Chapter 3
Call Management in a Cellular Mobile Network
Using Fuzzy Comparators

The current literature on mobile communication usually considers the channel
assignment and the call admission control as two independent problems.
However, in practice these two problems are not fully independent. This chapter
attempts to solve the complete problem by employing a fuzzy comparator, which
compares the membership of two fuzzy measurement variables to take decisions
about call admission, satisfying the necessary constrains of channel assignment.
Two alternative approaches to handle the problem are addressed. The first
approach is concerned with the development of a fuzzy to binary mapping of the
measurement variables to decision variables. The latter approach deals with fuzzy
to fuzzy mapping, and then employs a fuzzy threshold to transform the fuzzy
decisions into binary values for execution. A performance of both the call
management techniques are studied with the standard Philadelphia benchmark
and the results outperform reported results on independent call admission and
channel assignment problems. The results further envisage that the latter
approach is better than the former with respect to resource utilization,
adaptability to the network conditions and insensitivity to load variations.

3.1 Introduction

With the rapid increase in the utilization of mobile cellular network, the call
management has become an important problem. Existing techniques for call
management cannot fully support the necessary user-services, such as
minimization of network congestion, minimization of call drop and hard handoff.
This chapter however attempts to solve the above problem with an objective to
minimize hard handoff [1] and call blocking and increase the call-service. The
problem addressed here is unique and new as it attempts to solve two basic
problems of call management, including call admission control and channel
assignment as a single (and interrelated) problem. It is apparent that the two
problems coexist in mobile system, but has been solved independently to
minimize the complexity of the overall problem [2-17].

Informally speaking, the call admission control (CAC) is concerned with the
allocation of calls waiting for service. In a wireless network, the whole service
coverage is partitioned into several continuous areas, each of which is called a
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cell. In each cell, a Base Station (BS) performs the central role to coordinate and
relay all communications. A Mobile Station (MS) may initialize a connection
request (new call) to the BS (Fig. 3.1). The CAC takes necessary decisions to
accept or block the request. In case of successful initial access, the MS will roam
freely with the active connection. When the MS reaches the boundary of the cell
with an ongoing call, it issues the handoff request to a neighbouring cell to avoid
call drop. This connection request is well known as handoff call.

The CAC module is also responsible for acceptance or rejection of the handoff
call connection request. Since it is more undesirable to terminate a call in progress
than to block a new call connection request, higher priority is normally given to
handoff call in CAC strategy.

The common bottleneck to the call management is due to the high call
congestion, which causes high call blocking and channel interference. One
standard approach to solve the problem of congestion is to enhance reuse of the
channels, which, however, in turn increases channel interference and decreases the
quality of service (QoS). The chapter, therefore, considers channel assignment
problem to resolve the call management problem.

First mobile radio system was introduced by American police department in
1921, which used the bands just above the present AM radio bands. The first
commercial mobile telephone service was introduced by AT&T and South-
western Bell in 1947, which had the cellular concept to increase the reuse
frequency of channels though the then technology, could not cope up with the
concept. In mid 1960s bell system introduced Improved Mobile Telephone
Services (IMTS) which improved the frequency reuse. Their cellular network was
divided into a number of circular or hexagonal cells and each had a centrally
located base station and a number of radio channels.

Fig. 3.1 Cell structure of wireless network

The radio channels can be a frequency, a time slot or a code sequence. The
mobile devices communicates to each other with the help of a radio frequency
through the base station and the base stations communicate through the Mobile
Switching Centre (MSC), while MSCs communicate each through the Public
Switched Telephone Networks (PSTN) shown in Fig. 3.2.
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When a user starts or receives a call, he may move around in the cells of a
network with the unfinished call and the network may have to handoff or transfer
the call from cell to cell without the knowledge of the user. Historically, the
evolution of mobile technology can be divided into 4 generations.
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Fig. 3.2 A Typical Cellular Network

= 1G—the analog systems with major service provided was the voice
transmission.

= 2G—switching to digital technology for transmission of voice and some
limited data in low cost and higher capacity system.

= 3G—introduced multimedia transmission and global roaming in
homogeneous network system

=  4G—extended global roaming in heterogeneous systems

Due to the increase in use and complication in technology in mobile networks, the
QoS became an issue of utmost important. The Call Admission Control (CAC)
mechanism is essentially needed to ensure the QoS provision by restricting the
resource of the network to prevent the congestion as well as the degradation of
channels currently in use. The basis concepts involved are given as follows.

1. Channel assignment scheme: How the calls and channels are managed by
each cell using different reuse constraints [38]-[49].

2. Handoff scheme: How the calls are transferred from one cell to the other.
There are two types of handoff, hard and soft [23], [27]-[37].

a. Hard handoff: The old link breaks and the call drops before the new link
are generated.
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b.  Soft handoff: When the new channel is obtained, the call is transferred
from the old channel to the new thereby causing no break in link.

3. Call block and drop: [23]-[26]
a. Call block: When due to the circumstances a new call cannot be assigned
to a channel.

b. Call drop: When due to the hard handoff an ongoing call gets
disconnected.

Common performance measuring criteria used to solve the CAC problem
includes:

1. Efficiency: higher network resource utilization
Complexity: computational complexity of CAC
Overhead: exchange of information with neighbour cells
Adaptability: effect of changing network condition
Stability: insensitivity to short term increase in traffic.

Sk WD

3.1.1 Review

There has been a considerable work done in the field of call admission control in
recent few years. In 2005, Jue proposed a CAC in wideband CDMA network
using fuzzy logic [2]. In this paper, the model proposed was a mapping from fuzzy
to crisp. The fuzzy estimator for bandwidth introduced by this scheme calculates
the intra-cell bandwidth, inter-cell bandwidth and the residual bandwidth for both
home and neighbour cells.

