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Call Admission Control in Wideband CDMA
Cellular Networks by Using Fuzzy Logic
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Abstract—In this paper, a novel call admission control (CAC) scheme using fuzzy logic is proposed for the reverse link transmission in
wideband code division multiple access (CDMA) cellular communications. The fuzzy CAC scheme first estimates the effective
bandwidths of the call request from a mobile station (MS) and its mobility information, then makes a decision to accept or reject the
connection request based on the estimation and system resource availability. Numerical results are given to demonstrate the
effectiveness of the proposed fuzzy CAC scheme in terms of new call blocking probability, handoff call dropping probability, outage

probability, and resource utilization.

Index Terms—Call admission control (CAC), cellular communications, code-division multiple access (CDMA), effective bandwidth,

fuzzy logic, user mobility.

1 INTRODUCTION

IDEBAND code-division multiple access (CDMA) cel-
lular systems for third generation (and beyond)
wireless communications are expected to support multiple
services with guaranteed quality of service (QoS). However,
the ability of the systems to accommodate expected growth
of traffic load and broadband services is limited by
available radio frequency spectrum. Sophisticated resource
management techniques are needed to make efficient use of
the available radio resources. Call admission control (CAC)
is one of the resource management functions, which
regulates network access to ensure QoS provisioning. It is
the decision-making component of the network to guaran-
tee the QoS requirements and, at the same time, to achieve
system resource utilization as efficiently as possible.
However, to design an efficient and practical CAC scheme
is a very challenging issue due to user mobility, limited
radio spectrum, and multimedia traffic characteristics.
In a cellular system, user mobility results in handoff calls.
In order to use limited radio resources to accommodate an
increasing demand for services, one approach is to deploy
smaller size cells for more frequency reuse, a consequence of
which is more frequent handoffs. From a user’s point of
view, it is better to be blocked at the beginning of a
connection than to be dropped during the connection. As a
result, handoff calls should be given higher priority than
new calls by reserving some resources exclusively for
handoff calls. Mobile station (MS) mobility information is
required in order to determine the right amount of resources
that should be reserved: Over-reservation leads to low
resource utilization, while under-reservation results in a
high handoff call dropping probability (i.e., degraded QoS to
mobile users in service). Due to the random nature of user
mobility and dynamic characteristics of multimedia traffic,
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QoS provisioning and high resource utilization are always
conflicting goals. The CAC scheme should be designed to
achieve the best compromise between the two goals. For
example, to maximize resource utilization under the con-
straint of QoS satisfaction, the resource reservation should
be a function of user mobility information, traffic load and
characteristics, QoS requirements, etc. In general, the
transmission rate of each multimedia traffic flow changes
with time in a random fashion. The concept of effective
bandwidth [1], [2], [3], [4], [5] is an effective approach to
resource allocation in the CAC process. The effective
bandwidth of a call is the minimum amount of resources
required to service the call with guaranteed QoS." The value
of effective bandwidth depends on the QoS requirements,
the traffic statistics, and the degree of statistical multiplexing
among the admitted traffic flows. In a CDMA system, due to
the fact that the same frequency spectrum is reused from cell
to cell and that CDMA system capacity is interference
limited, when a call is admitted to a cell, it not only occupies
resources (in terms of the received power) in its home cell,
but also occupies some amount of resources in its neighbor-
ing cells (in terms of intercell interference). As a result, both
intracell and intercell effective bandwidths need to be taken
into account.

CAC for wireless communications has been an active
research area in recent years. Due to the complexity of CAC
in a wireless environment, many simplified models and
assumptions have to be made in the research. User mobility
(and, therefore, handoff calls) is not considered in QoS-
based CAC schemes proposed in [3], [4], [5] and CAC with
distributed power-control [6], [7]. When considering user
mobility, exponentially distributed cell residence time and
Poisson handoff call arrivals are assumed [8], [9], [10],
which have been shown to be an inaccurate model [11] even
though Poisson new call arrivals and exponential call
duration are reasonable assumptions. Some proposed
CAC schemes are limited to circuit-switching voice services
only [10], [12]. In [2] and [13], interference-based CAC

1. In this paper, system resources are represented in terms of radio
frequency bandwidth. The terms resources and bandwidth are used
interchangeably.
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schemes are proposed, but QoS requirements in terms of
outage probability cannot always be satisfied.

To address technical challenges in CAC for wireless
communications, in this paper, we investigate CAC for a
wideband CDMA cellular system using the fuzzy logic
approach and based on real-time measurements, without
making simplified assumptions on user mobility and
teletraffic models. Traditionally, a CAC scheme should
explore a set of measured parameters to make the decision
of accepting or rejecting a requesting call. This type of
control scheme makes little or no allowance for measure-
ment uncertainties [14]. However, in the wireless system,
due to user mobility and varying channel conditions, the
measurements obtained are, in general, not accurate.
Furthermore, it is also difficult to obtain the complete
statistics of input traffic. As a result, the decision has to be
based on the imprecision and uncertain measurements. To
this end, fuzzy logic provides an approximate but effective
means of describing the behavior of the systems that are too
complex and not easy to tackle mathematically [15]. It is an
extension of Boolean logic in the sense that it also provides a
platform for handling uncertainty and imprecise knowl-
edge. Having the nature of coping with uncertainty and
imprecision problems, fuzzy logic is expected to provide a
good solution to the development of a call admission
control scheme.

