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Abstract This paper illustrates a channel sub-rating
allocation policy for finite population cellular system.
In this policy, certain channels are permitted to tran-
siently divide into two channels at half the original rate
to adapt handoff calls. As a result, one half can be
employed to serve the existing call and the other half to
serve the handoff request so that we can get rid of forced
termination of calls. We propose two system models
based on fractional guard channel and sub-rating
channel allocation policies with and without queueing
of handoff calls which give a significant improvement
in the QoS of the cellular network. New call blocking
probability, handoff call forced termination probability
and the degraded call quality are also investigated to
examine the effects of the sub-rating on the QoS. Our
policies have the least forced termination probability
and the call incompletion probability when compared
with the other policies.

Keywords Finite Population, Sub-rating, Dropping
Probability, Forced Termination, Channel Allocation,
QoS

1 Introduction

In wireless network, call admission control plays a sig-
nificant role in providing quality of service. In order to
reduce the network congestion and call dropping we can
limit the number of call connection in to the network by
using channel allocation policies. A good channel allo-
cation policy has to balance the handoff dropping and
new call blocking in order to provide the desired Quality
of Service (QoS) requirement [1-5].
Due to user’s mobility, channel allocation policy be-

comes much more elaborated in wireless network. Base
station is responsible for communication service to mo-
bile users in its area called cell. When a new call origi-
nate in the current cell, if an idle channel is available, it
will be allotted for communication between mobile user
and the base station and a new call is admitted for ser-
vice. If a channel can not be allotted to the new call,
the new call may be blocked and cleared form the sys-

tem. When a new call requires a channel, it will hold the
channel either until it is completed in the cell or until
the mobile station moves out of the cell. If the mobile
user does not finish the service in the originating cell,
it will move out of the cell and attempt to acquire a
channel in another cell. If a cell does not acquire either
buffer or a channel, it will be forced to terminate. If the
handoff is successful, then the call will continue in the
new cell and the same procedure repeats.
In the guard channel policy, some channels are re-

served for handoff calls. When there are no free chan-
nels available in the cell new call are blocked. When
the handoff calls finds that all channels are filled, they
are queued according to various queueing discipline and
wait for an occupied channel to be free [3]. The exist-
ing policies can effectively reduce the handoff dropping
probability but at the cost of increase of new call block-
ing probability. Channel assignment policy called the
sub-rating is brought in to address handoff call problem
in the personnel cellular system [6]. In this policy, cer-
tain channel are allowed to be temporarily divide in to
two channels at half of the original rate to adapt hand-
off calls. When all channels are filled at the moment of
handoff call arrival, this sub-rating policy will be acti-
vated. When a sub-rated channel is freed, it forms into
an original full rated channel by combining with other
sub-rated channel [7].
Using the channel sub-rating, it is shown that the

forced termination probability is greatly reduced with a
little increase of new call blocking probability [8]. Chan-
nel sub-rating is also applied for handoff calls in CDMA
cellular system [9]. In all of the aforementioned studies,
the channel sub-rating is only used without quality pref-
erence. The proposed policy which combines fractional
guard channel and sub-rating with and without queue-
ing of handoff calls gives a significant improvement in the
QoS of the cellular network. New call blocking probabil-
ity and handoff call forced termination probability are
computed to evaluate the proposed call admission con-
trol policy. The degraded calls due to half rate channel
is discussed to study the effect of the sub-rating on QoS.
The rest of this paper is organized as follows. Section

2 presents system model. Analysis of Finite Population
Sub-Rating (FPSR) policy and performance indices are
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given in Section 3. Section 4 gives analysis of Finite Pop-
ulation Sub-Rating (FPSR) Queueing policy. Numerical
results are discussed in Section 5. Section 6 concludes
the paper.

