
5G Planning under EMF Constraints

Angela Sara Cacciapuoti, Luca Chiaraviglio, Gerardo Di Martino and Marco Fiore

Abstract The planning of a 5G cellular network requires the installation of 5G Base
Station (BS) sites and the configuration of each BS. This process takes into account
several constraints, including the ElectroMagnetic Fields (EMF) levels radiated by
the installed BSs. Different countries in the world (including Italy) adopt EMF con-
straints which are much stricter than the ones prescribed by international organiza-
tion. The resulting planning is far away to be optimal, resulting in an increase of
the CAPital EXpenditures (CAPEX) costs for the operator, and a decrease of the
user Quality of Service (QoS). In this chapter, we shed light on this problem. Af-
ter reporting the related work, we discuss the impact of strict EMF constraints on
the 5G planning through a set of representative examples. We then report the out-
comes from two case studies. Results clearly show that a saturation of EMF levels,
preventing the installation of 5G BS sites, is already reached in currently deployed
networks. In addition, we also quantify that the negative impact of the non-optimal
planning on the user QoS. Finally, we discuss the expected impact of the main 5G
technology features on the EMF levels.
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1 Introduction

In the next decade, 5G is expected to enable a plethora of new services, with a
potential economic impact of several trillions of dollars [1]. The success will depend
on the capability of the 5G technologies to meet strong performance requirements
such as a dramatic increase of user throughput up to 10 Gbps, or extremely low
order-of-millisecond communication latency.

The combined utilization of technologies, such as, e.g., massive MIMO, adap-
tive beamforming, mmWave, softwarization of the network functions, is expected to
guarantee the required increase of the offered capacity, along with the flexibility and
efficiency in the network management. In many countries, and among them in Italy,
the first field trials will be operative by the end of 2018.

In this context, a very delicate and frequently underrated issue is related to the
compliance of the new 5G deployments with regulations on Electromagnetic Field
(EMF) exposure limits [2], which impose limits on the EMF levels resulting from
the composition of the different radiating sources.

The EMF limits set by the International Commission on Non-Ionizing Radiation
Protection (ICNIRP) are widely adopted around the world. However, several other
countries (e.g., China, India, Russia, Switzerland, Italy, Canada and Poland) impose
even more stringent limits. Since 5G will operate on a very wide range of frequen-
cies (ranging from hundreds of MHz, to provide coverage in rural areas, up to tens
of GHz to support very high data rates) and it will coexist with some pre-5G tech-
nologies, stringent EMF limits are expected to have an especially strong impact on
the planning of forthcoming 5G networks. Indeed, network planning is a complex
problem per se. It aims at minimizing the CAPital EXpenditures (CAPEX) by the
network operator, by jointly (i) selecting proper locations for the sites hosting the
Base Stations (BSs), (ii) dimensioning the radio equipment installed at each BS, and
(iii) fulfilling performance constraints on coverage, offered capacity and Quality of
Service (QoS) perceived by end users. Factoring in both EMF exposure limits and
the specificities of 5G radio technologies significantly complicates the problem.

Stemming from the above, a planning phase neglecting EMF constraints neces-
sarily introduces an increased risk of sub-optimal planning, with an associated need
of a posteriori refinements, impacting both the operator CAPEX and the user QoS
[3]. However, despite its prominent role in the 5G roll-out, the 5G network planning
under EMF constraints is still completely open.

In this chapter, we present a comprehensive analysis of this topic, starting from
the work presented in [4]. Specifically, first, in Section 2 we review the current state
of the art by analyzing different aspects related to EMF exposure levels: health risks,
EMF measurements campaigns, and cellular network planning. In Section 3 we con-
textualize the EMF limits in Italy and we discuss their effects on the planning of 5G
cellular networks. In support of the presented analysis, in Section 4, we present two
Italian case studies. The first one provides evidences of EMF saturation already in
presence of sole pre-5G technologies. The second case study provides evidences on
the impact of restrictive EMF limits on the planning of a 5G deployment, and hence
on the QoS perceived by the users. In Section 5 we outline the expected impact of
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the main 5G technology features on the EMF exposure levels. Finally, Section 6
draws relevant conclusions.

