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An OQOutage Evaluation Model for Wireless Telecommunication Network

Dong-Hoon Lee'- II-Young Chong'

ABSTRACT

Network reliability means network ability which perform normal operation of network components within defined time period, on the other
hand, network survivability is the index of normal operation in network failure. In occurrence of network failure, network operator is interested
in the measurement of network survivability, but, in a view of subscribers, it is more interested in how many subscribers are out of service
and how long the out of service state lasts. In this paper, a service outage evaluation model fitted for telecommunication network in Korea is
proposed, which measures the impacts of subscribers in case of network failure which induces a service outage. The outage evaluation result
of “Mobile to Land” service outage which has 30,000 subscribers affected for 30 minutes is 2.5. This value is 5 times larger than that of the
same service outage which has 10,000 subscribers affected for 30 minutes, i.e, the impact of subscribers in the former case is 5 times larger
than that of the latter case. If 30,000 subscribers have isolated in “Mobile to Land,” “Local Mobile to Mobile” service for 30 minutes by the

exchange out of order in PCS network, then the evaluation result of this service outage will be 3.75 .

719 : RMEAMI(Wireless Telecommunication Network), 22| = (Reliability), ZZ(Survability), Z0§(Outage), HOSE I {Eva-
luation), 7}XHSubscriber), Z0§X|5(Outage Index), B2 (Normalization)

1. Introduction

Communication network is a basic infrastructure of a
country for economical or social activities. If network out-
age is occurred by a natural disaster or human error, Com-
munication services will be interrupted, then the economical
and social activities get a lot of damages. Recently, As the
number of wire and wireless subscribers are increased rap-
idly, the importance of network reliability is being spread
widely. Network reliability means the network ability which

ok

LS
rriede

v EHYs dEdzeads} 2
CgEelFoltstm Hu g Ee wy
12002 1Y 8Y, AAMEEE 120029 1Y 149

—+
o Y

rif ol ol
Ao

performs normal operation of network components (node,
link, etc) within defined time period. On the other hand,
network survivability is the index of normal operation in
network failure. In occurrence of network failure, network
operator is interested in the measurements of network sur-
vivability, the other side, subscribers are not interested in
the network survivability but the duration of service outage
and number of affected subscribers. Service outage is de-
fined by a service state which have damages in service
request or service being provided.

In this paper, an outage evaluation model fitted for tele-
communication network in Korea is proposed, which mea-

sures the impacts of subscribers in network failure which
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induce a service outage.

-2. Procedures for Service Outage Evaluation

In network failure, some induces service outage, others
not. If network failure induces service outage, It is nec-
essary to evaluate the impacts of subscribers with service
outage, the result of these service outage evaluation is
called outage index (1, 3].

There are two types of outage index, overall service
outage index and service based outage index [5, 12]. Overall
service outage index represents the subscriber’'s impacts
of overall service outage as a unity measure, but service
based outage index represents the impacts of a single spe—
cific service outage. (Figure 1) shows the procedures for
service outage evaluation. In network failure, to evaluate
a service outage, first of all, we have to determine that the
service outage is induced or not. To do this, it is necessary
to collect three parameters, unservability, outage duration

and outage extent. Unservability[3] is defined as belows,

Blocked service demand unit

Unservability =
Requested service demand unit

Network failure

Service outage?

Stop

Find affected service

y

Collect outage parameters for each affected service

y

Calculate weight values(Service, Duration, Magnitude)

A

Calculate service based outage index for each affected service

y

Calculate overall service outage index

(Figure 1) General flow of service outage evaluation

Outage duration is the total time duration that the un-
servability exceeds critical value and outage extent is the
number of affected subscribers with outage. If the values of
these three parameters exceed predefined critical poirits, then
we can determine that the network failure induced the service
outage. Next, we have to find affected services and collect
the outage parameters for each affected service. In this point,
we can calculate service based outage indices for each af-
fected service using the outage parameters collected for each

service. Finally, We can find overall outage index (shortly,

outage index) by adding them.

3. Outage Evaluation Model

3.1 General
We usually calculate the outage index to measare the

impacts of subscribers with service outage by network
failure [1,3]. The general characteristics of outage index

are as belows.

® Outage index will be found by adding the each service

based outage index.

N
Outage Index = :21 W(i) - Wp(i) - Wy(§) (1

Where , ] means ju affected Service

® Each service based outage index will be calculated by
multiplying the service weight(Ws), Magnitude Weight
(Wwm) and Duration Weight(Wp).
These weight values, also, can be calculated by the re-
lated equations using the outage parameters (unservabi-
lity, outage extent, outage duration).

