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Abstract - The increasing demand for advanced multimedia 

and non-multimedia services with limited resources of 

wireless networks leads to the design of efficient call 

admission control algorithm to enhance quality of service 

(QoS) levels of end users. The Quality of service (QoS) 

enhancement in wireless network is related to the 

management of available network resources and the 

optimization of number of users. Call admission control 

(CAC) is one of the key issues in next generation wireless 

mobile communication to ensure that the acceptance of a new 

call into a resource limited wireless network should not 

deviate the service level Agreement (SLAs) during the 

ongoing calls. In the next generation wireless network, CAC 

has direct impact on QoS for user calls & overall system 

performance. Reservation based call admission control 

(CAC) have been already proposed for wireless cellular 

network in which system bandwidth is reserved for high 

priority calls e.g. Handoff calls & real time new calls. These 

earlier reservation based schemes are not up to   the mark for 

next generation wireless networks because reserved 

bandwidth may not be effectively allocated in low handoff 

rates. In this paper we propose a channel borrowing 

approach using Fuzzy logic in which a new non real time 

(NRT) calls can borrow the reserved bandwidth for high 

priority calls and priority is redefined as real time calls & 

handoff calls. Also, if a higher priority handoff call arrives 

and all the channels are busy then it will preempt the service 

of NRT call, if there exists any. The preempted NRT call is 

kept in a queue & considers its service when a channel 

becomes available. The main objective of this paper is on the 

design of system model, performance evaluation & 

comparison of the proposed scheme with existing one. It is 

observed that the proposed channel borrowing approach 

using fuzzy decision control system, decreases call blocking 

probability effectively if handoff calls are low and handoff 

dropping probability decreases with slight increase in new 

call blocking rate if handoff rate is more. 
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1.  Introduction  
 

Channel borrowing scheme for call admission control 

using Fuzzy Logic have been proposed and found that it 

can make successful intelligent control decisions [1,2]. 

Fuzzy logic can remove most of assumptions and 

complicated computations of QoS of 4G WiMAX 

networks because fuzzy If-Then rules are created on 

linguistic variables which include a human-like 

representation of information. Hence, the proposed work is 

a Channel borrowing scheme for call admission control 

using Fuzzy Logic for implementation at the base station. 
The proposed CAC scheme controls the admission of new 

calls to minimize the call dropping rate of handover calls. 

 

There are two types of calls that share the channels one is 

new calls and second is handoff calls. New calls are 

termed as those calls that are originated by mobile 

subscribers in the current cell and handoff calls are termed 

as those calls that were originated in other cells and 

handed over to the current cell. When a call originates at a 

cell covered by a particular BS at which no channel is 

available, it can be blocked or can be queued, based on the 
CAC models used [5]. The chance of a new originating 

call being blocked is defined as PnB, a new call block 

probability, and the probability of a handover call being 

dropped is defined as Phd, a handover call drop 

probability.  Pnb and Phd can be calculated based on a 

particular traffic class load, as follows: 
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The values of Pnb and Phd are calculated as per the state 
of the current cell status. Each incoming call, irrespective 

of whether it is a new originating call or a handover call, 
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will get a channel if it is possible to serve accordingly, 

otherwise new calls and handoff calls have to compete for 

a set of number of channels in each cell[6,7]. The solution 

for minimizing the blocking rate of a new call and 

minimizing the dropping rate of users in handoff is well 

known to all. However Pnb and Phd cannot be minimized 
simultaneously. From the users’ point of view, the ending 

of a call during service is more upsetting than the blocking 

of a new call, therefore Phd should be lower than Pnb. 

Hence, handover calls are always given a higher priority 

than new originating calls in channel assignment schemes 

of CAC. 

 

1.1 Channel Assignment Criteria 
 

The proposed CAC scheme using fuzzy logic is based on 

current traffic loads for both the reserved channels for 

handoff and new originating channels for new calls. 

Because when the current cell is heavily loaded, the 

acceptance of a new call may be blocked or handoff calls 

may be dropped. Hence, the aim of the CAC scheme using 

Fuzzy logic is to considerably minimize the blocking rate 

by keeping dropping rate constant or at tolerable level. We 

propose the following channel borrowing scheme: we 
assume a reserved channels for handoff calls is T channels, 

also we assume total number of channels C for each cell. 

And total number of channels available for new calls is C-

T channels. We accept a new call only if there exists a free 

channels in the system. And total number of new calls 

does not exceed C-T.  However, we allow the new calls to 

use all the channels in the system including reserved 

channels[8].  

