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Abstract: The allocation of limited resources such as links, servers, and agents to support as many as emergency call responses
as possible while maintaining reasonable quality of service is a principal requirement in public safety networks. It is difficult to
handle the highest priority emergency call responses for a congested period with a limited number of dedicated incoming links
from commercial networks. Therefore, in this paper, we present the adaptive scheme based on a different call conversation time
for an achieving efficient resource scheduling during a congested period without investing extra resources. The proposed
adaptive scheduling approach improves accuracy of the network performance with the dynamic call holding time approach.

Keywords: Aloha Protocol, Resource Allocation, Public Safety Network

1. Introduction

The ability to access emergency services by dialing a
nationally designed fixed numbers from the Public Switched
Telephone Networks (PSTNs) is a vital component of public
safety and emergency preparedness [1]. The "real" emergency
call handling is a specific service, since all calls have the same
highest priority service. Therefore, it is difficult to handle all
these highest priority call responses for a congested period,
with a limited number of dedicated incoming links from
commercial networks.

Therefore, one main criteria of the emergency call handling
network performance to enhance SLA (Service Level
Agreement) requirements is the limited call holding time,
which a customer may use as the common resource within a
time after it has been allocated to a system resource. There are
standards, for instance, the document serves as a standard for
answering 9-1-1 calls operating procedure for the call taking
function within Public Safety Answering Points (PSAPs)
presents the standard that 90% of all 9-1-1 calls arriving at the
PSAP shall be answered within 10 seconds during the busy
hour and 95% of all 9-1-1 calls should be answered within 20
seconds [2], [3]. This shows that limited conversation time is
critical function for the emergency system SLA.

In general, the recent study shows that it is common in the

SLA for workloads whose intensity varies widely and
unpredictably that the dynamic resource allocation maximizes
performance of a system [4]-[5]. It is a well known that the
dynamic allocation is the more efficient solution than the static
allocation scheme. In traditional static resource allocation
approaches, when network resources are depleted, more
resources (links, trunks, operators, agents, servers) are added
to the network. These additions may resolve congestion
conditions temporarily, but it is not a long term cost effective
solution.

In the literature, a resource allocation discipline, such as
time dependent priority, selfish scheduling, shortest to longest
remaining time scheduling, and processor sharing scheduling,
may prove to be optimal for certain application requirements
[6] - [7]. A dynamic holding time allocation scheme that uses
adaptive quota ensures an efficiency approaching that of First
Come First Serve (FCFS), especially under heavy load
conditions [8]. Moreover, the priority resource allocation is
proposed to support ongoing activities in the ITU and IETF for
developing the International Emergency Preparedness
Scheme (IEPS) [9]-[11].

Emergency voice incoming calls for specific emergency
services such as ambulance, police, fire, and hazard which are
directed to emergency — specific PSAPs transferred through
the bulk of the existing E1 trunks across PSTNs are the main
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part of the network used for the peak period performance
evaluation. The reason is that the dedicated limited number of
inbound trunks is built under the government regulation.

If the number of calls addressed to the system is too large
during the peak period, the incoming trunks will be
overloaded and operators cannot handle the volume of
emergency calls. Hence, our aspect of the peak period
performance is to characterize the system capacity using the
model of the dynamic call holding time scheduling approach
handling the overload of incoming calls.

The rest of the paper is organized as follows: Section 2
presents the dynamic call holding time scheduling scheme
based on the Bernoulli theory, Section 3 describes the
analytical model formulation of this dynamic scheme. Section
4 and Section 5 present the results based on the proposed
method.

2. Proposed Model Formulation

The ALOHA protocol is an interesting example of a MAC
protocol of the contention-type. It is the precursor of Ethernet
and its subsequent standardization as IEEE 802.3[12].

Based on the protocol, this model considers the vulnerable
(non retrial) and non vulnerable (retrial) period of call holding
time of the PSN [13]. Under this scheme, a dynamic quota
with a vulnerability coefficient & is used to determine a
threshold level to allow a number of customers to occupy a
resource (agent) within a call holding time limitation,
especially under heavy load conditions. Applying the
Bernoulli theory under the assumption of multiple Poisson
arrival process is the fundamental analytics used.

We consider a customer who is granted permission to use a
resource without waiting, is allowed to use a resource for the
total CHT with the following condition:

T =4, (1)

where T is the proposed total Call Holding Time (CHT), T, is
the threshold value of the CHT, and k& is the vulnerability
coefficient.

When CHT is exceeded the threshold T, the system may
initiate retrial calls or drop-off calls. The threshold can be
measured by k. When k <1, itdescribes a call success in the
threshold value and the condition & >1.

May describe retrials or drop off CHT. When k =1, the
CHT equals to threshold value of the time. For the idle system,
we assume k£ =0.

In this scheme, we consider the condition that the 7,
which may be equal to the proposed CHT (1), it may be
computed within the limited time: T, <7, <T .. .

In general, to compute the theoretical throughput in the
proposed model, first we assume the arrival process is Poisson,
which means the probability P, of getting no call at 7 time
interval P =[0,¢] is:

P(Ty=e )
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where A =1/T 1is the mean call arrival rate. Then, the
probability P, of getting some calls at 7' time interval:

P =P(T)=1-¢"T (3)

We assume the condition that the mean service time equals
to the mean call holding time plus a constant small amount of
the processing time. This small processing time is negligible
in this study. Then,

Tv_Tmax_Tmin_T/k (4)
lost calls
. : agents
sy —
. f
rerials | A "
ACD ~ ()
arrivals | I T
wivs | SRR
~ /
. \"'-\’_
retrials | \ T "
abandonment
v
' retums
lost calls

Fig. 1. Feature of emergency call operational scheme.

