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Abstract

Cait admission in the mobile ceflular networks became a high priority in network design and research due to the rapid growth
of popularity of the wireless networks. A large number of various call admission policies have been proposed mobile cellular
networks. However, despite years of rescarch efforts, the call admission problem remains a critical issue and a high priority,
especially given the perspectives of continuaily growing speed and size of future wireless networks. It is often difficult to
characterize and compare various features among different policies. A good and detailed classification helps researches and
engineers to understand the similarities and the differences among various schemes and decide which technigues are best
suited for particular use. This paper proposes a new classification for call admission policies in mobile cellular petworks. The
propesed classification not only provides a coherent framework for comparative studies of existing approaches, but also helps
in future researches and developments of new call admission policies.
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1. Introduction

in recent years, there has been a rapid growth in the number
of users of mobile communication networks. However, the
frequency spectrum  allocated by the FCC (Federal
Communication Commission) to the mobile communication
networks is very limited {1). This limitation means that the
frequency channels have to be reused as much as possible in
order to support the many thousands of simultaneous calls
that may arise in any typical mobile communication
network. Thus, the efficient management and sharing of the
frequency channels among numerows users become an
important issue. In order to reuse the frequency channels,
the celivlar networks are introduced. In these networks, the
geographical area covered by the network is divided into
smaller regions, which are called celis. Each cell is serviced
by a fixed server, called base station, located at its center,
which is used to service the users located at that ceil. A
number of base stations are again linked to a central server

calied mobile switching center, which also acts as a gateway
of the mobile communication network to the existing wire-
line networks such as PSTN, ISDN, or internet. A base
station communicates with users {mobile stations) through
wireless links and with mobile switching centers through
wire-line links, The model of such a network is shown i
figure 1 [2].

In order for a mobile user to be able to communicate with
other userfs}, a connection usually must be established
between the users, The establishment and maintenance of a
connection in the celiular networks is the responsibiiity of
the base stations. In order to establish g connection, a2 mobiie
user must first specify is traffic characteristics and quality
of service (QoS) requirements. These specifications may be
either implicit or explicit depending on the type of services
provided by the network, For example, in a celilar phone
network, the traffic characteristics and the QoS reguirements
of voice connections are known a priosi to the base stations,
arl therefore, they are usuaily specified implicitly in a
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connection requests. The next generation wireless networks,
such as wireless ATM networks, are expected to eventually
carry muiti-media traffic such as voice, mixed voice and
data, image fransmission, WWW browsing, email and eic,
where the traffic characteristics and the QoS requirements of
connections may not be known a priori to the base stations.
It these networks, mobile users must specify explicitdy the
traffic characteristics and the QoS requirements as & part of
their connection requests. Then, the base station determines
whether it can meet the requested QoS8 requirements and, if
possibie, establish a connection,

Figure 1. System modei of celiniar networks

When a call is originated and attempted in a cell, one of the
channels aliocated to the base station is used for the
communication between the mobile station and the base
station as long as channel is available, When all channels ina
cell are in use while a call is attempted, then it will be
blocked and cleared from the system. When a cail gets a
channel, it will keep the channel until its completion, or until
mobile station moves out of the cell, in which case the used
channe! will be released. When the mobile station moves into
a new cell while its call is ongoing, & rew chanpel needs to
be acquired in the new call for further communication. This
process is cailed handoff and must be transparent to the
mobile user. During the handoff, if there is no channel is
available in the new call for the engoing call, it is forced o0
terminate before its completion,

When a user moves from one cell to another, the base station
in the new cell must take responsibility for ail the previously
established connections. A significant responsibility involves
allocating sufficient resources in the cell to maintain the QoS
requirements of the established connections, If sufficient
resources are not ellocated to the handoff calls, the QoS
requirernents may not be met, which in furmn may result in
forced termination of the conmection. Since the forced
termination of established connections is usually more
obiectionabie than rejection of a new connection request, it
widely believed that the cellular network must give a higher
priority to the handoff connection requests as compared to
new connections requests. Handeff problems are expected to
become more and more important since the sizes of cells in
emerging cellulor networks tend to be smaller, which implies
that handoff would occur more frequently, to atzain a higher
capacity. '

In order to satisfy the QoS requirements, call admission
algorithms are needed. The call admission algorithms
determine whether a call should be either accepted or

reiected at the base station and assign the required channei(s)
to the accepted call. This results in a8 distributed call
admission strategy, which can be applied to every base
station. Whenever 2 new call arrives, the ¢all admission
policy takes the call as input and based upen the current
traffic conditions of network, decides whether or not to
accept the user, as Hiustrated in figure 2.

Calt adimission in the mobile celiular networks became a
high priority in network design and research due to the rapid
growth of popularity of the wireless networks, A large
number of wvaripus call admission policies have been
proposed mobtile celludar networks. However, despite years
of research efforts, the call admission problem remains a
critical issue and a high priority, especially given the
perspectives of continually growing speed and size of future
wireless networks. it is often difficult to characterize and
compare various features ameng different policies. A good
and detailed classification helps researches and engineers to
understand the similarities and the differences among various
schemes and decide which technigues are best suited for
particoiar use. This paper proposes a new classification for
call admission policies i mobile cellnfar networks. The
proposed classification not only provides a coherent
framework for comparative stadics of existing approaches,
but also helps in future researches and developments of new
call admission pelicies.

New calk Decision
e Calt Adnission Algerithey fr————p
1 {aooept or reject)
Mibility information, Traffic load

arvl other related informration

Figure 2. The call admission algorithm

The rest of this paper is organized as follows: Section 2
describes the cail admission problem and presents the
proposed classification. Section 3 gives the non-prioritized
call admission policies and the prioritized call admission
policies are given in section 4. Optimal poiicies are given in
section 5 and section & conciudes the paper.

