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Abstract

Introduction/purpose: This paper presents initial development of the procedure for electric field estimation in the vicinity of
5G base stations.

Methods: The procedure allows determination of future radiation levels before traffic is established over applied antenna
systems on the basis of measured values of electric field levels caused by the signal forming Synchronization Signal Block. It is
possible to perform necessary calculations for a very accurate estimation even if some important parameters of the radiation
characteristics (such as the frequency span between the frequency carriers on the radio interface) are not a priori known. In this
way, communication with mobile system operators before measurement is significantly simplified because operators do not need
to know system technical details.

Results: The developed formula for electric field estimation is verified comparing the calculated values by its implementation to
the practical results obtained by intensive measurements on a great number of 5G base stations in a highly developed country.
The formula gives a pessimistic result, i.e. a higher electric field level than it is obtained by all such performed measurements.
Conclusion: This estimation allows mobile system operators to predict whether the electromagnetic field around base stations
could be dangerous for human health when systems come to full operation while considering national and international
recommendations dealing with radiation levels.

Keywords: 5G electric field estimation, base station, Synchronization Signal Block, traffic beam, frequency subcarriers.

Pesrome

BeepeHue/near: B paHHOM cTaThe NpeACTaBACHA IEPBOHAYAABHAS Pa3pabOTKa IPOLIEAYPHI OLCHKH JACKTPUYECKOIO MOAS
BOAM3H 6a30BbIX cTaHIUI SG.
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Meroapr: Tlporeaypa mosBoasieT ompeAeAaTh 6yAyLu1/11?1 YPOBEHb M3AYYEHHS AO YCTAHOBACHHSA TpaQuKa IO HMPUMEHIEMBIM
AHTEHHBIM CHCTEMAM, HA OCHOBAHHUH H3MEPEHHBIX 3HAYECHHH YPOBHEH JAEKTPMYECKOTO IIOAS, BBI3BAHHBIX CHTHAAAMH,
O6pa30BaHHbIMI/I 6AOKOM CHTHAAOB CUHXPOHH3AIUH. Taxoii ITOAXOA AQ€T BO3MOXKHOCTD BHIITOAHATH HEOOXOAMMBIE BEIYHCACHHS
AASL CBEPXTOYHOH OIIEHKH, AQKE KOTAA BAXKHBIE TAPAMETPhl U XapAKTEPUCTUKU U3AYYEHUS (Takue Kak AMAIIa30H YaCTOT MEXAY
HECYIIUMH 4aCTOTAMU Ha paAHOHHTepq)el“dce) HEU3BECTHBL. 1 aKuM 06pasoM, CBA3b C ONEpaTOpaMu MOGHABHOH CHCTEMBI nepea,
H3MEPEHHEM 3HAYUTEABHO YIIPOIIAETCS, TOCKOABKY OIIEPaTOpaM HeOo0O3aTEABHO 3HATh TEXHUYECKHE ACTAAU CUCTEMBI.
Pesyaprarer: Bepuduxanms paspa60TaHH01?x QOPMYABI AASL OLICHKH IACKTPHYECKOIO IOASI IIPOM3BEACHA IyTEM CPABHCHUS
BBIYHCACHHBIX 3HAYECHUH NPHU €€ BHEADEHMM C INPAKTUYECKUMM PE3yAbTATAMH, MOAYYEHHBIMM B PE3YAbTATE MHTEHCHBHBIX
U3MEPEHUH Ha 60ABIIOM KOAHMYecTBE 6a3oBbIX cTaHIME 5G B BBICOKOPa3BUTON cTpaHe. Popmysa AaeT MECCHMUCTHYHBIN
PE3YABTaT, T.€. HIOKa3bIBAET 6oAee BEICOKHH YPOBEHD IAECKTPUYECKOTIO MOAS, YEM MPH BCEX BHIMOAHEHHBIX H3MEPEHHUSX.

