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Abstract:

In order to survive in a highly competitive market, mobile network operators have to be as efficient as possible
in managing their resources. This is particularly relevant in what concerns the capacity available at their
sites. This work aims to give the operators a method to improve longevity of their sites. This was achieved
using a Load Balancing algorithm, which takes into consideration the Channel Element usage of sites and
sets an Received Signal Code Power threshold value for each one. Its evaluation is done by using a Traffic
Forecast algorithm, based on a fitting method, in order to obtain an estimate of when the sites’ capacity limit
is reached, before and after applying Load Balancing. The used input data consisted of real traffic statistics,
including geo-located indicators. During the course of this work it was possible to develop a semi-automatic
method for network optimization using geo-located data, thus making a contribute to the development of
national research on Self-Organizing Networks. This project was developed in collaboration with a Portuguese
telecommunications consulting company, Celfinet, which provided valuable supervision and guidance. Using
the suggested method it is predicted that, after a year of implementation, it is possible to achieve savings of
about 70% in capacity expansions in the network.

1

INTRODUCTION

The Telecommunications industry is subjected to
many expenses, coming either from day-to-day operation costs, usually called Operational Expenditure
(OpEx), or from investments that need to be made
in order to improve the network, Capital Expenditure
(CapEx). Technological progress in the field, namely
the appearance of more powerful user devices such as
smartphones that allow higher bit rates, demands an
increase in network capacity. Just last year, the total
mobile data traffic grew 69% (Cis, 2014). Additionally, it is expected that by the end of 2021 data traffic
will have increased ten-fold (Eri, 2015).
In order to keep CapEx, and also OpEx, to a minimum, operators should make the most out of the available resources. Mobile operators need to be able to
define network capacity in terms of useful costumercentric Key Performance Indicators (KPIs), install capacity in the several network elements on a just-intime basis and exploit soft capacity properties of mod-

ern network technologies (Northcote, 2014).
Densification of the networks in order to meet
these traffic demands causes a greater level of complexity when optimizing the network parameters. The
only way this optimization can be cost-efficient is
to have more automated and autonomous systems
such as Self-Organizing Networks (SON) (Ramiro
and Hamied, 2012). Implementing a SON allows savings in expenditure for operators, for example by delaying the need to upgrade the capacity of a site that
otherwise would be considered at its limit.

1.1

Objectives

In order to present a solution for the problems previously mentioned, it was decided to develop two algorithms: a Traffic Forecasting algorithm, which will
allow the operator to know when to perform a capacity upgrade, adding radio equipment hardware in base
stations in order to increase the traffic throughput of
a site; and a Load Balancing (LB) algorithm that will
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allow this moment to be delayed as most as possible.
This work is developed considering Thirdgeneration (3G) Wireless Access Networks, which
operates in two different frequency bands, 900 and
2100 MHz. Operators usually don’t distribute traffic
equally between these two bands, creating an overload in the 2100 MHz band. This band is usually
given a higher priority for connections, since the 900
MHz band is used mostly to assure site coverage. The
developed Load Balancing algorithm will try to correct this issue.
In order to develop a meaningful, realistic and
technically accurate solution, a collaboration with a
Portuguese telecommunications consulting company,
Celfinet, was established. Celfinet provided the necessary input data for the development of this research
work as well as guidance and supervision throughout
the project. This allowed designing a semi-automatic
algorithm for network optimization, thus contributing
for the development of SONs in Portugal.

1.2

Related Work

Extensive work is being developed in both Traffic
Forecasting and Load Balancing algorithms in both
academia and industry environments. The studies
developed in (Cunha et al., 2015; Li et al., 2014;
Yu et al., 2013; Yu et al., 2010; Dawoud et al.,
2014) present several solutions for Traffic Forecasting
which were already tested, employing different methods such as fitting functions, entropy theory and AutoRegressive Integrated Moving Average (ARIMA). In
(Ramiro and Hamied, 2012) several theoretical methods and driving factors for Load Balancing are detailed and in (Li et al., 2005), a practical example of
an algorithm using adaptive thresholds is presented.