 

For the normal handoff, all the requests are first queued in 

multilevel priority Queue for initiation of handoff channel 

requests as per their priority value and if reserved channels 
are available then the channel is allocated by the system to 

the appropriate handoff user as per priority queue 

policy[5]. The model diagram for this traffic model is 

shown in Fig 1. 

 

 
 

Fig1 Model diagram for Multilevel Priority Queue 
 

While accepting a new call even if there is a violation of 

reservation of handoff calls, we still assign channels if 

there exists any free channels including reserve channels 

in the system. Hence a new call can borrow a channel from 

the reserved channels of handoff calls. In this case, if after 

sometime a handoff call arrives and there is no reserved 

channel available in the system to assign it while the total 

number of handoff calls is less than T calls, so handoff 
arrival user can pre-empt the service of the borrower call. 

In this case, the new call user returns the borrowed 

channel to handoff user. And we will put the pre-empted 

new call in a queue and will reconsider its service as soon 

as a channel becomes available [3, 4]. During this if new 

call arrives and the size of queue X(t) at time t is greater 

than zero then we will block the new call arrival. We have 

the following properties for the blocking of new calls and 

dropping of handoff calls: 

 

1) A handoff arrival call will be dropped if the 

number of handoff calls (n1) is greater than total 
number of reserved channels T i.e. n1>T. 

2) If total number of channels assigned to handoff 

calls and new calls is C and total number of 

handoff calls in the system is less than T, then a 

handoff arrival call will be admitted by pre-

empting a new call. 

3) A new call will be blocked if all the channels 

assigned are equal to capacity of the cells C 

including reserved channels T. 

 

The channel borrowing scheme for CAC is implemented 
in three steps.  

 

Step 1: If the number of available free channels including 

reserved channels T in the current cell does not exists, 

then an arriving new calls and handoff calls may not 

be served. The new calls are blocked, and the 

handover calls are dropped directly. 

Step 2: If the number of available free channels from 

reserved channels in the current cell are more than 

zero and the call request is for a handoff, then this 

handoff call is served.  

Step 3: If the number of available free channels in the 
current cell is more than zero and the request is for a 

new call, fuzzy inference system (FIS) calculates 

whether this call is admitted or not. If the FIS permits 

to serve this new call, then the best available channel, 

based on the channel assignment criteria, is assigned 

to this new call otherwise this new call is blocked. 

 

2. Fuzzy Inference System 

 

A Fuzzy Inference System (FIS) is a rule-based system 

that contains four principal parts 1) fuzzifier, 2) a fuzzy 

rule base, 3) an inference engine, and 4) a defuzzifier.  The 

fuzzifier converts a crisp set of input values into input 

linguistic values using fuzzy linguistic variables, fuzzy 
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linguistic terms, and membership functions. The fuzzy rule 

base keeps observed knowledge of related domain experts 

in the concerned system. After fuzzification, the fuzzy 

inference engine uses the fuzzy rule base that contains 

fuzzy IF-THEN rules, to produce linguistic values of the 

intermediate and output linguistic variables. When the 
output linguistic values are available then the defuzzifier 

produces the final crisp values from the output linguistic 

values. Normally, to fuzzify input and output variables, a 

membership function is used. The FIS gives the number of 

available reserved channels, the free channels for new calls 

and Number of users to manage the acceptance of a new 

calls in a manner calculated based on the traffic load. 

Hence, for FIS there are three input variables, x1, x2, and 

x3, and two output variable y1 and y2 that is defined as 

following. 

 

Let x1 denote the number of available reserved channels in 
the current cell and x2 denotes the number of available 

free channels for new calls. Consider the total number of 

users for handoff calls and new calls in the current system 

is x3 and the output variable y1 and y2 represents the 

blocking rate that a new call will be blocked and the 

dropping rate that a handoff call will be dropped. A large 

values of y1 and y2 represents a high rate of Blocking and 

Dropping of new calls and handoff calls respectively by 

the FIS. The fuzzy terms for input and output systems are 

given in Table1.  

