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ARTICLE INFO ABSTRACT
Keywords: Radio Resource Management (RRM) strategies are essential components in mobile wireless networks, such as
User distribution Long Term Evolution (LTE) or 5G New Radio (NR)[1]. The design of RRM algorithmic solutions is an area of

Wireless networks

; > research that has received a lot of attention for decades (see e.g. surveys [2-4] and references therein). Given
University campus

Network optimisation that. RBM strate.gie‘s ne.ed to. handle traffic flynamicity in the Radio Access Network (RAN), t‘he. availability of

Radio resource management realistic user distributions in space and time can be very useful to support a more realistic performance

Wifi assessment of RRM solutions. For this purpose, this article introduces a dataset containing real measurements of
the number of users connected to the different Wifi Access Points (APs) at the Campus Nord facilities of the
Universitat Politecnica de Catalunya (UPC) in Barcelona. The Wifi network is composed of 247 APs. To char-
acterize the temporal variations, the data was collected for each AP every 1000 s (approximately) during 62 days.
Besides the number of users connected to each AP (including users connected to both 2.4 GHz and 5 GHz bands),
the dataset also contains information about the theoretical coverage area of each AP, so that the number of users
connected to each AP can be associated to a specific geographical area. In this way, the dataset captures the
spatio-temporal variations of users in the Campus at different times of the day, different days of the week and
different periods of the academic year.
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Specifications table ( )
Subject Wireless Communications collected. Then, to characterize the spatial distribution,
Specific subject area Wireless user distribution measurements given in terms of this number of users is associated with a geographical
the number of users with an active Wifi connection in a region that corresponds to the theoretical coverage area of
university campus area. the AP.
Type of data Tables Data source location Institution: Universitat Politecnica de Catalunya (UPC)
How data were Data were acquired from measurements taken at 247 Wifi City: Barcelorla
acquired access points (APs) by means of Cisco Prime Infrastructure Country: Spain

software [5] and filtered using a Matlab script to extract Latitude and longitude (and GPS coordinates) for
only the users connected to each AP. collected samples/data: The UPC campus area where the

Data format Filtered measurements have been taken comprises a rectangle
with vertices (41.387939 N, 2.110101E), (41.38994 N,

Parameters for data The measurements were carried out continuously during
collection 62 days from Tuesday 18th April 2023 00:07:30 to Sunday 2.11289E), (41.38923 N, 2.1181E), (41.38731 N,
18th June 2023 23:47:22. 2.11107E).
Description of data The data was collected by means of Cisco Prime Data accessibility Data is available in a public repository.
collection Infrastructure software [5], which is a network Repository name: Mendeley Data
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O. Ruiz, J. Sdnchez-Gonzélez, J. Pérez-Romero, O. Sallent,
1. Vila, “Space and Time User Distribution in a University
Campus”, Mendeley Data, V1, February 2024. doi:
10.17632/55vx86j8wf.1

management software that has access to the information
generated by all the Wifi APs of the campus and it
generates csv files with different measurements per AP.
The dataset includes measurements for a total of 62 days
with a periodicity of approximately 1000 s. In each
measurement the number of users connected to each AP is (continued on next page)
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1. Value of the data

e Why are these data useful?

This dataset provides real distributions of the number of connected
users to the Wifi APs of a university campus in space and time. This
information is useful to accurately model the space/time user dis-
tribution in system level simulations of wireless networks (e.g. in
Wifi networks, in a 5G Radio Access Network (RAN) [1], etc.),
allowing for the performance assessment of different algorithmic
solutions (e.g. Radio Resource Management, Self-Organizing Net-
works) for these networks under realistic testing conditions.

Who can benefit from these data?

Having real user distributions can be very useful for researchers
working in wireless networks, particularly in areas such as network
optimisation, radio resource management, network planning or self-
organizing networks (see e.g. [2,3,4,6]). Real user distribution data
can be useful for example to identify spatial heterogeneities so that
developed solutions can place the focus on the regions with higher
number of users. Similarly, having a large amount of data including
several days can also be helpful for developing dynamic solutions
that adapt to the evolution of the number of users.

How can these data be used for further insights and development of
experiments?

The dataset of real user distribution measurements can be used for
performing experiments or simulations of wireless networks which
will allow developing efficient and usage-oriented solutions. As an
example, the given data is being currently used in the context of the
abovementioned VERGE and BeGREEN projects to obtain realistic
dynamic user distributions used by simulations reproducing the
campus scenario. These simulations intend to identify regions with
poor propagation conditions that at the same time have a significant
number of users. Based on this identification, the current research is
trying to solve the coverage problems by means of the usage of relays
located at strategic points, following a methodology like the one in
[71, which is being extended to consider this dataset.

What is the additional value of these data?

The dataset provides an accurate representation of the user dis-
tribution in a university campus, as it was collected during a suffi-
ciently comprehensive period that covers different situations of the
academic year, including regular class days, holidays, etc. so that
different user patterns can be derived for each situation. Besides that,
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AP _id Time Users

1 Tue Apr 18 08:57:39 CEST 2023 0

1 Tue Apr 18 09:14:17 CEST 2023 10
1 Tue Apr 18 09:30:53 CEST 2023 17
1 Tue Apr 18 09:47:28 CEST 2023 18
1 Tue Apr 18 10:04:01 CEST 2023 13
1 Tue Apr 18 10:20:35 CEST 2023 19
1 Tue Apr 18 10:37:07 CEST 2023 20
1 Tue Apr 18 10:53:43 CEST 2023 7

Fig. 1. Sample of a file of the dataset.

the dataset captures the evolution of the spatial user distribution in
different periods of the day. This is especially useful for developing
and testing dynamic and adaptive solutions.