2. Call Admission Control

The challenges in the wireless networks are to guarantee the
QoS requirements while taking into account the hmited
number of channels and interference between them. The
study of the different schemes o accept calls in
communication networks is known as the call admission
probiens. Call admission for high-speed netwerks such as
ATM networks have been intensively studied i the last few
years. There are two maior differences between wireless and
wire-line networks due to the link characteristics and the user
mohbility. The transmission finks for the broadband wire-line
neiworks are characterized by high transmission rates and
very low error rates, In contrast, wireless links have & much
smailer transmission rates and a much high error rates. The
second malor difference between the two networks is the
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user mobility. In wire-line networks, the wser-network
interface remains fixed ithroughout the duration of a
connection whereas the user-network interface in the
wireless networks may change throughout the connection.
Due to the user mobility, cail admission becomes much more
complicated in the wireless networks than wire-line
networks, An accepted call that has not completed in the
current cell may have to be handed off to another ceil.
During the handoff, the call may not be gain a channel in the
new cell to continue its service due to the forced call
termination. Thus, the new and handoff cails to be treated
differently in terms of resource allocation. Since users tend io
be much more sensitive to forced call termination {(call
dropping) than to the call blocking, the handoff calls are
normally assigned higher priority over the new calls.

Call admission is one method to manage radic resources in
order io adapt to the traffic variations. Call admission
denotes the process to make a decision for the new call
admission according to the amount of the available resources
versus users QoS requirements, and the effect upon the QoS
of the existing calls irmposed by the new cails. Call admission
plays a very imporfant role in cellular networks because it
directly controls the number of users in the network and must
be designed to guarantee the QoS requirements. The usial
aetwork performance indicators are the blocking probability
of the new calls, the dropping probability of the handoff
calls, the computation and communication overheads, and
the total carried load. Good call admission policies have to
baiance the dropping probability of the handof¥ calls and the
blocking probability of the new calis in order o provide the
desired QoS requirements.

There has been much research into call admission policies
for celiuiar networks. A good cali admission algorithm must
have the following features in order of importance,

»  Maximize channel utilization in a fair manner to all
calls.
»  Minimize the dropping probability of connecied calls.
s  Minimize the reduction of the QoS for the connected
calls,
» Minimize the blocking probability of the new calls.

Call admission policies can be divided into a number of
different categories depending on the comparison basis. For
example, when call admission policies are compared based
on decision policies, they can be divided into user (number)-
based call admission (NCAC) and interference-based call
admission {ICAC) policies [3, 5. NCAC policies
accept/reject calls based on the number of occupied channels
in the cell. In these policies, any new call will be blocked if
the number of occupied channels exceeds a certain threshold.
Each base station should always hold the number of
communicating users by maintaining a variable on its
memory. Using ICAC, a base station by monitoring the
interference on a call-by-call basis, determines whether or
not a new call is acceptable. The new call is blocked if the
observed interference level exceeds a call admission
interference threshold. Each base station should measure the
total power of recetved signals in the spreading bandwidth
before dispreading them. 1CAC therefore requires overheads
for base station hardware and complicates its architecture,
while NCAC can be implemented by means of base station

software,

In the rest of this paper, we present a new classification for
user based call admission policies. In the proposed NCAC
schemes, we group the call admission algorithms into three
main classes: prioritized, non-prioritized and optimal policies
as given in figure 3. In npon-prioritized call admission
policies, all calls are accepted when the channels are free,
whiie in the prioritized call admission policies, one group of
calls have a higher priority than other groups, for example,
the handoff calis have the higher priority than the new calls.
In prioritized schemes, when channels are not availabie, the
cail may be queued or rejected. Optimal call admission
polivies accept/reject calls to maximize throughput of the
network.

Before we starf presenting the NCAC schemes according to
the proposed classification, a general framework for call
admission is developed and used throughout this survey. We
consider  network  cells with N classes  of
calls W= fw,...w, ), and C full duplex channels. Each
class w {for1 <i s N)consists of a stream of statistically
identical calis with Poisson arrival rate A, and independent
identical exposnentially distributed channel holding times

with mean%. Assume that all classes need only one

channgl for each call Let ¢ denotes the number of busy
channels in the cell, The state space S of a cell is given
byS={c|c£C}. We define the admission
policyu :Sx W - {81}, where ufx,w}) specifies that the
probability of acceptance of calls of class w when the cell is
in state x. At any time t, the decision to accept or reject calls
of class w depends only on the current state of the cell or its
neighboring cells. From the point of the call admission
controiler, the process can be modeled as a Markov process,
where the transition rates between the siates X, V&€ S fora

call of class w, are givea by

I
D ul{x,wiA, if y=t i
ek
gfx. ¥y = {x ify=x-1 {1
0 gtherwise

Function wfx,w) may be deterministic or stochastic
{probabilistic), static or dynamic, Based on function ufx,w),
the caif admission policies ecan be divided into non-
prioritized, prioritized, and optimal policies.

3. Non-prioritized Call Admission
Policies

in these cali admission policies, no single class is freated any
differently than any other classes. This is the simplest
scheme and involving checking fo guarantec that the
requesied bandwidth is available for the calls. If the
bandwidth requirements can be met, then the call is accepted
and the bandwidh is aliocated. This policy always accepts
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Figare 3. Classification of wser based cail admission control algorithms.

calls as long as doing so leads to a state in the state space §,
that is,

2

seny=]! fx+le$
A 1! otherwise

In these policies, the blocking probabilities of all traffic
classes are equal and calealated using the Erlang-B formula
[6, 7].

4. Prioritized Call Admission Policies

*

In prioritized call admission policies, a priority is assigned to
each class of calls. These prioritics are implemented through
function u{x,w). For example, from the point of view of a
mobiie user, dropping of an ongoing call is less desirable
than blocking of a new call. Therefore, in order to reduce the
chances of unsuccessful handoff calls, the system assigns a
higher priority to the handoff calls. Thes the function u(x,.}
has a higher value for handoff calls than the new calis. The
prioritized call admission policies can be divided into three
groups equal access sharing with priority, reservation based,
and queuing priority policies, which are described in the rest
of this section.