The fuzzy CAC scheme proposed here takes into account
the MS mobility information, multimedia traffic character-
istics, QoS provisioning, and system resource utilization.
The user mobility information is obtained via signal power
measurements, without using a predetermined or simpli-
fied model. Both intracell and intercell effective bandwidths
are used to determine the resource requirement of each call.
When an MS requests for service, first the fuzzy CAC
scheme estimates its effective bandwidths in the target cell
and the neighboring cells and its mobility information,
which facilitate the CAC decision and resource reservation
for the call if admitted. Then, the fuzzy CAC scheme makes
a decision to accept the call only if the QoS requirements of
all the on-going calls in the target cell and the neighboring
cells can be guaranteed and the QoS requirement of the new
call can be ensured. Simulation results are presented to
demonstrate that the fuzzy CAC scheme can achieve low
new call blocking and handoff call dropping probabilities,
satisfy the outage probability requirement, and make
efficient use of system resources. The rest of the paper is
organized as follows: Section 2 describes the system model.
Section 3 defines the intracell and intercell effective
bandwidths based on [3]. Section 4 is devoted to the design
of the fuzzy CAC scheme. Numerical results are presented
in Section 5 and conclusions are given in Section 6.

2 SysTEM MODEL

We consider a wideband CDMA cellular system with
hexagonal cells of equal size. Each cell contains a centrally
located base station (BS) with an omnidirectional antenna.
The same radio spectrum is reused in every cell. The MSs
communicate with their home BSs via the air interface, and
a number of BSs are connected to a mobile switching center
(MSC) which is in turn connected to a backbone wireline
network. Separate frequency bands are used for the forward
and reverse links, so that each BS experiences interference
only from the MSs. The focus is placed on the CAC process
for the reverse link.
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Fig. 1. The hexagonal cell layout.

In the forward link, each BS broadcasts a unique pilot
signal to the MSs. The pilot signals from different BSs are
distinguished by different scrambling codes. The MS can
detect the pilot signal from any BS when the strength of the
pilot signal is above a certain level. Prior to transmission, an
MS monitors the received pilot signal power levels from
nearby BSs, and chooses its home BS according to the
maximum received pilot signal power. It is assumed that
MSs, BSs, and MSCs are properly designed such that, while
tracking the signal from the home BS, an MS searches for all
the possible pilots and maintains a list of all pilots whose
signal power levels are above a prescribed threshold. This
list is transmitted to the MSC periodically through the home
BS. The MSC uses the information to make a decision on
when handoff should start and to estimate the mobility
information. In this paper, the mobility information is
defined to be the probabilities that an MS will be active in
other cells at future moments. When a call request arrives,
the MSC uses the mobility information of all the MSs in the
cell and in the neighboring cells, together with their traffic
characteristics, to estimate whether there are sufficient
resources available to accommodate the new call without
degrading QoS of the calls already in service.

Fig. 1 shows a uniform grid of hexagonal cells, where the
MS under consideration is located at point M. For simplicity
of presentation, we will focus on the mobility information
and effective bandwidths of the MS related to its home BS
(denoted as BS 0) and to its six first-tier neighboring BSs
(denoted as BS 1, BS 2, ..., BS 6). Let di(¢), {=0,1,---,6,
denote the distance between the MS and BS [ at time ¢. It is
assumed that, with a properly designed transceiver, the
channel disturbance is mainly due to shadowing and path
loss. The local mean of the pilot signal power from BS [
received at the MS can be expressed as [16]

ai(t) = mldi(t)/ Do) 1080110 4wy 1), (1)
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where 7, is a constant proportional to the transmitted signal
power, 7 is the path loss exponent, D, is the close-in
reference distance which is determined from measurements
close to the transmitter, and & (¢) in dB at any ¢ is a Gaussian
random variable (with zero mean and standard deviation
0,) characterizing the shadowing phenomenon. For [ # £,
&(t) and &,(t) are independent random processes. If the
transmit power levels of all the pilot signals are the same,
then 7, =+ for [ =0,1,---,6. v(t) represents background
noise power and multiple access interference (MAI) from
the information-bearing signals in the forward link to all the
MSs. When there are a large number of users in the system,
the MAI can be modeled approximately by a Gaussian
random process.

Similarly, in the reverse link, the propagation loss A;(t)
from the MS to BS [ is proportional to the product of the rth
power of distance and a log-normal component character-
izing the shadowing phenomenon, given by

Ay(t) = dj (t)1090/10] (2)

where (;(t) in dB at any ¢ is a Gaussian random variable
with zero mean and standard deviation o,. For the MS at
point M in Fig. 1, suppose at time ¢, the received power of
the signal from this MS at its home base station BS 0 is
P, (t), then the received power of the signal from this MS at
the neighboring BSs can be expressed as

4O\
P(t) = Poolt) (dé((t))) L0GON-G00 1 o .
(3)

In the wideband CDMA cellular system, soft handoff is
adopted since it can extend CDMA cell coverage and
increase reverse link capacity [17], [18]. Soft handoff
happens when an MS moves into the overlapping cell
coverage area of two or more BSs. The pilot channel’s bit
energy to noise-plus-interference density ratio (£;/Iy), is
used as the handoff measurement quantity. For simplicity,
it is assumed that, in soft handoff, an MS is connected to
two nearest BSs with strongest pilot signals, while it is
power controlled by the BS that requires it to transmit at the
smaller power. Consider that an MS moves into the soft
handoff region from cell [ to cell k. If cell k£ does not have
enough resources to accept the handoff call when the MS
moves out from the overlapping region, the call has to be
dropped to guarantee the QoS of the existing calls in cell £.
It should be mentioned that, during the soft handoff, the
signal transmitted by the MS is received at both the BSs.
With selection diversity at the receiving end, the required
transmitted power of the MS (and, hence, the system
resource) is reduced as compared with that in the hard
handoff situation.