® Magnitude weight value and Duration weight value have
the S-shaped curve, ie., the increasing rates of these
values are small at small scaled outage and large at large
scaled outage. The section point of the S-shapec curve

is called reflection point.

This reflection point (a set of weight value and outage
parameter) should be determined by communication car—

riers and related organizations.

3.2 Model for service weight
To get the service weight, we have to consider two fac-



tors, 1.e., critical values of unservability to determine the
service outage in network failure and in case of service
cutage, weight values for each affected services [1, 3, 18].
I' the unservability is below the critical point, then 0 (no
service outage). Above the critical point, then 1 (service
cutage). Weight values for each services are determined
tyr the consideration of the service importance in view of
subscribers. So, the service weight of jum affected service

can be calculated by equation as below.

Ws(i) = Us(G) - W() (2)
"Where, Ws(j) means service weight value for ju service
Us(i) equals 0, if the unservability of ju service
is below the critical point.
1, if the unservability of jum service
is above the critical point.

W(i) means weight values for jm service.

<Table 1> Shows service weight values which represent
“he impact degrees of subscribers for each kinds of service
witagel3]. For example, the service outages of “Land to
Mobile” and “Mobile to Land” impact two times more than
‘he service outage of “Local Mobile to Mobile” to sub-
seribers. These service weight values at <Table 1> were
iefined by the T1 Committee in America and currently, is
seing used for the service outage evaluations of wireline
and wireless network in America. This paper, also, adopt
rthese service weight values for the service outage eval-
uation model for wireless network in Korea without change.
Because service weight values are not quantitative values
but emotional values that almost all of people feel the
degree of relative impacts with each kinds of service

outage.

(Table 1> Service weight for wireless network

Service welg}q Remark ﬂ’

r‘ Type of service

(Ws(j))
Local Mobile to Mobile 1 I’[‘J:(:‘)Si ;’f
‘ Inter Service area Mobile to Mobile 2 "
Land to Mobile, Mobile to Land 2 "
- Emergency Service 3 "

L

3.3 Mode! for Magnitude weight

Magnitude weight represents the extent of service out-
age [1, 3. It's value can be calculated based on the number
of affected subscribers by service outage. The most im—
portant factor in modeling of magnitude weight is to find
the equations for calculation of the Magnitude weight based
on the number of affected subscriber. So, In this paper, we
focused our study for finding the equations applicable to
evaluate service outage in Korea wire and wireless net-
works. (Figure 2) represents the derivation processes for

finding the magnitude weight (W) equations.

Fix the framework of magnitude weight equation

K|

Assume maximum value & reflection point of magnitude weight equation

A4

Assume the relative magnitude weight values
according fo the number of affected subscribers
(below & above the reflection point)

A

Derive the magnitude weight equation
(below & above the reflection point)

l

Optimized Equation?

Fix the eguation

(Figure 2) The flow for the derivation of magnitude weight
equation

3.3.1 The framework of equations
We assumed that the equations for finding the magnitude

weight values have a S-shaped curve with reflection point
and maximum values. The reasons for our assumption are

as bellows,

e Magnitude weight values are defined by the relative
impact degrees of subscribers with the number of af-

fected subscribers in service outage.
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Manitude ?
Weight values
L
Y = Max) - (Max. - R) - X"
Refl. Point (R) Jeerermmererirennains y=X"

—p
# of affected sub.

=-(Max. - R - X"

(Figure 3) Framework of the Magnitude Weight Equation

® In service outage, initially, as the number of affected
subscribers increases, the impacts of subscribers in-
crease quickly but, as the number of affected sub-
scribers are above the specific point, named reflection

point, the impacts of subscribers are increased slowly.

So, the magnitude weight equations consist of two dif-
ferent equations with reflection point as a base line. (Figure
3) shows framework of magnitude weight equation.

As shown in (Figure 3), We can represent the framework
of equation in the region of below the reflection point as
a equation (3) and in the region of above the reflection point

as a equation (4).

Ww = (# of affected sub. /a )* / b 3)
Wa = Max - (Max - R) & " @
M = Max ax C # of affected sub
2
a

We have determined the equation (3) and equation (4)
as a framework in order to consider the S-shaped curve
and asymptote method. So, we try to find the optimal
coefficient values a, b in equation (3) and C;, Co, n in

equation (4), to fix the equations completely.