4.1 Equal Access Sharing with Prierity
(EASWP)

In this call admission policy, all classes of calis have access

to ali channels but some classes have a higher priority than

others. This priority is implemented through the use of
function p(x.w), where p(x,w) is the probability of accepting
celis of class w when the cell is in state x. The reported
EASWP policies can be classified as call thinning and new
call thinning schemes, which are briefly described in the next
two subsections,

4.1.1 Call Thinning Schemes

In these schemes, the state of system, X, is the number of
busy channels in the ceil. Call thinning schemes, in turn can
be divided into two subclasses: static and dynamic, which are
explained for two classes of calls, new calls and handoff
calls, in the next two subsections,

4.1.1.1 Static Call Thinning Schemes

In these schemes, function u(x,w)} is determined based on a
pricri information and remains fixed during the operation of
the network, In i8], a static call thinning scheme for two
classes of calls is given. In this scheme, we have

pix,y) ifx<C

3
& ifa=0C &)

B{X, W) {
The lirear programming is used to determine the optimal
values of p{x,w). A restricted version of this scheme, which
is called fractional guard channel scheme, is given in [91 In
this scheme, the handoff calls have higher priority over the
new calls. This scheme accepts the new calls with certain
probability that depends on the channel occupancy of the celf
and accepts the handoff calls when the cell has free channels.
In this scheme, we have
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i if x < Cand w=handoff calls
u(x,wy=1{ p(x) if x<Candw=rnewcalls
0 ifx=C

4)

Since p(x) only appears when the new callg arrives, p{x)'s are
called new call admission probabilities, The idea behind this
scheme is to smoothly throttle the new call stream as the
network traffic is building up. Thus, when the network is
approaching the congestion, the accepted new calls become
thinner. Due to the flexible choice of the new call admission
probabilities, this scheme can be made very general. The
disadvantage of this scheme is that no algorithm is given to
find p{x)s. In order to find p{x), a restricted version of this
scheme called oniform fractional chamnel peolicy is
introduced [i01. In this scheme, the new cali admission
probabilities are independent of channe! occupancy. Thus, in
this scheme, we have

1 x < Cand w = handof calis
ufx, wi=<p x < Cand w = new calls 5
t X

4.1.1.2 Dynamic Call Thinning Schemes

In dynamic call thinning schemes, function uw{x,w) is adapted
based on information gathered during the operation of the
network, Seme of the dynamic call thinning algorithms is
reported in [11-141L

A dynamic call thinning scheme for multbmedia cellular
network is presented in [11}. In this scheme, calls are
classified on the basis of channel requirement and with each
class a priority is associated. This scheme collects calls in a
time period and then accepts calls with the higher priorities.
In {12, 13}, a multi-media cellular network with two traffic
classes are considered and the cali admission problem is
formulated as a semi-Markov decision process probiem.
Since, it is too complex to have a closed form solution for
this semi-Markov decision process, Q-learning [12] and
neuvron-dynamic programming [13] are used to adapt the
fanction u(ax). In [14], a call admission scheme calied stable
dynamic cail admission scheme is suggested. The aim of this
scheme is to maximize the channel utilization (minimize the
new call blocking probability) subject to the hard constraint
on the dropping probability of the handoff cails. In this
scheme, status information is exchanged periodically among
the neighboring cells, and ¢ven nmext neighboring celis i
necessary. The exchanged information includes the chamnel
occupancies and the new call arrival rates. Each cell updates
its acceptance ratio (the maximum fraction of new calls 10 be
accepted in the celi} in the next confrol period at the
beginning of that period. The control action is obtained by
solving systerm of equations which specifies the average
dropping probabiiity of the handoff calis must be equal to the
QoS of the system.

In [15], a learning automata based algorithm is given to
adjust the valee of p, in which a learning automaton is
associated to each ceil. In this algorithm, when a handoff call
arrives, it i3 accepted as jong as there is a free channel, If
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there is no free channel, the handoff call is blocked. When a
new call arrives to a cell, the learning automaton associated
to that cell chooses ome of its actions. The learning
automaton accepts new calls with probability p as long as.
there is a free channel and rejects the new calls with
probability 1-p. if the new call is accepted then the selected
acticn the automaton is rewarded. If there is no free channel
io be allocated 10 the arrived new call, the cali is bloecked and
the seiected action is penalized. When the automaton selects
the action that specifies fo reject the incoming call, this
algorithm computes an estimation of the dropping probability

of handoff calls (8,) and uses it to decide whether or not

accept new calis. If the cusrent estimate of drepping
probability of handoff calis is iess than the given threshold

Py, and there is a free channel, then the new call is accepted

and the selected action is penalized; otherwise, the new call
is reiected and the selected action is rewarded,

The above algorithm cannot maintain the upper bound on the
dropping probability of handoff calis. This problem may be
due to the existence of delay in the celiuiar network, because
the selected action of learning automaton is immediately
rewarded/penalized. Since the effect of the estimated new
call admission probabifity is specified afier a time period,
then the reward/ punishment of learning automaton must be
given in the end of that period. In order to overcome this
problem, an algorithm is given in {16}, in which the action
probability vector of the learning automaton is adiusted upon
arriving the next new call. This algorithm uses a learning
antomaton to accept/reject new calls and a pre-specified level
of dropping probabiiity of handeff cails is used to
penalizefreward  the action selected by the learning
automaton. This algorithm accepts the new cails as long as-
the dropping probability of handoff calls is below the pre-
specified threshold. In [17}, # is shown that this algorithm
finds the optimal value of the uniform fractional channel
policy of parameter,