First, it [6] assumes that velocity has only two values, which, however, is not
realistic. Second, it considers that the acceptance or rejection of calls solely
depends on the bandwidth. Third, reuse of the already used channels is not taken
care of in turn compromising the efficiency. Further, computing the bandwidths of
all cells over the iterations and exchanging the information among neighbouring
cells is time-consuming. Finally, the effect of change in network condition is not
considered and the changing traffic load is ignored.

In 2005, another Outage-based fuzzy call admission controller with multi-user
detection for WCDMA systems was proposed by [7]. Here the main concern of
the fuzzy model was to estimate the signal to noise ratio. The system dose not
takes care of channel reuse. Each time computing the probability makes the
system computationally complex. The effect of changing load is also not handled.
The mobility condition of the mobile device is also not considered.

In 2006, a Neural Fuzzy Call Admission and Rate Controller for WCDMA
Cellular Systems providing Multirate Services were proposed in [8]. Here, an
adaptive network based fuzzy controller system is proposed using typel and type2
probabilities. The system doses not consider soft handoff and dose not guarantee
QoS under heavy traffic. The mobility condition of the mobile device is also not
considered.

In 2006, another performance analysis of call admission control in WCDMA
System with Adaptive Multi Class Traffic based on Fuzzy Logic was proposed
[9]. Here the quality of service and interference is not taken care of properly.
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3.1.2 Significance of the Work

The call admission control problem, addressed here, is realized by two alternative
schemes shown in Fig. 3.3. Both the schemes include a fuzzy logic module for
decision making about the call rejection/acceptance and also consider the channel
allocation for the accepted call. The call admission decision is undertaken by
considering the present dynamic scenario of the allocation matrix defined as

A= 1f;]

where, fj; = 1, if the j-th channel in i-th cell is assigned to a call,
= (0, otherwise.

The feasibility of channels for allocation is determined by an additional channel
allocation module with the consideration of compatibility matrix defined as

4, satisfying cosite constraint between jand k channel in came cell

c=C 3, satisfying adjacent channel constraint between jand k channels
T 2, satisfying co - channel constraint between j and k channels

0, nointerferance between channel jand k

Additional input parameters of the call admission control include hotness (degree
of congestion) velocity of the mobile and its distance from the base station. It is
noteworthy that in conventional call management, the feedback module through
channel assignment is not considered.

The first approach undertaken to solve the problem considers a modelling from
fuzzy measurements to binary decisions about call admission. The second
approach is concerned with a mapping of fuzzy measurement to fuzzy control
decisions [51] about call admission using Takagi-Sugano (T-S) fuzzy logic [18].

A study with the standard Philadelphia benchmark with 21 cells confirms that
the proposed method outperforms most, if not all, techniques for call management
and channel assignment uniquely. Summarizing, the main features of the work are
listed below:

1. Minimization of call block or existing call drop, ensuring the fidelity of
the network.

2. Usage of efficient channel assignment strategy for minimization of
interference and ensuring quality of service.

3. Considering and solving the real world situation, where the mobile

stations are moving and hence creating ambiguity in their location.

Reduction in the level of congestion.

5. Creating an effective MS to BS as well as global environment for better
mutual understanding between the cells and enhancement of overall
performance.

6. The proposed scheme utilizes both cell occupancy and mobility, and
hence is expected to be more efficient.

7. The schemes are uniform cell based, and hence simple in nature.

&
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Decision time is proactive and fast, based on a priory and feedback parameters.
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Fig. 3.3 The proposed call management

3.2 Rule Based Call Management

The chapter employs two distinct kind of fuzzy rules for decision making in
automated call management in cellular network. The first set of rules maps fuzzy
measurements into binary decisions about call management. The procedure
applied for fuzzy decision making is different from the classical fuzzy logic. It is
needless to mention here that classical Mamdani based fuzzy reasoning, maps
fuzzy measurements onto fuzzy conclusions using fuzzy relations. In the present
context, however, the decisions are derived based on condition checking of fuzzy
linguistic variables as stated in the antecedent part of the fuzzy logic [18-20].

The second category of rules, however, is similar to classical Takagi- Sugano
type, which includes an evaluation of the blocking, assignment, dropping or soft
handoff membership of a call in a given cell. A fuzzy threshold is then used to
transform the fuzzy decisions into binary decisions. Typically, in our experiment
we presume the threshold to be 0.5; consequently when the membership obtained
by firing the rules exceeds 0.5, the decision is given in favour of the fuzzy
linguistic decision variable. If the consequent parts of the rule include blocking of
a call, and the membership of call blocking exceeds 0.5, the call is blocked. The
extension of classical fuzzy logic to derive binary decisions using thresholds is
referred to as fuzzy threshold logic in this chapter.
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3.2.1 Fuzzy to Binary Decision Rule Based Call Management

In this section, we briefly outline the principle of fuzzy to binary mapping using a
set of rules with fuzzy propositions in the antecedent clause, and binary decision
variable in the consequent part. Such policy of adoption is needed to improve
system performance without increasing complexity of the reasoning algorithm.

Let x,xp,....x, and y[,¥2,.......y, be fuzzy linguistic variable, and u s (x;)
and My (y;) be the membership of the variable X; and Y; to lie in the set

A; and B, respectively. Let d r be a decision variable, which can hold two

values: true or false. It is needless to mention that u, (x;) and M, (y;) liein [0,
J J

1]. The general form of the fuzzy rule we used are given below.

Type 1 rule:
IF pp (x;)< g (%;) ANDuy (yi )< pg (i ) AND ...
THEN d, is true.
Type 2 rule:
TF((ua(x;) OR(uy (x;) > (ua (i) AND (g (y;)> pip (¥;))
THEN d, is false.

The inequality (<) in type 1 rule could be reversed (>). The OR in type 2 rule
means the maximum of the membership. For example, u s (x;) OR U, (y;)is

same as Max| u, (x j), Mg (¥ j) ]. The decision d, should be true or false. The
j J

parameters defined below will be used in the rest of the chapter.

