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ABSTRACT

This paper reports the location estimation on Mobile networks using Base Station (BTS) data. Processed data
have been collected from the field as TA (Timing Advance), RSRP (Reference Signal Received Power), and
RSRQ (Reference Signal Received Quality) measurements. We also gathered the corresponding Global
Positioning System (GPS) to the measurements. Location estimation results compared to the actual location. We
gathered the accurate sites of the users to increase the service quality of the BTS. This article was produced from
the thesis titled “Location Estimation on Mobile Networks.”
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MOBIL AGLARDA LOKASYON TAHMINi

OZET

Bu makale, Baz Istasyonu (BTS) verilerini kullanarak Mobil aglarda konum tahminini raporlamaktadir. Islenen
veriler sahadan TA (Timing Advance), RSRP (Reference Signal Received Power) ve RSRQ (Reference Signal
Received Quality) Slgiimleri olarak toplanmistir. Olglimlere karsihik gelen Global Konumlandirma Sistemi
(GPS) wverileri de toplanmistir. Lokasyon tahminleri gergek lokasyonla (GPS) karsilagtinnlmigtir. Baz
istasyonunun hizmet kalitesini artirmak amaglanmistir. Bu makale “Mobil Aglarda Lokasyon Tahmini” baglikli
tezden lretilmistir.

Anahtar Kelimeler: Baz Istasyonu, GPS, Mobil Aglar, Makine Ogrenmesi, RSRP, RSRQ, Timing Advance
(TA)
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1. INTRODUCTION

Location estimation on Mobile networks is becoming an essential topic in recent years. Whether it is an
emergency, improving service quality, or providing an alternative way of location estimation. BTS data can be
used to locate the users connected to it. BTS does not feature a location-providing service, but we can
manipulate and fine-tune the data they provide to estimate the user’s location. There are several ways to estimate
the location of the user using BTS data.

Whether using Microcell Zone concept (Samarah, 2016), using TDOA and AOA measurements with Nelder-
Mead algorithm (Kyunghyun Lee, 2019), applying Kalman Filtering or triangulation method which data from
three BTS is used to triangulate the coordinates of the user relative to the BTS (Anisetti, Ardagna, Bellandi,
Damiani, & Reale, 2011). Although the triangulation method seems the easiest way of locating user, it has some
hard aches. BTS are not located in a similar geographic location, and they should be configured in the
environment they placed to cover all the areas to improve the service quality. The data gathered from the rural
areas may be different from a crowded city center.

In our approach, we used actual data gathered from the field. There is no need for special hardware or updates
on the BTS. BTS are not dedicated to providing location service, and we just used the data already available on
the BTS. Our methodology is based on the geographical position of three BTS and triangulation. In addition to
triangulation, we also used the GPS coordinates corresponding to the measurement data we have. We had an
opportunity to compare our result with the actual location. We located the users connected to the BTS, and by
doing this we may be able to increase the service quality. Configuration of the BTS for the environment can
further improve estimating the location of the user. BTS can improve the service quality by locating the user’s
location.

The remainder of this paper is organized as follows. Literature review, data and problem, solution and
methodology and conclusion sections.

2. LITERATURE REVIEW

The document in (Samarah, 2016) presented a location estimation of a user in a Microcell Zone Concept (MZC)
Mobile Station by retrieving TA from the BTS. In MZC, two or more zone sites are connected to the same BTS.
This gives an advantage of the user being served with the strongest signal within the zone. When the user moves
from one zone to a different zone Mobile Station Controller (MSC) changes the channel to the zone. The user
will remain in the same frequency, so there will be no need for a handoff procedure. The study conducted using
MATLAB simulation. But in the real environment, results may be adversely affected due to geographic location
or BTS requiring more sophisticated changes to change the channel from one zone.

(Kyunghyun Lee, 2019) also performed simulations for using TDOA and AOA measurements using Nelder-
Mead (NM algorithm). They proposed a method that is a combination of TDOA and AOA to improve the
accuracy of location estimation. They applied NM algorithm to reduce the environmental error to enhance the
accuracy of location estimation. They confirmed effectiveness with simulation results, but in real environments
such as crowded locations, the results may be affected.

(Anisetti, Ardagna, Bellandi, Damiani, & Reale, 2011) proposed identify possible locations from signals using
the Database Correlation Method (DCM). They then described a technique to deal with signal fluctuations to
select paths with greater accuracy. Kalman filtering is also applied to gather information about roads and build a
path to improve mobility approximation. They also used actual data collected from the field.

The paper in (Hernandez, Arteaga, Pérez, Orozco, & Villalba, 2019) presented a system to locate user’s location
in an emergency. They used an android application to extract data. Their method uses known positions of BTS.
But the application developed may not be compatible with all Android devices.

In our approach, we used actual data gathered from the field. We also collected the Global Positioning System

(GPS) coordinates corresponding to these measurements. Then we compared the algorithm results with the
corresponding GPS coordinates to the measurements.
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3. DATA AND PROBLEM

Data we gathered from BTS are TA (Timing Advance), RSRP (Reference Signal Received Power), and RSRQ
(Reference Signal Received Quality). We also collected the GPS coordinates corresponding to these
measurements. By just using these data, the average distance to the BTS cannot be found. These measurements
are correlated with the distance; we did fine-tune and used these measurements in the distance calculation.

TA (Timing Advance) is the time that it takes to a signal to reach from the user’s device to the BTS.