BriBoabl: Baaroaapsi AaHHOM OLicHKE OIEpaTOPHI MOGHABHBIX CHCTEM MOTYT IIPOTHO3HPOBAT, 6yACT AM IAEKTPOMArHUTHOE
MOA€ BOKPYT 6230BBIX CTAHIUH IIPY MOAHOM BBEACHUH B IKCIIAYaTalIUIO MPEACTABASATh YIPO3Y 3AOPOBBIO YEAOBEKA, C YUETOM
HALMOHAABHBIX U MEXAYHAPOAHBIX PEKOMEHAAIMM, KACAIOUIMXCS YPOBHS U3AYYCHMUS.

KaroueBnie caoBa: onenxa asekTpHyeckoro nmoas 5G, 6a30Bas CTaHLIMA, OAOK CUTHAAOB CHHXPOHM3AI[UH, Ty4OK U3AYIECHHUS,

YaCTOTHBIC ITIOAHCCYIIHC.

Abstract

YBoa/unn: Y pasy je NpHKasaH IOYCTHU PasBoj IPOLICAYPE 32 MPOLICHY jadHHE CACKTPUYHOT OobA y OAM3HHY GasHe cTaHMIe
5G TexnoOAOIHjC.

Meroae: ITpoueaypa omoryhasa oppehusame Gyayher HuBoa spauerma Ha OCHOBY HMSMEPECHOI HHBOA CACKTPUYHOI MOAA
Y3POKOBAHOI CUTHAAOM KOju $opMupa GAOK CHHXPOHMBALMOHHX CHUTHAAZ IPE HETO WITO ce ycrnoctasu caobpahaj mpexo
IpUMEEHOT aHTeHcKor cuctema. Moryhe je nsBpiunTu norpeGHe nmpopadyHe pagd BpAO TauHe IPOLICHE, YaK M AKO HEKH BKHU
NapaMeTpH KapakTePHUCTHKE 3padema (Kao WTo je pasMak ¢pekseHnmja msMely (peKBEHLHMjCKMX HOCHAALA Ha PaAHo-
uHTepdejcy) HUCY yHanpea nosHaTH. Ha Taj HaumH je, pe caMor Mepema, 3HATHO NOjEAHOCTABACH MPOLeC KOMYHUKALMjE ca
OIepaToOpoM MOOUAHOT CHCTEMA jep OH He MOpa [I03HABATH ACTASE TEXHUYKUX [IOAATAKA O CHCTEMY.

Pesyararn: MsBeaeHa popmyaa 3a HpOLiCHY jauMHE CACKTPUYHOI NMOna BepudukoBaHa je nopelemeM meHnx pesyarara ca
IPaKTUYHUM PE3yATATUMA AOOMjEeHUM MHTCH3MBHUM MEPCHUMA HA BEAMKOM 6pojy GasHux cranuna 5G TexHOAOrHjE y jeAHO]
BUCOKOPa3BHjeHOj 3eMau. PopMyAa Aaje MECHMUCTHYAH PESYATAT, OAHOCHO MOKA3Yyje BHIUM HUBO CACKTPHYHOL IIOAA OA OHOTA
KOjH ce A00Hja y CBUM PeaAM30BaHHM MEPCHUMA.

3aksyuak: Osa npouena omoryhasa oneparopy MOGHAHOT cHCTeMa A TIPEABUAM A2 AM OH €ACKTPOMATHETHO MOAC Y OKOAMHU
GasHe CTaHULC MOTAO A2 OyAc OIIACHO 32 AYACKO 3APABAC Kapd CHCTEM PaAd IyHHM KamanureroM, ysumajyhu y obsup
HAIL[MOHAAHE M MHTCPHALMOHAAHE [IPEIIOPYKE KOje Ce OAHOCE Ha HHBO 3padciba.