3.3.2 Assumption of reflection point and relative
magnitude weight values.

We made a various assumptions in reflection point, ma-

ximum values of magnitude weight and relative values of

magnitude weight with a various number of affected sub-

scribers to find the optimal coefficients (a, b, n, C1, C2)
in equation (3) and équation (4), Because the impacts of
subscribers with the number of affected subscribers, i.e,
magnitude weight values, are not absolute but relative.
<Table 2> shows one of the sets of the magnitude weight
values assumed for each items which are used to produce

the optimal coefficients.

(Table 2> Set of the Magnitude
foreach items

weight values assumed

hews Values(Wy) Remark
Maximum Value 125
Reflection Point 05 # of affected sub. = 10,000
5k Sub. Affected 0.125 Wn(10k) = 4xWw(dk)
30k sub. Affected 25 Wn(30k) = SxWwn(10k)
100k sub. Affected 6.25 Wxy(100k) = 2.5xWi(30k)

In general, the total impact of several small outage is less
than the impact of a single medium-sized outage and the total
impact of several medium-sized outage is greater than the
large outage. These effects result from the S-shape of the
curve which rise slowly at first, then rises quickly in the
midrange, and then slowly rises in the high region. So, As
shown in <Table 2>, we assumed that the impact of outage
affected 30k subscribers is 5 times greater than the impact
of outage affected 10k subscriber and the impact of outage
affected 100k subscribers is 2.5 times greater than the impact
of outage affected 30k subscribers. If the number of affected

subscriber is more than 10k subscribers by service outage,



then the social trouble is issued. So, We assumed that the
reflection point of magnitude weight is fixed at 10k affected
subscribers and 0.5 of magnitude weight value at that point.
Also, very large scaled service outage which affects 100k
subscribers is rare, so we assumed the maximum value of
magnitude weight is 12.5 which means two times occurrence

of service outage affecting 100k subscribers.

3.3.3 Derivation of Equations

In reflection of the assumption items and contents in
<Table 2> to the equation (3) and equation (4), we can
find the optimal coefficients. In equation (3), applicable to
the region of below the reflection point, coefficient value
a, b was found as 250, 3200 each other. So, equation (3)

becomes equation (5) as follows,

# of affected Sub.
250

2
Wy = ( / 3200 )
In equation (4), applicable to the region of above the
reflection point, the procedures to find coefficients C1, C»

and n using the assumptions of <Table 2> as follows.

® [n case of the number of affected subscribers are

10,000 persons, The magnitude weight value is 05.

n

c
: ) =0.5

Wy = 12.5 — II.S(W

c n—1043478
(c2+40) o

At this point, applying the Log function to each side of

equation,
C, C, 0.018483
nlog(m) = log(1.043478), a0 10
0.018483
So, C; =10 " -(Cy+40) 6)

® In case of the number of affected subscribers are

30,000 persons, The Magnitude weight value is 2.5

c,
WM—12.5—11.5(W) =2.5
So, 10 — 11.5 & ”—o 4
0. 10— 11. (c2+120) -

® In case of the number of affected subscribers are
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100,000 persons, The Magnitude weight values is 6.25

n

1
Wy = 12.5 — 11.5( T ) =6.25
So, 6.25—11.5 < n~0 (®)
0 0 : (cz+400) -

e We found the coefficient Ci, Cz and n of equation (4)
by using equation (6) ~equation (8) and computer pro-

gramming technique.

The various sets of coefficient values were shown at
<Table 3>.

{Table 3) Sets of coefficient values

Coeff. C, Coeff. C2 Coeff. n
410.89 3H4.11 1.021
u 453.56 396.12 1.085
472.13 414.42 1.113
i 5915 651.2 1.386

In the sets of coefficient values, we have found that C; =
456.56, C2 = 369.12 and n = 1.085 is the optimal values. So,
equation (4) becomes equation (9). (Figure 4), (Figure 5)
and (Figure 6) show the magnitude weight curves applied
by equation (5) and equation (9).

453.56 Lo

Wy=12.5-11.5 o
296,12 + o affected sub

250

Magnitude Weight Curve (Max. 12.5, Reflection point 0.5)

Magnilude weight Values(Wd)

0.1

BAEREEN L F R R DR Y

o
N~
The number of Affected Subscribers(0 - 10K, 100 Unit)

PeRYSY5E5RY

(Figure 4) In case of 0 < # of affected sub. < 10K
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Magnitude Weight Curve (Max. 12.5, Reflection point 0.5)

Magnitude Weight Values(Wd)

T reRER8585808R 85858 -258R8%¢s

The number of Affected Subscribers (0 -150K, 1K Unit)