Definition 1: Hotness is defined here as the number of calls waiting to be
serviced at a given time instance. If total no. of incoming calls in cell; is N;, and T;
is the total time of calls in cell; being serviced, then hotness of cell;, denoted by
hot;, is measured by

N.
hot; =—-.
i
Definition 2: Availability is defined here as number of free channels in a cell i.
Given f; ; =1, if the jth channel in cell i is free. Then the availability of cell i

denoted as avl; , is measured by
avl; =3 fi; .
J

Definition 3: Feasibility is a parameter used to check the viability of channel
assignment to a incoming call in a given cell. To test the feasibility of assignment
of channel j to an incoming call in cell i, when the channel k of cell i is already in
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service, V k, we define a measure of feasibility by feasj , using the soft
constraints for channel assignment indicated in [42], where

feas’ = g(c =V =fid).

If feas’ >0 then the j-th channel is assigned to an incoming call in cell i.
Otherwise, the assignment is abandoned.

Definition 4: Velocity is defined as the velocity with which a MS is moving while
in service and is denoted as vel.

Definition 5: Distance is defined as the distance of the moving MS from the BS
and is hereafter referred to as dist.

3.2.2 Fuzzy Membership Evaluation

In call management, the parameters like availability, hotness, velocity of the
mobile device and distance from the base station are always dynamically
fluctuating with time. Construction of rules for all possible values of the
parameters becomes tedious, and also not suggestive as matching of the if-part of
the rules with measured value of parameters for a large no of rules takes excessive
time, and thus not amenable for execution in real time. One approach to reduce
the matching time is to partition the parametric space into intervals, and check the
existence of a measured parameter in intervals. Such crisp partitioning is
permissible as long as a particular value of a parameter in the if-part of a rule is
independent (with respect to decision) over the other parameters in the if-part of
the same rule. Fortunately, this is taken care of in fuzzy sets, as it allows
overlapping among the partitions in individual parametric space. The parameters:
hotness, availability, velocity, and distance here are encoded (fuzzified) in three
scales HIGH (hereafter HI), LOW (hereafter LO) and MEDIUM (hereafter MED),
while feasibility is encoded into two fuzzy scales: HIGH and LOW. Fig. 3.4
shows the fuzzy membership curve of all the parameters stated above.

3.2.2.1 Fuzzy Rules for Call Admission

The rules used in the present context are given here with justifications below.

L IF  (ug(avl;) OR wyep(avl; ) > p, ofavl; ) AND (uy,(feas’ )> u, o(feas’ ))

THEN assign new call to j" channel.

(Upo(avl) OR wyyyp (avly) > py, (avl;) ) AND

(,uH,(feasj) > U (feasj))AND (U Choty) > g o (hot )
OR tiygpp (hoty ) AND (py; (avly ) > fo(avly ) OR pyp (avly )

THEN block the cell.

2. IF
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In rule 2, N denotes the neighborhood of cell

L. IF(up o (avl) OR pyyp(avl) > pyp(avl ) ) AND

(pyy (feas’) > g o (feas’)) AND(pgy; (hoty ) > iy o (hoty )
OR pyep(hoty)) AND (uy(avly) > py o (avly) OR pyp(avly))

THEN search new neighbor N and do Soft Handoff

2. IF  (uy(vel) > pyyp(vel) OR pyp(vel))
AND ( pipap(dis) OR i ypp (dis) > pypag (dis))

THEN drop the call

3. IF  (ug(vel) OR uyyp(vel) > ppo(vel)) AND
( Uppp(dis) > ppap(dis) OR pypap(dis)) AND
(urolavl; ) OR pypp(avl; ) > pg(avl; )) AND

((up(feas” ) > (up(feas’))
THEN do SHO

4. IF  (u o(vel)> wyyp(vel) OR wy (vel)) AND
(1par(dis) OR pypp(dis) < ptygap(dis))

THEN the call carries on with existing channel.

Rule 1 asserts that if a cell has good number of available channels and any of the
channels has a high feasibility to accept the call then assigns the call to that channel.

Rule 2 states that though the cell has good number of free channels but the
feasibility of assigning the call to them is low then search for such channels in the
neighboring cells N. If no such cell exists then block the call.

Rule 3 states that if in a cell good numbers of free channels are available but none
fits the feasibility criteria then search the neighboring cells’ channels. If any of the
cell has such channel do SHO to that channel.

Rule 4 states that in a situation where the receiver is moving very fast and is at the
boundary of the cell drop such call.

Rule 5 states that if velocity is high to medium and distance is medium from base
station and there is neighboring cell with feasible channel then SHO to that
channel

Rule 6 states that if the speed is very slow and is very near to the base station, do
not change the channel.
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3.2.3 Fuzzy to Fuzzy Mapping for CAC

At the time of assigning a channel to a call, the most important factor to be taken
care of is to ensure the QoS, satisfying the feasibility criteria. In case the channels
satisfy the feasibility criteria, they are fit for new assignment. In fuzzy to binary
mapping, only the fittest channel in a cell is used for new assignment.
Determination of the fittest channel there has been performed by selecting the
channel with the highest grade of fuzzy membership of High-feasibility set. But in
case of fuzzy to fuzzy mapping, the decision variable is fuzzy and is connected
with the measurement variables: feas, avl, hot, vel and dis through fuzzy relations.

In order to arrive at a binary decision from the estimated fuzzy decision
variable, a threshold is considered, exceeding which the decision is considered
true, and else it is regarded false. So a channel with lesser feasibility than the
highest is also favoured, if the membership of the decision variable exceeds the
threshold. As a result, more channels are in use at a time than in the previous
mapping scheme. But choice of suitable threshold ensures that the soft constraints
are not violated ensuring QoS.

The fuzzy rules in the present context are Tkagi-Sugeno type, but the reasoning
mechanism we introduced here is considerably different from classical Takagi-
Sugeno model [3], [4].