1.3

Structure

This article is organized in five sections. The first introduces the problem at hand and inserts it in the current network situation. The second presents the solution developed for Traffic Forecasting, along with
the corresponding prediction error analysis. The third
section presents the Load Balancing solution used to
solve the issue presented in the first section. In the
fourth section, an analysis is made combining the two
algorithms in order to know the obtained gained from
the Load Balancing algorithm. The final section sums
up the conclusions taken from this work and presents
some possible future improvements that can be made.

2

TRAFFIC FORECAST

As previously mentioned, the Traffic Forecast algorithm was developed with the objective of providing
a tool for predicting when a site’s capacity limit is
reached. The chosen approach was to design a forecast algorithm based on a fitting model. In order to
validate the algorithm, real traffic statistics and KPIs
were provided by a Portuguese telecommunications
operator. The data is from a total of 43 sites with dual
frequency band deployment and spans of the course
of 192 days with a daily sample frequency. Since this
data presents a strong weekly periodicity, it was decided to also use as input for the algorithm a weekly
compression of the data using three different methods: weekly average, weekly peak value and weekly
90th percentile.
In order to be able to validate the algorithm, the
full length of the data set was divided into three equal
sub-sets, as detailed in Figure 1. The first two are
used as the input for the algorithm whereas the last
will be used to compare with the obtained forecast for
validation.

Figure 1: Splitting of input data into the 3 sets.

2.1 Stages
A fitting algorithm tries to fit the input data to a set
of functions and chooses the best fit to make a forecast. The set of chosen functions should reflect typical
traffic behaviour in mobile networks. Taking into account this consideration, five different functions were
chosen to find the best fit, these are detailed in Equations (1) to (5), where x represents the time variable,
in either days or weeks, a, b and c are the function
parameters to be obtained in the fitting process, and
y will be the resulting forecast obtained through the
fitting process:
• Linear Function:
y = ax + b

• Quadratic Function:

y = ax2 + bx + c
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(1)
(2)
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• Power Function:

b

y = ax + c
• Gaussian Function:
y = ae−(

x−b 2
c

)

(3)

(4)

in the example was the daily maximum UL CE usage in Site 2. In Figure 4 is illustrated an example for
the same site but now with a weekly input data using
the 90th percentile. From Figures 5 to 8 are examples of the forecast algorithm’s output when using the
remaining metrics as input data.

• Logarithmic Function:
y = a + b log(x)

(5)

This particular algorithm has three stages: fitting,
decision and validation. The overall view of the algorithm is detailed in the flowchart of Figure 2. On
the first two stages, the algorithm takes as input data
the two first sub-sets mentioned earlier. In the fitting
stage, it fits the first sub-set to each of the five fitting
functions. Afterwards, in the decision stage, the algorithm makes a forecast spanning over the duration
of the second sub-set. Then, it compares the obtained
forecast with the real data and finds the best fitting
function for it, minimizing the prediction error.

Figure 3: Example of a forecast used for validation.

Figure 4: Example of a forecast used for validation, with
weekly input data.

Figure 2: Overall flowchart of the Traffic Forecast algorithm.

After obtaining the best fitting function for the
data and its parameters, it is possible to make a prediction spanning for the last third of the input data in
order to validate the algorithm’s accuracy, by comparing the real data with the forecast. For this purpose two different error functions were used: a Mean
Absolute Percentage Error (MAPE) and a Normalized
Root Mean Squared Error (NRMSE). The NRMSE is
normalized with the real data’s mean value.

2.2

Results and Analysis

The developed forecast algorithm developed was applied to several Quality of Service (QoS) metrics and
statistics, including traffic volume, number of users
and Channel Element (CE) usage in both Uplink (UL)
and Downlink (DL). An example of the obtained prediction can be seen in Figure 3. The input data used

Figure 5: Example of a forecast used for validation, with
speech traffic as input data.

The detailed prediction error results obtained for
each case are presented in Tables 1 and 2, using
MAPE and NRMSE, respectively.
From the obtained results it is easily concluded
that the weekly compressed data sets provide much
better prediction errors, meaning it is easier to predict
the weekly behaviour of the sites than its daily behaviour. Moreover, for most cases of input data, the
90th Percentile is the better aggregation method, minimizing the prediction error. However, in the Max65
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Table 1: Average MAPE for the several input data types.