4.1.2 New Call Thinning Schemes

Below we explain the only reported snew call thinning
scheme [18]. In this scheme, the state of system, x, is the
nuseber of ongoing new calis in the cell. For the sake of
simplicity assume that we have two classes of calls: new
calls and handoff calis. This scheme, which limits the new
calls in the system, gives a higher priority to the handoff
calls over the new calls. This scheme accepts new calls with
certain probability that depends on the number of ongoing
new calls in the cell and accepts the handoff calls when the
cali has free channels. In this scheme, we have

i if x < Candw = handcffcalls
i

u(x,w}:ip(x} ifx < Candw = new calls
o ifx=C

(6

4.2 Reservation Based Call Admission Policies

In the reservation based call admission poticies, some of the
channels allocated to the cell are reserved for the higher
priority calls. In the reservation based call admission
poticies, we have u(x,w)=0 for some x and w. In these call
admission policies, all classes of calls are accepted equally
within a specified bandwidth of the maximum channel
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capacity that depends on {he given class, Once the available
channel capacity has been used, only calls that are of a high
priorify wiil be accepted to use the remaining {reserved)
channels. This has the effect of prioritizing a traffic class
above the other traffic classes. in the reservation based
policies, classes of calls can be grouped and fix a threshold
for each group. When restricted to simple form, these
policies dedicate a ceriain number of channels for each group
and the remaining channels are shared among all groups. To
define a simple form for these policies, we form W groups,
Gy oGy , such that each w belongs to only one groap G, .

The reservation based policies can be stated as

ux, wi=Kx T b alfx+1e8g, } {7

where 1), s the maximum chamnel capacity for calls of
class w in group Gy and S is the set of channels
associated to group Gy, . These policies can be divided into

ftwo main groups: equal access sharing with priority
(EASWR) and complete partitioning schemes, which are
explained in the following subsections.

4.2.1 Equal Access Sharing with Reservation

(EASWR)
In these cail admission policies, we
have8=84 =8;, =..=85, . Thus, all classes can use any

channel and are accepted egually within a specified
bandwidth of the maximum channel capacity. Once the
available channel capacity has been used, only calls that are
of high priority will be accepted to use the remaining
{reserved} bandwidth. This has the effect of prioritizing one
class above the other classes, that is,

u(e, w)=Hx T, YA Hx+1¢ 5} ®)

where T, is the maximum channel capacity for calls of class

w, Based on the manner used for determination of the values
of T s, the EASWR policies can be divided in two main

groups: sfatftc and dymamic EASWR schemes. In static
EASWR schemes, values of T,s are determined based on

the a priori information about the network and remain
unchanged during the operation of the network while in
dynamic EASWR schemes, T, s are adapted during the

eperation of the network. In what follows, static and dynamic
EASWR schemes are briefly described,

4.2.1.1 Static EASWR Schemes
In static schemes, 7,5 are determined based on a priori

information and are fixed during the operation of the
network. Static EASWR schemes are very simple in that no
communication and computation overheads are involved.
However, such schemes are not flexible to handle the
changes in traffic situations. Since, these schemes don't use
the traffic information in the current cell andfor its
neighboring cells; hence they cannot adapt the real-time
network conditions, The static EASWR schemes can be
divided into two main groups: call bounding and new cail
bounding schemes. In the call bounding schemes, the call
admission is based on the number of ongoing calls (number

of busy channels) in the cell while in the new call bounding
schemes; the call admission iz based on the number of
ongoing new calls in the ceil,

4.2.1.1.1 Call Bounding Schemes

In the call bounding schemes, admission of a new call is
based on the number of ongoing calls in the ¢ell, independent
of type of calls. In other words, the state x of a cell is defined
as the number of busy channels in the cell. Based on the

values of 1, | the call bounding schemes can be divided into
two schemes: reserving integral number of channels and
reserving fractional number of channels. 1n the reserving
integral number of channels, all T 5 are integer values
while in reserving fractional number of channels, at least one
of T's is a fractional number. These schemes are briefly

described below.

Reserving Integral Number of Channels. In the
reserving integral number of channel schemes, all 7.5 are
intepgers, in these schemes, function u{x,w) is equal to either
0 or 1. When only two groups G, and (7, {one for the new

calls and the other for the handoff calis) are considered, this
scheme is referred to as guard channel policy, or cutoff
priority policy in which a fixed number of channels are
reserved in each cell exclusively for the handoff calls {19,
Under such policy, new calls and handoff calis are treated
equally on a first-come first-served basis for channel
allocation until a predetermined channel utilization threshold
is reached. At this point, the new calls are simply biocked
and only the handoff call requests are accepted. In other

words, a new call is accepted if¢ <7, that is,

i if x « Cand w = handoff ¢alls
u{x, wi=1{1 if x < Fand w = new calls (9
1] ifx=C

It has been shown that there is an optimal threshold T,' in

which the blocking probability of the new calls is minimized
subject to the hard constraint on the dropping probability of
handoff calls {9). Algorithms for finding the optimal number
of guard channels are given in 19, 20, and 21].

In {20], also an algorithm is given to find the optimal number
of guard channels in one cluster of muiti-cell system. In
22], an algorithm is given to find the optimsal number of
guard channels in a general muiti-cell netweorks, which
minimizes the weighted average of dropping probability of
handoff calls in a cluster while satisfying the pre-specified
QoS for new calls and co-channei interference constraints. In
[23], two traffic classes of veice and transactions are
considered and static guard channel scheme are proposed fo
maintain the apper bound of dropping probability of handoff

transaction calls. In this approach, (C' —7,) guard channels

are reserved for handoff transaction calls, but new calls and
handoff’ voice calis have the same priority. This scheme
cannot be used to maintain the upper bound for the dropping
probability of handoff voice calls. In order fo maintain the
upper bound for dropping/blocking probability for different
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classes of calls, multi-threshold schemes are introduced.