2 Related Work

We classify the related work in the following categories: i) health risks from EMFs
due to cellular networks, ii) EMF measurements in mobile networks, iii) cellular
planning with EMF constraints.

2.1 Health Risks of EMFs Exposure from Cellular Networks

The EMFs generated by the cellular network may trigger two types of risks asso-
ciated with the health: i) heating of the radiated tissues, and ii) non-heating effects
of the exposed body. Focusing on the first effect, there is a large literature clearly
showing the negative effects on the health (we refer to reader to [5] and references
therein). In this context, the ICNIRP has adopted a set of guidelines to adhere in or-
der to avoid the heating effects [5]. These guidelines include the definition of EMF
limits which differentiate between the workers that perform e.g., maintenance op-
erations in proximity to a BS site and are aware of the risk, and the general public,
which is not aware of the risk and need to be preserved through strict limits. In
particular, the EMF limits defined by ICNIRP are several times below the critical
values triggering heating effects.

Focusing instead on the non-heating effects, these phenomena may include can-
cer diseases appearing in mature life, which may be triggered even if the EMFs
absorbed by the tissues are lower than the ICNIRP limits. In this context, the impact
of non-heating EMF effects on the health is still a matter of research. The Interphone
project [6, 7] started in 2000 as an international effort from different countries in the
world in order to monitor the relantionship between the use of mobile phones and
the appearance of tumors in the brain, the acoustic nerve and the parotid gland. The
outcomes suggested that there is increased risk in the brain tumor. However, as noted
by the World Health Organization (WHO) [8] bias and errors may have impacted
the conclusions of [7]. Therefore, a causal interpretation between the use of mobile
phone and the presence of tumors can not be found.

Recently, Falcioni et al. [9] performed several long-term experiments involving
the exposure of rats to large EMFs generated by GSM equipment. Their results show
a statistical increase in the incidence of heart tumor in rats exposed for a long period
of time to an EMF of 50 [V/m]. In addition, an increase in both the heart Schwann
cells hyperplasia and malignant glial tumors were observed (although not statisti-
cally significant). In this context, the United Station (US) National Toxicology Pro-
gram (NTP) has recently concluded another study, which involved the exposure of
rats to the EMF generated by 2G and 3G equipment [10, 11]. Their outcomes show
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a clear evidence of heart tumors in the rats (similarly to [9]), while some evidence
of tumors in the brains and in the adrenal glands. It is important to remark that both
the studies [9, 10, 11] have been conducted considering legacy technologies, while
the impact of currently deployed one (i.e., 4G) and future ones (5G) is still an open
issue.

In general, the International Agency for Research on Cancer - a branch of WHO
- classifies the EMFs generated by radiofrequency devices (i.e., a wide set of equip-
ment including mobile BSs and mobile phones) as possible carcinogenic to humans,
based on an increase of brain cancer associated to the use of the wireless phones
[12]. The International Agency for Research on Cancer (IARC) also suggests that
further research needs to be performed [12], in order to thoroughly assess the long
term of the EMFs on the public health.

