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Variable Guard Channels for Efficient Traffic
Management
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Abstract—Guard channels improve the probability of successful
handoffs by reserving a number of channels exclusively for handoffs.
This concept has the risk of underutilization of radio spectrum 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 channels. The penalty is the reduction of
total carried traffic. The optimum number of guard channels can help
reduce this problem. This paper presents fuzzy logic based guard
channel scheme wherein guard channels are reorganized on the basis
of traffic density, so that guard channels are provided on need basis.
This will help in incorporating more originating calls and hence high
throughput of the radio spectrum
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1. INTRODUCTION

ONTINUATION of an active call is one of the most

important qualities of measurements in cellular systems.
Handoff process enables a cellular system to provide such a
facility by transferring an active call from one cell to another.
The current trend of exponential growth in the use of personal
communication services is causing the industry to examine
ways to use the available bandwidth more efficiently. In
wireless cellular network, a fixed number of channels are
assigned to a given cell. If a channel is used by a call, no other
call can use the channel again in the same cell at the same
time. With the decrease in size of cells, the system capacity
increases because of the more efficient reuse of frequencies in
a given area. However, there is also an increase in the number
of cell boundaries that a mobile unit crosses. It is desired that
a handoff call be given high priority than an originating call.
Guard channels offers a generic means of improving the
probability of successful handoffs by simply reserving a
number of channels exclusively for handoffs [1, 2]. The
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remaining channels are shared equally between handoffs and
originating calls. For example, priority can be given to
handoffs by reserving N channels for handoffs among C
channels in the cell. The remaining (C-N) channels are shared
by both new calls and handoff calls. A new call is blocked if
the number of channels available is less than(C-N). Handoff
fails if no channel is available in the candidate cell.
Prioritization schemes provide improved performance at the
expense of reduction in total admitted traffic [3-5]. Efficient
utilization of the scarce spectrum allocated for cellular
communications is certainly one of the major challenges in
cellular system design. Figure 1 illustrates the decrease in total
carried traffic as a function of number of guard channels.

Total carried traffic

Guard channels

Fig. 1 Total traffic as a function of number of guard channels

Mobility oriented and fuzzy adaptive guard channel
assignment for personal communication system has been
reported in [6-8]. 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. In heavy traffic
conditions, the allocation of channels will improve the
performance of the network. An attempt has been made for
accommodating more traffic by efficient usage of guard
channels [9].

Fuzzy logic control has been successful in various
applications; fuzzy algorithms have also been employed to
improve the cellular system performance [10], [11]. Mir et al
[12] presented efficient handoffs, between microcells using
variable hysteresis as an effective parameter. [13] presents
decentralized handoffs between microcells due to corner
effects. The mobile velocity based call bidirectional scheme is
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presented in [14]. The major contribution of our paper is
selection of guard channels in accordance with density of
traffic in the cell, so that efficient utilization of the available
radio spectrum is obtained.

II. ANALYTICAL METHOD

The total channels (T¢) of the system comprises of free
channels (F¢), and guard channels (G¢). The free channels
comprises of channels for originating calls (Coc), and
channels for handoff calls (Cyoc). The need of guard channels
increases for high density of traffic particularly at peak hours.
We define Ty as traffic contained in the cell Ty, as traffic
entering into the cell and To, as traffic going out from the cell
as shown in Figure 2.

WSTN_ > S ] >

Fig. 2 Total traffic in the cell

The prioritization of handoff calls over originating calls
needs ensured guard channels reserved exclusively for
handoff calls. But at the same time if the selection of guard
channels are made on demand basis, the efficiency of the
system to handle both originating, ongoing and handoff calls
will definitely increase. We have provided three partitions in
guard channels which are used in accordance with traffic
situation. The use of these partitions is decided by various
thresholds. 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 more partitioning of guard
channels will provide more efficient and linear selection of
guard channels. Figure 3 illustrates the allocation of 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 originating calls are queued and, on the
exhaust of guard channels, handoff calls are queued.