2 System Model

The proposed models consider channel allocation pol-
icy for a homogeneous cellular system with finite num-
ber of population. We focus our study to a single cell
with predefined Ch + C number of channels with pop-
ulation size K. When K is significantly larger than
Ch + C, it can be assumed to be constant with little
loss of accuracy. When all the channels busy, every cell
has a facility for sub-rating channels to facilitate more
number of handoff calls to continue. To make a proper
tradeoff, new calls are given an acceptance priority af-
ter certain threshold channel Ch. In Finite Population
Sub-Rating (FPSR) policy without queueing of hand-
off calls, new calls are accepted with probability β after
threshold Ch. When all Ch +C channels are filled then
sub-rating of channel starts. Sub-rating policy blocks
the new call attempts, but accommodate handoff calls
if Ch + C ≤ i < Ch + 2C. That is, when a handoff call
arrives, sub-rating policy sub-rates a channel into two
channels to accommodate handoff calls. If i = Ch +2C,
all C channels are sub-rated and new handoff calls are
force terminated. When all the sub-rated channels are
occupied, handoff calls queued in a finite size buffer in
Finite Population Sub-Rating policy with queueing of
handoff calls. The system model for FPSR channel al-
location polices are depicted in Figure 1.

Algorithm 1 Algorithm for Channel Allocation Using
FPSR Policy.

BC(t) is Number of Busy Channel at Time t.
if Handoff Call AND BC(t)< Ch + C then

Allocate a Channel;
BC(t)=BC(t)+1;
K = K − 1;

else
if ( BC(t)= Ch + C)
AND (Sub-rate Channel < Ch + 2C) then

Allocate a Channel;
BC(t)=BC(t)+1;
K = K − 1;

else
Drop the Call;

end if
end if
if New Call AND BC(t)< Ch then

Allocate a Channel;
BC(t)=BC(t)+1;
K = K − 1;
if (BC(t)> Ch) AND (BC(t)< Ch + C) then

Allocate a Channel with Probability β;
K = K − 1;

else
Block the Call;

end if

end if

3 Analysis of FPSR Policy

In FPSR policy we assumes that both new and handoff
call are generated from K population according to Pois-

Figure 1. System model for channel allocation in FPSR policies.

son process with mean rate λn and λh, respectively. Du-
ration of call is assumed to be exponentially distributed
with mean 1/µ. Here both the type of calls are allowed
up to Ch channels. Then new calls are accepted with
probability β up to Ch +C channels along with handoff
calls. Further incoming handoff calls are allowed by sub-
rating C number of channels but new calls are blocked.
When a sub-rated channel released it combine with an-
other sub-rated channel to form a complete channel. Let
us assume the state of the target cell is j, where j repre-
sents the number of active users in the target cell. The
effective incoming call rate is λj , where 0 ≤ j < Ch+2C
is given by

λj =

 (K − j)(λn + λh) : 0 ≤ j < Ch,
(K − j)(βλn + λh) : Ch ≤ j < Ch + C,
(K − j)λh : Ch + C ≤ j < Ch + 2C.

The channel allocation policy for FPSR policy is
shown in Algorithm 1. Let Pj be the steady state proba-
bility that there are j channels busy and the service rate
is jµ. The state transition diagram that describes the
system is shown in Figure 2. From the state transition
diagram in Figure 2, the steady state probability Pj is
determined as follows:
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Figure 2. State transition model for FPSR policy.

3.1 Performance Indices

The blocking probability of a new call is the sum of the
probabilities that the state number of the base station
is larger than or equal to C. Hence

Bn = (1− β)

Ch+C−1∑
j=Ch

Pj +

Ch+2C∑
j=Ch+C

Pj . (2)

The dropping probability of handoff calls is given by

Bh = PCh+2C . (3)

The expected number of busy channels is obtained as

E[N ] =

Ch+2C∑
i=1

iPi. (4)

The degradation ratio of the call quality is the portion
of the call holding time that the mobile user experiences
the degraded call quality. The expected number of the
sub-rated channels is given as the degradation ratio of
the call quality and can be expressed as

E[D] =

Ch+2C∑
i=Ch+C+1

2(i− Ch − C)

i
Pi. (5)

4 Analysis of FPSR Queueing
Policy

FPSR Queueing policy is an extension of FPSR pol-
icy. When all the sub-rated channels are occupied the
incoming handoff calls are queued in a finite size queue
N . The duration of call is assumed to be exponentially
distributed with mean 1/µ. The residency time of a call
in a queue is also exponentially distributed with mean
1/µq. The arrival request λj , of a call to the system at
different states is given by

λj =

 (K − j)(λn + λh) : 0 ≤ j < Ch,
(K − j)(βλn + λh) : Ch ≤ j < Ch + 2C,
(K − j)λh : Ch + 2C ≤ j < Ch + 2C +N.