2.2 EMF Measurements in Cellular Networks

The measurement of EMFs generated by cellular networks allows to derive indi-
cations about the impact of BSs and personal devices, such as mobile phones, on
the total EMF absorbed by the body. Focusing on the EMFs generated by the BSs,
Koprivica et al. [13] perform a measurement campaign of 2G BSs, highlighting the
fact that the EMF tends to vary with the location, as well as the time of the mea-
surements. In addition, they also found different locations experiencing EMF levels
higher than the ones imposed by national limits. On the other hand, Urbinello et
al. [14] perform EMF measurements in different European outdoor urban environ-
ments, concluding that the measured EMF are well above the national limits. Huang
et al. [15] perform a wide set of measurements in different areas located in Ser-
bia and in France, mainly focusing on 3G networks. Similarly to [13], they also
observed a large variability in the measurements across space and time. Fernández-
García and Gil [16] conduct a measurement campaign in an European city, observ-
ing EMF levels lower than the maximum ones enforced by national law. Orłowski
et al. [17] measure the EMFs generated by different BSs located in Poland, con-
cluding that the total EMF is lower than the maximum limit in all cases except
one. Summarizing, the considered previous works study the EMFs generated by the
BSs, showing that, in general, the BS EMFs are lower than the maximum values
imposed by law. This outcome is also confirmed by the survey of Sagar et al. [18],
which analyzes the research works about EMF exposure in Europe during the period
2000-2015.

A second taxonomy of works regards instead the measurements of EMFs gen-
erated by the mobile phones. Joseph et al. [19] perform a comparison of the EMF
measured in proximity to users living in different European countries, finding that
the largest contribution to the EMF exposure is due to mobile phones used in trans-
port vehicles (e.g., trains, cars, buses). In particular, the EMF generated by mobile
phones is larger than the one received from the BS in all the environments, except
outdoor urban. Moreover, it is important to note that the study in [19] has been con-
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ducted different years ago, when state-of-the-art 4G and 5G technologies were not
yet available. Frei et al. [20] examine the levels of exposure and the EMF sources
for a sample of volunteers living in a Swiss city, showing that the exposure to EMFs
notably varies across the different persons participating to the test. In addition, mo-
bile phones, BSs, and cordless phones are the main sources of exposure in urban
areas. More recently, Roser et al. [21] perform an assessment of the EMFs for a
set of adolescents living in Swiss. Interestingly, the EMFs generated by the mobile
phones dominates over all the other sources. Summarizing, mobile phones appear
to be a non-negligible contributor to the EMFs absorbed by users, with different ev-
idences suggesting that the EMFs generated by the mobile phones is larger than the
one received by the BSs or other sources.

2.3 Planning with EMF constraints

The planning of cellular network is a challenging problem [22], which needs to se-
lect the locations of the sites which host BSs, as well as the configuration of each BS
in terms, e.g., of radiated power. The planning of cellular networks under EMF con-
straints is even a more complex problem, as the presence of already deployed BSs,
as well as the EMF limits, severely impacts the obtained planning, in terms of BS
locations and their configuration [23]. In this context, several commercial tools (see
e.g. [24, 25, 26, 27, 28]) are used by operators and regulators in order to simulate the
impact of a given BS planning. These tools require a precise characterization of the
scenario in terms e.g, of digital elevation model, 3D buildings/obstacles, already de-
ployed networks, users/traffic distribution and EMF regulations. However, we stress
the fact that both the selection of the initial set of BS sites and their configuration
have a large impact on the obtained results [4].

3 EMF Limits in Italy and Their Effect on the Cellular Planning

EMF limits are thresholds on maximum EMF exposure, enforced by national regu-
lations to ensure that technologies emitting electromagnetic fields do not represent
a danger for the public wellbeing. In the specific case of 5G systems, radio ac-
cess networks will operate across a wide spectrum of frequencies, from hundreds
of MHz to tens of GHz, so as to support the variety of requirements entailed by the
many emerging mobile applications [29]. At 5G frequencies, EMFs are known to
induce mainly thermal effects (i.e., induced current, or skin and body heating) on
the human body; hence, the concerns above easily apply to next-generation cellular
deployments.