Guard channels

Free channels

Handoff calls (Tou)
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Fig. 3 Reorganizing of guard channels

Algorithm
T = Free channels + Guard channels
(FC)New = (FC)OldfTSelf 7(Tln 7T0ut)
Fc= Choc + Coc
For (Ti, — Tow) = Thy
Te = (Fo)oiaTser + Gei
For (Ti, — Tow) = Th,
Te = (Fe)oaTser + Ger + Gea
For (Ty, — Tou) > Ths

Te= (Fo)oiaTserr + Ger + Gez + Ges
In general

n
Te=(Fc)oiaTserr + Z Gy ; for TiyTow=Th;,

i=1

i=1,2,...
For (Fo)new = (Fc)otd = Tselr(Tim — Tow) =0

Originating calls are queued

For Gc=0

Handoff calls are queued

where T = Total channels in the cell
Fc = Free channels in the cell

Gc = Guard channels

Ty, = Originating calls

Tou = Handoff calls
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1II. Fuzzy LOGIC FOR GUARD CHANNELS

The proposed solution to prioritize channels on the basis of
density of traffic and mobility of mobile stations use fuzzy
logic concept. The theory of fuzzy logic is based upon the
notion of relative graded membership and so are the functions
of mentation and cognitive processes. The utility of fuzzy sets
lies in their ability to model uncertain or ambiguous data. The
fuzzy logic concerns the principles of approximate reasoning.
The block diagram describing the methodology and criteria
used in selection of guard channels is shown in Figure 4. For
obtaining QoS for handoff and originating calls by
reorganizing guard channels with variations in traffic density,
three parameters, free channels, originating calls, and handoff
calls are used. These parameters are fed into fuzzifier, which
transforms the real time measurements into fuzzy sets. The
output variable is the guard channels.

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 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.
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o
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Fig. 4 Block diagram describing methodology and criteria used in
allocation of guard  channels

The perceived quality of service (QoS) may vary in
accordance with different applications or user requirements.
The simulation results have shown improved performance
over already existing methods. Table 1 shows relationship
between various membership values of different parameters.
This data is obtained by applying fuzzy-IF-THEN rules to the
Mamdani Fuzzy inference system.

TABLE I VARIOUS MEMBERSHIP VALUES OF GUARD CHANNELS TO THE
CORRESPONDING CHANGES OF ORIGINATING CALLS, HANDOFF CALLS AND
AVAILABLE FREE CHANNELS

Free
channels
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5

0.705
0.705
0.705
0.705
0.705
0.705
0.705
0.705
0.705
0.705

0.91
0.91
0.91
0.91
0.91
0.91
0.91
0.91
0.91
0.91

0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5

Originating calls
0.946
0.849
0.753
0.645
0.548
0.452
0.355
0.259
0.151
0.0542

0.946
0.849
0.753
0.645
0.548
0.452
0.355
0.259
0.151
0.0542

0.946
0.849
0.753
0.645
0.548
0.452
0.355
0.259
0.151
0.0542

0.0542
0.151
0.259
0.355
0.452
0.548
0.645
0.753
0.849
0.946

Handof
f calls
0.0542
0.151
0.259
0.355
0.452
0.548
0.645
0.753
0.849
0.946

0.0542
0.151
0.259
0.355
0.452
0.548
0.645
0.753
0.849
0.946

0.0542
0.151
0.259
0.355
0.452
0.548
0.645
0.753
0.849
0.946

0.0542
0.151
0.259
0.355
0.452
0.548
0.645
0.753
0.849
0.946

Guard

channels

0.133
0.272
0.418
0.483
0.5
0.5
0.5
0.508
0.5
0.5

0.154
0.294
0.418
0.448
0.448
0.448
0.468
0.508
0.5
0.5

0.136
0.144
0.162
0.143
0.136
0.136
0.259
0.414
0.48
0.5

0.133
0.272
0.419
0.483
0.5
0.5
0.517
0.592
0.728
0.867
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0.705
0.705
0.705

0.91
0.91
0.91
0.91
0.91
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0.91

0.91
0.91
0.91

Fig. 5 and Fig. 6 shows demand of guard channels for various
values of originating calls, handoff calls, and the availability of

free channels.
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Fig. 5 Demand of guard channels for increasing of originating and

handoff calls

Fig. 6 Demand of guard channels for increasing of handoff calls
and decreasing of originating calls
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The three dimensional view of guard channels versus
handoff calls and free channels, guard channels versus
originating calls and free channels and guard channels verses
originating calls and handoff calls is shown in Figure 7(a), (b)
and (c) respectively .

Guard-Channels

Guard-Channels

2

Originating-Calls

Guard-Channels

Handoff-Calls 0o

Originating-Calls

(©

Fig. 7 (a) Guard channels versus handoff calls and free channels (b)
Guard channels versus Originating calls and free channels (c¢) Guard
channels originating calls and Handoff calls
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IV. CONCLUSION

Although variable guard channels presented in this paper
will enhance traffic handling capability, there is also a scope
to modify selection of guard channels on the basis of traffic
density and mobile velocity as other parameters.
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