Keywords: IPOLICHA €ACKTPHYHOT Iosa SG TexHoAOIHje, 6a3Ha cTaHMLa, GAOK CHHXPOHU3ALMOHMX CHIHaAa, caobpahajuu

CHOIN 3payea, pPEKBEHIIUCKH TOAHOCHOLIU.
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Introduction

Today mobile telephony becomes an unavoidable part of everyday life. It is hard to imagine everyday life
and communication between people without mobile phones. People are exposed to electromagnetic
radiation of mobile telephony base stations even when they do not use mobile phones. The number of
mobile telephony base stations (BS) which are responsible for this radiation is constantly increasing. The
final result of this increase is a growth of harmful effects of the electromagnetic radiation produced on all
living beings (people). There is a consensus in science about some effects (first of all, when considering
thermal effects) while the other, often much dangerous effects, are still in an investigation phase. This is a
reason why electromagnetic field measurement according to international recommendations is often a
research subject in the whole world. It is important to predict electromagnetic field levels before traffic is
established, especially in the case of 5G systems implementation.

After this short introduction, Section II is a survey of the state of the art when considering already
realized measurements for all system generations from 2G to 5G. This section also includes contributions
and practical results in the same field which are the direct knowledge base for the presented investigation.
Section III presents the procedure for determining the electric field in 5G systems. A formula for the
electric field estimation which is developed in the Section III is then verified according to practical
independent measurement results presented in the Section IV. Finally, the conclusions are in Section V.

State of the art

Measurements on different generations of mobile systems are numerous and the contributions
presented in this paper are only a small part of them. It is important to notice that such measurements
have been defined and realized in Serbia for a long time (Ili¢ et al, 2002). The main concept of frequency
selective measurement based on the application of a spectrum analyzer which allows access to all existing
frequency channels for measurements is presented in (Ili¢ et al, 2002). The same measurement principle is
used also in (Hamid et al, 2003) where the results obtained by collecting data about GSM base stations
radiation using directional and isotropic antennas are mutually compared. In other words, these two
measurements are performed on the basis of an analysis based on a spectrum analyzer and a meter with a
measuring probe. The results presented in (Gonzélez & Infante Moreira, 2018) are based on a specific
limited set of measurements on two traffic channels of the GSM system at 850MHz and 1900MHz which
allowed estimation of total radiation levels for complete GSM systems using statistical analysis on the basis
of the measured mean value and the standard deviation of the electromagnetic field deviation.

Broadband measurements of base station electromagnetic radiation are applied besides frequency
selective measurements (Bieftkowski et al, 2015). Broadband measurements are more rarely applied than
frequency selective measurements, but the obtained measurement results are less exposed to the risk of
statistical uncertainty. The authors in (Kurmaz et al, 2018) have developed a calculation model to estimate
the total electric field on the basis of six frequency bands with the highest level with the accuracy of at least
95% to avoid broadband measurements.

Statistical uncertainty of the obtained results by frequency selective measurements is manifested both in
the sense of space where a measurement is performed and in the sense of measurement time. Such
investigations are the subject of analysis in (Watanabe & Hamada, 2017). It has been proven that
measurement results, when considering spatial uncertainty for W-CDMA and LTE systems, do not
depend on the surroundings (urban or rural) or the analyzed frequency band. The spatial uncertainty
depending on the height from the ground level where a measurement is performed is also analyzed in
(Watanabe & Hamada, 2017). When considering time uncertainty, it is shown that a measurement in
shorter time intervals of only 10s does not significantly degrade the accuracy of the results comparing to a
measurement in time intervals of 6 minutes according to international requests and this is very important
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to speed up the measurement procedure. Estimation of measurement uncertainty is also the subject of
analysis in (Koprivica, 2016).