(Figure 5) In case of ‘0 < # of affected sub. < 150K

Magnitude Weight Curve (Max. 12.5, Reflection point 0.5)

Magnitude Weight Values(Wd)

TYN2OC2NRRSINeTRHS

58
61

64
67
70
73
76
79
B2
a5
88
91

94
97
o3

The number of Affected Subscribers (0 ~1000K, 10K Unit)

(Figure 6) In case of ‘0 < # of affected sub < 1,000k"

As shown in (Figure 5) and (Figure 6), we can find that
the curve shows the S-shape curve and approach asymp-
tote as the number of affected subscribers are increased.
and as shown <Table 4>, we can find the magnitude
weight values calculated by equation (5) and equation (9)
are equal to the assumption values in <Table 2> and also,
magnitude weight values approach asymptote as the num-

ber of affected subscribers are increased.

(Table 4 calculated magnitude weight values (‘W)

# of affected subs. Wn Remark
0 0
2,500 0.031
5,000 0.125 Assumption point
10,000 0.500 Reflection point
30,000 2.504 Assumption point
70,000 5.043
100,000 6.254 Assumption point
500,000 10.660
1,000,000 11522
5,000,000 12.323
10,000,000 12412

3.4 Verification of service outage evaluation model

In evaluation of service outage, duration weight values
represent the impact degrees of subscribers with service
outage duration [10]. In general, the impact degree of sub-
scribers is in proportion to service outage duration and the
service outage duration exceed 30 minutes, then the social
trouble is issued. The service outage lasting ahbove 150
minutes is rare and the number of affected subscribers is
much more important factor than service outage duration
in service outage evaluation. So, we assumed the equations

for finding the duration weight values as follows,

e Wp = 05M (M is 30 minutes Unit, i.e, M has value
1 in case of 30 minutes)
® Wp(Max.) = 25 (In case that the service outage du-

ration exceeds 150 minutes)

In this paper, We verified the service outage evaluation
model using equation (1)~equation (9) with fixed outage
duration, 30 minutes, as shown in <Table 5>. In <Table
5>. We can see that the evaluation result of “Mobile to

Land” service outage which has 30,000 subscribers affected

(Table 5, Verification results of the service outage evaluation model

Service outage category / Ws # of affected sub. / Wy

Qutage duration(Min.) / Wp

Evaluation results(Outage Irdex)

10,000 / 0.5
30,000 / 25
70,000 / 5.0
100,000 / 6.25

Mobile to Land / 2

10,000 / 05
000 / 25
70,000 / 5.0
100,000 / 6.25

Local Mobile to Mobile / 1

0.5
25
5.0
6.25

30/05
0.25
1.25
25
3125




for 30 minutes is 2.5. This value is 5 times larger than that
of the same service outage which has 10,000 subscribers
affected for 30 minutes, i.e, the impact of subscribers in
the former case is 5 times larger than that of the latter case.
If 30,000 subscribers have isolated in “Mobile to Land,”
“Local Mobile to Mobile” service for 30 minutes by the
exchange out of order in PCS network, then the evaluation
result of this service outage will be 3.75 (2.5 + 1.25). This
outage evaluation model will be useful to measure and
compare the quality of service of each wireless commu-

nication carriers [5, 9, 10, 12].

4. Conclusion

In this paper, we have discussed an outage evaluation
model fitted for telecommunication network in Korea. In
network failure, Network operator is interested in the
measurement of network survivability, but in a view of
subscribers, it is more interested in how many subscribers
are out of service and how long the out of service state
last. So, we have proposed that the methodology which
measure the impacts degree of subscribers in network

failure which induces a service outage as follows,

e The processes for service outage evaluation

® Methodology for calculating outage index of service
outage

® Optimal model for service weight

® Optimal model for magnitude weight

In the survey of the application results of the proposed
outage evaluation model, the outage evaluation result of
“Mobile to Land” service outage which has 30,000 sub-
scribers affected for 30 minutes is 2.5. This value is 5 times
larger than that of the same service outage which has
10,000 subscribers affected for 30 minutes, i.e, the impact
of subscribers in the former case is 5 times larger than that
of the latter case. If 30,000 subscribers have isolated in
“Mobile to Land,” “Local Mobile to Mobile” service for 30
minutes by the exchange out of order in PCS network, then
the evaluation result of this service outage will he 3.75 .
In the future, we have plan not only to make and propose
as a standard for outage evaluation of the wireless network

based on the maodel discussed in this paper, but also to
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study an outage evaluation methodology for IP-based tele—

communication network and services.
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