Metric
CE Usage

Traffic
Volume
Number
of Users

Maximum UL
Maximum DL
Average UL
Average DL
Speech
HSDPA
EUL
R99 DL
R99 UL
Speech
HSPA
R99

Daily
Data [%]
24.46
42.66
32.80
47.04
58.98
57.22
71.37
48.29
98.70
49.86
36.05
69.62

Weekly
Average [%]
13.52
12.70
18.93
12.27
18.11
39.48
39.72
34.58
54.90
18.22
24.83
24.71

Weekly
Peak [%]
11.69
15.88
16.88
12.43
15.29
43.72
57.65
43.25
90.59
16.79
23.88
25.93

Weekly 90th
Percentile [%]
10.92
15.09
17.57
11.66
15.87
41.82
56.97
40.21
83.20
16.52
23.99
24.20

Table 2: Average NRMSE for the several input data types.

Metric
CE Usage

Traffic
Volume
Number
of Users

Maximum UL
Maximum DL
Average UL
Average DL
Speech
HSDPA
EUL
R99 DL
R99 UL
Speech
HSPA
R99

Daily
Data [%]
24.94
35.59
30.35
36.88
38.77
50.19
65.51
45.62
80.64
38.16
34.12
45.87

Weekly
Average [%]
15.04
14.58
20.59
13.88
19.66
41.13
41.96
37.40
52.86
19.62
26.59
25.77

Weekly
Peak [%]
13.67
19.63
18.15
14.17
17.09
45.62
61.92
46.78
79.85
18.48
25.51
27.56

Weekly 90th
Percentile [%]
12.75
18.48
18.74
13.40
17.56
43.72
61.01
43.59
74.91
18.08
25.73
25.64

Figure 6: Example of a forecast used for validation, with
HSPA traffic as input data.

Figure 7: Example of a forecast used for validation, with
R99 data traffic as input data.

imum DL CE usage, EUL and R99 DL Traffic Volumes present a slightly different trend, not having the
90th Percentile as the best method for aggregation of
the input data. This may be due to the fact that these
metrics present low usage, such as R99 DL Traffic, or
highly irregular behaviour resulting in high prediction
errors, as can be seen in Figures 5 to 8. In fact, for
these three metrics the best aggregation method is a

weekly average, since this is more stable for irregular
data than the 90th Percentile.
It is also possible to verify that the CE usage data
is the easiest to predict, mainly because it is the most
stable indicator. After that, the most reliable indicator is the number of users statistics. Where it comes
to traffic volume, the algorithm finds more difficulties
due to its highly irregular behaviour along the sam-
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et al., 2013; Vieira et al., 2014). The measurements
were made in a set of 40 sites, all belonging to the
same set as the one used in the previous section, and
spans over the course of one hour, from 10:00 to 11:00
AM on April 27th, 2015. The samples were collected
every second. However, the available data only includes one carrier in the 2100 MHz band, so the statistics for the 900 MHz band will have to be estimated.
Figure 8: Example of a forecast used for validation, with
user number as input data.

pling window. However, the speech traffic and number of users statistics reveals itself as a good indicator,
having a considerably lower prediction error.
In order to evaluate the chosen functions’ usage
and performance, a statistical test was performed.
In Table 3, the usage of each function is presented,
grouped by data type as well as a global view, which
is an average of all input data cases. In Table 4, the
same analysis is presented for the prediction errors
(MAPE) obtained for each function.
From the previous tables it is possible to conclude that the logarithmic function is the most common choice of the forecast algorithm, whereas the
Quadratic is the least chosen function. In terms of
prediction error, the Quadratic function presents the
worst performance, opposed to the Gaussian function that presents the best performance. There is a
certain consistency between usage and performance,
since the worst performing function is the least chosen and the best performing is the second most chosen
function.
Note that the most chosen function does not always provide the lower prediction error. This is due
to the fact that the fitting function is chosen in a way
that minimizes the error in section 2 of Figure 1, and
thus does not assure that it is the best choice for the
third section.

