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Abstract — This paper presents an econometric traffic data using statistical principles and have a numerical output
forecasting model that is applied to the cellular mobile network  while qualitative methods are based on other principles such
of one telecom operator in the Republic of Srpska (BiH). Asa a5 extrapolation, reasoning, etc., so the output may not be
?;}ﬁ?:'emr?ﬂg 02:::%%&’3'“3;;;”%&?@29 ajtogpgﬁgltgr';’ numerical. This paper deals with one quantitative traffic
variables affecfing the changes to the traffic volume. These forecasting method anq its apphc_atlon on re_al traffic data.
variables are measured by using available historical data and by The methoo!s of traffic forecasting are defined by the ITU-T
applying regresson analysis for esimation the model fecommendations E.506 and E.507 [2], [3]. Some important
parameters. Through the numerical results the short-term  Methods include the following: curve fitting models (linear,
forecasted results of cellular mobiletraffic are given. parabolic, exponential, logistic, Gompertz trend), smoothing

models (moving average, Holt, Holt-Winter), autoregression

Keywords —Forecasting, econometric model, cellular mobile  models, ARIMA @utoregressive Integrated Moving
traffic. Average) regression, Kalman and econometric models.

Models for total traffic forecasting based on increasing the
|. INTRODUCTION number of subscribers and models for point-to-point traffic
forecasting are given in [4]. Forecasting network traffic by

A correct forecast of the future traffic needs. based dReans of neural networks and linear models is presented in

reliable and relevant input historical data, is the basis for tke!: i _ .
planning and upgrading of telecommunication networks. The paper is organized as follows. In the second section we

Generally, forecasting in the field of telecommunicationformulate the problem, describe the forecasting model and

involves estimation the number of subscribers as well as fliSCUSS its parameters. The model is applied to real data in the

traffic volume. third section, and the obtained traffic forecast for the cellular
Forecasting as a process involves several steps: first itfoPile operator is presented. Concluding remarks and further

necessary to define the problem or purpose of forecastif§ork are given in the forth section.

then to collect the data, choose the suitable method of

forecasting, estimation of necessary parameters and finally I[l. THE FORECASTING MODEL

make the analysis and perform necessary calculations. Today,

changes in market dynamics, especially rapid growth of thelnspired by [2], [3] and [6] we selected an econometric

Internet and the number of mobile telephony users encouraggsyel to perform forecasts of total mobile telephony traffic

telecommunications operators to respond the technologi¢g} one telecom operator in the Republic of Srpska (BiH).

challenges. Consequently, the network planning methodologyonometric model defines a set of explaining variables from

has to consider the market and demand forecasting in the figgfich the unit of interest (traffic) is calculated according to

stage. _ _ given mathematical model. The model parameerge been

_ If the forecast is not reliable as a result may appeggermined through regression analysis. As a suitable metric

insufficient or excessive dimensioning of certain networks ihe traffic volume we chose monthly traffic minutes

capacit_y, resulting in operator losses and reducing the qua'{%noted byT) which refers to the number of subscribers

of services for the end users [1]. One of the most importafihes the minutes of use per subscriber and month (denoted

parameters for the process of market and demand forecasmgMoU). The relevant historical data and the number of

is the forecasted network traffic. _ . observations required for this model are obtained from
There are many forecasting methods. Quantitative Qpyrces [7] and [8].

statistical and qualitative or non-statistical methods represent

one possible classification. Quantitative methods process the ) .
A. Modelling the variables
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direct impact on traffic volume. Obviously, the traffic volume I1l. NUMERICAL RESULTS
depends on the spending power of population. Usually, as a

measure of a spending power, the Gross National Producin this section, we have applied the model described above
(GDP) per capitais used. . to the mobile network of one telecom operator in the Republic
The costs of mobile servic€, includes various parametersof Srpska. The historical data considering the GDP values and
such as: subscription fees, usage tariffs, the cost of aterm”gépulation size are given in Table I. The relevant statistical
etc. In this paper, we made a simplified assumption that thgta for the chosen mobile operator obtained from their annual
operator’s revenues of telephony traffic service are based @ports, are given in Table Il. MoU and ARPU are given in
paid traffic per minute. The structure of the traffic includegea| terms while the total monthly mobile telephony traffic

pre-paid, post-paid and VPN mobile users. The revenues g‘r‘ﬂnutes) and subscribers are given in millions.
measured as average revenues per user and month (ARPU)

and have been expressed in national monetary units (BAM). TABLE |
The mobile service penetration ratg,is the percentage of RELEVANT DATA FOR THE REPUBLIC OF SRPSKS]
the relevant country’s population that has purchased a mobi
service during the time under study. Service life cycles may Year Republic of Srpska
go through several stages: Introduction, Growth and Maturity GDP Population
stage. After the rapid sales during the Growth stage, thg 2009 5739 1435179
market starts to be saturated as there are fewer nepw 2010 5 805 1433 038
subscribers. When service sales reach peak values and market 2011 6 073 1 429 668
becomes saturated, the penetration rate becomes very low.| It 2012 6 006 1 429 290
could be modeled by the penetration functiR(n) as follows 2013 6 146 1 425 549
[6]:
TABLE Il
P(a) = [1_ COS(O’ZIT)} /2 (1) RELEVANT DATA FOR THE CHOSEN OPERATORRY]
Year OPERATOR
B. Mathematical background Traffic | MoU | ARPU | Sub. P&)
2009 50.74 41.2 154 1.231 0.78
Considering all variables indicated above, the main form of 2010 | 59.94| 44.6 16.2) 1.344 08P
the traffic forecasting model could be described as followyg 2011 61.15 44.4 15.3 1.377 0.80
[6]: 2012 72.01 50.9 13.7 1.415 0.8%
2013 77.98| 54.34 134 1.43b 1

T, =€é* 03, 0Q OKa, )" 2)

Transforming Eq. 2 into linear form, the model thus become

We used the direct method to determine the model
Qparameters. Since we made assumption that traffic varfable
depends on several significant factors, it is necessary to
INT =b.+hin'S.+ hin C+ bin Fa 3) forecast these factors (explanatory variables), firstly.