in [24], duai-threshold reservation (DTR) scheme is given
for integrated voice/data wireless networks. In DTR scheme,
three classes of calls, data calls (both new and handoff calls),
new voice calls and handoff veice calls in increasing order of
level of QoS are considered. The basic idea behind the DTR
scheme is to use two thresholds, one for reserving channeis
for the handoff voice calls, while the other is used {o biock
the data calis into the network in order to preserve the
blocking performance of the voice calis in terms of the
dropping probabiiity of the handoff calls and the blocking
probability of the new calls, that is,

i i x < Candw = handoff voicecalls
i if x < Ty andw = new voicecalls
if x <7, and w = new datacallsor (13}

handoff datacalls

uix, wh=sl

& ifx=C
DTR assumes that the bandwidth requirement of voice and
data are the same. The equations for blocking probabilities of
DTR are derived using a two-dimensional Markov chain and
the effect of different values for aumber of guard channels on
dropping and blocking probabilities are plotted, but no
algorithm for finding the optimal number of guard channels
is given. In [25], an algorithm is given to find the optimal

values of I, and 7, for a single cell case and in [26], an

algorithm is given to find the optimal values of 7, and 7} in
multi-cell system. In [27), multi-threshold guard channel

schere is introduced, in which

ulx, w)= {’ ifx <1y an

1] otherwise

In [27}, an algorithm is also given to find the optimal values
of T,S for single cell case and in [28], an algorithm is

proposed to find the optimal values of T,'s in multicell
network.

In reserving integral number of channels, a number of
channels are exclusively reserved for the highest priority
calis which results in less channels available to the fowest
priority calls and hence the total carried traffic suffers. In
these schemes, if only the blocking probability of the highest
priority calls is considered, these schemes give very good
performance, but the blocking probability of the lowest
priority calls is degraded to a great extent. This effect can be
degraded by reserving fractional number of channels.

Reserving Fractional Number of Channels. In
reserving fractional number of channels, T ’s are real

numbers. In these schemes, the call admission controller has
more contro! on both the dropping probability of the handoff
cails and the blocking probability of the new calls. When
ondy two groups G, and G, (one for new calls and the other
for handoff calls) are considered this policy is refered to as

limited fractional guard channel scheme (LFQG) in which a
fractional number of chamnels is reserved in each ceil

exclusively for handoff calls {%9]. The LFG scheme uses an
additional parameter 7, and operates the same as the guér{i
channel policy except whea T, channels are occupied in the
cell, are accepted  with
probability 77, |, that is,

in which case new caills

{i Hx < Cand w = handeff calls

i i x < T and w = new calls (12}
u{X, Wz .

#, ifx=Tandw = new calls

g ixul

it has been shown that there is an optimal pair (1), %;), which

minirmizes the blocking probability of new calls subject to
the hard constraint on the dropping probability of handoff
calls [91.

4.2.1.1.2 New Call Bounding Schemes

In new call bounding schemes, new calls are accepted if the
number of channels used by new calls is less than a threshold
{bound for new call}. In other words, the state, x, of a cell is
defined as the number of ongoing new calls in the cell. In
{18], a new call bounding scheme is given in which T,y are
integers. In this scheme, when a new call asrives, if the
number of new calls in a celi exceeds a threshoid then the
new call is blocked; otherwise it will be accepted. A handoff
call is reiected only when all channels in the cell are
occupied {18]. The idea behind this scheme is that we would
rather accept fewer new calls than dropping the ongoing calls
in the future, because customers are more sensitive to the call
dropping than the eali blocking.

In 28], a new call bounding scheme is given for integrated
voice/data wireless networks. In this scheme, it is assumed
that the number of ongoing data calls always is constant,
This scheme accepis the incoming voice request i the
aumber of veice connections is less than the voice
threshoid T, . Since the number of data connections is fixed,

there is no call admission for data connections. In [29], no
algorithm is given fo determine the optimal value of 1, .

4.2.1.2 Dynamic EASWR Schemes

According to the mformation theory, available information
should be used to achieve a betier performance, therefore
dynamic reservation schemes are proposed to overcome the
disadvantages of the static reservation schemes. In dynamic
EASWR schemes, function aix,w) is adapted according to
the some avezilable information. In dypamic EASWR
schemes, the number of the channels is allocated and
reserved dynamically using wraffic aralysis and prediction of
mobile ferminal movement. These schemes are briefly
described in this section,

4.2.1.2.1 Dynamic EASWR Schemes Based on

Teletraffic Analysis
In dynamic EWASR schemes based on teletraffic analysis,
function u{x,w) is adapted based on the estimated traffic,
Since all ongoing calls in the neighboring cells are potential
handoff calls to the test cell, in these schemes the handoff
arrival rate is estimated as a function of the number of



H. Beigy, M. R. Meybodi: User Based Call Admission Control Policies for Cellular Mobile ... (Review Paper) 52

ongoing cails in the neighboring cells. In these schemes, the
mzmber of reserved channels can be an integral number or a
fractional number. The reported schemes which fall this
category are briefly described below,

Reserving Integral Number of Channels. In these
schemes, an integral number of channels is reserved for
higher priority calls. Some of the reported schemes arg
briefly described below. These schemes consider two traffic
classes, new calls and handoff calis unless explicitly stated.
The linear weighting scheme is given in [30, 317 and uses the
mean number of ongoing cails in the neighboring cells, i,
within a maximum ceil distance d from the tes{ cell to
determine the call admission. Let 8, denotes the set of cells

in a maximum cell distance d from the test cell and ¢,

denotes the number of ongoing calls in the neighboring celi i.
In this scheme, the state of the system at each fime instant is
defined as

H
] Ye 13
" [|s¢1;§34“] )

In linear weighting scheme, the new cails are only accepted
if

1 if x < Cand w = handoff calis
#(x, w) =1l it x < T,and w = new calis 4

0 ifx=C
Note that the guard channel scheme is a special case of this
algorithm where Sg=i. In {32, 33}, a scheme called weighted
sum scheme is given. This scheme uses the weighted sum of
the number of ongoing calls in the test cell and in the

neighboring cells in determining the admission, Let ¢, be the
mean number of ongoing calls in the neighboring cells with
distance | and P, be the weight of these cells such that

ipi =1 andpz G{feri 20y . The state of systern in weighted

sum scheme at each time instant is defined asx ::[Zp-tc-,]. In
£]

this scheme, the new calls are only accepted to the

originating cell if

] if x < Cand w = handoff calis
u(x, w) = <] if x < F, and w = new calls {5
8 itx=C

The optimal value of weights p, can be determined

experimentally. The distributed call admission scheme,
which is given in [34], does not nsed the status information
exchange upon each call arrival {new call and handefl).
Rather, it only requires the exchange of soch information
periodically. The admission control algorithm calculates the
maxinum number of calis that can be accepted in the test
cell without violating the Qo8 of the existing calls in that ¢el]
as well as calls in its neighboring cells. One of the main
features of this scheme is its simplicity in that the admission
decision can be made in real time and does not require much
computational effort but this  scheme cannot always

guarantee the farget call dropping probability.