3.1 Imbalance Analysis
Before applying the load balancing algorithm to a site,
it is beneficial to know the degree of imbalance between the 900 MHz and 2100 MHz frequency bands
present in the site, which will be referred to as U900
and U2100 from here onwards. For this purpose, a
small routine was designed.
Firstly, it evaluates two factors: the percentage
of capacity used by each band and the ratio between
the allocated capacity in each band. Then, it checks
how far from perfect balance the site is. This is done
by comparing the imbalance factor of used capacity
(Iusage ) and the imbalance factor of the allocated capacity (Icapacity ), originating the imbalance differential (∆I). Ideally, this differential should be equal to
zero, but most times it is bigger since the U2100 band
is usually overloaded.
The 3 factors are detailed in Equations (6), (7) and
(8), where nCEU900 and nCEU2100 represent the average
CE usage reported on the corresponding day for both
frequency bands and nCE,limU900 and nCE,limU2100 represent the allocated capacity in both frequency bands.
These values were taken from the traffic statistics file
used in the previous section, for the forecasting algorithm.

Icapacity =

3

Load Balancing Algorithm

There are several factors that may be used as triggers
for a Load Balancing mechanism. In this work, the
used indicator will be the maximum UL CE usage,
since the CE resource availability in the UL baseband
pool is the restraining capacity factor.
For this algorithm, the input data will also be provided by the same Portuguese mobile operator, and
it consists of user traces, geo-located reports of Received Signal Code Power (RSCP) with the corresponding timestamps. These traces were positioned
through an algorithm developed by Celfinet (Vieira

nCEU900
× 100[%]
nCEU2100 + nCEU900

(6)

nCE,limU900
× 100[%]
nCE,limU2100 + nCE,limU900

(7)

Iusage =

∆I = Icapacity − Iusage

(8)

It was decided that a site must have an imbalance
differential larger than 10% to be a candidate for improvement. This means that a site is overloaded in the
U2100 band while there is still considerable capacity
available on the U900 band. From the 43 initial sites
23 were selected. There are a few sites with negative
imbalance differential, only one with a factor greater
than 10%, but these sites will not be considered since
the objective of this research work is to offload the
U2100 band.
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Table 3: Usage of each function in the forecast algorithm.

Function

Daily [%]

Linear
Quadratic
Power
Gaussian
Logarithmic

23.49
6.16
10.12
22.67
37.56

Weekly
Average [%]
14.53
3.37
12.56
28.26
41.28

Weekly
Peak [%]
13.84
8.84
13.14
23.02
41.16

Weekly 90th
Percentile [%]
12.56
8.95
13.37
24.30
40.81

Global
View [%]
16.10
6.83
12.30
24.56
40.20

Table 4: Prediction error associated with each function chosen by the forecast algorithm.

3.2

Function

Daily [%]

Linear
Quadratic
Power
Gaussian
Logarithmic

48.41
85.63
53.70
44.58
62.66

Weekly
Average [%]
24.00
52.37
30.98
22.09
30.74

U900 Band Parameter Estimation

3.3

Iusage
100 − Iusage

3.3.1

Global
View [%]
33.70
65.84
35.13
28.05
41.42

Target Number of Events

The target number of events is calculated based on the
capacity imbalance factor, since this value is the optimal load distribution for each site. Taking the total
CE usage and multiplying by the imbalance factor we
obtain the target usage for the U900 band. The target
number of events for the U900 band is rounded down
to the closest integer in order to eliminate fractions of
events from the calculations. Afterwards, the U2100
band usage is simply the remaining from the total usage. This process is detailed in Equations (10), (11)
and (12).
Neventstotal = NeventsU2100 + NeventsU900

(9)

NtargetU900

Strategy

In the following sections, the strategy taken to perform the load balancing for the selected sites will be
detailed. Firstly, the site is analysed to check if it is a
viable candidate, which was already done in Section
3.1. Afterwards, a target for the number of events in
both bands is calculated based on the imbalance factors. Finally, the required threshold to achieve the target load distribution is calculated.
After having a threshold estimate, the new distribution of the load can be made. This stage will be
68

Weekly 90th
Percentile [%]
25.88
58.80
29.77
22.31
36.66

important to obtain an objective evaluation of the effectiveness of the Load Balancing algorithm.