2.1 Traffic Model

The initial position of each MS is assumed to be uniformly
distributed within the cell. We consider the case that all MSs
in their home cell are perfectly power controlled. Hence, the
received bit energy to noise-plus-interference ratios at the
home BS from all the connections of the same class traffic are
the same. The input traffic generated by the MSs is
categorized as voice, video, and data traffic. Each traffic type
has its own traffic characteristics and QoS requirements.
Each voice traffic flow is modeled by a two-state Markov
process (i.e., an ON-OFF source), with a probability of ¢

being in the ON state. The probability ¢ is also known as
voice activity factor. In the ON state, a voice connection has
the constant transmission rate R, kbps. The new voice call
arrival process is Poisson with average arrival rate A\, and
exponential call duration with mean value p;'. The
required bit energy to noise-plus-interference density ratio
is (Eb/[())s

Each video traffic flow, also a real-time service, is
modeled by N, ON-OFF minisources [19]. At the call level,
video calls follow the same model as that of the voice calls,
with parameters \,, y1,, and (E;/Iy),, respectively.

The data traffic has a minimum required transmission
rate Ry. The data calls arrive according to a Poisson model
with parameters )\;, each having an exponential file size
with mean value p;'. The required bit energy to noise-plus-
interference density ratio for data traffic is (E;/I),.

Each of the voice, video, and data services can further be
divided into a number of traffic classes, depending on the
traffic parameters and QoS requirements.

3 INTRACELL AND INTERCELL EFFECTIVE
BANDWIDTH

We first consider a single-cell system with homogeneous
traffic. Let N denote the number of admitted MSs of the
same class traffic and W denote the total system frequency
bandwidth in Hz for the reverse link. The required value of
the received bit energy to noise-plus-interference density
ratio at the BS is denoted by (E;/Ij),. The transmission rate
of user i at time ¢ is a random variable R;, i =1,2,...,N.
The received signal power to noise-plus-interference den-
sity ratio (SNIDR) of the user i signal, I';, is then

I = Ri(Ey/ o), (4)

which is a random variable with mean p and variance o?.

The number of calls that can be admitted to the system
(i.e., the upper bound of the admission region), NV should be
limited so that the required (E}/1j), can be guaranteed for
each and every admitted call. The N value should be chosen
such that the following relation [3]

P
v =>Ti/W (5)
S P
holds at any ¢ for all i € {1,2,..., N}, where P, denotes the
received power level from user i. By summing both sides of
(5) over all the N calls, we have

ZA:F <W. (6)

Let o denote the QoS requirement of outage probability
which is the probability that the required (£;/1)), cannot be
achieved. The admission region (6) can be specified by

P(ZV:D 2W> <a. (7)

As I'; are independent and have identically distributed
random variables with finite mean and variance, Zf\:] I
can be approximated by a Gaussian random variable for a
large N, based on the central limit theorem. Then, (7) becomes
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P(X > (W — Nu)/oVN) < a, (8)

where X is a zero-mean unit variance (standard) Gaussian
random variable. Inequality (8) is satisfied if and only if
(W — Nu)/ov/N > 3, where 3 is defined by

1 R 77:2/2
— e dt = a. 9
. /ﬂ 9)

Furthermore, the admission region can be determined by
the set of points satisfying the inequality

BN <W. (10)

The parameter B is referred to as intracell effective
bandwidth of each call, which can be calculated by [3]

B:/J,/(1+§(1*\/1+Z)>7 (11)
where z = 4uW /3?02, The effective bandwidth depends on
the transmission rate characteristics, the QoS requirements,
and the statistical multiplexing with other calls at the BS.

Next, we consider a multicell system with heterogeneous
traffic flows. Let K denote the number of cells, J the
number of traffic classes, and N;; the number of class j
connections in cell k, with k=1,2,---, Kand j=1,2,---,J.
The SNIDR value of connection 7 of class j in cell k can be
expressed in terms of its (random) bit rate Ryj; and the
required bit energy to noise-plus-interference density ratio
(Eb/ o), xjir given by

Tyji = Riji(Ey/1p)

7 kjis
k=1,2,---,K; (12)
G=1,2,-,J;
t=1,2,--, Np;.

The admission region of cell k, denoted by the set

{Nj1, N2, ..., Npy} for the J classes of calls, is determined
by [3]
K J Ny
P(ZZ Tyi X >W> <a, 1=1,2,...,K, (13)
k=1 j=1 i=1

where Ty (k=1,---,K,j=1,---,J,i=1,---,N;;) are
independent random variables with distributions in-
dexed by j, and Xj; models the interference seen at
BS [ receiver caused by connection ¢ of class j in cell k
when the home BS receives a unit power from the MS.
Note most of the Xfcﬁ values are zero if we consider
interference from the MSs only in the neighboring six
cells. By applying the Gaussian approximation procedure
to each of the K constraints in (13), the admission
region of cell k£ can be obtained in the form

DD BNy < W,

=1 j=1

K J
(14)
k=
where B\, is the effective bandwidth at cell I of a class j
connection in cell k. The resources by a class j call in its
home cell (cell k) is represented by the intracell effective
bandwidth Bifj and in neighboring cell [ (# k) is repre-
sented by the intercell effective bandwidth Bécj. If we
consider the intercell interference from an MS only in its

nearest six neighboring cells, then the intercell effective
bandwidth is zero beyond the six first-tier neighboring cells.
For notation simplicity, in the following, we use B to
denote the intracell effective bandwidth and B; to denote
the intercell effective bandwidth of the target MS seen in
neighboring cell [ (I =1,2,...,6).