The general form of rules used includes

Type 1:
if (ta,(x;) OR 1, (x;)> sy (x, )

AND (pp (y;)> pp (v ) Vi
AND .. ...
Then d | is with t ruth value

uld;)= max{(,uAi(xl- ):(ﬂAj(xj ) m?x{:qu(yj )}

where A, A;, Ay, Bj, By and C are fuzzy sets in respective universe discourses.
The “*” denotes product of the arguments on both side of it.

Type 2:
if (pa(x;) OR puy (x;)> py (x, ) AND
(g (yi)>((1p,(y;) OR (ug (yi ), Vi
OR ((pc (z;)> pic, (24 ), Vj AND
(1y(x;)> ((ﬂf,vj(xj JOR(uy (x, ), Yi)AND  ..............
Then d, is with t ruth value
pp(d;)=min[ 1, max {(ua(x;),(uq (x; )} mgtx{(ﬂg,(y, N+

+ n}ax {(,ucj(zj )}* max {(ﬂﬁi(xi )
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where A;, A;, Ax, B, B, By, C;, Ci, and D are fuzzy sets in respective universes.
The conjunctive antecedent clauses’ contribution to decision variable is realized
using product (*), while the contribution of to disjunctive clauses is realized in
decision variable by summation (+) operation.

The fuzzy implication rules given below use a decision variable for un-serviced
call (hereafter abbreviated as uc) in five fuzzy sets ASSIGNMENT (hereafter
ASSIGN), BLOCK, SOFT-HANDOFF (abbreviated as SHO), DROP, and
CONTINUE (abbreviated as CONT).

3.2.4 Fuzzy Rules Used and Justification

o 1p (W (avl;) OR pyyp (avi;) > pypo (avl;)
AND (uy, (feas ) > pu,, (feas'))

Then assign new call to j"™ channel with membership

Uasigy(uc) = max{py (avl; )upyp(avl; )}* mqu {up(feas J )

Membership of assignment is expressed in terms of availability and feasibility,
and if the membership value exceeds a threshold of 0.5 then the channel j of cell i
is assigned to the call, and rejected otherwise.

2. IF (Mg (avl;) OR pyp(avly) > iy p(avl;) ) AND
(U0 (feas”) > ty (feas’)) AND
(o (hoty ) > iy (hoty ) OR tiyigp, (hoty )
THEN block the cell with membership of block as

Uprockx(uc) =min [ 1u;o(avl; )* m?x [,uw(feasj)}+
m]sx /ﬂLo(hOtN )

It is clear from the above expression that membership of call blocking is a
function of memberships of low availability and low feasibility or low hotness,
and the call is blocked if the membership of call blocking exceeds a threshold
=0.5.

3. IF (U0 (avl;) OR tyyp (avl;) > py (avl;))
AND ( py (feas ') > u,, (feas ')
OR ( (g (hot ) > g (hot ) OR fypp (hot )
AND (g (avl ) > fro (avl ) OR tyup (avl i) )
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THEN search new neighbor N and do Soft Handoff with membership given by

Uspo(uc) = min[l, max { pyyp(avl; ), uyo(avl; )} max {p o (feas D))+
j

m}f,lx{#w (hot y )}* max {p(avly )}

Membership of SHO is expressed in terms of inadequate availability of feasible
channels in the cell and the hotness of the neighbors and availability of feasible
channels in such neighbors and is accomplished if the membership value exceeds
threshold=0.5

4. IF (U vel) > ptyp (vel) OR py o (vel)) AND

(Upag (dis) OR ypp (dis) > pypag (dis))

THEN drop the call with membership as
Uprop (uc) = pyy (vel) * max{ pyp (dis), typp (dis)} .

Membership of drop is expressed in terms of high velocity and the distance away
from the BS and the call is dropped when membership value exceeds a
threshold=0.5.

5. IF (g (vel) OR pyy, (vel)> i1y o (vel)) AND
(Upgp (dis) > fpug (dis) OR pyp,p (dis))
OR ((ftyy (avly) > (11,0 (avly ) OR Loy (avly )) AND

(g (feas™7) > (ug o (feas ™))
THEN do SHO with membership
Usro(uc)=min[ I, max{uy,(vel) ,uyp(vel)}*max{uygp(dis)} +
m{f]‘x{ﬂm(a"l/v )} m]ax{ﬂm(feaSN/ )

The membership of SHO is expressed in terms of higher range of velocity with
medium distance of MS from BS and availability of feasible channels in near
neighbor and is done if membership value exceeds the threshold =0.5.

6. IF  (Uo(vel) >ty p(vel) OR tyy(vel)) AND
(Upar(dis) OR fhyp(dis) < fypap(dis))

THEN carry on with existing channel with membership
Ucont(uc) =ty o (vel)™* typap(dis) .

The membership CONT is expressed in terms of low velocity and nearing distance
of MS from BS and is accomplished if membership value exceeds threshold=0.5.
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3.3 Computer Simulation

Here we have considered two different decision schemes for assignment or
rejection of a call in a channel. Though the decisions are estimated differently, the
antecedents are same in both the cases.  Hence the same call management
strategy is used in both the case which is described below.

3.3.1 Principles of Call Management Strategy

In a network every cell contains channels, some of which are busy in servicing
calls, while the rest are free. When a new call arrives in a cell, it is to be assigned to
the free channels of the cell, satisfying the soft constraints of channel assignment. If
the cell does not have such free channels, the neighboring cells are searched for
free channels, and once found they are assigned to the calls. If no such channels are
available in near neighbors (adjacent six cells) then the call is rejected.

This, however, is valid as long as the MS are static. But in case the MS starts
moving during a call service, it may move out of the cell. To avoid call drop, a
new channel from the current cell needs to be allocated when the MS moves out of
the cell. If no such channel is found, the call is dropped. The time of search is
considered and if the MS is moving out of the cell very fast the call is dropped. If
it is moving slowly and is well within the range of the BS then the channel in use
continues the service.

In the time of call assignment the calls generated due to SHO are given higher
priority over new ones, to maintain the QoS of on-going calls. The calls which are
occupying the channels for long time are forcefully dropped to free the channels
for reuse. The call management strategy is proposed based on the above
considerations.

