlo.erpeIPCS channel assignment
: S . strategies for hand-off and initial accestEEE Personal Com-
in admitting the calls into the system. Few such al-  mynications vol. 1, no. 3,pp 47-56,1994.
gorithms namely Guard channel scheme, Channel pfg2] Y.C.Kim, D.E. Lee, B.J. Leg, Y.S. Kim, and B. MukherjeRy-
request scheme and CAC with pre-blocking, although pro- namic channel reservatiop bgsed on mopility in wireless ATM
vide the required QoS at known traffic conditions, fail to ”gg"é‘”k IEEE Communications Magazin@p. 47-51, Nov.
reflect the dynamic nature of the system. The CAC with '
pre-determined call pre-blocking proposed in [3], assumes
that both cell dwell time and call holding time to be con-
stant for accurately controlling the actual load observed
by a cell.

We proposed an algorithm that takes into considera-
tion the all parameters of a cell for call admission con-
trol. The algorithm adjusts the new call pre-blocking load
value based on changes in both of the parameters namely

A. Results
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