Let j as the state of the base station when j is the to-
tal number of channels used in the cell and the number
of handoff calls present in the queue. The state transi-
tion diagram is shown in Figure 3. The FPSR Queueing
channel allocation policy is shown in Algorithm 2.
Let Pj represent the steady state probability that the

base station is in state j. Using the birth-death pro-

cesses, the steady state probability Pj is found to be

Pj =
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4.1 Performance Indices

The probability that a new call fails on obtaining a
channel or finds all channels are busy is Bn and com-
puted as

Bn = (1− β)

Ch+C−1∑
i=Ch

Pi +

Ch+2C+N∑
i=Ch+C

Pi. (7)

The probability that a handoff call finds the queue buffer
is full on its arrival is Bh and computed as

Bh = PCh+2C+N . (8)

The handoff attempt will fail either if there is no free
position in the queue or any reasons it abandons the
queue. This can be achieved as

Bfh = PCh+2C+N +
N−1∑
i=0

(PCh+2C+N )(i+ 1)µq

(Ch + 2C)µ+ (i+ 1)µq
. (9)
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Figure 3. State transition model for FPSR Queueing policy.

Expected queue length of handoff call is

Lq =

Ch+2C+N∑
i=Ch+2C+1

[i− (Ch + 2C)]Pi. (10)

We define the queued handoff call waiting time as the
time interval between time waiting in the queue and
time of successfully access of an arbitrarily free chan-
nel. Given that the system was at state j when call
arrived, we denote the average waiting time of a queued
handoff call by Wav. This is given by

Wav =

M+N−1∑
j=M

(
− 1

µq
ln (M)µ

(M)µ+(j−Ch−2C+1)µq

)
Pj

M+N−1∑
j=M

Pj

, (11)

where M = Ch + 2C.
The expected number of busy channels is obtained as

E[N ] =

Ch+2C∑
i=1

iPi. (12)

The expected number of the sub-rated channels is given
as the degradation ratio of the call quality and can be
expressed as

E[D] =

Ch+2C∑
i=Ch+C+1

2(i− Ch − C)

i
Pi. (13)

The relative penalty from blocking and dropping of calls,
we define the overall blocking probability of cost function
(CF) as follows,

CF =
λn

λn + λh
Bn +

λh

λn + λh
Bfh. (14)

5 Numerical Results

In this section, we present numerical result of the
FPSR policies and compare the result with FPGC pol-
icy.

Figures 4 to 10 represent different performance mea-
sures of FPSR policy in terms of graphs. The compar-
ative results with other policies are also presented. The
basic system parameters taken as Ch=6, C = 2, popula-
tion sizeK=40 to 120 and β = 0.6. Figures 4 and 5 show
the behavior of new call blocking probability Bn and
call dropping probability Bh, respectively as a function
of offered load for various acceptance probabilities. For
both the case, with increase of offered load the blocking
probability or dropping probabilities increases. It can
be seen from Figure 4 that for a higher value of β block-
ing probability minimizes due to admission of more new

calls where as the reverse can be seen in Figure 5. But
the gain in blocking probability is remarkable as corre-
sponding to loss in dropping probability. Hence, β need
a proper set up to achieve a better result for the system.

Figures 6 and 7 demonstrate the effect of population

Algorithm 2 Algorithm for Channel Allocation Using
FPSR Queueing Policy.

BC(t) is Number of Busy Channel at Time t.
if Handoff Call AND BC(t)< Ch + C then

Allocate a Channel;
BC(t)=BC(t)+1;
K = K − 1;

else
if ( BC(t)= Ch + C)
AND (Sub-rate Channel < Ch + 2C) then

Allocate a Channel;
BC(t)=BC(t)+1;
K = K − 1;

else
if BC(t)= Ch + 2C AND Queue length < N then

Allocate a Channel and Place in Queue;
K = K − 1;

else
Drop the Call;

end if
end if

end if
if New Call AND BC(t)< Ch then

Allocate a Channel;
BC(t)=BC(t)+1;
K = K − 1;
if (BC(t)> Ch) AND (BC(t)< Ch + C) then

Allocate a Channel with Probability β;
K = K − 1;

else
Block the Call;

end if

end if

size on blocking and dropping probability for different
values of channel threshold Ch. As both the calls ad-
mitted up to Ch from a finite population K, changing
both the parameters gives significant effect. It can be
observed that both blocking and dropping probability
increases with increase of population size. The figures
indicate that the large value of Ch effectively reduces
the blocking and dropping probabilities. Hence, better
trade off of Ch can serve better.
Figure 8 plots degradation E[D] verses population for

different loads. When population increases the quality
degradation increases as more channels are sub-rated.
It can be seen that an user experiences degraded voice
quality on heavy offered load. The lower degradation
value is due to the fact that sub-rated channels only al-
low handoff calls access and up graded back immediately
after conversation is complete.

