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Abstract: The traffic characteristic of mobile cellular systs is rather distinct from that of a fixed

telephone network. However the system planning deslgn are still carried out with the tools of

conventional traffic theory. In the recent days muwork is being done in the performance

evaluation of mobile or cellular communication et in order to develop a system with greater
efficiency. The useful parameters to estimate thefgpmance of the system are voice quality,
frequency spectrum efficiency and Grade of Sery@®S). The grade of service will be affected

due to outage of channels. In this study, a nevemehis proposed to reduce lost calls due to
channel outage in the fixed rate outage cellulateay. In this proposed scheme the call will never
dropped but may be delayed. The system performesneegaluated for different conditions and the

results are discussed.
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INTRODUCTION grade of service degradation due to the outagebaill
useful in evaluating the system performance. Also,
A mobile system is a communications network incould help the telecommunications industry in
which at least one of the constituent entities tisat developing more robust systems.
used, switches, or a combination of both change The normal system models are developed on the
locations relative to one another. With the pasis of Markov chain using the M/M/C queue model.
advancements in wireless technology —mobilea new call comes to the cellular system by arrieaé
communication is growing rapidly. . If there is an available channel in the cellcal is
In the design of high-capacity cellular systemsconnected and the channel becomes busy. The call

quality of communication and channel capacity (thegeryice rate is taken to be me. If there is nolalk

number of users that can be supported by the systerpannel the call is blocked. The Erlang’s C formisia

are of prime |mporta_nce._ I_n order to determine theused to calculate the probability of delay as gibogfl
optimal channel loading it is necessary to reldie t and the formula is:

Grade of Service (GOS) to traffic characteristithe
GOS is defined in several wdys®. GOS is an

N
indication of blocked calls and delayed calls. B@S P, = C(N,A)=A— Ry (1a)
in cellular system is affected not only by the syst N! 1—é
traffic but also by co-channel interference. N
During a link communication between two .
subscribers in analog cellular system, the user may O
experience noise or cross talk or absence of thWherePO: ZN-l AA 1 (1b)

desired signal resulting in link outage. Even iikii (N A
outages are of very short duration they may not be N
individually recognized, but collectively they dege
the system performanée In a cellular system, the where, N is the total number of channels availaiid
presence of co-channel interference can cause tHfe is the traffic intensity given by A =A(/u). Even
signal to noise ratio (C/I or SIR) to drop below awhen the call gets connected if the C/I ratio drops
specified threshold level. Such an event is known as below threshold the channel goes to outage and
an outage. This can cause loss of the communicatioommunication is affected or lost. From the normal
and affect the grade of servit®. Outage probability working condition the line goes to outage condition
is one of the most important criteria for evalugtthe  when the call is completed or channel recovers from
performance of cellular netwofks A study of the outage again it becomes available.
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Fig. 1: Markov Chain Model for N-k Channels
In some investigatioff while estimating the effect of -
outage it was taken that if there is no availalhiennel L Ae AN 1
the call is blocked or dropped. In this case thieyrt ~ WhereFr, = 2" T TNk, Ae (2b)
consider the aspect of the mean waiting time with l_N—k

priority calls. Some researchers have evaluated the

performance of mobile systems with the priority
concept where in when no line is available the =all

gueued up. Priority calls are placed in a queuereef

all non-priority calls but never interrupt a cah i

progress’.
of outage. In this study both outage and priority
concepts are considered in system evaluation.

Present scheme:
proposed which consists of a buffer memory of

In this study a new scheme is WT,

When there are no channels in outage k = 0 and
the results obtained using equation (2) will be sa®
those with equation (1).

For the calculation of mean waiting time of prigri

However they did not consider the conceptang non-priority calls the relations®fare used with N

replaced by N-k. The modified relations will be:

sufficient capacity. The buffer queues up all new

incoming calls and outage calls as well. It is a%sd
that the users are uniformly distributed amongdbiés
and calls are also uniformly and
generated. The call arrival rate and service rate a
taken to beA and p respectively in line with the
literature. It is assumed that the channel canmgo i
outage at ratg and may recover at the rate Since we
are considering a fixed outage rate modelyill be
independent of the state while a will increase wité
number of channels in outrage. In other words we ca
considery; =v, a; =i * a where iis the state considered.
At any instant of time new calls arrive at rateand
channel outage occurs at rateSince buffer queues up
all calls the effective arrival rate to memoryAisA+y.