Many countries worldwide, as well as the European Council, adopt EMF lim-
its set by the ICNIRP [5]. Although ICNIRP limits are already fairly strict, Italy
enforces different EMF limits on its national territory [30], which are even more
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5G Site Location 5G Site coverage

More stringent EMF limits

(a) Extensive 5G cell densification

Service Area

Zone with EMF Saturation
No new 5G-site allowed

Legacy
pre-5G

Site

New
5G-Site

(b) Presence of an EMF saturation zone

New
5G-Site

Minimum Distance

School

(c) EMF regulation based on a minimum distance

Fig. 1 Three situations where regulations on EMF limits impact the planning of 5G network in-
frastructure [4]

constraining. Specifically, two distinct classes of limits are introduced by the italian
law: (i) general limits that are in most cases around 30% lower than the ICNIRP
ones, and (ii) restrictive limits that are 10 times lower than the ICNIRP ones. The
restrictive limits apply in fact to a vast portion of the national territory, including
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houses (including terraces and balconies), schools, and in general to buildings for
human long-stay purposes. In addition, further regulations at local levels (see e.g.,
[31, 32]) establish minimum distances between BS sites and sensitive places (e.g.,
schools or hospitals), as well as among base stations themselves. To cite an example,
the city of Rome has a very stringent regulation, which adopts the national limits,
plus a minimum distance of 100 [m] between a BS site and a sensitive place.

The current directives above jointly lead to a scenario where EMF limits risk to
have a significant impact on the deployment of 5G radio access infrastructures. In-
deed, EMF limits reduce the operators’ flexibility in installing new base station sites
in multiple ways. Three representative examples are outlined in Fig. 1. Fig. 1(a) il-
lustrates the cell densification phenomenon: stringent EMF limits impose low radi-
ation power at each antenna, which in turn forces a dense deployment of low-power
sites, with a substantial increase in CAPEX for the operator. Fig. 1(b) shows a case
where the 3G/4G sites serving the target region already saturate the EMF limits,
hence the operator is forced to install 5G antennas in a new site, with increased
CAPEX and reduced possibilities for network planning optimization. Fig. 1(c) re-
calls situations where a minimum distance must be respected between a new 5G
site and a sensitive place, such as a school, again leading to sub-optimal network
planning and possibly curbed Quality of Experience (QoE) by the mobile service
end users.

Those illustrated before are only a few, simple examples of the type of barriers
that EMF limits may pose to the planning and deployment of next-generation cel-
lular network radio access infrastructures. And, the presence of multiple competing
operators will only exacerbate the problem, which thus exposes 5G systems, as well
as the many and varied disruptive applications they are expected to enable, to serious
risks of under-performance.

4 Case Studies

We present two case studies that provide insight on two complementary aspects of
the impact of EMF limits on 5G network planning. In the first one we investigate the
problem of EMF level saturation, an issue that can severely hamper the transition
between pre-5G and 5G technologies. Then, we analyze the impact of restrictive
EMF regulations on network planning and user QoS.

4.1 Evidence of EMF saturation

In the first considered case study we consider a 1100×1100 [m2] zone in the Fuori-
grotta district, Naples. The San Paolo stadium and several buildings of the Engi-
neering School of the University of Naples Federico II are located in the area, which
makes it a relevant test site, characterized by the presence of a huge number of users.
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(a) 100% maximum input power (b) 75% maximum input power

Fig. 2 Impact of the maximum input power (Fuorigrotta case-study) [4].