Before the Load Balancing algorithm can be applied it
is necessary to estimate the traces of this band. Since
its objective will be to offload the U2100 band, it is
not necessary to know exactly where the trace data
is generated but only the number of events that are
expected to occur in the U900 band.
To estimate this value we take the usage imbalance factor obtained earlier and calculate the expected
number of events considering that it is proportional
to CE usage. This is, of course, assuming that the
used capacity depends only on the number of events
recorded in each band and that each event has the
same weight in the total CE usage of the site. The
estimate for this parameter is then given by Equation
(9), where Nevents represents the number of reported
events in each band.
NeventsU900 = NeventsU2100

Weekly
Peak [%]
26.00
64.31
30.27
25.15
37.45



Icapacity
= Neventstotal
100

NtargetU2100 = Neventstotal − NtargetU900
3.3.2

(10)
(11)
(12)

RSCP Threshold

Originally, all cells have an admission threshold of 115 dBm. This means that only UEs with a higher
or equal RSCP value may connect to the cell. The
output of this Load Balancing algorithm will be a
suggested RSCP threshold value in order to achieve
a better load distribution between the two frequency
bands. This is illustrated by Equation (13). Note
that n = NeventsU2100 , which means it is the number of
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events in the U2100 band before the Load Balancing
is applied.
TRSCP = RSCPi ,
3.3.3

i = n − NtargetU2100

(13)

New Load Distribution

After having a suggested threshold, the number of
events in each band (Nresult ) is calculated, as well as
the new imbalance factor (Iresult ) obtained in order to
understand what is the impact of the algorithm in the
site capacity.
To calculate these parameters we have to check
how many events have a reported RSCP value equal
or superior to the obtained threshold for the U2100
band (RSCPevent ≥ TRSCP ). These events will remain
in the U2100 band, whereas the rest will now switch
to the U900 band. The new number of U2100 events
will be designated as Nresult2100 . Equation (14) shows
the taken approach to find the number of U900 events.
NresultU900 = Neventstotal − NresultU2100

(14)

Having the resulting number of events for both
bands, it is possible to calculate the new imbalance
factor. The new imbalance differential (∆Iresult ) is also
relevant to understand the effectiveness of the algorithm. Equations (15) and (16) detail how these factors are calculated.
Iresult =

NresultU900
× 100[%]
NresultU900 + NresultU2100
∆Iresult = Icapacity − Iresult

(15)
(16)

If the algorithm is to be considered effective, then
the new imbalance factor should be close to the capacity imbalance factor, thus obtaining the perfect
balance. This means that the imbalance differential
should be close to zero. The analysis of the factor
∆Iresult will then be the validation method for the Load
Balancing algorithm.

3.4

Results and Analysis

In Table 5, the obtained values for the imbalance differential before (∆I) and after (∆Iresult ) Load Balancing are presented, as well as the RSCP threshold values obtained in dBm for each selected site. In Figure
9 these results are illustrated next to the old imbalance
values.
The results show a significant change in the ∆I parameter, which had values greater than 10% for the selected sites and now have an average value of 1.78%.
This value demonstrates a good effectiveness for the

Figure 9: Imbalance factors for all sites, before and after
Load Balancing.
Table 5: Summary of Load Balancing results.

Site
1
4
5
7
9
10
18
19
20
21
23
24
25
26
27
28
34
36
37
39
40
42
43

Iresult [%]
41.42
32.65
22.84
37.90
30.95
21.39
34.47
36.68
56.95
30.93
42.84
48.48
13.48
45.41
36.78
41.93
40.65
37.50
32.14
29.63
42.26
40.00
51.16

∆Iresult [%]
0.05
0.11
0.97
0.56
2.38
0.04
0.01
1.15
0.19
0.99
1.02
1.52
16.52
0.01
0.36
0.93
0.38
0.96
1.19
6.73
0.60
2.86
0.84

TRSCP [dBm]
-98
-100
-104
-96
-103
-109
-104
-103
-96
-103
-100
-99
-115
-100
-99
-93
-105
-91
-102
-114
-105
-108
-96