3.3.2 Call Management Strategy

A new call arrives in the cell.

If it is a new call, set SHO flag to O else (if it is due to handoff) set to 1.

Check if the call is moving or static; if moving repeat from step 10.

Drop all the calls with call time more than T, and set all the free channels due

to call drop and hang-ups available; and refresh the dynamic allocation table

and hotness table.

5. Check the availability of the channels in the cell and list all the available
channels with the membership of avl.

6. Check the feasibility of the available channels and find the membership of
feas.

7. If membership of avl and feas both are high, then assign the call to that
channel of the cell, and start counting call time (so as to measure call duration
to drop long calls by strategy 4) and go to step 1.

8. If feas is not high, search the highest feasible channel in the near neighbour with

highest avl, and if found do SHO; start counting call time and go to step 1.

b
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9. If no such cell found satisfying step 6, block the call and go to step 1.

10. Find the membership of vel and dis.

11. If vel and dis both are low, the channel used for call service is retained in the
cell, and go to step 1.

12. if vel is med or high and dist is med, then find the membership of avl for
the neighbours, and go to step 7.

13. If both vel and dist are respectively high and far, then drop the call and go to
step 1.

The membership curves of the variables are given in Fig 2.4.

3.3.3 Sample Runs for Fuzzy to Binary

The strategy of call admission has two modules (Fig. 3.5). One describes the call
admission when the MS are static the other describes the same when the MS are
moving. Three specific cells are taken to demonstrate the rules are described in

Table. 3.1.

Table 3.1 Measurement of System Features Following the Above Definitions

No of cell vel dist | avl | hot feas

7 5 1 5 55 1,2,4,5

21 55 4 6 60 1,2,4,5,6,7
9 55 1.6 5 103 1,2,4,5,7

The first module is described in Fig. 3.6a. Here at a particular instance of time
when a call arrives in the cell the membership of hotness is calculated using
hotness curves. Then the membership or availability of channels in the cell as well
as the membership of feasibility of the channels are calculated. Then rules are
fired on the basis of membership values, and a binary decision is obtained.

Fuzzy to Binary Strategy

v v
For Static MS For MS with Movement

Fig.3.5 Block diagram for fuzzy to binary strategy

RULET1:

IF (1t (avl; ) OR pyyp(avl; ) > up ofavl; ) ANDug(feas? ) > iy offeas’ )
Assign new call to chanel j in cell i
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RULE2:
IF (ug(avl;) OR uyyp(avl;) < uppofavl;)) AND

(1 (feas 7)< Uy (feas ) AND(u g (hoty ) OR pyyp(hoty ) < uo(hoty )
Block the call

Call distribution in cells

At t=t,
g-o 150 - 120
-g g 100 7n100 7910390 7208575
T g 55 I I 5040°
£ 3 50 28232435 || n M on?23007
25 T Y I
[$]
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cells

i

Feature Extraction
HOT, FEAS, AVL

I

Fuzzy Encoding

I

Reasoning with Fuzzy . Fuzzy Knowledge Base
Threshold Logic

i

Decision about Call Admission

Fig. 3.6a Module describing static call service

RULE3:

IF (ugg(avl;) < tyup(avl;) OR pyofavl; ))AND (g (feas 7)) < o (feas 7))
AND (ugy(hoty ) > uppp(hoty JOR upo(hoty )AND py(avly ) > py,(avly )
OR pypp(avly )

Search new neighbour N and do SHO

RULE 4:

IF (ug(vel) > uyup(vel) OR u;o(vel) JAND (upap(dis) OR uypp(dis) > )

M ngag(dis)
DROP THE CALL
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RULES:

IF( ug(vel) OR Ouyyp(vel) > upo(vel)) AND (i psp(dis) OR
Mnear(dis) ) < pypp(dis)AND (upo(avly ) OR

Upyp(avly ) (ip(avly, )ofnbd(N)AND(,qu(feasj )> ,uw(feasj ))

DO SHO

111

The module in Fig. 3.6b is the second part of the scheme proposed by us. Here the
situation is considered when the MS starts moving inside the cell or may move out
of the cell as well. In such case the membership value of velocity of MS as well as
the membership of distance from base station is also important to arrive at a
decision, and hence they are also considered together.

In addition, the availability of channels in the neighbouring cell as well as
feasibility of using such channels are equally important in decision making.
Depending on all such membership values the rules are fired to get a binary
decision for the course of action to be followed.

At t=t,
L 5 150 4 120
§§ 100 170222 557910?90 7”857';
232 s0 ,ﬂ 28232435+ | [ ,_\14930775040
28 oo LA TIT l|l|l|u|]|]|]|]|ll|
o

1 3 5 7 9

11

13 15 17 19 2

cells

l

Feature Extraction
Hot, Feas, Avl, Vel, Dis

ll

Fuzzy Encoding

J

Reasoning with Fuzzy
Threshold Logic

Fuzzy Knowledge
Base

I

Decision about Call Admission

Fig. 3.6b Module describing call service when MS in in motion
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3.3.4 Numerical Examples

Let us find out how the system works in a situation where three cells say, the 9“’,
11"™ and 5™ are having static calls at an instant f = I - By calculating the

membership value, we find the following facts which are shown in Fig. 3.7a.

At t=t,

150 10 120
100 79 3‘90 70 8575

100 770 55 49 50 4060
35 "> 40
1 BN EE A NTARN|

1 3 5 7 9 11 13 15 17 19 21

[é)]
o O
|

calls waiting to
be survised

cells

MEASUREMENT OF SYSTEM FEATURES

CELL NO HOTNESS | AVAILABILITY | FEASIBILITY
9 103 5 1,2,4,5,7

Fig. 3.7 When a new call is generated in cell 9

Example 1: Let us consider the network in a situation given in Fig. 3.7
From the Fig 3.7 we can see that the membership value and the curves of

availability is given in Fig. 3.7a.