In {35}, a dynamic guard channel scheme is introduced in
which each base station dynamically adapts the number of
channels to be reserved based on the current estimates of the
rate at which mobiles in the neighboring cells are likely to
incur a handoff into this cell. The cohiective of the adaptation
algorithim is to maintain a specified fevel of QoS for handoff
calls despite temporal fluctuations in the fraffic into the cell
The determination of the number of channels 10 be reserved
is based on an analytical mode! which refates aumber of
reserved channels to the dropping probability of handoff calls
and the blocking probability of new calls.

In {36}, the number of channels that must be reserved is
estimated according to the requested bandwidth of all
ongoing cornections. Each base station keeps monitoring the
dropping probability of handoff calls and the utilization of
channels in its cell. Then base station according fo this
information adjusis the number of guard channels. In {37), a
call admission algorithm is proposed in which when a new or
a handoff call arrives at the test cell, a number of channels in
the neighboring cells is reserved. The aumber of channels to
be reserved varies dynamically depending on the number
current ongoeing calls in the test cell and its neighboring celis,

in [38} the suthors have proposed a scheme based on
prediction of the probability that a call will be handed offto a
certain neighboring cell from aggregate history of handovers
in each cell and determines the number of reserved channels,
In this scheme, each base station records the number of
handoff failures and adjusts the reservation by changing the
estimation window size. In [39], a call admission algorithm
for multi-—rate personal communication networks are given,
In this aigorithm the number of channels that must be
reserved is determined periodically based on the estimated
parameters, such as handoff rate. In the beginning of each
period, the traffic parameters are estimated and il is assumed
that for a given peried, raffic parameters are constant, In this
scheme, when the number of occupied channels reaches the
threshold T, the cell reserves a resource in the neighbors for
which the probability of wransition is high. If they have free
channels, the reservation fakes place immediately.
Otherwise, the algorithm waits for a free channel.

In [48], two dynamic EASWR aigorithms are given for
wireless networks that suppori several raffic, voice, data,
and video applications, each with different channel
requirements. The objective of these algorithms is to accept
alt handoff calls. Then the base station accepts new calls if
and only i the additional channels need to accept ail
incoming handoff calis {the number of channels to be
reserved) and this new call is available. The number of
reserved channel is determined according to the estimation of
the exact arrival time and channel requirements of future
handeff calls. An extension of guard channel scheme is given
in [41, 421 This scheme works same as guard channe! when

a new call arrives and x<T,0rx =C; whenl; << (', the
algorithm estimates the dropping probabilily of handoff calis
during a period. Then the algorithm accepts new call if the
estimated dropping probability of handeff calls is Jess than
the predetermined QoS; otherwise reject the new call.
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A dynamic channel reservation algorithm, which is presented
in [43], the number of channel 1o be reserved in each cell is
determined dynamically based on the aumber of ongoing
calls in the neighboring cells. This scheme ensures that QoS
is maintained in all ceils. In [44, 45], two learning automata
based algorithms are given that adjust the number of
channels fo be reserved in the cell according the traffic of the
celi and the predefined QoS

Reserving Fractional Number of Channels. In these
schemes unlike reserving an integral number of channels
schemes, & fractional number of channels is reserved for
higher priority calls. In these schemes, T, s are time varying
and determined based on the estimated {raffic. In {46}, a call
admission aigorithm is given, in which when a new or
handoff call arrives at a neighboring cell, the number of
channels that must be reserved in the test cell is increased by
a fraction amount and when a call is completed at or moved
out of the neighboring celis, the aumber of reserved channels
is decreased by the same fractional amount.

in [47], a call admission algorithm, whick is cailed
popuiation--based channel reservation scheme, is presented,
This scheme dyramically adjusts the number of channels that
must be reserved for hand off calls according to the amount
of ceilular raffic in its neighboring cells. Assume that cell i

have n, neighboring cells. Whenever a cali, which consumes

b channels is accepted into cell j as either a newly call or 2
hand-off call, the base station of the cell requests a fractional

channe! reservation for the amount of &/ n 1o each of its n;

neighboring cells. Whenever this call i leaving the cell
either by call completion or by hand off into its neighbor, the
base station requests a fractional channe] release for the same

amount as requested for the reservation to each of its 1,

neighboring cells, even to the cell into which this call is
handed over. This step is to inform the neighborhood of
appearance and disappearance of a potential hand-off. Each
base station in a cellular network maintains a counter that
records {ransactions for fractional channel reservation or
release requests from its neighboring cells. Bvery time it
receives a factional channel reservation request or a release
request, it increments or decrements the counter by the
requested amounts, respectively.

in [48-501, three adaptive LFG aigorithm based upon
continuous action-set learning automata are proposed. These
algorithms adjust the number of channels to be reserved in
the cell according the traffic of the ceil and the predefined
QoS. it is shown that the algorithm given in [50] finds the
optimal number of channels that must be reserved,

4.2,1.2.2 Dynamic EASWR Schemes Based on
Mobility

The most salient feature of the mobile wireless network is the

mobility, which can be used for adjusting the T, s . Since the

handoff occurs when the mobile users are moving during the
call connection, thus good call admission algorithms should
consider the mobility pattern. Hence, in order fo make a
reservation schemes effectively adapt to the network traffic
situations, the user mobility information must be deployed.

