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Vertical Assessment of RF-EMF Exposure in a Building Adjacent to a
Multi-Operator Shared Base Station

Ricardo Q. de F. H. Silva, Marcio E. C. Rodrigues, Fred S. R. Pinheiro,
Gutembergue S. da Silva, Halysson B. Mendong¢a and Vicente A. de Sousa Jr.

Abstract—This paper extends a previously published proposed
approach for estimating worst-case exposure scenarios in buildings
using publicly available Base Station (BS) parameters, applying it to a
critical case involving a multi-operator shared site. Radiofrequency
Electromagnetic Fields (RF-EMF) exposure was assessed on every
floor of a 20-story building facing the site, revealing significantly
higher levels near the center of the antennas’ estimated vertical zone
of interest, with a peak of 31.86 V/m, 23.95 times higher than the
street-level peak value. However, due to uncertainties in the input
parameters, measurements across all locations within the zone of
interest are required to accurately identify the floor of maximum
exposure. The results demonstrate the usefulness of the proposed
estimation approach and highlight the need for improved methods
that consider BS antenna configurations and current technical
information to ensure accurate assessments of exposure to RF-EMF.

Index Terms—Base Stations; Buildings; Mobile Networks;
Radiofrequency Electromagnetic Fields; Vertical Assessment.

I. INTRODUCTION

The assessment of Radiofrequency Electromagnetic Field
(RF-EMF) exposure in urban areas has been the subject of
numerous studies worldwide [1]. Particular emphasis has been
placed on exposure inside buildings near Base Station (BS)
antennas, since the apartments in these buildings have a higher
exposure potential.

Several studies have approached these scenarios, either as
the primary topic of investigation or as part of more general
investigations. Some studies rely on scenario modeling [2],
[3], seeking predictive models that can estimate exposure
levels from antenna configuration, urban morphology, and
spatial relationships. Others adopt in situ measurement
campaigns [4]-[15], providing empirical characterization of
exposure levels in buildings under real deployment conditions.

In the second group, the works that employ technical
information from BS antennas to determine assessment points in
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buildings are limited to measurements in a single building, with
full knowledge of the exact antenna configuration and installation
parameters [2], [6]. In studies where researchers assessed more
than one building [9], [11], they used the technical data solely to
identify which buildings fall within the exposure zone of antenna
emissions, without estimating whether specific floors may be more
susceptible to worst-case exposure scenarios.

An author’s previous study [16] proposed a new approach
for assessing RF-EMF exposure in buildings directly exposed
to emissions from BS antennas. This method uses BS antenna
configuration parameters to select buildings that may be subject
to higher exposure levels and to estimate which floors are
likely to experience the worst-case exposure. The selection
procedure, based on publicly available data on BS configuration
and geographical location, prioritizes assessments on buildings
that are directly exposed. This allows large-scale evaluations,
covering an entire city, since measurements are taken only in
buildings that meet the approach’s criteria. In 2024, we applied
the proposed approach in Natal, the capital of the Brazilian state
of Rio Grande do Norte. Measurements carried out in four of the
city’s 22 target buildings revealed average electric field strengths
of up to 13.14 V/m and peak values of 22.79 V/m [16].

For this contribution, we reapplied the proposed approach to
the same city in 2025 to track changes in BS deployments.
Measurements conducted in one of the selected buildings, not
included in the 2024 measurement campaign, drew particular
attention for exhibiting a peak electric field strength higher than
the maximum reported in the literature for a similar scenario,
as presented in [12]. The present study also aims to validate
the methodology presented in [16] through a measurement
campaign not focused on the specific points originally defined
by the methodology, but rather on adjacent locations that
allow continuous vertical assessment under comparable exposure
conditions.This novel study extends the results of [16] by
reporting findings from the unpublished 2025 measurement
campaign covering all floors of a building directly exposed to
BS antenna emissions. It provides additional empirical validation
of the proposed methodology, offers full-building exposure
characterization in a high-exposure scenario, and demonstrates the
vertical amplification effects in the exposure distribution.

The remaining sections of this work are organized as follows.
Section II describes the evaluated scenario, while Section III
presents our measuring methodology. Section IV presents and
discusses the measurement results. Finally, Section V provides
our final remarks with suggestions of future research directions.
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II. EVALUATED SCENARIO

We carried out measurements in one of the 34 buildings,
identified by reapplying the approach proposed in [16]. We
identified this building as the highest criticality due to
its proximity and the number of nearby telecommunications
installations. The target building is located across the street
from a two-BS shared site, whose information is given in the
Tab. I. We calculated the distance between the target building
and the target BSs using the geodesic distance between each
object’s coordinates. Using the BSs’ horizontal zone of interest
diagram, we determined which azimuth emissions were directed
toward the target building. Using data from ANATEL’s Mosaico
platform [17], we identify the mobile communication technologies
employed in the emissions and calculate the total power of
potential transmitters related to the incident azimuth.

TABLE I: Target BSs information.

Parameter Value
Distance from the Target Building 44.90 m
Incident Azimuth 120° [17]
Azimuth’s Total Transmitter Power 585.6 W [17]

Azimuth’s Network Technologies GSM, WCDMA, LTE and NR [17]

According to [17], the antennas of azimuth 120° radiate at
two distinct elevations (-2° and 0°). Overlaying the vertical
zone-of-interest diagram on the 3D map image of the site reveals
that the center of both emissions falls on the 11" floor of the target
building, as shown in Fig. 1b. The target building is also located
at the center of the horizontal zone of interest of its respective
target BSs, as shown in Fig. la. Fig. 1c depicts the position of
the 11th floor in relation to the target BSs antennas.

III. MEASUREMENT PROCEDURE

The target building’s architectural design allowed measurements
in a technical area, without entering the apartment units. This
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part of the building has free access to the facade, allowing us to
conduct one-minute time-averaged measurements on all levels. At
each measurement location, the nearby walls are built of brick and
covered with ceramic tiles on the outside. Based on the results of
this assessment, we identified the floors with the highest electric
field strength. Then, we took 30-minute measurements on the
three floors with the highest electric field levels. Tab. II displays
measurement data for these campaigns.

TABLE II: Measurement Information.

Parameter One-minute Campaign 30-minute Campaign
Date 02/21/2025 02/25/2025
Start Time 3:10 PM 2:40 PM
Finish Time 4:20 PM 4:54 PM
Region Temperature 29 °C 31 °C

We utilized the Narda NBM-520 broadband field meter [18] and
the EF 0691 electric field probe [19] to conduct the measurements.
This setup enabled the measurement of Root Mean Square (RMS)
values of electric field intensity at frequencies ranging from
100 kHz to 6 GHz. We also used a wooden tripod to stabilize the
equipment at the measurement points and minimize disturbances
during the measurements.

We positioned the measurement setup so that the probe
remained at least 2 m away from reflective or absorptive surfaces
of electromagnetic waves and from people. In addition, we set
the probe height to 1.7 m, as specified in [20]. Fig. 2 shows the
measurement setup positioned on the 11" floor, highlighted in
orange in Fig. lc, during the measurement. Notice that the target
BSs antennas are at a height equivalent to the target floor identified
by the proposed approach.

To comply with the non-disturbance condition of the
measurements, the measurement team kept their mobile phones
in airplane mode throughout the entire measurement procedure.

Tab. III displays the limits used by Brazilian legislation [20].
According to [20], using broadband measurement equipment
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Fig. 1: Target building scenario. (a) Target BSs horizontal zone of interest. (b) Target BSs vertical zone of interest. (c) 11" floor
(highlighted in orange) and target BSs antennas (highlighted in green).