Similarly calls are completed at rate m and outage

channels recover at ratéd. Thus the effective rate at
which channels are becoming available willjhe (u
+0a). The effective traffic intensity is taken to bg A
(Adle) Out of total N channels with k channels in
outage, the available channels will be N-k. Theants

_ (R,*d) 3)
L (N-K)-pp)
*d

(P, *d) _WT, @)

2T (N-K)(1-pp)d-p) 1-p

independently

WT; and WT, are the waiting time for calls with
priority and non-priority respectively. D is the
average call duratiom is overall system load and p
is the priority proportion. The load due to prigrit
calls will bep x p®. Py is the probability of delay.
The probability of delay calculated according to
equation (2) is used in the evaluation of the wagijti
time.

These relations indicate that the normal calls
have to wait longer than priority calls.

RESULTSAND DISCUSSION

The values of probability of delay and waiting
times are calculated for priority and non-prioriy
evaluated using the proposed model for several
conditions and are presented in Fig. 2 and 3. The

are represented by a Markov chain model with N-knumber of channels used for the calculation is T0@

channels in Fig. 1.

Using the effective rate\[ = A+y] instead ofA,
[Me= (ut+a)] instead of m and number of channels (N-
k) instead of N in the equation (1), we get modifie
Erlang's C formula giving the probability of delay
the proposed model as:

— _ - AeN_k P
P, = C(N- k,A,) RTINS (2a)
(N-k)
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traffic is assumed to be 500 calls/hour. From tsuilts
we find that the probability of delayp,Phcreases with
increase in outage channels.

Further we notice that pP depends on traffic
intensity. Increase in ftraffic intensity causes hieig
probability of delay PD.It is observed that the
probability of delay varies linearly for lower vaisi of
k. For higher values of k the variation is exporant
When priority is introduced (Fig. 3) the waiting& for
priority calls is less than that of non priorityllsaand
their variation is in line with those reported itetature.



American J. Appl. Sci., 1 (3), 190-192, 2004

Table 1: Mean Waiting Time for Priority and Non-&ity Calls for 500 Call Where N=100.A 40 anda= 0.5

K PD 0.1 0.2 0.3 0.4 0.5
WT1 0 1.17E-02 1.77E-04 1.77E-04 1.78E-04 179E-04  1.80E-04
WT2 8.42E-02 1.85E-04 1.86E-04 1.87E-04 1.87E-04
WT1 10 3.05E-02 5.11E-04 5.13E-04 5.15E-04 5.18E-04  5.20E-04
WT2 5.33E-04 5.36E-04 5.38E-04 5.40E-04 5.42E-04
WT1 20 7.34E-02 1.38E-03 1.39E-03 1.39E-03 1.40E-03  1.41E-03
WT2 1.44E-03 1.45E-03 1.46E-03 1.46E-03 1.47E-03
WT1 30 1.63E-01 3.50E-03 3.52E-03 3.53E-03 3.55E-03  3.56E-03
WT2 3.66E-03 3.67E-03 3.69E-03 3.70E-03 3.72E-03
WT1 40 3.33E-01 8.36E-03 8.40E-03 8.43E-03 8.47E-03  8.50E-03
WT2 8.73E-03 8.76E-03 8.80E-03 8.84E-03 8.87E-03
8. E-02 CONCLUSION
TE-021 o+ k=10% . .
6500 = K=20% A new scheme is proposed for reducing the drop of
o calls due to channel non-availability or outagercteds
5.E-021 for the fixed outage rate system. This improves the
£ 4.E-02 4 GOS of the system. The system is tested for differe
3 E-00 load conditions.
2.E-021
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With the present scheme, due to the introduction of
buffer, there may be a marginal increase in delaty b
no call is lost. In other words the probability of
blocking is zero with the proposed method.
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