Figures 9 and 10 represent a comparative analysis
between a FPGC and FPSR policies in terms of blocking
and dropping probabilities, respectively. Under similar
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Figure 4. Effect of offered load on blocking probability.
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Figure 5. Effect of offered load on dropping probability.

resource condition for both the policies, with increase of
population size blocking as well as dropping probability
increases. It can be observed from Figure 9 that FPSR
policy performs better that FPGC policy by admitting
new calls in guard channel region with probability β.
This significant gain in blocking probability is compen-
sated by increase in dropping probability. Figure 10 re-
flects that FPSR has higher dropping probability than
FPGC policy but this loss of dropping probability is al-
most negligible compare to gain in blocking probability
which sustain the stability of the system.
Figures 11 to 15 show different performance indices of

FPSR Queueing policy. Figures 11 and 12 present effect
of sub-rating on blocking and dropping probabilities, re-
spectively for different channel threshold. The basic sys-
tem parameters for these plots taken as Ch = 10, C = 6,
β = 0.6 and N = 5. We can observe that as sub-rating
channel C increases both blocking and dropping prob-
ability decreases as more number of channels available
with a degraded quality. But this can serve more num-
ber of handoff calls as well as new calls with probability
β. Both the plots groups the performance using bars
for different channel threshold in particular sub-rated
level. When Ch increases both blocking and dropping
performance decreases. Hence, C and Ch need a proper
tradeoff in achieving a better result for new and handoff
calls.
Figure 13 illustrates dependence of the number of

waiting handoff calls in queue on the population size
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Figure 6. Effect of population size on blocking probability.
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Figure 7. Effect of population size on dropping probability.
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Figure 15. Effect arrival rate on voice degradation.

varying K from 40 to 120 and the number of sub-rating
channels varying from 1 to 5. We observe that for fixed
population size the queue length decreases as the sub-
rating increases. Further, with fixed sub-rating it in-
creases when the population size increases. Hence, we
can setup an admissible sub-rating channel and popu-
lation size in the cell in order to have lower number of
calls in queue.
The variation in the cost factor for different values of

the sub-rating channel size C and the acceptance prob-
ability is shown in Figure 14. We varied the sub-rating
channel size C from 1 to 5, while the acceptance prob-
ability β is varied from 0.2 to 1.0. It is observed that
for fixed acceptance probability the cost decreases when
the sub-rating channel size increases. Further with fixed
sub-rating channel size the cost increases when the ac-
ceptance probability increases. To accomplish this, we
can carefully setup the number of sub-rating channels
and the acceptance probability in the system in order to
ensure the minimum cost.
Figure 15 shows the effect of arrival rate λ on voice

degradation quality for different population size. We ob-
serve that as the arrival rate of new calls and handoff
calls increases, voice quality degradation also increases.
For fixed arrival rate, as population size increases voice
quality degradation increases.

6 Conclusion

In this paper, we have presented a finite population
channel sub-rating policy. When all channels are busy,
an incoming handoff request is served by dividing a full
rate channel in to two half rate channels temporarily.
One of the half rate channel serve the existing call and
the other serve the handoff request so that we can get rid
of forced termination of calls. This sub-rate channel pol-
icy may be reserved for handoff calls without having to
disturb another user’s call. For short durations during a
call, the power consumption is not effected significantly
or the voice degradation quality might be tolerable. We
proposed two system models based on fractional guard

channel and sub-rating channel allocation policies with
and without queueing of handoff calls which give a sig-
nificant improvement in the QoS of the cellular network.
New call blocking probability and handoff call forced ter-
mination probability are computed to evaluate the pro-
posed call admission control policy. The derived formula
may be helpful to reduce the overall call blocking prob-
ability by providing the tolerable number of threshold
channels and selecting the right releasing function. The
degraded call quality due to the half rate channel is also
investigated to examine the effects of the sub-rating on
the QoS. Our policies have the least forced termination
probability and the call incompletion probability when
compared with the other policies.
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