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I. INTRODUCTION

Mobile network traffic is not distributed evenly in time
and space: there are moments and places when the network
needs to accommodate more users and an increased demand.
This is a consequence of two main factors. The first is that
users move in the network, according to their daily schedules
(e.g., work areas are obviously more popular during the day,
while residential areas are more visited during evenings and
at night [1]). The second reason is that user demand is not
uniform in time: less network activity happens at night and
during weekends. The result is the existence of hotspots, i.e.
areas presenting a high network activity at certain times.

Hotspots have been defined from a human mobility point
of view [2] as manifestations of concentrated human activities
in an environment. Thus, they were also characterized from
a network traffic standpoint [3]–[5], considering the traffic or
the occupancy of the network itself. Analyzing and under-
standing hotspots behavior in detail is important for network
optimization purposes, as well as for guaranteeing seamless
connectivity and enhancing user experience. However, we
are confronted with an unexpected problem: while the term
hotspot is a common one and easily understandable, widely
accepted formal definitions are lacking in the community.

II. HOTSPOT DEFINITIONS

In this section, we present a non-exhaustive overview of the
definitions proposed in the literature while proposing a series
of original definitions for the hotspot concept.

Definition II.1. A hotspot is a base station i which fulfills the
following inequality [6]:

Ii ≥
1

N
·

N∑
j=1

Ij +∆,
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where Ii is the user density of base station i, N is the number
of base stations, and the value of ∆ is calculated as follows :

∆ =

MaxDensity − 1

N
·

N∑
j=1

Ij

 · p,

where MaxDensity is the maximum density in all the regions
(base stations) and p is a parameter to determine the cutoff
threshold.

Definition II.2. A hotspot is constituted of a set of cell sites
and time periods where the aggregate user density encom-
passes over 50% of the total user density in the dataset [3].

From our perspective, the definitions provided above lack an
acknowledgment of the relative strength of a potential hotspot
compared to its closely surrounding areas. Additionally, they
do not consider any historical element in the definition of the
hotspot. Therefore, in the following, we propose a number of
other possible definitions:

Definition II.3. A base station is considered to be a hotspot
at time t if it presents a user density (number of users/km2) at
least n times larger than the mean of the BS densities during
the chosen time slot (date and time).

Definition II.4. A hotspot is a BS that satisfies the following
properties during a given time slot:

• it has a higher user density than its k closest neighbours
(geographically) during the time slot;

• it has a higher user density than its own mean historic
density at that specific time of the day.

Definition II.5. A BS is defined as a hotspot during a time
slot if it meets the two following conditions:

• it has a user density n times higher than the average
density over the studied area during the specific time slot.

• it has a higher user density than its own mean historic
density at that specific time of the day.

For the sake of simplicity, we refer to the two definitions
from the state of the art as Baseline 1 and Baseline 2,
respectively, whereas our proposed definitions are referred to
as Definition 1, Definition 2 and Definition 3, respectively.



(a) Definition 1, Week Days (b) Definition 2, Week Days (c) Definition 3, Week Days (d) Baseline 1, Week Days (e) Baseline 2, Week Days

(f) Definition 1, Weekend (g) Definition 2, Weekend (h) Definition 3, Weekend (i) Baseline 1, Weekend (j) Baseline 2, Weekend

Fig. 1: Spatial distribution of hotspots occurrences for weekdays and weekends.

III. RESULTS AND DISCUSSION

In this section, we conduct an in-depth spatio-temporal
analysis of the aforementioned hotspot definitions. Our study
is based on a dataset collected by Orange, the largest French
mobile operator, on the 4G network in the city of Paris. We
consider 8 days of data, from 9th April 2019 to 16th April
2019. We are focused on the time series of the number of users
with an active radio connection to the cellular network during
one-hour intervals. This metric is representative of human
presence in a given area, and it also gives a direct view of
the utilization of the mobile network.

A. Hotspot Spatial Distribution

For each base station, we calculate the percentage of time
slots for which the BS is detected as a hotspot, according to the
five definitions. We plot these results as heat maps in Figure 1,
distinguishing between weekdays (Figure 1a-e) and weekends
(Figure 1f-j). In these figures, warmer colors indicate areas
that are more frequently detected as hotspots.

There are two important observations we make based on
Figure 1. First, at a close inspection, we notice some dif-
ferences between weekends and weekdays. This is probably
more visible in the case of Baseline 2, where the weekdays
heatmap is more illuminated. However, differences are present
for the other definitions as well. For example, for Definition
3, locations such as Gare de l’Est and Gare du Nord, or
the Sorbonne campus, are frequently detected as hotspots
during weekdays, while they never appear as hotspots during
weekends.

B. Landmarks Analysis

To further analyze the spatial distribution of hotspots, we
select several locations generally considered as important Paris
landmarks, and compute the percentage of time when they
are detected as hotspots during the 8 days in our dataset.
The results are shown in Table I, demonstrating an important

Places Definition 1 Definition 2 Definition 3 Baseline 1 Baseline 2
Chatelet les Halles 0.52 20.42 0.52 0.52 15.18
Louvre Museum – – – – 31.41
Gare de Lyon – 2.62 – – 3.66
Gare du Nord – – – – 95.29
Opera Garnier 100 67.54 67.54 34.55 57.07
Gare Saint-Lazare – – – – 45.55

TABLE I: Hotspots occurrences per definition (%)

heterogeneity among definitions. As expected, since Baseline
2 and Definition 2 detect many more hotspots than the other
definitions, they are also much more present in this table.

IV. CONCLUSION

Hotspots are a common phenomenon in mobile networks,
a result of non-uniform user presence and user demand, and
network operators need to carefully manage them. Using a
real 4G network dataset from Paris, France, we show sig-
nificant discrepancies in the hotspots detected using different
definitions, underlying the importance of having accurate and
agreed-upon terminology.
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