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ABSTRACT 
 

The handoff function is a most frequently encountered network 
function and has a direct impact on the perceived quality of 
service. It provides continuation of calls as the mobile station 
travels across cell boundaries, where new channels are assigned by 
the new base station and the mobile switching center. 
Prioritization schemes provide improved performance at the 
expense of reduction in total admitted traffic. Efficient utilization 
of the scarce spectrum allocated for cellular communications is 
certainly one of the major challenges in cellular system design. 
This paper presents fuzzy logic based prioritization scheme 
wherein channels are prioritized on the basis of density of traffic 
and mobility of mobile stations. Calls are divided into four classes, 
based on their different mobility and load characteristics, i.e., high 
load/high mobility; low load/high mobility; high load/low 
mobility; low load/ low mobility. In order to reduce the forced 
termination of handoff calls, the priority is given to high mobility 
calls, and with the same priority level, high load calls are assumed 
to have the priority over low load calls. 
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INTRODUCTION  
 
 Mobility is the most important 
feature of a wireless cellular communication 

system. Usually continuous service is 
achieved by supporting handoff from one 
cell to another. Handoff is the process of 
changing  the  channel  associated with the  
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current connection while a call is in 
progress. It is often initiated either by 
crossing a cell boundary or by deterioration 
in quality of signal in the current channel.  
Forced termination of an ongoing call is 
significantly less desirable than blocking a 
new call attempt. Therefore, methods for 
decreasing the probability of forced 
termination by prioritizing handoffs at the 
expense of a tolerable increase in call 
blocking probability have been devised in 
order to increase the quality of cellular 
service. The "guard channel" concept was 
introduced in the mid 1980s1, 2. It offers a 
generic means of improving the probability 
of successful handoffs by simply reserving a 
number of channels exclusively for 
handoffs. The remaining channels are shared 
equally between handoffs and originating 
calls. The penalty is the reduction of total 
carried traffic (Fig 1) due to the fact that 
fewer channels are granted to originating 
calls even if these guard  channels are not 
always used, when originating calls are 
starving for the want of channels3,4. Thus 
there is a need of reorganizing these guard 
channels in accordance with the variations 
and nature of traffic. In other wards some 
intelligence is required for efficient 
utilization of guard channels. With available 
free channels guard channels are decided on 
the basis of nature of handoff calls and 
originating calls. Fig 2 illustrates the 
allocation guard channels with various 
thresholds corresponding to the intensity of 
handoff calls and originating calls. For 
simplicity we have chosen linear variations 
in graph. On the exhaust of free channels, 
the handoff calls are queued. This dynamic 
reorganization of guard channels is achieved 
by Fuzzy IF-THEN rules, applied to Fuzzy  
inference system. 

FUZZY LOGIC FOR CHANNEL  
PRIORITIZATION 
 

Although originating calls are 
considerably less sensitive to delay, the 
guard channels reduce the total carried 
traffic. Another short coming of the 
employment of fixed guard channel 
assignment strategies is the risk of 
inefficient spectrum utilization5,6. The 
proposed solution to prioritize channels on 
the basis of density of traffic and mobility of 
mobile stations use fuzzy logic concept, 
where a robust mathematical framework for 
dealing with imprecision and non-statistical 
uncertainty is introduced7. This is 
advantageous in target system because a 
fuzzy logic system is flexible and capable of 
operating with imprecise data, and can 
therefore be used to model nonlinear 
functions with arbitrary complexity, 
furthermore, since most algorithms related to 
fuzzy logic use a relatively approach, it 
reduces some problems faced by designers 
when comparing dissimilar systems such as 
the different propagation delays and link 
quality measurements used by the systems. 
The block diagram describing the 
methodology and criteria used in 
prioritization of channels is shown in Fig. 3. 