Avl=5
LO 0
MED 0.5
HI 0.333

Membershio for avi

membership

No of available channels in a cell

Fig. 3.7a Membership curve for avl
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From Fig. 3.7a, it is evident that g, (avl) > (uypp(avl)ORu; p(avl))
The fuzzy membership calculation of hotness is given in Fig. 3.7b.
From Fig.3.7b it follows that uggp(hot) > (,uMED(hot)OR,uLO(hot))

Then the feasibility of the free channels are considered. Fig. 3.7c below
demonstrates the feasibility of all the free channels mentioned in Fig.3.2a

Hot=103
LO 0
MED 0.425
HI 0. 575
1 Tt 1 e - — o4 1
: ~ 7 N
, 0.8 . N
. tL/ -
! 0.4 s 0;5
: o
. / : .
F W o) ™ ™ I ™ v [ n
0 20 40 60 80 100 120 140
no of call waitina to service

Fig. 3.7b Membership curve for hot in cell 9

From Fig. 3.7¢ we can conclude ,uLO(feas] )> ,uHI(feasJ )Vije {1,2,4,5,7}

I

o
-

0 i 0 i

2 3 456 7 2 3 4 56 7 2 3 4 5 6|7
0" 2 3 4[5 6 7 "7 o 34 5 6 7
l l v v
1 2 4 5 7

Channel
u
LO 0.714 0.8568 0.8568 0.8568 0.8568
HI 0.2856 0.1428 0.1428 0.1428 0.1428

Fig. 3.7c Membership curve for feasibility of all available channels
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So in the given condition stated above when a new call is generated in cell 9
then all the conditions trigger Rule 2 and the call is blocked. All the tables
hereafter are refreshed.

Now consider cell 11 given in Fig. 3.7d

At t=t,

o
= o 150 - 120
o @ 10
22 400 7020 79'0%0 1 8575
T S 55 |'| 49 50 40099
= 3 504 28 23 24 35 [l [l 3027
=28 o I] INNEEEEEEEEN ..
(&)

1 3 5 7 9 11 13 15 17 19 21

cells

MEASUREMENT OF SYSTEM FEATURES

CELL NO HOTNESS | AVAILABILITY | FEASIBILITY
11 120 6 1,2,4,5,6,7

Fig. 3.7d When a new call is generated in cell 11

It is evident from Fig. 3.7e that uyep(avl) > (uy (avDORuy o (avl))

The hotness satisfies the condition i, (hot) > (f,,z, (hot)ORU, , (hot))
shown in Fig. 3.7f.

avl=6
Memb. LO 0
Memb.MED 0
Memb. HI .85
Membership for avl
()
3
©
= '] cwep
2 e) ~7 MED -
@ s~ P ~ H
é - Ve 7 b ><
Ve ~ N
2 - \ ~
) " " T
0 1 2 3 4 5 6 7

no of available channels in a cell

Fig. 3.7e Membership curve avl of channels in cell 11
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Hot=120
LO 0
MED 0
HI 1

1
----10
— - -MED
HI
n
n 20 40 60 80 100 120 140
no of call waiting to service
Fig. 3.7f Membership for hotness =120
The feasibility as shown in the Fig. 3.7g shows that

Uy (feas®) > u,, (feas®) and for otherj g1, (feas') >y, (feas').
So when a new call arrives in cell 11 the 6™ channel satisfies all the conditions
of rule. Hence the new call is assigned to the 6 channel of cell 11.

1] 1
— L —1
o] 1t 2 3 4 5 6 700 1 2 83 4 5 6 7 0 1 2 3 4 5 6 |7
1 L1
Lo Hl Lo Hi Lo M
L ™ \
0 1 2 3 4 516 7/]0 1 2 3 4 5|6 70 1|2 83 4 5 6 7
Channel 1 2 4 5 6 7
u
LO 0.71 0.86 0.86 0.14 0.43 0.57
HI 0.28 0.14 0.14 0.86 0.57 0.43

Fig. 3.7g Membership curve for feasibility of all available channels in cell 11
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3.4 Fuzzy to Fuzzy Model

In the fuzzy to fuzzy scheme, the 1* module given in Fig. 3.6a, 2.6b is almost the
same as the module given in Fig. 3.8. The notable change incorporated here is the
output which is fuzzy instead of binary. Hence depending on the input values, the
rules are fired and the membership values for un-serviced calls are generated.
Depending on the membership values for assign, SHO and reject the call
admission decision is taken. A thresholding is done to arrive to the decision.

No of cell vel dist avl hot feas

7 5 1 5 55 1,2,4,5
At t=t,
150 103,120
100 7n1 00 79 %0 708575
55 49 50 40°Y

calls waiting to
be survised

a
o O
|

ﬂ>‘n‘u‘u‘3ﬂ5‘ 1NN ﬂ ol oad 1

1 3 5 7 9 11 13 15 17 19 21

cells

Fig. 3.7h Membership for cell 7

Example2: Let us consider a caller starts moving in the 7™ cell as shown in
Fig.3.7h

1) 1In 7" cell the following conditions are satisfied
a) Uy, (hot) > (U, (hot) OR p, , (hot))
b) Uyep (avl) > (U, (avl) OR p, , (avl))
0) Uy (feas’) > uy, (feas’) Vje(1245,6)
d) 1, ,(vel) > (U, (vel) OR pty, (vel))
&) Uy (dist) > (U (dist) OR fy,, (dist))

Hence rule 6 is fired and all the tables are refreshed.

2) 1In 21* cell the following conditions are satisfied

a) My (vel) > (U, (vel) OR 1, (vel))
b) Ly (dist) > (g (dist) OR pypp (dist))
©) iy (avly) > (Uyep (avly) OR w1, (avly,)) for N=17,20

d) Uy, (feas6) > U, (feasé) in N=17

Hence rule 5 is fired and 6™ channel of neighbour 17 is assigned with the call. All
the tables hereafter are refreshed.
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3) In 9" cell the following conditions are satisfied

a) iy, (vel) > (e (vel) OR U, , (vel))

b) Hpag (diSt) > (:uMED (diSt) OR Hnear (diSt))

Hence rule 4 is fired and call is dropped.
The Table 3.2 Shows all the membership values of all variable in the three

given cells.