in these schemes, each base station adjusts the reservation by
employing the mobility information. The mobility patterr is
determined by many factors such as destinations of mobile
users, the layout of the neswork, and the traffic condition in
the network, Since it is not easy to specify the mobility
pattern of each mobile user in detail, therefore the statistical
mobility patterns of users are more useful. Based on the

values of threshoids, 7,5, these schemes can be divided into

two groups: reserving imtegral number of channels and
reserving fractional number of channels, which are briefly
described below,

Reserving Integral Number of Channels. In these
schemes, an integral number of channels is reserved for
higher priority calls. Some of the reporied schemes are
briefly described below. Concept of shadow cluster is
introduced in {51), which estimates the future resource
requirements based on the current movement patiern of the
mobile users. The fundamentai idea of the shadow cluster
concept is that as an active user travels to other celi, the
region of influence also moves. The base stations currently
being influenced are said to form a shadow cluster, because
the region of influence follows the movement of the active
mobile terminal like a shadow. However, the strength of this
scheme depends on the accuracy of the knowledge of users’
movement patterns, such as frajeciory of @ mobile user,
which is difficult o predict in real thne systems.

In [52], a call admission algorithm, which is called integrad
mobility based channel reservation scheme, has been
preseated. In this scheme, mobile users are classifted in two
classes according to their velocities: high and low speed
users. Thus the average cell dwell time of high speed users
are shorter than that of the low speed users. Based on the
velocity of each mobile user, the handoff probability of each
class is predicted and the number of channels that must be
reserved is determined. it is also noted that the better
performance wilt be achieved if this scheme and 2 new cail
bounding scheme are combined {521,

In {53], & dynamic reservation scheme for multimedia
cellular networks is introduced in which the handoff calls
have a higher priority than the new calls. The prerequisite of
this scheme is that base stations can estimate future trajectory
of mobile users with high degree of accuracy, which is
possible in today's increasing improved position location
technigues. This scheme uses the Kalman filter to predict the
next cell for every mobile computer,

Reserving Fractional Number of Channels. In
reserving fractional number of channels, T,.s are real

numbers. In these schemes, the call admission confroiler
have more control on both the dropping probability of
handoff calls and the blocking probability of new calis since
the rounding of T, 's lost some information. 1n order o have

more control on the dropping probability of handoff calls,
Fractional mobility based channel reservation scheme i
given in [521 Tn this scheme, mobile users are classified in
two classes according to their velocities: high and low speed
users. Thus the average cell dwell time of high speed users
are shorter than that of the low speed users. Based on the
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velocity of each mobile user, the handoff probabitity of each
class is predicted and values of 1 's are determined.

One critical issue in all reservation based call admission
policies is how the reservation is made. In traditional guard
channel policy, the number of goard channels is determined
based on the priori knowiedge of the cell fraffic and the QoS
requirements. Obviously, the performance will degrade if the
cell traffic is not conformal to the priort knowledge; thus it
will be better to use dynamic reservation schemes: adjusting
the number of guard channels with the network traffic. In
order to determine an optimal or near optimal value for
number of guard channels one first answer the following
question: when do reserve channels for coming handoff
calis? If the reservation is made at time when it is needed, the
resuiting  scheme  will  definitely achieve the best
performance. However, such timing wili be very difficult, if
it is not impossible, to acquire. Since the reservation is a
waste of resources if it not used by handoff caills, the shorter
the time the reservation is actually used {(reservation time),
the better performance will be achieved.

4.2.2 Complete Partitioning Policies
Complete partitioning policies are subsets of reservation
based call admission policies. In these policies, we have

=8, U8, ..US;, andS; NS, .S, =¢.

Compiete partitioning policies partition the channels among
the different ciasses of calls by dedicating a certain number
of channels o each class. This policy takes place when the
ihreshold point for wraffic class w is inside the state space,

ie.T, € SG,,. . These policies isolate cach ciass of calls and

the resulting process is simply the aggregation of w
independent M/M/T, /T, processes. in [534], a cellular

gystemn is considered that supports two traffic types of voice
{constant-rate) and data {variable-rate). In this scheme, voice
calis have a higher priority than the new calis. The channels
in each celi are partitioned into two subsets, one for voice
calis and the other for data calls. Each partition uses the
standard LFG policy to accept/reject new calls in that class.

in [55], 2 dynamic channel allocation for multimedia cellular
networks is given. This algorithm uses the guard channel
scheme for maintaining the level of Qo8 and works the same
as the guard chennel scheme when a new or handoff call
arrives, but when 2 call is terminated or completed, it differs
from the guard channel policy. If a call that uses a guard
channel is ferminated or completed, then that channel is
reserved for future incoming handoff calls. On the other
hand, if a call that uses an ordinary channel is terminated or
completed, then the bandwidth adaptation, which is the
allocation of freed bandwidth to the ongoing calls, is applied,
In order to allocate the freed bandwidth o the ongeing calls,
a Lagrangean relaxation procedure is used that leads to a sub-~
optimal solution. In [56], channels assigned to a cell are
divided into two groups: ordinary and guard channel groups.
The new calls are accepted if the ordinary channel group has
free channel; otherwise the cail will be blocked. For handoff
calis, three different strategies are used: 1) first guard
channel group and then the ordinary channel group is
selected, 2) first ordinary channel group and then the guard

channel group are selected, and 3) randomly one of the
preceding strategies is selected. In order to improve the
blocking probability of new calls without trading off the
dropping probability of handoff calls, an algorithm is given
in [561 In this algorithm, if all channels in the ordinary
channel group are occupied at the arrival time of a new call
and there is at least one free channel in guard channed group,
then any free guard channel can temporarily be lent {0 the
ordinary channel group to prevent the new call to be blocked.
Such transferring can only be carried out if the base station
can predict that there are no handofl attempis from
neighboring cell, while the borrowed channel is used for the
new call. This prediction is done with the aid of power
measurements.