Load Balancing algorithm since it comes close to the
specified target of zero for the perfect balancing of
each site.
However, Site 25 presents a value much higher
than desired. This is due to a huge number of events
with a low RSCP value, more specifically -115 dBm.
This fact makes it very hard for the algorithm to decide on a suitable threshold for the site, since a higher
value than the original -115 dBm will cause a capacity overload situation in the U900 band. Because of
this, it decides to keep the original value unchanged.
In order to better understand how the Load Balancing algorithm affects the load distribution the
before and after Cumulative Distribution Function
69
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(CDF) of the imbalance differentials (∆I) is presented
in Figure 10. It can easily be concluded that after the
Load Balancing about 95% of the sites show a good
load distribution, opposing to the previous 45%.

nCE,LBU2100 = nCE,total − nCE,LBU900

(19)

In order to find an estimate of the capacity limit,
the full set of available data was used, spanning from
November 28th of 2014 to June 4th of 2015. Moreover, since it produced lower prediction errors, a
weekly conversion of the data was made, more specifically using the weekly 90th Percentile. In this case,
the Forecast algorithm skips the validation stage, and
only executes the fitting and decision stages.

4.1 Improved Forecasting

Figure 10: Imbalance differential CDF before and after
Load Balancing.

4

Capacity Limit Estimation

The objective of this part of the work is to quantitatively determine the effect of the Load Balancing algorithm. Estimating when the capacity limit is
reached before and after the Load Balancing and comparing the results it will be possible to determine the
real gain. This gain can be presented according to
several methods, such as site longevity or overall CE
and economic savings.
In this part of the work, the necessary input data
will be the CE usage statistics, more specifically the
UL usage since this will be the limiting factor for the
capacity of the sites (Cunha et al., 2015). However,
since this data is only available before the use of Load
Balancing, an estimate of the CE usage statistics after
Load Balancing must be calculated.
The post Load Balancing estimate is based on the
obtained imbalance factors, which are presented in
Table 5. Taking the total CE usage in a site, i.e. summing the two frequency bands’ usage, and multiplying it by the imbalance factor an estimate of the U900
band, CE usage is obtained. To get the same data for
the U2100 band we simply have to subtract the previous value from the total. This process is set in Equations (17), (18) and (19), where nCE is the vector containing the CE usage statistics before Load Balancing
and nCE,LB is the vector containing the estimates for
CE usages after Load Balancing.
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nCE,total = nCEU900 + nCEU2100

(17)

nCE,LBU900 = nCE,total ∆Iresult

(18)

Since the input data for the Forecast algorithm is
known in detail, it is possible to improve the algorithm in order to increase its accuracy. This improvement is done by dismissing one or several fitting functions, since they produce greater prediction errors.
In order to decide which functions are to be removed, the Forecast algorithm is ran for all U2100
Nodes and for the designated input data, i.e., weekly
90th percentile of the maximum UL CE. In Table 6
the results are grouped by fitting function chosen by
the algorithm. It is evident that the Quadratic function produces the worse results in terms of prediction
error. Due to this fact, this function will be removed
from the analysis.
Table 6: Prediction error grouped by the chosen fitting function.

Function
Linear
Quadratic
Power
Gaussian
Logarithmic
All

Average Error
2.45%
15.79%
7.75%
4.01%
7.19%
7.69%

Afterwards, the Forecast algorithm is ran again
only with the designated input data and it is validated
by using the same method described in Section 2. The
output is once again the prediction error, calculated
with MAPE, for each site. Moreover, a sequential
analysis is done by splitting the validation window
into three equal parcels (28 days each) and calculating the prediction error for each section. This allows a
better perception of how the error behaves with time.
In Table 7 the prediction error averaged over all the
analysed sites is presented. It is easy to conclude
this approach lowered the obtained prediction error
in about 2%.
Based on the results obtained in Table 7 it is possible to extrapolate the error obtained in predictions
made farther in the future. In Figure 11 this is detailed. Day 0 is considered to be the first day of avail-
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Table 7: Prediction error for improved Forecasting algorithm.

Average

Parcel 1
4.56%

Parcel 2
6.51%

Parcel 3
9.05%

Total
6.22%

able data, so between Day 0 and 56 the values presented are the values obtained in Table 7, and from
there on is illustrated an expectation of the prediction
error for the next 390 days using a linear regression.
At the end of these 390 days, expected error is almost
40%, and this progression will be considered when
calculating the longevity of the sites in the following
section.