The coexistence of different mobile system generations at one location is typical nowadays; nevertheless,
their base stations are on the same pillar or are placed at a short distance from each other (not greater than
20m). The main directives to realise measurements in such a case are emphasized in (Telecommunication
Engineering Centre, 2021) when considering the coexistence of 2G, 3G and 4G systems. Additionally,
discussions about malicious effects of new 5G systems on human health are very frequent today. However,
the results of the measurements in (Ofcom, 2020) prove that levels of electromagnetic fields in the vicinity
of 5G base stations are significantly lower than when considering previous generation systems and, also,
that these levels for 5G are lower than it is allowed according to the international recommendations. A
comprehensive analysis in (Huang et al, 2022) further illustrates that there are sites which have even lower
levels of electric fields, magnetic fields or power density after 5G system installation than before. The
explanation may be that users of mobile systems of generations lower than 5G have switched to 5G systems
where radiation is lower. The authors of (Huang et al, 2022) conclude that it is not sufficient to assume
that 5G is a health hazard without epidemiological findings. When combining the results from (Huang et
al, 2022) and the conclusion from ($ahin et al, 2013) that the safety distance from a base station is only
10m, we can conclude that radiation caused by base station operation is dangerous only in a high proximity
to the base station which is further improved by the fact that radiation antennas are usually at the height
greater than 10m thus decreasing the radius of health risk at the ground level.

Development of calculation methods to estimate electric field levels, especially in indoor conditions, is a
major problem. The authors in (Lehmann et al, 2002) prove that a simple free space model gives very poor
results when analyzing such indoor conditions. The free space model overestimates the real measured
results. Besides, a disadvantage of the free space model is very low reproducibility and low standard
deviation of the measured results comparing to a real situation.

The contributions (Mati¢ & Paunovié, 1995; Mati¢ & Paunovié, 1997; Mati¢ et al, 2000; Lebl et al,
2017) dealing with the prediction of electromagnetic fields are the direct base which preceded the
investigation presented in this paper. These fundamental considerations have included both a theoretical
analysis to find an optimal selection procedure for prediction (Mati¢ & Paunovié, 1995; Mati¢ &
Paunovi¢, 1997) and practical realization on the basis of digital signal processing algorithms (Mati¢ et al,
2000). In the recent past, the contribution (Lebl et al, 2017) included the role of real telecommunication
traffic processes in electric field level estimation in the vicinity of base stations. Practical realizations of
measurement procedures are presented in (TuSup et al, 2022).

Electric field determination for 5G systems

Frequency selective measurement makes it possible to approximately determine the maximum
electromagnetic radiation of base stations when all traffic channels are busy. One possible principle in the
case that this method is applied is to measure the electromagnetic field only in channels where emission
power is always constant and, for systems from 2G to 4G, maximal. After this field level is measured, the
total radiation is further determined by calculation. Very similar formulas are used for calculation in the
case of GSM (2G), UMTS (3G) and LTE (4G) systems (European Committee for Electrotechnical
Standardization, 2014). For GSM systems, the following formula is used:

E=\Inpy - Egcen )

where Epccpy is the electric field level which originates from always active channels on the first carrier
(Broadcast Control Channel — BCCH) and npgy is the number of available frequency carriers. Similar

formulas for UMTS systems and LTE systems are presented in (European Committee for Electrotechnical
Standardization, 2014; RATEL, 2018) where the power coefficient (1n.) is used instead of n7gx for other
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types of mobile systems instead of GSM. Typical maximum values of coefficients under the square root in
equations as (1) are presented in (W-Line, 2021). The formulas in these three emphasized cases imply that
power control in traffic channels as a function of mutual distance between a base station and mobile
stations is not applied and that all traffic channels are always busy. In such a way, it is achieved that the
final result is directed to the safe side: the calculated field is higher than it will be in reality.

The expected forms of the electromagnetic field when 5G systems are applied are shown based on the

analysis given in (Franci et al, 2020a; Franci et al, 2020b). Before showing the shape of the signal itself, the
basic characteristics of the 5G signal that affect the shape of the signal will be mentioned.
In the time domain, the duration of the basic frame of the 5G signal is 10ms (as is also the case when 4G
signals are implemented). This frame is divided to 10 subframes of 1ms duration. Each of these subframes
is split to 2* slots where it is #=0, 1, 2, 3 or 4. Each slot consists of 14 or, in some cases, 12 Orthogonal
Frequency Division Multiplexing (OFDM) symbols. The applied modulation types correspond to those
ones at 4G systems: Binary Phase Shift Keying - BPSK, Quadrature Phase Shift Keying - QPSK,
Quadrature Amplitude of order 16, 64, 256 - 16QAM, 64QAM, 256QAM.