2. Data

The provided dataset contains the measurements of the number of
users connected to each of the 247 Wifi indoor APs deployed in the
campus of Universitat Politecnica de Catalunya in Barcelona. The mea-
surements cover a total of 62 days. Within each day, measurements are
taken approximately every 1000 s, although this periodicity is not
constant and can vary across different days. In addition to the number of
users, the dataset also includes the information of the theoretical
coverage area of each AP, so that the number of users connected to each
AP can be associated to a specific geographical area. Based on these
considerations, the dataset consists of two types of files, namely the files
including the temporal measurements of the number of connected users
per AP and the files that include the information with the theoretical
coverage area of each AP. The total size of the dataset is 44.5 MB and it is
stored in the commonly used csv format, with comma separated fields.
The following subsections describe in detail the two types of files.

e User distribution measurement files:

The dataset includes a total of 62 csv files each one containing the
time evolution of the number of connected users per AP for one day in
the period from Tuesday 18th April 2023 00:07:30 to Sunday 18th June
2023 23:47:22. These dates cover different periods of the academic year
including regular class days, weekends, examination periods and holi-
days. Each file is named following the format campus users_yyyymmdd.
csv (e.g. campus users_20,230,418.csv) where dd, mm and yyyy repre-
sent, respectively, the day, month and year.

Each file contains a table with the following three columns and the
first line of the file contains the names of these columns:

o AP.id — The ID of the Wifi AP corresponding to the given data. The
IDs are integers ranging from 1 to 247.

o Time - The timestamp of each measurement. This field is specified in
the following format: DayOfTheWeek Month Day hh:mm:ss TimeZone
Year (e.g. Tue Apr 18 23:53:03 CEST 2023). Typically, there are
between 85 and 87 measurements per AP in each day.

o Users — The total number of connected users to the AP at the specified
time.

Fig. 1 shows a sample of one of the files included in the dataset.

As an example, Fig. 2 shows the evolution of the number of users
measured by AP 20 during the 18th of April 2023. This AP’s coverage
area corresponds to a lecture room in the campus, so the number of users
is concentrated within the school timetable, which comprises from 8 h to
20 h.
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Fig. 2. Evolution of the number of users measured by AP 20 during one day.
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Fig. 4. Example of one floor and the deployed APs in one of the buildings in the campus.

e Spatial regions files:

The university campus is a rectangular area of 335 m x 125 m (see
Fig. 3). It comprises 24 buildings that are 3 floors high. The APs are
distributed in the different floors of the buildings. For illustrative pur-
poses, Fig. 4 shows an example of the AP distribution in one of the floors
of one building, taken from Cisco Prime Infrastructure software. Based
on the real positions of the APs, a postprocessing is carried out to
determine the theoretical coverage area of each AP. Specifically, the

campus scenario is divided in pixels of 1 m x 1 m to form a matrix of 335
rows and 125 columns per floor, and a Voronoi tessellation is assumed,
where each pixel takes the value of the identifier of the closest AP. Pixels
not associated to any AP (e.g., those representing outdoor positions)
take the value 0. The information of the matrix of each floor is provided
in three files, named as regions map floor 0.csv, regions map_floor_1.csv
and regions map_floor. 2.csv, corresponding, respectively, to the ground
floor, the first floor and the second floor. Each one of these files includes
the 335x125 matrix for all the pixels in the campus so that the element
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located at the position (1,1) designates the upper left corner of the
campus (see Fig. 3), and the rows and columns of the csv file correspond
to the X and Y axes respectively.

3. Experimental design, materials, and methods

The data included in this article was collected by means of Cisco
Prime Infrastructure software [5], which is a network management
software used for the management of the Wifi network deployed in UPC.
This software has access to information generated by all the Wifi APs of
the different UPC campuses and it collects a multiplicity of Wifi-related
metrics including, among them, the number of users connected to each
AP distinguishing between users connected to the 2.4 GHz band and the
users connected to the 5 GHz band.

The csv reports containing all the metrics for all the APs in each
measurement time generated by the software were filtered by means of a
Matlab code. This code generates csv files containing only the time-
stamps and the number of users corresponding to the APs of the
considered UPC campus. The selection of these APs was done manually
by checking the maps provided by Cisco Prime Infrastructure software.
The number of users in each AP was obtained as the aggregate of the
users connected to the 2.4 and 5 GHz bands. The coordinates with the
position of each AP were also obtained from this software and, based on
them, the theoretical coverage area of each AP was determined as the set
of pixels having this AP as the nearest one. In this way, the above-
mentioned files regions map floor 0.csv, regions map_floor 1.csv and
regions_ map_floor 2.csv were created reproducing the campus scenario as
a matrix in which each element corresponds to a 1 x 1 meter square
pixel.
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