(=B +hin $,+ bin C+ bin Ra,) ®) Considering the historical data and by applying the OLS
technique, the regression equations could be written, which
are the basis for computing these values for the next few years

=h + + + 4) (Table Ill). Therefore, we haveg=5.650+0.101f x,=16.75-
y=hrhx+hx+ b @ 0.65t x3=0.712+0.044t.

Finally, if we introduce shift variables, it is obtained:

The variables are indexed by timg, and the model
parameter$g, by, by, by are estimated using the ordinary least
square (OLS) technique. The parametbysb,, b; can be

TABLE Il
FORECASTED VALUES OF EXPLANATORY VARIABLES

interpreted as elasticity parameters indicating the impact df GDP

each explanatory variable or how much they attribute to thge Year t (x109) ARPU P@)
variation of dependent variable. This could be shown by indejx

of determination Rand adjusted coefficient of determination 2014 6 6.256 12.85 0.98
R? (adj) which provides better estimate of the actual value df 2015 / 6.357 12.20 1.02
R? if we talk about small sample. These coefficients rang 2016 8 6.458 11.55 1.06
from [-1,1]. The closer the marginal values, better the model 2017 9 6.559 10.90 111

is. The multiple linear regressions have been applied herg:qrecasting of monthly traffic minutes for mobile telephony,

since the model is nonlinear in variables (because of thgnsidering the forecasted values of significant factors, is

logarithms) and linear in parameters. _ done by using the Eq. 4, whereby the shift variables are:
The model provides forecasts of the dependent varlal}}ﬁ—zy; INS=x; INC=x, and InP(x)=xs. The parameterso, by,

vaIL_Jeblbased on the changes in the values of explanatgfyy, are estimated using the system of normal equations:
variables.
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n n n n forecasting the monthly traffic minutes of mobile telephony,
nh, + D_ZX, + QZ X T QZ %= z y (5) for the years 2014, 2015 and 2016, we will get the following
i=1 i=1 i=1 i=1 values (in millions of minutes) 98.54; 126.17 and 153.95,
n n n n n
b X+ X+BY X x+ ) xx=> %6
i=1 i=1 i=1 i=1

respectively. Fig. 1 summarizes the results.

i=1

160

SORBLIRTREVIERRIIEE EHIL T OREEP
i=1 i=1 i=1 i=1 i=1
120
0> % +0Y %%+ BY % x+ B k=3 xp@ 10
i=1 i=1 i=1 i=1 i=1 20
After deduction of sums and incorporating them into the 60
equations, we have got: 40 U
5h, +8,94 + 13,4B,- 0,88= 20,7  (9) 20 -
0 - T T T T T .

8,92, +15,9p + 24,08 - 1.6p= 37, (10) 2009 2010 2011 2012 2013 2014 2015 2016

13,40, + 24,08+ 36,8- 2,3= 55, (11) Observed traffic ~ ® Forecasted traffic
-0,8™,-1,6% - 2,36, + 0,1§=- 3,f (12) Fig. 1. Forecasted and observed monthly traffic volume (in millions
of minutes)

Solving this system of equations, we have determined the
necessarily model parameters. Using the SPSS Statistics 17.t§ could be seen, that the forecasted traffic values are very
tool, we have calculated the coefficient of determinatidn Feimilar to the obseved traffic values, which means that the
and adjusted coefficient of determination’ Radj). The proposed model can be used for forecasting the cellular

obtained results are given in Table IV. mobile traffic. For a number of observations, using SPSS, we
have determined the regression line with a deviations, shown
TABLE IV in Fig. 2.

FITTED MODEL PARAMETERS
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In terms of the model parameters, the first dneshows
that, if the GDP is increased for 1 % the traffic will increas
for 0.077 million of minutes. The second obgshows that,
if the ARPU is changed for 1 % the traffic will change fo
3.539 %. This value is inversely proportional to the traffis
value and therefore the Pearson correlation is negati
Finally, the third oneb; shows that, if the penetration effect is
higher for 1 %, the traffic value will be higher, tad@onstant
by shows the value ofT if there were no independent
variables.

Expected Cum Prob

It could be noted that’Radj) is more than satisfactory for 0,0 - , . ]
the presented model and explain the 94,2 % of the variation op 02 04 0g 0g 10
total demand (traffic) concerning with independent variable Observed Cum Prob

(elasticities denoted Ry, by, by).

In the next step, we used the obtained parameters to
forecast the monthly traffic minutes, using the historical data
(2009-2013) to fit the model. If we apply this model for

Fig. 2. The plot area of a regression
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