Five known BS sites are present in this area, operated by two of the main Italian
mobile operators, TIM and Wind Tre. Detailed information on the site configura-
tions are reported in [4]. This information, along with a description of the scene
in terms of a Digital Elevation Model and of a vector file providing description of
the buildings, is used as input in a ray tracing simulator [33, 4]. Our purpose is to
compare the overall EMF level produced by the antennas with Italian EMF limits:
since the involved frequencies (lower than 3 GHz) share the same Italian general
limit of 20 [V/m], the individual EMF intensities can be incoherently summed and
a map of the overall EMF amplitude level can be obtained taking the square root
of this summation. Once this map is available, it is possible to highlight those ar-
eas where EMF levels are higher than the allowed limits. In Fig. 2.a these areas are
marked in red: actually, in most of the square located South of the stadium EMF
levels are higher than 20 [V/m]. This result represents the worst-case scenario, ob-
tained assuming that each antenna keeps radiating the maximum declared power
during the whole measurement time, i.e. 6 minutes and 24 hours according to IC-
NIRP and Italian guidelines, respectively. This kind of approach is based on the fact
that in principle no limit is imposed on mobile operators, which are authorized to
constantly radiate the maximum declared power: note that this worst-case scenario
approach is frequently assumed for EMF level evaluation [34, 35, 36]. Moreover,
note that the measurement procedures used to verify the compliance of EMF lev-
els not only change for different countries, but in a single country are likely to be
revised, especially when 5G systems will begin to operate. In this situation, the pro-
posed approach is useful to study EMF saturation regardless of the specific national
laws. However, since the assumption that all the considered antennas constantly ra-
diate the maximum power may be too strong, in Fig. 2.b we report the area where
EMF limits are violated assuming that each antenna is radiating 75% of the maxi-
mum declared power: even in this case EMF limits are are exceeded in many parts
of the scene.
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Fig. 3 RSRP metric (TMC case-study) [4].

The presented analysis confirms that EMF saturation may be a relevant issue for
the deployment of future 5G sites, since in some scenario EMF values very close to
the prescribed limits may have been reached by pre-5G networks. However, some of
the new technologies associated to 5G networks, such as beamforming, may be used
to implement a smart planning of EMF levels over the area of interest, providing a
potential way to limit the effects of EMF saturation. Some hints on this topic will be
provided in Section 5.

4.2 Impact of EMF limits on planning and QoS

In this case study we focus on the area "Torrino-Mezzocammino" (TMC), Rome,
Italy. It is a residential neighborhood, including commercial buildings, schools, pub-
lic parks, with a population of more than 10000 people. In this area a local regulation
dictates a minimum distance (100 [m]) between BS and "sensitive places", whose
definition is referred to the municipality in accordance with the local population
(e.g., highly frequented sport centers and commercial buildings have been marked
as "sensitive"). In this situation, our aim is to investigate how local regulations im-
pact on network planning and user QoS. In this analysis we used the CellMapper
application [37] to measure relevant cellular network parameters, with associated
geographic position data, while traveling along TMC area. Several interesting re-
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sults were obtained from our analysis. First, thanks to CellMapper we identified the
type of service offered by mobile operators in the TMC area: most of the area is
served by a 4G LTE service, with some areas covered by LTE-Advanced and some
other with a 3G HSPA+ service. As a further step, we provide an estimate of the
QoS based on the Reference Signal Received Power (RSRP) metric. In particular,
thanks to CellMapper we are able to measure the RSRP of the current BS in the
TMC area. Averaging the obtained values in 30x30 [m2] cells allowed us to obtain
a 30 [m] resolution RSRP map of the area of interest. This is done for each oper-
ator. Since there is a relantionship among the RSRP and the Signal to Noise Ratio
(SNR) [38], this map can be considered as a good indicator of the quality of the
radio link between the User Equipment (UE) and the BS. The RSRP maps obtained
for the three operators are shown in Fig. 3, which testifies that some zones present
values of RSRP lower than −110 [dBm], associated to a very low user QoS. This is
confirmed by frequent drops of the radio link and difficulties in the access to inter-
net services. Indeed, many of the areas experiencing good values of the RSRP are
located in zones served by BSs installed outside the TMC area.

This case study demonstrates how an insufficient number of BS sites in the TMC
area impacts both on the type of service provided by the operators and on the user
QoS. Moreover, it shows how the coexistence of many heterogeneous regulations,
not only at the international and national scales, but even at the local scale, severely
hampers the deployment of 5G networks, limiting the possibility of developing gen-
eral solutions to the planning problem.