4.3 Quening Priority Schemes

These schemes reduce the blocking probability of the new
calls and the dropping probability of the handoff calls by
employing a queuing mechanism, In queuing priority
schemes, calls of each class are accepted whenever there are
free channels for that class, When there is no free channels
for a class, calls may be queued and calls of other classes are
blocked and cleared from system. One key point of using
queuing in call admission algorithms is that the service
differentiation could be managed by modifying the queuing
discipline. For example, instead of FIFO quening Hrategy,
other prioritized queuing discipline can be used to maintain
priority level in each service class. Anocther key peint is the
mobility of the users, which results difficultics in
management of gueues. These schemes consider two traffic
classes, new calis and handoff calls. Based on the type of
calls that is gueued, these schemes are divided in three
groups: new call quening schemes, hondoff call quening
scheme and alf call gquening schemes. Some of the reported
schemes are briefly described below,

4.3.1 New Call Quening Schemes

In the new call gueuing schemes, a cerfain number of
channels is reserved in each cell exclusively for the handoff
calls. In new call queuing schemes, the new calls and the
handoff calls are treated equally on a first-come first-served
basis for channel allocation until the sumber of occupied
channels in the cell becomesT,. When the predetermined

channel utilization threshold, 1, is reached, new calls are
queuved and only handoff call requests are accepted. in other
words, a new call is accepted if¢ <7, thatis,

accept if x <« Cand w = handoff calls

accept if x < T,and w = newcealls {163
u(x, w)= e
gueue ifx 2 andw = new calls

reicet Hx=C

The only reporied new call queuing scheme is given in {57].
In this scheme, when the number of free channels is less than
the number of guard channels, the new calls are queued. # s
pointed out that the blocking probability of the new calls can
be drastically reduced by reserving some channels for the
handoff calls and using a queuing mechanism for the new
calls.
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4.3.2 Handoff Calls Queuing Schemes

Handoff cali queuing schemes reserves a number of channels
for use of the handoff calls. in these schemes, the new calls
are serviced as same as handoff calis until the number of free
channels becomes less than the number of reserved
channels {C-1;). When the number of occupied channels is

greater than threshold T,, the new calls are blocked and the

handoff cali requests are accepted. When ail channels are
occupied, the handoff calls are queued, that Is

aceept i X < Cand w = handoff calls
gueve if x = Cand w = handefT calls

u{x,w)= accept ifx <T,andw =newealls  (17)

reject if x 2T, and w = new calls

The analysis of this scheme with an infinite buffer and finite
buffer length for handoff calls are given in [19] and {58],
respectively. The extension of handoff call queving scheme
with finite buffer size to muiti-class of calls is proposed in
£59). in [60], a handoff call queuing scheme is introduced
which reserves no channeis for handoff calls. In this scheme,
when a new call arrives and ali channels are busy, then the
call wiil be blocked; when a handoff call arrives and all
channels are busy, the call wili be quened. Both types of cails
will be accepted if there are any free channels. When a
channei becomes free, then a handoff call from the queue, if
gueue is not empty, will be serviced. In [60}, also some
gueuing discipline such as first-in first out, most critical first
have been proposed. In {61}, a dynamic channel reservation
scheme with handoff quening is introdusced. In this scheme,
the number of channels to be reserved is adjusted based on
the handoff traffic and the current number of reserved
channels. in 62}, a dynamic channel reservation scheme
with handoff queuing is introduced. In this scheme, the
namber of channels to be reserved is adjusted based on the
occupied channels in the neighboring celis.

it must be pointed owt that quening of handoff calls is more
sensitive to delay {time between request and the time for
atfocation of channels) than queuing of new calls, because as
mobile users move the signal strength decreases and the call
may be dropped. However, this delay depends on the speed
of the mobile user.

4.3.3 All Calls Queuing Schemes

These schemes wok as the same as guard channel scheme
when the number of eccupied channels in the cell is less
thanT,. When the number of occupied channels is equal or
greater than T, , new calls are queued and only handoff call

requests are accepted. When all channels are occupied, the

handoff calls are also queued, that iz

accept if x < Cand w = handof¥ calls

. queue i x = Cand w = new calls

u{X, wi= .
accept if x <T,and w=new calls (18}
lqueae if x 2T, and w = new calis

in {38], a call admission scheme is introduced in which the
value of T, is equal to C. In this scheme, the new calls are

put after all handoff cails in the queue and the queue is

serviced in the FIFO manner. When the queue is full, then ali
incoming calls will be blocked. In [38}, a rearranging
mechanism is also introduced in which when the queue is
full, then the last new call is pushed out from the quene and
the incoming handoff call wili be placed after the last
handoff call. In [63], a call admission scheme is given in
which all calis are queued with certain rearrangements in the
queue.

5. Optimal Call Admission Policies

i.et assign a cost to each blocked call, low cost for new calls
and high cost for handoff calls, the optimal policy is the one
that that finds #{xwi in such a way that the cost is
minimized. in these policies, the call admission is formulated
as as Markov decision process and actions of this Markov
decision process are used as function afx,w). In {64}, value
teration algorithm of Markov decision process has been used
throughout as a technique to search for the optimal policy,
that is, the policy which minimizes a weighted blocking
criterion. In [65, 60} a call admission algorithm is given
which fecuses the dropping probability of the handoff calis
as the main QoS requirement. In this approach the celfniar
system is modeled using semi-Markov decision process. The
Hinear programming method for solving semi-Markov
decision process is emploved to find out the optimal call
admission decision in each state. In [67], the call admission
problem in duabmode cellular networks is formulated as a
Markov decision process and the linear programming is used
for finding the optimal calf admission policy.

6. Conclusions

In this paper, we proposed a new classification for user based
cail admission pelicies in the mobile cellular networks, The
proposed classification nrot only provides a coherent
framework for comparative studies of existing approaches,
but also helps future researches and developments of new
call admission policies.
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