There are two ranges in the frequency domain dedicated to 5G signals. The first one (Frequency Range
1 - FR1) covers the frequency range 450MHz — 7125MHz and the second one (Frequency Range 2 —
FR2) covers the frequency range 24GHz-50GHz. The further analysis will deal with FR1 as in Serbia the
frequency range reserved for 5G systems is 3.4-3.8GHz.

The frequency bandwidth intended for one 5G system is 100MHz. This available frequency range is
separated to a number of frequency subcarriers whose number depends on the frequency span between the
defined subcarriers. This span is directly proportional to the symbol transmission rate in a subframe. That
is why it may be expressed as 2¥.15kHz. Considering the already emphasized values of # in the range 0 to
4, the total number of subcarriers would be between 1., ~6660 (when it is #=0) and n,.,,,;,~408 (when

it is #=4). The subcarriers are grouped into groups of 12 adjacent ones which form one Resource Block —
RB.

It is very important to perform the first electromagnetic field measurements for 5G systems before their
operation start-up. In such situations, only a signal in the Synchronization Signal/Physical Broadcast
Channel (SS/PBCH) may be expected to exist. This signal is also called the Synchronization Signal Block
(SSB). It consists of the Synchronization Signal (SS), the Physical Broadcast Channel (PBCH), and the
Physical Broadcast Channel Demodulation Reference Signal (PBCH-DMRS) which is used as a reference
signal for decoding the PBCH. This signal takes four symbols in the time domain and ny.g5p=240

mutually adjacent subcarriers (or 20 RB) in the frequency domain.
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Figure 1

SSB signal in the frequency domain, i.e. a 5G signal when there is no traffic
Puc. 1 — Curnaa SSB B wactornolt 06Aacty, T.¢. curHaa SG npu orcyrcrBun Tpaduka
Canxa 1 - SSB curnaa y ¢ppexseHnmjckom AoMeHy, 0AHOCHO 5G curHaa mpe yerocrassama caobpahaja

The specific shape of the SSB signal in the frequency domain is presented in Figure 1 (Franci et al,
2020b). This is also the shape when there is no traffic because the SSB signal is the only signal which then
exists in the 5G subframe. Such a signal is also obtained when electric field intensity is recorded. The total
frequency bandwidth where significant frequency components are registered is 7.2MHz (in relation to the
whole bandwidth 100MHz for one 5G system). It, further, means that the total frequency span between
two adjacent frequency subcarriers is 7.2MHz/240=30kHz or, in other words, it is #=1. The frequency
bandwidth of the SSB signal for other values of # will be different.

If the value of H is thus determined, this also determines the total number of frequency subcarriers
which are used to calculate the value of the total electric field on the basis of the measured electric field
with no traffic. This number is #3330, in accordance with the previous considerations. It is necessary first
to measure the signal in the frequency band which corresponds to the SSB signal.

Starting from (1), the maximum value of the electric field for 5G systems only on the basis of the
measured field caused by the SSB signal in a general case of any value of # may be expressed as

n
_ FCmax

Esg =k, - Y - Egsp
Hyessp 2

or, in other words,
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In these equations, Esgp is the value of the electric field caused only by the SSB signal and % is the

Eﬂﬂ - ks . ESSB

coefficient which has to be applied to multiply the obtained field value because traffic channels do not have
the same power at the receiving point as the SSB channels. Among all available SSB channels, the one
which causes the maximum electric field is selected. The concrete value under the square root in (3)
follows from the previous consideration that 240 subcarriers form one SSB signal and the maximum
electric field at the place of reception would appear in a very unreal traffic situation that all available

6660/2" subcarriers are transmitted to only one user. Equations (2) and (3) are based on the analyses and
formulas from (Migliore, 2022). A more accurate (but very approximate) value of the number under the
square root may be found according to (Malaysian Technical Standards Forum Bhd, 2021).