Table 3.2 Membership Value for all the variables when MS is moving

Cell No 7 21 9
uLo=0 uLo=0 HLo=0
Hot tmep=425 | tmep=425 Hmep=-425
tar=.575 tar=.575 puar=.575
po=0 po=0 uLo=0
Avl MMED=-5 Mmep=0 Hmep=-3
ur=.333 par=1 H=.333
po=1 po=0 uo=0
Vel tmep=0 MmeD=.235 Hmep=-25
par=0 per=0.75 He=.7
uLo=0 HLo=.2 HLo=0
Dist Mvm=1 Mmm=0 Hmm=0
HEaR=0 HEaR=0 HEAR=-2
H1L0:.714 H1L0:.714 HILO:.714
H, HI—- 2856 H, HI—- 2856 H HI=- 2856
W o=8568 | u*1o=.8568 | n’Lo=.8568
Wa=1428 | Woy=.1428 | piy=.1428
' o=.8568 | u'0=.8568 p“m_ 8568
feas u:m— 1428 u:m— 1428 “:““ 1428
Wro=.714 Wio=.714 WLo=-8568
Wp=2856 | Wu=.2856 | py=.1428
uﬁw_ 4284 | n'1o=.8568
Wu=5712 | Wy=.1428
Wio=5712 | p'o=714
Wa=4284 | n'y=.2856

117
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At t=t,
L o - 12
§§ ﬁg 100 - 291%%0 07,, 8575 =560
23 50 28 2324 35 ﬂ»<ﬂ» 40
2g oMl o n o d PHTHNT T v To o IO 0
° 1 3 5 7 9 11 13 15 17 19 21
cells

l

Feature Extraction
Hot, Feas, Avl ,Vel, Dis

i

Fuzzy Encoding

4

Reasoning with Fuzzy . Fuzzy Knowledge
Threshold Logic Base

J

Fuzzy Membership value
for call Assign, SHO and

reject.

Decision about Call Admission

Fig. 3.8 Module describing call service for fuzzy to fuzzy model

3.5 Experiments and Simulation

For simulation we have considered a situation where

No. of cells =21

no of channels in each cell=7

Minimum reuse distance in a cell(cosite) C; ;=4
Co channel constraint C; ;=2

Adjacent Channel constraint C; ;=3

minimum call arrival in a system= 21
maximum call arrival in a system = 150

base station separation= 2 km

minimum call hang-up in a cell =1

maximum time before call drop in a hot cell= 1 hr
maximum velocity= 70 km/hr( city traffic)

O X N R w =

—_
—_ O
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At =1, 27 calls were serviced and 4 calls were rejected. But the change of

hotness may be different due to the hang up of calls by the users. Fig. 3.9b. shows
a sample run and how the hotness changes and calls getting serviced in the
processes. It is seen that the number of calls serviced increases steadily over the
time.

3.6 Results and Interpretation

We define call assignment and call rejection probability to measure the
performance of our proposed system of call management.
Let

N, be the number of calls assigned in a cell,
N; be the number of incoming calls waiting to be serviced and
N; be the number of calls rejected.

Then we define call assignment probability and call rejection probability by the
following expression

N
Ps= P (call assign) =—% Pr=P (call rejection) = —-

We first study the performance of the fuzzy to binary and fuzzy to fuzzy algorithm
separately.

3.6.1 Performance of Fuzzy to Binary Strategy

In Fig. 3.9 we present a graphical representation of the no. of serviced calls and
rejected calls against the total incoming calls. It is apparent from Fig. 3.9 that the
system starts with a very few incoming calls, i.e. Ny is low. Naturally, plenty of
channels remain free for further call assignment in the cells. Consequently, the
call assignment continues to the free channels, and resulting in a significant rise in
the number of call assigned (serviced) N, rises with N, when N, remains constant.

But as Ns increases and the channels get allocated to the calls, free and
assignable channels gradually decrease. This happens when N; exceeds
50(approx) (Fig. 3.9). Then the system experiences congestion and N, gradually
starts increasing whereas N, gets flatten. Under such situation, the call
management scheme starts executing a call drop strategy, where the channels in
service for more than a given amount of time are set free. The channels for the
normal hang-up (terminated) calls are also set free for subsequent reuse. And the
call allocation matrix is refreshed. This dropping and reuse job is repeated in
regular intervals. And here after N, goes on increasing with Ny and N; flattens.

Table 3.3 provides a situation of network after running Fuzzy to Fuzzy CAC
Algorithm
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Table 3.3 Call Management in a Network

Call Blocked | Soft Handoff | Call Serviced
CELL NO. And
Dropped

1 1

2 1

3 1

4 1

5 1

6 1

7 1

8 1

9 1

10 1

11 1

12 1

13 1

14 1

15 1

16 1

17 1

18 1

19 1

20 1

21 1
Total 4 10 7

Fig. 3.10 provides a graphical representation of the probability of call
assignment P, and probability of call rejection Py with increasing number of calls
waiting for being serviced N;. Initially the P, grows and Py falls sharply since
there are plenty of free channels in the system. Then as Ny increases, the
congestion grows and calls start dropping. So P, starts dropping, and Py starts
growing up. At that point the call management strategy starts dropping long calls
repetitively after certain interval of time and reuses the free channels.

Hence, P, moves up and stays up since the dropping and reuse of channels are
repeated in regular intervals. But the slope of P, flattens up when Ns goes beyond
a certain stage (approx 110). This signifies that with limited no. of channels, the
configuration indicated in Fig. 3.1, has no more free channels, and thus cannot
serve the excessive demand. One way to meet this demand, is to have adequate
channels for a given system configuration, so that channels are free even when the
call demand is height.