In the single-cell environment with homogeneous traffic,
the effective bandwidth of a connection can be obtained
easily since there is no interference from other cells. In the
multicell system with heterogeneous traffic, the interference
received at the BS from an MS in another cell, correspond-
ing to the X}, (k#1) term in (13), is determined by the
location of the MS and the propagation parameters, which
makes the calculation of the intercell effective bandwidth
quite complex. Assumptions made to simplify calculation
can result in inaccuracy. An efficient and simple way to
calculate the intercell effective bandwidth is needed to cope
with the calculation complexity. Here, we propose using a
fuzzy effective bandwidth estimator, as discussed in the
next section.

4 DESIGN OF THE Fuzzy CAC SCHEME

The structure of the proposed fuzzy call admission
controller is shown in Fig. 2. The controller consists of four
subsystems:

1. The fuzzy effective bandwidth estimator estimates
the intercell effective bandwidth of a call according
to its intracell effective bandwidth, which is deter-
mined by its traffic characteristics, and the received
pilot signal power levels measured at the MS.

2. The fuzzy mobility information estimator estimates
the MS mobility information (i.e., the probabilities
that the MS will be active in the six neighboring cells
at future moments) according to the received pilot
signal power levels measured at the MS. The
mobility information is used to determine the
amount of bandwidth to be reserved in each of the
neighboring cells for handoff calls.

3. The network resource estimator estimates the avail-
able resource that the system can supply according
to the measured (E}/1j), value of a traffic class and
bandwidth reservation information.

4. The fuzzy call admission processor makes the
decision on whether to accept or reject the call
request according to the MS effective bandwidth,
mobility information, and resource availability in the
system.

4.1 Fuzzy Effective Bandwidth Estimator

In general, the larger the power received at a BS from an MS
in another cell, the larger the intercell effective bandwidth
used by the MS, and vice versa. When the intracell effective
bandwidth of an MS is determined according to its traffic
characteristics and system parameters, the relationship
between the inter and intracell effective bandwidths can
be mapped to the relationship between the power levels
received, respectively, at the BSs in the neighboring cells
and the home cell. In addition, the pilot signal power
received by the MS in the forward link is a good indication
of the mean power received at the corresponding BS in the
reverse link; the received pilot signal power levels at the MS
can then be used to reflect the relationship between inter
and intracell effective bandwidths for the MS. In the



YE ET AL.: CALL ADMISSION CONTROL IN WIDEBAND CDMA CELLULAR NETWORKS BY USING FUZZY LOGIC

133

Call Request —————p|
Fuzzy Effective
» Bandwidth Estimator
Accept/Reject
. . Fuzzy Mobility Fuzzy Call Admission Decision
Pilot Signal *| Information Estimator d Processor ’
Power Levels ™
L Network Resource
Estimator
EJly, —™
QoS
Parameters
Fig. 2. The block diagram of the fuzzy call admission controller.
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Fig. 3. Functional block diagram of the fuzzy effective bandwidth estimator.

wireless system, because the shadowing process randomly
perturbs the transmitted signal, it is difficult to obtain an
accurate relationship between the signal power received at
the BS and the pilot signal power received at the MS.
Furthermore, the received signals are contaminated by the
MALI caused by other calls in the system and background
noise so that the measurements are not accurate. To tackle
this difficult problem, a fuzzy effective bandwidth estima-
tor is proposed to deal with the measurement uncertainty
and inaccuracy, and to decrease the calculation complexity.

The fuzzy effective bandwidth estimator shown in Fig. 3
is a knowledge system. It consists of a fuzzifier, a fuzzy rule
base, a fuzzy inference engine, and a defuzzifier. The inputs
to the estimator are the received pilot signal power from the
home BS measured at the MS, P, and the received pilot
signal power levels from the /th neighboring BS measured
at the MS, B, 1 =1,2,...,6. The outputs of the estimator are
the numerical value of the intercell effective bandwidths B,
1=1,2,...,6.

Within the estimator, the fuzzifier translates the input
numerical measurements to the corresponding linguistic
values of the fuzzy sets in the input universe of discourse,
given by U(F)) = {ES (extremely small), V'S (very small),
S (small), SM (small to medium), M (medium), ML
(medium to large), L (large), V'L (very large), EL (extremely
large)}, and

U(P)={ES,VS,S,SM,M,ML,L,VL,EL}

(l=1,2,...,6), respectively. Each fuzzy set (e.g., ES) is a set
with continuous membership functions and can be repre-
sented as a set of ordered pairs of generic element P or P
(for B, 1=1,2,...,6) and its membership value as

ES = {(P, pps(P)|P € U}. The numerical values of F, are
mapped to the fuzzy set U(P,) with degrees ,uf,fus, ,ugus, ,uf;u,
,w;;”, iy, uf,o, /LY,UL, and ppt; and the values of P (I =
1,2,...,6) are mapped to the fuzzy set U(P) with degrees
15, wpS, i, wPM, pp, up, wh, ppt, and ppt, respectively.
The output of the fuzzy inference engine are the linguistic
variables B; (I=1,2,...,6), representing the intercell
effective bandwidth in cell /. Each of the output linguistic

variables is defined on the term set
U(B)={ES,VS,8,SM,M,ML,L,VL,EL}.