Figure 12: Example of Forecast before Load Balancing.

Figure 13: Example of Forecast after Load Balancing.

Figure 11: Prediction error distribution for selected data input.

4.2

Results and Analysis

Using both cases, before and after Load Balancing, as
input for the Forecast algorithm it is possible to obtain
an estimate of when the capacity limit will be reached
in a site. In Figures 12 and 13 an example of how the
Load Balancing algorithm affects the capacity limit of
sites is presented. In Figure 12 the forecast obtained
for the U2100 band of Site 21 before the Load Balancing process was applied, whereas in Figure 13 the
forecast obtained after the Load Balancing is considered. It is clear that on the first case, the site is on the
verge of reaching its capacity limit, but after the Load
Balancing algorithm is applied, this instant is delayed
for a considerable amount of time.
The output of the algorithm is presented using the
corresponding complementary CDF, in terms of site
longevity, see Figure 14. The graph shows that, before
Load Balancing, 80% of the sites analysed had a predicted longevity of more than 3 months, whereas after
the Load Balancing process the predicted longevity is
greater than 1 year for the same amount of sites. Another way of interpreting is realizing that, before load
balancing, only about 50% of the sites had a longevity
greater than one year. After Load Balancing, this figure rises to 80%.

Figure 14: Capacity Limit complementary CDF.

However, a more practical approach is to estimate
the amount of CEs that the Load Balancing process
allows to save after a certain amount of time. Figure
15 illustrates the amount of CEs needed for expansion in all sites for a time duration of up to one year.
It also includes a confidence interval for the forecast,
obtained by considering the mean value of the expected prediction error for each month. The dotted
lines represent this interval for both cases.
In one year, before Load Balancing, the operator
would need to expand the sites in about 1400 CEs.
After Load Balancing this value drops to around 400
CEs, representing a gain of about 1000 CEs. In terms
of time this would save the operator between 6 and
7 months before having to make an expansion of just
400 CEs.
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and frequency bands available, allowing an even
greater increase in the longevity of sites. This approach may also be explored for the future deployment of 5G.

Figure 15: CEs needed for expansion of all sites over one
year.

5

CONCLUSIONS

In this paper is presented a solution regarding the optimization of Capacity Management in 3G Wireless
Access Networks. This was done using a Load Balancing algorithm, which takes into consideration the
CE usage of sites and sets an RSCP threshold value
for each one. Its evaluation is done by using a Traffic
Forecast algorithm, based on a fitting method, in order to obtain an estimate of when the sites’ capacity
limit is reached, before and after applying Load Balancing. After applying the algorithm it was concluded
that the amount of sites with longevity of at least one
year is raised in about 30% and that after a single year
it is possible to obtain savings of about 1000 CEs, or
70%, in capacity expansions of sites, which means a
reduction of costs for the operator.
In terms of future improvements, several approaches may be explored:
• Longer Input Data Period: Having traffic statistics from a longer period of time it is possible to
make more accurate predictions. Network operators have a vast amount of traffic statistics they
can use to have a better idea of the longevity of
their sites.
• Larger Site Sample: Having a higher number of
sites with traffic statistics may be helpful to define
some traffic behaviour patterns depending factors
such as location, seasonality or rare events. This
would also help increase the accuracy of the Forecast algorithm by characterizing sites in several
categories and having different prediction methods for each category.
• Multi-technology Extrapolation: In the current
setting of wireless access networks various technologies co-exist, namely 2G, 3G and 4G technologies. This means that the developed Load
Balancing algorithm may be used for evenly distribute traffic among the different technologies
72

• Dynamic Thresholds: This Load Balancing algorithm’s output is a suggested admission threshold calculated with only one hour of trace data.
Having a real-time dynamic system, such as the
current wireless access networks, the thresholds
can be updated along the day, enabling a greater
efficiency for the algorithm. For example, the algorithm can evaluate the traffic statistics in each
hour and decide on a threshold for the following
hour, or choose an even smaller update frequency.
• Event Differentiation: By knowing exactly how
each event impacts capacity usage of a site, it is
possible to develop an even more efficient solution for the Load Balancing algorithm, as opposed
to the solution obtained which considers that all
events have the same impact.
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