For obtaining QoS for handoff and 
originating calls five parameters are used, 
free channels available; high load/high 
mobility; low load/high mobility; high 
load/low mobility; low load/ low mobility. 
These parameters are fed into fuzzifier, 
which transforms the real time 
measurements into fuzzy sets. Fuzzy sets 
contain elements that have a varying degree 
of membership in a set. Therefore, it is 
different from an ordinary or crisp set, where 
element will only be considered members of 
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a class if they have full membership in the 
class. The fuzzy sets have varying degrees of 
membership functions such as quite weak, 
not so strong, or medium. This indicates that 
an element in a fuzzy set can have a 
membership in more than one set. The 
membership values are obtained by mapping 
the values obtained for a particular 
parameter onto a membership function. This 
function is a curve or a straight line that 
defines how each data or value is mapped 
onto a membership value. The perceived 
QoS may vary according to different 
applications or user requirements8-11. It is 
obvious that for high load/ high mobility and 
low load/high mobility the handoff calls has 
high density over originating calls. For high 
load/low mobility and low load/low mobility 
the originating calls has high density over 
handoff calls. The selection of guard 
channels with the density of classified input 

traffic is achieved by Fuzzy inference 
system. The Fuzzy controller is used to tune 
the selection of guard channels with 
available free channels and inflow traffic to 
obtain better QoS. The algorithm describes 
selection of guard channels on the basis of 
nature of traffic in the cell and gives 
conditions for queuing of handoff calls and 
originating calls on the exhaust of channels. 
The simulation results have shown improved 
performance over already existing methods. 
Table 1 shows various membership values of 
different parameters. Figures 4 and 5 depict 
the demand of guard channels with 
increasing traffic conditions. Figure 6 gives 
the three dimensional view of originating 
calls, handoff calls verses guard channels.  
The data is obtained by applying fuzzy-IF-
THEN rules to the Mamdani Fuzzy 
inference system. 

 

Table 1 Selection of guard channels with relation to free channels, handoff calls and     
originating calls 

 

Free channels Originating calls Handoff calls Guard channels 
0.5 0.946 0.0542 0.133 
0.5 0.849 0.151 0.272 
0.5 0.753 0.259 0.418 
0.5 0.645 0.355 0.483 
0.5 0.548 0.452 0.5 
0.5 0.259 0.753 0.508 
0.5 0.151 0.849 0.5 

    

0.705 0.946 0.0542 0.154 
0.705 0.849 0.151 0.294 
0.705 0.753 0.259 0.418 
0.705 0.645 0.355 0.448 
0.705 0.355 0.645 0.468 
0.705 0.259 0.753 0.508 
0.705 0.151 0.849 0.5 

    

0.91 0.946 0.0542 0.136 
0.91 0.849 0.151 0.144 
0.91 0.753 0.259 0.162 
0.91 0.645 0.355 0.143 
0.91 0.548 0.452 0.136 
0.91 0.355 0.645 0.259 
0.91 0.259 0.753 0.414 
0.91 0.0542 0.946 0.5 
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Figure 1 Decrease in total traffic as a function of number of guard channels 

 

 
Figure 2 Reorganizing of guard channels 
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Fig 3 Block diagram describing methodology and criteria used in handoff and channel reservation 

 

                             
Figure 4 Demand of guard channels for increasing of originating and handoff   calls 

 

                 
Figure 5 Demand of guard channels for increasing of handoff calls and decreasing of originating calls 
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               Figure 6 Selection of guard channels with conditional handoff calls and originating calls  
 
Algorithm 
 
TC = FC + GC 
FC = CHOC + COC 
(FC)New = (FC)Old – (TrafficNew – TrafficOld) 
For (TrafficNew – TrafficOld) ≥ Th1 
(GC)New = GC1 
For   (TrafficNew – TrafficOld) ≥ Th2 
(GC)New = GC1 + GC2 
For  (TrafficNew – TrafficOld) ≥  Th3 
(GC)New = GC + GC2 + GC3 
For (FC)New = (FC)Old–(TrafficNew – TrafficOld) = 0 
Originating calls are queued 
For GC = 0 
Handoff calls are queued 
where TC = Total channels in the cell 
FC = Free channels in the cell 
GC = Guard channels 
TrafficNew = Originating calls 
TrafficOld = Handoff calls    
 
CONCLUSION 
 

Dynamic allocation of guard 
channels corresponding to classified input 
traffic has been proposed. The scarcity of 
underutilization of radio spectrum is reduced 

to a high extent, and eventually the QoS is 
improved. In other wards some sort of 
intelligence is observed in the system. 
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