 

Table1: The fuzzy terms for input and output system variants 

Symbols  Input Terms  Types  Language expressions 

x1 
The available 

reserved 
channels  

Input 
L (low), M (medium),  

H (high) 

x2 
The available 
free channels  

Input 
L (low), M (medium),  

H (high) 

x3 
Number of 

users 
Input 

L (low), M (medium), 
 H (high) 

y1 
Blocking Rate 
of new calls 

Output 
L (low), M (medium),  

H (high) 

y2 
Dropping Rate 

of Handoff 
calls 

Output 
H (high), M (medium), 

L(Low) 

 

The block diagram of the Fuzzy Inference System is 

shown in fig2. For input and output parameters, the 

membership functions are shortened and shown in the 

figures 3, 4 and 5. For membership function of x1, x2, x3, 
y1 and y2 L stands for Low, M for medium, and H for 

High. The network control systems require a call dropping 

probability should be equal to or less than 3% and call 

blocking probability should be equal to or less than 5% to 

guarantee QoS performance with respect to 4G wireless 

mobile networks. 

 
  

Fig.2 FIS Block diagram  

 
Fig 3 Membership function of x1 and x2 

 
Fig. 4. Membership function of x3 

 

  Fig.5. Membership function of y1 and y2 

 

To state the rule base for the fuzzy system, total 27 rules 

are designed, using input data sets and the observations of 
experts in the field of mobile communications. The fuzzy 

IF-THEN rules formed by the FIS are given in Table2. 

These total 27 rules are given to the FIS to develop fuzzy 

models using Mamdani fuzzy inference mechanism.  
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Table 2 the fuzzy model If-Then rules formed using the Fuzzy Inference 

system 

 

Rule 

No.  

Explanation of If-

Then rules 

Rule 

No. 

Explanation of If-

Then rules 

1 
If x1 is H, x2 is H, 

and x3 is H, then y1 is 
M and y2 M. 

15 
If x1 is M, x2 is M, 

and x3 is L, then y1 is 
L and y2 is L  

2 
If x1 is H, x2 is H, 

and x3 is M, then y1 
is L and y2 is L  

16 
If x1 is M, x2 is L, 

and x3 is H, then y1 
is M and y2 is M   

3 
If x1 is H, x2 is H, 

and x3 is L, then y1 is 
L and y2 is L 

17 
If x1 is M, x2 is L, 

and x3 is M, then y1 
is L and y2 is L  

4 
If x1 is H, x2 is M, 

and x3 is H, then y1 is 
M and y2 is M 

18 
If x1 is M, x2 is L, 

and x3 is L, then y1 is 
L and y2 is L  

5 
If x1 is H, x2 is M, 

and x3 is M, then y1 
is L and y2 is L 

19 
If x1 is L, x2 is H, 

and x3 is H, then y1 
is H and y2 H 

6 
If x1 is H, x2 is M, 

and x3 is L, then y1 is 
H and y2 is L. 

20 
If x1 is L, x2 is H, 

and x3 is M, then y1 
is L and y2 is H 

7 
If x1 is H, x2 is L, and 
x3 is H, then y1 is M 

and y2 is M 
21 

If x1 is L, x2 is H, 
and x3 is L, then y1 is 

L and y2 is H 

8 
If x1 is H, x2 is L, and 
x3 is M, then y1 is L 

and y2 is L  
22 

If x1 is L, x2 is M, 
and x3 is H, then y1 

is L and y2 is H  

9 
If x1 is H, x2 is L, and 
x3 is L, then y1 is L 

and y2 is L  
23 

If x1 is L, x2 is M, 
and x3 is M, then y1 

is L and y2 is H 

10 
If x1 is M, x2 is H, 

and x3 is H, then y1 is 
M  and y2 is M 

24 
If x1 is L, x2 is M, 

and x3 is L, then y1 is 
L and y2 is H 

11 
If x1 is M, x2 is H, 

and x3 is M, then y1 
is M and y2 is L  

25 
If x1 is L, x2 is L, and 
x3 is H, then y1 is H 

and y2 is H 

12 
If x1 is M, x2 is H, 

and x3 is L, then y1 is 
L and y2 is L 

26 
If x1 is L, x2 is L, and 
x3 is M, then y1 is M 

and y2 is M 

13 
If x1 is M, x2 is M, 

and x3 is H, then y1 is 
M and y2 is M  

27 
If x1 is L, x2 is L, and 
x3 is L, then y1 is L 

and y2 is L 

14 
If x1 is M, x2 is M, 
and x3 is M, then y1 

is M and y2 is L  

  

 

In proposed system this fuzzy model specifies output 

variables as fuzzy sets. This method uses the max-min 

structure, which is given as following: 
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Where µAk, µBk, µCk and µDk(y1), µDk(y2) represents 

the membership functions of inputs x1, x2, and x3 and 

output y1 and y2 of the kth rule, respectively. The rules 

are disjunctive, so the summation operation ‘max’ results 

in an aggregated membership function that contains the 

outer covering of the individual truncated membership 

forms of each rule. If the integrated output requires a crisp 

value, an appropriate defuzzification methods must be 

used in the aggregated membership function. 