BTS calculates the delay of the data, and if it sees a delay, it increases the TA value by 1. The maximum TA
value is 63. This TA value can tell the BTS how far the user is from it. Each level of TA is 550 meters.

RSRP (Reference Signal Received Power) is the measurement of the power of the signal. RSRP value is
measured on dbm type.

RSRQ (Reference Signal Received Quality) is signals quality, which tells us how signal compared to noise. We
may have enough power (RSRP), but the quality will be lower if we also have noise in the system. RSRQ value
is measured in dB. (ETSI TS 136 214 V15.5.0 (2020-01), 2020)

We also applied the formula (116 X 78) + 18 for calculating the TA. We calculated the First TA and Last TA by
using (1x—6>< 78) + 18 formula, x being First TA or Last TA. Taking advantage of these, we trained several

machine learning algorithms.

When the calculation is made according to the TA formula, the user is within the radius. We tried to find the
location by reducing the radius of this circle. The tolerance can be seen in the yellow-colored area on the fig. 1.
The yellow-colored area is the margin; we want it to be more precise.

Base Station

A

Error

Figure 1. Error and Margin Presentation

R1 is the radius of the BTS, and the distance between R1 and R2 is the error margin. Users can be anywhere in
the yellow-colored area. It comes at regular intervals; we can find a sharper location using these intervals to
make it more precise than a circle.

User connection transfer from one BTS to the next BTS is called handover. By doing triangulation using BTS
data, we can estimate the location of the user.

The problem here is every BTS has different physical conditions, different geographical structures, hills, pits,
weather conditions, demographic density, and roads affect the signal. One universal model will not be sufficient
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to solve this problem because the situation in each BTS is different. In our approach, we used different models
for each BTS.

4. SOLUTION AND METHODOLOGY

We used different models for each BTS. While creating these models, we used eight machine algorithms. We
used more than one machine learning algorithm because every BTS has different conditions, as mentioned Data
and Problem section. These Machine algorithms are Gaussian Processor, KNeighbor Regressor, Linear
Regression, Automatic Relevance Determination Regression (ARD), Least Angle Regression (Lars), Least
Absolute Shrinkage and Selection Operator (Lasso), Ridge and Bayesian Ridge Regression.

Machine learning is a computer science where it uses data and various algorithms to learn and improve its
accuracy. Gaussian Processor is used for classification predictive modeling (Ruan, Milstein, Blackwell, &
Miller, 2017) , KNeighbor Regressor is a method which approximates the relationship between independent
variables and the continuous outcome by averaging the observations in the same neighborhood (Hirose, Soejima,
& Hirose, 2021), Linear Regression establishes a relationship between the dependent variable and one or more
independent variables using the best fit straight line (Hirose, Soejima, & Hirose, 2021), ARD is very similar to
Bayesian Ridge Regression, but it effectively prunes away redundant features (T. Van Gestel, 2001), Lars is used
with high dimensional data where it finds the correlated property to the original value (Efron, et al., 2004), Lasso
regression plays an important role not only in reducing overlearning, but also in feature selection (Li & Li,
2010), Ridge Regression is obtained by adding a regularization term to our cost function in linear regression.
With this addition, the learning algorithm both learns the data and tries to keep the model weights as small as
possible (Li, et al., 2020) and Bayesian Ridge Regression estimates a probabilistic model of the regression
problem (Pereira, Abreu, & Rodrigues, 2020)

Data harvested from the downtown part of a big city in Turkey. It is a crowded city environment. Before training
these machine learning algorithms, we performed data cleaning by removing 31 BTS out of 397. The removed
BTS data contained some outlier values and was affecting the result of the machine learning algorithms. The
machine learning algorithms are run for all 366 distinct BTS.

For regression metric we used Mean Square Logarithmic Error (MSLE). MSLE can be explained as calculation
of ratio between original and predicted values. It takes log of the original and predicted values. It is a variation of
the mean squared error. In MSLE relative difference between original and predicted is important. Using MSLE
with regression helps avoiding large errors to be punished compared to small errors.

The formula of MSLE can be seen on fig. 2. The Gaussian and Bayes algorithm performed poorly compared to
others. The other algorithms had similar performance.

1 n
MSLE = EZ (log(y; + 1) —log(y + 1))
-

i
Figure 2. Mean Squared Logarithmic Error Formula

We gathered the Mean Square Logarithmic Error (MSLE) values of all the algorithms we mentioned before and
used their logarithm values in fig. 3. Fitting error can be seen on the figure.
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Figure 3. Mean Square Logarithmic Error Histogram

In this study, we gathered data from the field as TA, RSRP, and RSRQ with corresponding GPS coordinates. We
then used several machine learning algorithms. The result of these machine learning algorithms compared to the
GPS coordinates to measure our accuracy. The mean squared log error table can be seen in Table 1. As we
mentioned earlier, for better accuracy, the geographic location of the BTS should be considered. To address that,
we used different machine learning algorithms for each BTS. Most of the machine learning algorithms
performed similarly on the calculation of the distance. We may include the BTS environment data to improve
our results and make more precise results in our feature work.

Table 1. Mean Squared Logarithmic Error Results

Macll;i;lzrli,teha;lning Mean Squared Log Error
Gaussian 0.59
KNeighbors 0.22
Linear Regression 0.17
Ard Regression 0.17
Lars 0.17
Lasso 0.16
Ridge 0.16
Bayes 0.19
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