The membership functions of both input and the output
linguistic variables depend on the traffic characteristics, the
cell size, transmit pilot signal power, path loss exponent,
and channel shadowing statistics. The functions can be
determined by using data collected from various sensors
and/or field measurements.

The fuzzy rule base is the control policy knowledge base,
characterized by a set of linguistic statements in the form of
If-Then rules that describe the fuzzy logic relationship
between the measured pilot signal powers and the effective
bandwidths. The mth rule has the following form:

R, :

If(Py is PFy") and (P is PF}") and...and (P is PFy")

Then (B, is BF{") and...and (B is BF{"),
where m =1,2,..., M, and M is the total number of the
fuzzy rules, (P, Py,...,Fs) € U(P) xU(P) x...xU(P)
and (By,Bs,...,Bs) € U(B) xU(B) x...x U(B) are lin-
guistic variables, PF{", PF/", and BF" (Vi€ {1,2,...,6})
are fuzzy sets in U(P,)), U(P), and U(B), respectively. In the
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Fig. 4. Functional block diagram of the fuzzy mobility information estimator.

fuzzy inference engine, fuzzy logic principles are used to
combine the fuzzy If-Then rules in the fuzzy rule base into a
mapping from the fuzzy sets of the pilot signal powers to
the fuzzy sets of the effective bandwidths.

Given Fact : (P is PFO) and (P is Pl:"l) and...and
(P(; is PF(;)
Consequence : (B is BFy) and . ..and (Bg is BFg),

where PFy, PF;, and BF; (I=1,2,...,6) are linguistic terms
for P, B, and B, respectively. The fuzzy rule base can be
generated from training data. The data can be collected from
areal system or generated by computer simulation, based on
the traffic characteristics, propagation model, QoS para-
meters, and cell structure. Given a set of desired input-
output data pairs, a set of fuzzy If-Then rules can be
generated. In addition, a degree which reflects the expert’s
belief of the importance of a rule can be assigned to each rule.

The defuzzifier performs a mapping from the fuzzy sets
to a crisp vector (with numerical values). Among the
commonly used defuzzification strategies, the center aver-
age defuzzification method yields a superior result [20] and
is, therefore, used in all the defuzzifications in the fuzzy
inference system shown in Fig. 2. The estimation at the
defuzzifier output is given by

M m
Bl _ erzfl CWlMPUMPIBI ’ (15)

M
Zm:l Cm/j/Pu MPI

where B, is the numerical value of the estimated effective
bandwidth, B" is the center value of the output region of
rule m, and C,, is the normalized degree of rule m.

4.2 Fuzzy Mobility Information Estimator and
Bandwidth Reservation

User mobility information can be used to assist user
mobility management, to manage network resources, and
to analyze handoff algorithms in wireless networks.
Different from the previous research efforts on mobility
information, which focused on statistics such as mobility
model [21], user location tracking and trajectory prediction
[22], channel holding time [23], cell boundary crossing rate
[24], mean handover rate [25], and cell residence time [26],
we are interested in the probabilities that an MS will be
active in a neighboring cell at future moments [27]. The
mobility information with reasonable accuracy facilitates
statistical multiplexing and plays an important role in
efficient resource management of the wireless cellular
system [28]. In general, if an MS is closer to a BS, then the
propagation path attenuation from the BS to the MS is
smaller, and vice versa. Hence, if the BS transmits a pilot
signal with constant power, then the received power of the

pilot signal at the MS carries the information of the distance
between the MS and the BS. Since the probability that the
MS will be active in a particular cell at a future moment is a
function of the current distance between the MS and the
nearby BS, the probability can be estimated based on the
real-time measurement of the received pilot signal power at
the MS from the BS. Furthermore, the probability depends
on the movement pattern of MS (such as movement
trajectory). Although the movement patterns of MSs are
random in nature, the movement of an individual MS
follows a relatively smooth trajectory most of the time. That
is, the location of an MS at a future moment depends on its
locations at the current moment and previous moments. As
a result, it is possible to predict the mobility information
based on the current and previous measurement data. As
discussed precedingly, due to the random phenomenon of
shadowing and inaccurate measurements caused by MAI, it
is very difficult to accurately describe the relationship
between the strength of the received pilot signal and the
mobility information, e.g., by a mathematical expression. To
overcome the difficulty, an adaptive fuzzy inference
prediction system consisting of a fuzzy inference system
and a recursive least square (RLS) predictor is employed to
estimate and predict the MS mobility information.

Fig. 4 shows the functional block diagram of the fuzzy
mobility information estimator. It consists of two subsys-
tems: a fuzzy inference system which is similar to the fuzzy
effective bandwidth estimator, and an RLS predictor. The
fuzzy inference system takes the measurements of the
received pilot signal power levels at the MS (7, and F,
l=1,2,...,6) as the input, and estimates the probability that
the MS will be active in cell [ at time ¢, pi,, (1 =0,1,2,...,6),
based on the measured pilot signal strengths at time ¢,.
Before measurements at ¢, are available, the RLS predictor
predicts the probability that the MS will be active in cell [ at
time ¢, for L =1,2,---, based on the estimates from the
fuzzy inference system up to time t,. In Fig. 4, p, =
(p()(mpl,nv s 7p6,n) and Pn+r = (p()4n+L7p1,n+L7 s apﬁ,n+L)' A
detailed discussion of the fuzzy inference prediction system
can be found in [27].