Offered load A" is described by the total call arrival rate
divided by the total service rate (inverse of call holding time in
the case of the negligible small amount processing time) as
follows:

A= AT, (5)

Under the condition, using the Bernoulli theorem, we can
get the probability of the holding time of retrials, 1, , of the

network getting at least one call within the range of kT, . The
call departs from the system with probability I_PTV . If calls

passed within the threshold time, £ 7, is zero at an agent tier

level.
We have the following formula of the carried load
considering the probability of retrials B under the model in

Fig.1.
Lc:/1+PTLc (6)

where L, is the carried load, the arrival rate A describes the

offered load, it shows that the carried load may be depend on
strongly the probability of retrials time F,. Hence, the

probability P, of getting some calls within at 7, time
interval (Fig. 1):

P =P(T<T,)=1-e %" (7

Using (7) substitute P in (6) and rewriting, the call arrival

rate A has the following relationship within the call holding
time 7 considering k coefficient.
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A=Le™h (®)
From (5), we easily update the offered load :
A" = AXKT, = (kL T, e " ©9)

Where the normalized total carried load is described as
follows:

LC}’I = kLCTV (10)

We often consider that the call holding time 7 equals to the

number of calls N in unit time divided by the call arrival rate
capacity u . If all offered traffic can be serviced, so that the

offered load A" may be described by the throughput. If the
offered load is greater than this value, the system becomes
unstable.
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(a) Load vs. Throughput of “102".

We sample throughput data points by feeding calls. We get
the throughput vs. total carried load including retrials. It
proves that CHT has the best performance in terms of the
maximum throughput. The maximum achievable throughput
is presented by the differentiation of the right side of equation

(8).

3. Results of the Proposed Approach

We monitored the incoming trunks at edge port of IP-PBX
of the EIN network [14]. The experimental period was one
week including week days, weekends, and the biggest national
holiday Naadam, therefore, the workload analysis enables us
to account for the existing system's peak period performance.
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Fig 2. Throughput performance for a high load.

In Fig.2a, there are maximum emergency users who generate as high as 1.2 Erlangs of the ambulance class as well as light

users generating less than 0.03 Erlangs of the hazards class.
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During the period (Fig.3a). The figure presents the CHT
value of all “103-ambulance” calls arriving at the PSAP is 60
seconds in average during the peak week and 45 seconds show
the “102-police” CHT in average. As a result of the proposed
approach, the phenomena in the case of “103” is clear the
throughput is increased by approximately two times more than
the existing throughput when the CHT is reduced to 20
seconds.

It is clear to see there is high demand to use the proposed
scheme under the priority scheduling for the heavy load
situation. Therefore, even though the arrival rate is increased
up to a maximum load level, the calls of each class may be
served by Long Holding Time (LHT), Medium Holding Time
(MHT), or Short Holding Time (SHT) scheduling approaches.
However, the idle system presents linear relationship between
the throughput and traffic load, the existing EIN system has
shown the exponential relationship between the throughput
and traffic load.

Fig. 3 shows the idle case performance of the scheme.

Reducing the CHT, we can keep the system more idle
compared to the congested system.

According to the results, in the light load of the emergency
fire (“101” ) and hazard call (“105”) classes, there is no
difference between the long and short call holding time
scheduling advantage. Then, FIFO scheme may be the best
approach with a light load, then a dynamic holding policy may
not be a main metric in the light load (See Fig. 3).

4. Simulation Verification

We also used Matlab Simulink to support the proposed
model. Using the discrete event simulation SimEvents library,
we built the model diagram. The diagram is omitted, due to
the space limitations. The simulation was the time-based 24
hours period - simulation for both LHT, MHT, and SHT
respectively. The block generates Poisson arrival events
packed with the random exponential CHT attribute that we
extract the data as the experimental data set for the Matlab
Simulink simulator from statistics of the EIN by averaging
the week into the day.

Experiment Throughput for Schedulings

800

+TPUT SWT
- TPUT MWT
¥ TPUTLWT

Cffered loads

o 200 400 500 800 1000 1200
Carried loads

Fig 4. Carried vs. Offered number of incoming calls depends on a call
conversation time.
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The simulator provided output on queue length, throughput,
and utilization. Our analysis focuses on the relationship
between workload and throughput. The result (Fig. 4) proved
that the calls into the network depend on a call conversation
time for the long-LWT, medium-MWT, and short-SWT call
conversation times, it clearly shows the same pattern as our
analytical result this supports (8).

The upper limit thresholds have advantages over other
resource allocation policies and is efficient to implement, it
still must be considered against traditional resource
management approaches, e.g., using excess capacity in the
network to control a peak load [15].

5. Conclusion

The paper showed the benefits of a limited call holding time
through throughput vs. carried load analysis for the dynamic
resource scheduling policy in a public safety network. The
new method uses the adaptive time quota ensureing an
efficiency approaching the dynamic call holding time. We
evaluated the performance of the heterogeneous EIN in
Mongolia using the proposed model. Under this priority
scheduling with the Bernoulli - loop, the theoretical,
experimental and simulation results show the larger the
throuhgput, the smaller the call holding time that the existing
system produces during the peak period. In the light load,
there is no difference of the throughput between the long and
short call holding time scheme. Therefore, the paper brings the
contribution which results in the smaller CHTs for emergency
calls such as ambulance, police, fire and hazard calls of the
existing network to influence an efficient dynamic resource
allocation. The scheme can be a simple and generic approach,
it can be applied to similar time - conscious systems such as
time dependent call centers.
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