Table 3.4 shows the run of Fuzzy to Fuzzy system in a regular interval.
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Table 3.4 Performance of the scheme after certain

interval of time
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12
E=)
S
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S 6 rejected
© = No. of calls
© 4 serviced
©
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Total no of calls waiting to be serviced

Fig. 3.9 Total number of call dropped and serviced over the time
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Fig. 3.10 The call- drop probability and call assign probability

3.6.2  Performance of Fuzzy to Fuzzy Strategy

To study the performance of fuzzy to fuzzy decision making in call management
strategy, we again have plotted N, and N, against N; in Fig. 3.11. We also plot the
P, and Py against N; in Fig. 3.12.

In Fig. 3.11 we see that the congestion is reached much before (around 45) that
it was in fuzzy to binary scheme. This is because the fuzzy to fuzzy scheme takes
more channels as available for allocating calls.
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23 44 65 86 107 121

No. of calls rejected or serviced

No. of calls waiting for service
Fig. 3.11 Total number of call dropped and serviced over the time

Fig. 3.12 shows that P, always stays higher than Py. This is due to the fact that
unlike fuzzy to binary, fuzzy to fuzzy considers more channels as available, using
the threshold. Again Py has a sharp rise, since fuzzy to fuzzy strategy assigns
channels faster. The fuzzy to fuzzy strategy takes decision better and hence can
handle congestion of higher level.

1 -
0.9 1
0.8
0.7 1
0.6
0.51
0.4\

031 o s T~< P (rejection)
0.2 =~
0.1+
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1 9 17 25 33 41 49 57 65 73 81 89 97 105113 121

P (assignment)

Probability

-
—~——

No. of incoming calls waiting to be

Fig. 3.12 The call drop probability and call assign probability

3.6.3 Comparison between the Methods

Fig. 3.13 shows a comparison between the fuzzy to binary and fuzzy to fuzzy
methods in terms of call service. It is observed from this figure that no. of calls
assigned (N,) in fuzzy to fuzzy is always higher than that of fuzzy to binary
scheme irrespective of the no. of waiting calls (Nj). Further, the slope of the fuzzy
to fuzzy curve is also higher than that of fuzzy to binary.
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Lastly, the saturation in the fuzzy to fuzzy system starts at Ni=134, while that in
fuzzy to binary takes place at Ny= 120. Finally, the fall-off slope in fuzzy to binary
scheme is higher than the fuzzy to fuzzy scheme, indicating that with a little
increase in Ny the N, will have a drastic fall-off in fuzzy to binary mapping
scheme in comparison to that in fuzzy to fuzzy mapping scheme.

3.6.4 Call Rejection Threshold for Fuzzy to Fuzzy Module

The experimental shape of the curve for call rejection probability in fuzzy to fuzzy
scheme is already explained in Fig. 3.12. In Fig. 3.14, we study the effect of
variation of threshold in the fuzzy production rules deciding SHO. An apparent
look into Fig. 3.14 reveals that the curves with threshold =0.75 and 0.5 are more
or less parallel.

The increase in call rejection probability for increased threshold makes sense
following rulesl to 6. The phenomena for threshold =0.25 however is apparently
counter-intuitive as it lies between the two other curves, one with less, and the
other with more threshold.

250 A

[\
(=)
(=]

—
9]
o

100

9]
(]

No. of callsassigned.

16 26 36 46 56 66 76 86 96 106 116 126 136

No of calls waiting to be serviced

Fig.3.13 Call service in fuzzy to binary and fuzzy to fuzzy methods

0.5

045 4,

04 {75
5 0.35
g 03 XN S ke e Threshold =0.75
2 0.25 — — Threshold=0.25
o
2 02 Threshold=0.5
= 0.15
o)
[<] 0.1 4
o

0.05 +

O T I T T T T T T T T T

1 9 17 25 33 41 49 57 65 73 81 89 97 105

No. of incoming call

Fig. 3.14 Call rejection probability in fuzzy to fuzzy system with thresholds (0.5, 0.25,
0.75)
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A detailed look into the call assignment strategy envisages that for threshold=
0.25 the feasibility condition, i.e. soft constraints, for channel assignment failed to
be satisfied, giving rise to this phenomenon. A threshold of 0.5 seems to be an
optimum choice as manages to satisfy the feasibility condition in one end and
reduces the call rejection probability in the other end.

To compare the performance of our system with classical FCA [50] and DCA,
we consider the call rejection probability of these two schemes in [2].
Reconstructing the same, and merging them with our results, we obtain Fig. 3.15.
It is clear from Fig. 3.15 that both DCA and FCA have a high call rejection
probability when no. of calls waiting for serviced (Nj) is very low. But it may be
noted that the same cellular configuration can manage to handle almost double
waiting calls, even with a significantly low call rejection probability. Thus our
proposed scheme shows far better ability in reducing call block.

. e B
0.8 FtoB .‘5
’é‘ 06 bmmmm e e e m ." ’0‘ ~
= ' - _-5_7~‘~_
8 04 — = ---
T FtoF o
— 02 o R
o 0 T TLLL L s
B i B L A e e I
1 2 3456 7 8 910 12 14 16 18 20 22 24 25

No. of incoming calls waiting to be serviced

Fig. 3.15 Comparison of call drop probability in channel assignment problem

3.7 Conclusions

The proposed scheme is unique in its approach in combining Channel assignment
with Call admission control, which is considered as two different areas of study.
By implementing such concept we are able to minimize the interference in terms
of co-channel, adjacency channel and co-site constraints, and could be able to
ensure quality of service (QoS). Also the scheme implements reuse of channel
strategy combined with forceful dropping of long calls, which improves the
condition of a heavy traffic network and helps in avoiding congestion
considerably. Not only the static calls, but the calls where the MS’s are in a move,
are also considered and are provided with proper service to minimize the drop of
an ongoing call while moving. It has also taken care of the changeable conditions,
including availability, feasibility, and hotness of a dynamic network. With all
these aspects it gives a better result in managing calls than most of the existing

systems.
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