5 Expected Impact of 5G Features on EMF

As indicated in [39], 5G will be characterized by a set of radically new technolo-
gies. In this Section, we analyze the main ones in term of relevance and expected
impact on the EMF exposure levels compared to current deployed cellular networks.
Clearly, the developed analysis is not exhaustive and it needs to be supported and
verified via extensive EMF measurement campaigns.

Tab. 1 summarizes each 5G technology feature, as well as its relevance in terms
of EMFs. To this aim, the utilization of massive MIMO antenna arrays is one of
the recognized 5G features. In turn, this implies an increased number of antennas
radiating power at each site. Although some recent works [40, 41] suggest that this
5G feature will impact positively on the EMF exposure levels, the reasonings in
[40, 41] cannot be generalized. In fact, the MIMO impact highly depends on the
selected configurations and on the adopted approach for measuring the EMF levels
[34, 36]. As a consequence, the academic and industrial communities need to assess
in the near future the potential MIMO gain in terms of EMF levels.

Beamforming constitutes another recognized 5G feature. It allows spatial selec-
tive communications, since the radiated power is concentrated into narrow and se-
lected spatial directions. As a consequence, it is believed that, compared to current
deployed BSs, beamforming will induce a general decrease of the EMF exposure



5G Planning under EMF Constraints 11

levels. However, due to the power concentration into selected directions, there may
be an increase of the EMF levels in the portions of the territory corresponding to
these directions. Similarly, the exploitation in 5G networks of mmWave bands for
directional communications may be beneficial for the EMF exposure levels. In fact,
mmWave communications are characterized by higher path-losses compared to the
current micro-waves communications. Hence, the received EMF may be lower com-
pared to the one generated by currently deployed BSs. In this context, it is worth-
while to mention that 5G is envisioned to exploit different coexisting cell tiers with
a dense deployment of small cells. Hence, it is expected a decrease of the EMF ex-
posure levels compared to the current deployed BSs, due to the shorter BS-to-user
distances. However, a possible increase of the EMF levels in proximity to the small
cell may be also experienced when comparing to the current deployment. The EMF
level decrease, promised by the small cell exploitation, is expected to be further en-
hanced by adopting offloading mechanisms, enabled by the unavoidable coverage
overlapping among the different cell tiers. In fact, according to such mechanisms,
the power radiated from the most loaded cells could be reduced by offloading the
users to other cells in proximity to them.

Other key 5G technologies envisioned to decrease the EMF exposure levels are
the softwarization and the Mobile Edge Computing (MEC). Specifically, on one
hand with the softwarization, since different network functionalities, including most
of the BS functionalities, will be realized at software level, it will be possible that
multiple operators will share the same BS hardware. As a consequence, the num-
ber of antennas radiating power and installed in the same site will decrease with
respect to the case in which each operator installs its own physical equipment in
the shared site. On the other hand, with the MEC, cloud computing capabilities will
be enabled at the edge of the network. By properly managing the content stored in
the MEC platforms, it may be possible to decrease the amount of transferred data,
thus decreasing the radiated power. However, this vision will be affected also on
the type of service provided by MEC, which may include high data rate services as
augmented reality. Similarly, the adoption of the Device-to-Device (D2D) paradigm
in 5G networks is envisioned as a way to decrease the EMF exposure levels. In fact,
with D2D a decrease in the amount of information exchanged between the UE and
the BS will be expected. This in turn will reduce the amount of EMFs generated
by the BS. In the same direction, advanced power saving techniques, including deep
Sleep Modes (SMs), may be exploited in 5G networks. Specifically, SM-based tech-
niques may reduce the amount of EMF exposure levels, since the BS that are not
used are completely switched off (or in a low-power state). However, there could
be an increase in the EMF levels in proximity to the BSs that remain powered on
and have to increase their coverage also to the zones previously served by the BSs
currently in SM. Finally, with the deployment of 5G networks, legacy 2G and 3G
networks will be dismissed. Clearly, this will positively impact on the EMF expo-
sure levels, especially in terms of reduction of the current EMF saturation levels in
urban environments.