With the mobility information, if an MS has a maximum
probability, pn.y, to handoff to a neighboring cell and if this
probability is larger than a threshold pmax:, then a proper
amount of resources should be reserved for the MS at the
most likely future home BS. The amount of the reserved
resources for the MS is Pmax[B& i Bé‘ 7.]. The total amount of
reserved resources at each BS is subject to a minimum value
B, min and a maximum value B, pax.

4.3 Network Resource Estimator

In the network resource estimator, a fuzzy residual
bandwidth estimator is explored to estimate the residual
bandwidth (denoted by B,) of each cell according to the
E, /I, measurement of one specific traffic class in the cell.



YE ET AL.: CALL ADMISSION CONTROL IN WIDEBAND CDMA CELLULAR NETWORKS BY USING FUZZY LOGIC 135

Each BS collects the E;/I, measurement of this traffic class
periodically, which is denoted by (E;/I),. There exists a
residual bandwidth if (E;/Iy), > (Ey/Iy), and the residual
bandwidth increases with the value of [(E;/Iy), — (Ey/1y),]-
The relationship between the Ej,/I, measurements and the
residual bandwidth of the BS can be mapped to the fuzzy
inference rules in the fuzzy residual bandwidth estimator
with carefully defined membership functions of (E/Iy),
and B,.
With the information of

1. the residual bandwidths at the BSs,
the intra and intercell effective bandwidths of the
new call, and

3. the reserved bandwidths for the existing calls at
nonhome BSs, the available bandwidths that the
home BS, and its neighboring BSs are able to supply
to the new call can be obtained.

Let B,; denote the available bandwidth in cell I/, B;; the
residual bandwidth of cell /, and B,; the summation of the
reserved bandwidths in cell [ for all the on-going calls in the
system. The available bandwidth at cell [ is given by

Bu,l = Bb:l - Br,l:

1=0,1,...,6. (16)

4.4 Fuzzy Call Admission Processor

As shown in Fig. 1, when a new class j call requests for a
connection in cell 0, the MSC first calculates its intracell
bandwidth B,, intercell bandwidth B;, and residual
bandwidth of the home cell and each neighboring cell
By, and then checks the available bandwidth in both its
home cell and neighboring cells, B,;, { =0,1,...,6.1f B,y >
Byand B,; > B, foralll € {1,2,...,6}, the new call will be
accepted; otherwise, it will be rejected. If the request comes
from an MS in service in a neighboring cell, the handoff call
will be admitted as long as Bsy > By and B,; > B for all
le{1,2,...,6}.

Due to the random nature of user movement and
transmission rate of a multimedia traffic flow, reserving
resources in the neighboring cells to keep a low handoff call
dropping probability results in the waste of the reserved
resources from time to time. This issue cannot be solved by
the above fixed rule CAC scheme since it does not adapt to
the traffic load dynamics. To better make use of the system
resources, a fuzzy CAC processor (FCACP) can be employed
to process the new call requests, instead of using the fixed
rule control. The FCACP takes the effective bandwidths of a
new call, the available bandwidth information that its home
cell and its neighboring cells can supply, and the outage
probability requirements as the input linguistic variables,
and uses a fuzzy inference system to determine whether or
not to accept the new call. The structure of the FCACP is
similar to the fuzzy effective bandwidth estimator. The term
sets for effective bandwidth B,;, available bandwidth in-
formation in its home cell B,y available bandwidth
information in its neighboring cells B,; (I =1,2,...,6), and
QoS indicator @ are defined as U(B;) = {S (small), SM
(small to medium), M (medium), ML (medium to large), L
(large)}, U(B,o) = {NE (not enough), E (enough), ME
(more than enough)}, U(B,;) = {NE,E, ME}, and U(Q) =
{S (satisfied), NS (not satisfied)}. The term set for output
linguistic variables D of the FCACP is U(D) = {A (accept),
WA (weakly accept), WR (weakly reject), R (Reject)}. The
output of the FCACP is a crisp value D € [0, 1]. A call request

will be accepted when the value of D is larger than a preset
threshold value D,.

4.5 Discussion

The complexity of the proposed fuzzy call admission
controller may be a concern, especially when the size of
the system is large in terms of the cell number, the traffic
class number, and the admission region size. It is possible
that the calculation is more time-consuming than other call
admission control schemes, due to the number of input
linguistic variables and their membership functions. One
practical way to overcome the calculation load is to
establish a table of fuzzy-controller results offline, and
using table look-up approach to make the CAC decision on-
line. Taking into account that MSCs usually have very
powerful calculation/processing capability, it is expected
that the table look-up approach should not pose an
implementation problem.

Even though the fuzzy CAC scheme is proposed for
wideband CDMA communications, the principles of the
fuzzy CAC can be applied to cellular communication
systems in general, including time-division multiple access
(TDMA) and frequency-division multiple access (FDMA)
systems. In TDMA and FDMA systems, we do not need to
consider the intercell effective bandwidth due to the
orthogonality among the transmission channels, which
simplifies the CAC process.