Defuzzification denotes to the method by which a crisp 
value is taken out from a fuzzy set-value as a 

demonstrative value. The five defuzzification techniques 

are centre of gravity, centroid of area (COA), smallest of 

maximum, largest of maximum and mean of maximum. 

The usually used method is Centroid of Area (COA), 

which is given as follows. 

 

�3+ �1∗ = ∑ '%(�1). �1
∑ '%(�1)          (5) 

 

�3+ �2∗ = ∑ '%(�2). �2
∑ '%(�2)         (6) 

 

When the output value y1* and y2* is calculated, the 
admission or the decision of a new call is as per the 

following given criteria. 

 If y1* ≥ α, where α is a given threshold value in the range 

from 0 to 1, then the new call is admitted for the service 

and the most suitable channel, based on the channel 

assignment scheme is assigned to it. 

  If y1* < α, then the new call is not served and it is 

blocked directly. 

If y2* ≥ α, where α is a given threshold value in the range 

from 0 to 1, then the handoff call is admitted for the 

service and the most suitable channel, based on the 
channel assignment scheme is assigned to it. 

  If y2* < α, then the new call is not served and it is 

dropped directly. 

Let TN =New call Throughput, TH=Handoff call 

Throughput and 9:;:<== Total throughput of new and 

handoff calls. 
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3. Simulation Results & Discussion 
 

For Call Admission Control, we introduced the technique 

of channel borrowing for reservation based Call 

Admission Control methods using fuzzy logic. The 

limitation of efficiency of bandwidth utilization is the 

prime motivation to implement this technique in 

reservation based Call Admission Methods. We here 
assumed that handover calls have higher priority as 

compared to new originating calls. In our work, new calls 

can borrow channels from the reserved channels scheme of 

handover calls. The performance measure used in this 

work is the blocking rate and dropping rate. To evaluate 

the performance of the proposed algorithm, we compared 

with existing reservation based algorithm. 

 

To evaluate the work, we run our simulation using fuzzy 

Inference System for number of users 15, 30 and 50. The 

new call blocking rate and handover call dropping rate are 
both calculated based on Fuzzy IF-THEN rules composed 

by the FIS.  By using simulations results we showed that 

the result of proposed channel borrowing scheme using 

fuzzy logic is improved as compared to existing channel 

reservation scheme in terms of new call blocking rate by 

slight increase in handover call dropping rate. However it 

is observed that the proposed channel borrowing approach 

using fuzzy decision control system, decreases call 

blocking rate effectively if handoff calls are low as shown 

in fig6a, 6b and fig 7a, 7b respectively. 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 
Fig. 6.a. No of Users Vs Blocking Rate(existing) 

 

 

 

 

  

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6.b. No of Users Vs Blocking Rate(proposed) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7.a. No of Users Vs Dropping Rate(existing) 
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Fig. 7.b. No of Users Vs Dropping Rate(proposed) 

 

4.  Conclusions 
 

For CAC, we introduced the technique of channel 

borrowing for reservation based Call Admission Control 

methods using fuzzy logic. The limitation of efficiency of 

bandwidth utilization is the prime motivation to i 

mplement this technique in reservation based Call 

Admission techniques. We here assumed that handover 

calls have higher priority as compared to new originating 

calls. In our work, new calls can borrow channels from the 

reserved channels scheme of handover calls. A handover 
call is able to pre-empt the borrower new call service, and 

the pre-empted new calls are kept in a priority queue to 

consider for their future service. By using simulations 

results we showed that the result of proposed channel 

borrowing scheme using fuzzy logic is improved as 

compared to existing channel reservation scheme in terms 

of new call blocking rate and handover call dropping rate. 

However it is observed that the proposed channel 

borrowing approach using fuzzy decision control system, 

decreases call blocking probability effectively if handoff 

calls are low. 

 
As a future work in this research area, the number of 

reserved channels can be optimized based on the number 

of users in the cell and the arrival rate of handover calls 

dynamically. 
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