Clearly, the advantages and the disadvantages in terms of EMF exposure lev-
els forecasted for the described 5G technologies need to be assessed against the
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aggregate radiation generated by the different BS layers operating with different
access technologies, especially if legacy pre-5G networks already showed levels of
EMF saturation, as revealed by our case-studies. Moreover, they need to be assessed
against the dependence of the EMF exposure levels on several factors, including e.g.,
the type of BS/UE, the BS/UE location with respect to the user, and the location of
the user [42].

Table 1 Expected Impact of the 5G Technology Features on the EMF levels [4].

Feature Relevance to EMFs Expected EMF Increase/Decrease

MIMO Increased number of antennas radiat-
ing power. Impact of computing the
radiated power when assessing the
compliance with EMF limits.

-/+ The impact on the EMFs lev-
els depends on the specific MIMO
configuration and on the adopted ap-
proach for measuring the EMF levels.

Beamforming Directionality control of the radiated
power.

- General decrease w.r.t. currently de-
ployed BSs.

Power concentrated into selected lo-
cations.

+ Increase in selected locations.

mmWave Path loss increase of radiated signals
on mmWave bands.

- (Possible) decrease w.r.t. BSs ex-
ploiting micro-waves.

Small Cells Installation of additional sources of
power. Less power required to macro
cells.

- (Possible) decrease w.r.t. the current
cellular network.

+ (Possible) increase in proximity to
the small cells.

Offloading (Possible) reduction of radiated
power from the most loaded cells.

- (Possible) decrease w.r.t. the current
cellular network.

Softwarization Sharing of the hardware infrastructure
by multiple operators. Less antennas
installed in the shared sites.

- Large decrease w.r.t. the case in
which each operator installs its own
physical equipment in the same site.

MEC (Possible) decrease in the amount of
transferred data in the air, thus de-
creasing the radiated power.

- (Possible) decrease w.r.t. to the cur-
rent MEC-unaware network.

D2D Reduction of tha amount of data
transferred (and consequently of
power) between the BS and the UE.

- Decrease w.r.t. current deployments
exploiting classical communication
schemes (e.g., UE to BS).

Sleep mode BSs put in sleep mode radiate zero (or
very low) power.

- Decrease in proximity to the BSs put
in sleep mode.

The BSs that remain powered on may
have to increase their coverage area.

+ (Possible) increase in proximity to
the BSs that remain powered on.

2G/3G Dismission Reduction of the current EMF satura-
tion levels in urban zones.

- Large decrease w.r.t the case in
which all the legacy technologies are
maintained.
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6 Conclusions and an outlook

In this work we focused on the planning of 5G networks under EMF exposure con-
straints. A detailed analysis of the state of the art regarding the EMF-related health
risks, EMF measurement campaigns, and the impact of EMF limits on cellular net-
work planning was presented. The effects of Italian EMF limits on cellular planning
were considered and our observations were supported by two real-world Italian case
studies. More in detail, these case studies provided evidences that: (i) the installa-
tion of 5G sites may be hampered by EMF saturation effects already observed in
pre-5G sites; (ii) the sub-optimal planning due to the restrictive regulations on EMF
exposure has a negative impact on the type of provided service as well as on the
QoS perceived by the user. Finally, we analyzed the potential impact of the main
5G technologies on the EMF exposure levels. The presented analysis is not exhaus-
tive and it needs to be verified and supported via extensive measurement campaigns.
From the developed discussion, the complex nature of 5G planning under EMF con-
straints clearly emerges. However, this is a challenge that cannot be missed, if we
want to avoid negative effects on the side of both the mobile operators (in terms of
CAPEX increase) and the final users (in terms of perceived QoS).
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