The proposed fuzzy call admission controller consists of
four fuzzy inference subsystems. The stability and robust-
ness of the proposed controller should be addressed.
Robustness of fuzzy inference systems and approaches to
designing stable fuzzy control systems (in the sense of
exponential stability and input-out stability) have been
discussed in [15]. Stability of closed-loop systems with
fuzzy logic controllers has been investigated (e.g., in [29]).
In general, robust fuzzy control is an open field and much
work remains to be done. The fuzzy call admission
controller shown in Fig. 2 has three features related to the
stability and robustness:

1. it is an open loop system in terms of the CAC
process for each call;
2. the output of the mobility information estimator is
bounded (by the definition of probability); and
3. the amount of resources reserved for handoff calls is
also bounded by design parameters B, and
Br,max'
The potential performance oscillations can be reduced (or
eliminated) if the mobility information and the amount of
resource reservation are updated relatively fast when
compared with the system dynamics (such as MS moving
speeds). However, further investigation is necessary.

5 NuUMERICAL RESULTS

The performance of the proposed fuzzy call admission
controller is evaluated via computer simulation and is
compared with the CAC schemes previously proposed in
[30], [31].

The CDMA system having reverse link bandwidth W =
3.75 MHz and K = 25 cells, as shown in Fig. 5, is simulated.
Each cell has a radius of 1,500 meters. There are J = 3 traffic
classes, each call having a probability of 0.5, 0.1, and 0.4 to
be voice, video, and data call, respectively. The movement
pattern of an MS is modeled as follows:
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Fig. 5. The cellular layout of the simulation system.

1. The initial location of each new call is uniformly
distributed in the 25 cells.

2. The velocity of each MS is uniformly distributed
between 5m (meter)/s (second) and 20m/s, and
does not change with time.

3. The MS moves to any of its adjacent cells with equal
probability, and its moving direction remains the
same during the whole connection.

4. Only the MSsin these 25 cells are under consideration.

Each voice call has a voice activity factor ¢ = 0.4 and the
transmission rate R, = 9.6 kbps. Each video connection is
modeled as the superposition of NV, = 19 independent mini
ON-OFF sources. Each minisource generates information at
rate of 9.6 kbps during an ON period. The average length is
0.2 s for each ON period and 0.8 s for each OFF period. Each
data connection requires a minimum transmission rate of
R; = 19.2 kbps. The required (£;/Iy) value is 7dB for voice
and video connections, and 9dB for data connections. The
QoS requirement of outage probability is o = 0.01 for all
voice, video, and data calls. The parameters in (1) and (3)
are: v; = 1, Dy = 100m, r = 4, and o5 = 2dB. The parameters
for resource reservation are Pyaxt = 0.3, By e = 375 kHz,
and B, ., = 50 kHz. The mobility information is updated
every 0.1s and is predicted for L = 1,2, and 3. The effective
bandwidth of each call in the single-cell homogeneous
traffic situation can be calculated to be 22kHz for voice,
212kHz for video, and 152.5kHz for data, respectively.

In order to generate fuzzy inference rules for estimating
the intercell effective bandwidth of an MS, membership
functions for each fuzzy variable should be determined, and
training data are needed. To choose the type and number of
membership functions, it is necessary to take into account
both computational efficiency and adaption complexity of
the fuzzy inference system. Gaussian, triangle, and trape-
zoid functions are the most commonly used membership
functions. The Gaussian function is chosen here as the
format of membership functions because it is a better
reflection of the propagation model where the effect of
shadowing (in dB) is a normal random variable. To obtain
the parameters of the membership functions, the distance
between an MS and a BS in one of its neighboring cells is
divided into nine equal segments, and 10,000 MSs are
simulated in each segment and the values of mean and
variance of pilot signal strength are obtained as the
parameters of membership functions of the pilot signal
strength. The membership function parameters of intercell
effective bandwidth are determined by simulating MSs in
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Fig. 6. Membership functions of the received pilot signal strength at
the MS.

the center of each distance range and applying inequality
(13). Fig. 6 shows the membership functions of variables P,
and P,. Fig. 7 shows the membership functions of the
intercell effective bandwidth B; of a voice call. The training
data are generated through computer simulation to obtain
the fuzzy inference rules. Table 1 shows some rules of
estimating intercell effective bandwidth for a voice call. The
fuzzy residual bandwidth estimator is used to estimate the
residual effective bandwidth of the system according to the
(Ey/1y) measurements. The term sets for (E;/ly), and B,
used are in the form of U((E,/Ip),) = {S1,S52,...,S535} and
U(Bs) = {B1, By, ..., Bss }, respectively. Table 2 shows some
fuzzy inference rules of the fuzzy residual bandwidth
estimator. Table 3 shows some rules of the FCACP.

To evaluate the effectiveness of the proposed FCAC
scheme, two other CAC schemes, received power-based call
admission control (RPCAC) [30] and nonpredictive call
admission control (NPCAC) [31], are also examined. For
NPCAC, a connection request is approved if the following
conditions are satisfied:

Degree of membership
o
IS

0.2

| L | | 1 1 L
0 2 4 6 8 10 12 14 16 18 20 22
effective bandwidth of voice call(kHz)

Fig. 7. Membership functions of the effective intercell bandwidth of a
voice call.
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TABLE 1
Fuzzy Inference Rules of the Intercell Effective Bandwidth
Estimator for a Voice Call

Fy, P | By |Degree || Fy P, | B; | Degree
M S |ES| 0481 || EL ES |ES | 0.956
M SM| L | 0442 || EL VS |ES| 1.000
M M | L |025 ([EL S |ES| 0.854
TABLE 2
Fuzzy Inference Rules for Residual Bandwidth Estimator
(Ep/Io)s | Bs | Degree || (Ey/lo)s | Bs | Degree
Ss3 Bs | 1.0000 S By | 0.1128
S| By | 0.1043 Soo By | 0.1094
Se Bs | 0.0940 Sa3 Bs3 | 0.2650
TABLE 3

Fuzzy Inference Rules for the CAC Decision,
where [ =1,2,...,6

Bl Ba,O Ba,l Q D
S E NE S WA
M E NE S WR
L E NE S R
Wq < pWr—W,
oWy < REB; (for neighboring celll),

where WW; is the equivalent bandwidth of the connection,
which is the product of the required equivalent signal to
noise-plus-interference ratio, ¢;, and bit rate Ry ie.,
Wy = eqRq; Wy is the system bandwidth, W, is the total
equivalent bandwidth occupied by all active users in that
cell; and RE B is the cell’s remaining equivalent bandwidth.

0.04

—*—- FCAC
-%- RPCAC

0.035 -+ NPCAC

0.025

outage probability
o
S
T

0.015

0.01F

0.005
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In the simulation, the values of p and ¢ are 0.70 and 0.08,
respectively. For RPCAC, a connection request is accepted at
BS 0 as long as the total received power Z; at the BS is less
than a predefined threshold value Z;. Z; is equal to 0.9Z,,ax
in the simulation, where Z,,, is the maximum power level
received at the BS to satisfy the carrier-to-interference ratio
requirement.

Fig. 8 shows the outage probability of the system with
respect to different call arrival rates for FCAC, RPCAC, and
NPCAC, respectively. It can be seen that the FCAC and the
NPCAC can always satisty the outage probability require-
ment even under the heavy traffic load conditions, while
the RPCAC cannot meet the requirement during heavy
traffic load periods. Figs. 9, 10, and 11 show the new call
blocking probability (NCBP) and handoff call dropping
probability (HCDP) for voice, video, and data calls, versus
the corresponding call arrival rate, respectively. It can be
seen that the NPCAC has the highest NCBP and lowest
HCDP, while RPCAC has the lowest NCBP and highest
HCDP. The FCAC has both lower NCBP and HCDP, which
is desirable. Figs. 12, 13, and 14 show the mean admitted
number of voice, video, and data calls in the system as a
function of the corresponding call arrival rate, respectively.
The system resource utilization efficiency increases with the
average number of active users. It can be seen that, while
the mean number of active users for FCAC and RPCAC are
similar, the mean number of active users for NPCAC is
lower than those of the FCAC and RPCAC.

For RPCAC, the call admission decision for one
particular cell is made based on the total received power
at that cell, without considering the power level in any other
cell. When a call is accepted into a cell, it will not only
increase the received power level in the cell, but also
increase the received interference levels in the neighboring
cells. If the traffic load in the neighboring cells is not taken
into account, the QoS requirements of the MSs in the target
cell and its neighboring cells may not be satisfied. Even
though the RPCAC can achieve a lower new call blocking

1.5 2 25

voice call arriving rate

Fig. 8. Outage probability of voice calls versus the voice call arrival rate.
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Fig. 9. New call blocking probability and handoff call dropping probability for voice calls.
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Fig. 10. New call blocking probability and handoff call dropping probability for video calls.

probability and higher system resource utilization, the
outage probability of the whole system is not satisfied
during heavy traffic load periods. In addition, the RPCAC
does not differentiate new calls and handoff calls, resulting
in the similar new call blocking and handoff call dropping
probabilities. For the NPCAC, the MS’s intercell effective
bandwidth is taken into account in the call admission
decision procedure, but the intercell effective bandwidth is
represented by the product of a constant and its equivalent
bandwidth. This is not true in a CDMA cellular system
since the intercell effective bandwidth of an MS is

dependent on the MS location and other factors such as
wireless channel conditions. It is not easy to choose a
suitable value for the constant: If a large value is chosen, the
resources in other cells may be wasted. If a small value is
chosen, the resources in other cells may not be enough if the
call is accepted in its home cell. The advantage of the
NPCAC is that the QoS requirement of outage probability is
satisfied with properly chosen parameters. The disadvan-
tage is that it achieves a high new call blocking probability
and low system resource utilization. For the FCAC, the
intercell effective bandwidth of an MS is calculated
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Fig. 12. The average number of active voice calls in the system.

according to the real-time signal strength measurements,
the handoff calls are given higher priority by adaptively
reserving a proper amount of resources according to the
mobility information, and the new call admission decision
is made by taking into account the new call’s characteristics,
system resource availability situation, and QoS provision-
ing of the system, which dynamically adapts to the current
system status. As a result, the FCAC can achieve efficient
resource utilization and, at the same time, meet the QoS
requirement of outage probability.

6 CONCLUSION

A fuzzy CAC scheme for wideband CDMA cellular
communications has been proposed to meet the challenges
in CAC due to user mobility, limited radio spectrum,
heterogeneous and dynamic nature of multimedia traffic,
and QoS constraints. The fuzzy approach can overcome
measurement errors, mobility and traffic model uncertainty,
and avoid the requirements of complex mathematical
relations among various design parameters. The resource
requirement of each call is presented in terms of intracell
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Fig. 14. The average number of active data calls in the system.

and intercell effective bandwidths. The user mobility
information is estimated and predicted based on the
measurements of the pilot signal power levels received at
the MS. The CAC decision is based on the resource
availability where handoff calls are given with high priority
in comparison with new calls via resource reservation.
Simulation results show that the fuzzy CAC scheme can
achieve QoS satisfaction in terms of the outage probability,
and achieve lower new call blocking probability, lower
handoff call dropping probability, and higher resource

utilization efficiency, when compared to the previously
proposed RPCAC and NPCAC schemes.
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