There is also another important characteristic which has to be emphasized when 5G signals are
transmitted: implementation of antennas whose radiation pattern is variable (not fixed). The optimal
beamforming for different signals in the 5G subframe is achieved in this way. When the SSB signal is
considered, it is transmitted using several radiation beams in fixed, a priori defined directions to allow all
users in the area around the base station to detect some of these signals in an adequate way. When traffic
channels are the subject of analysis, a radiation beam is separately formed for each user (in a direction
towards him) to allow optimal signal detection. The beams for SSB signals are considerably wide to allow
for greater space to be covered by one beam. On the contrary, traffic beams are very narrow to decrease
interference from other traffic channels at the receiving side as much as possible. This whole analysis is
illustrated by Figure 2.
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Figure 2
Beamforming in the case of: a) SSB signals; b) traffic channel compared to SSB signals

Puc. 2 — ®opmMupoBaHue MydKa U3AYICHUS B CAyYasx: a) curHaaoB SSB; 6) kanasa Tpaduka no cpasHeHuio ¢ curnasamu SSB
Canxka 2 — opmupame cHOIa 3padema y caydajy: a) SSB curnaaa; 6) caobpahajuor kanasa y nopehemy ca SSB curaasom
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Figure 2a) presents the radiation pattern for SSB signals which is formed, for example, when a 4-fold
beam (SSBI ... SSB4) is transmitted and when each of these 4 beams is transmitted in a different period of
time. The maximum number of SSB beams is 8 for the frequency band 3-6GHz, which is used in Serbia for
5G systems (Migliore, 2022). After that, Figure 2b) presents the relation of two beams: the SSB signal
beam and the traffic channel signal beam. As the beam corresponding to the traffic signal is directed
directly towards a user, in the case without the applied power control, its level at the receiving side will be
higher than the level of the SSB signal. The other important consequence of high directivity of traffic
beams is that the electric field level is significantly lower when there is traffic to more than one user and
thus distant users have very small influence on the electric field at the place of the considered user. This is
the reason why the value of k; in equations (2) and (3) calculated for some specific user depends primarily
on (besides traffic) the antenna radiation pattern for SSB signals, i.c. on the angle between the direction of
the maximum SSB signal from a BS and the direction of a BS towards a user. The value of &; also depends

on the ratio of the maximum radiation signals (at 0° of the radiation pattern) for SSB signals and traffic
signals. The data about the radiation pattern of active antennas applied for 5G systems are limited or often
even not supplied (Migliore, 2022). In such conditions, the antenna characteristics from (Biscontini,
2021), presented in Figure 3, could be incorporated in the procedure of & calculation.

o)
- 0}
= -3
2 -5
:‘!':
10 _ _
=00% —=60° =30~ i S0+ (1 90®
sor O (7)
Figure 3

Example of the radiation pattern of SSB signals (Biscontini, 2021)
Puc. 3 - [Ipumep AuarpaMmsl HanlpaBacHHOCTH curHaaoB SSB (Biscontini, 2021)
Cauxa 3 - [Ipumep Aujarpama spadcma SSB curnasa (Biscontini, 2021)

The maximum value of k; depends on the antenna radiation pattern attenuation at the #,,,, angle

(2ymax) Where the SSB signal has the maximum attenuation and the ratio of the traffic signal beam

amplitude and the SSB signal beam amplitude (r.gspp), i.c. their values at the angle 0° of the radiation

pattern. Or, in other words,
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ks =g max “1iSSBb @

The implemented SSB beams must cover the whole area around a BS to allow all users to receive some of
SSB signals. When considering the azimuth (¢), it is 360° and when considering the elevation (@), it is
180°. This space is in this analysis covered by only four antennas. The beams of these four antennas are
directed from the BS tower down at the angle of 45° in relation to the horizontal plane. In such a case, the
maximum angle between the highest radiation direction and the user position towards the BS for the
nearest SSB signal is <60 (OnlineMSchool, 2023). If the radiation pattern such as the one from
Figure 3 is applied, the maximum BSS signal attenuation comparing to its peak would be about 10dB
(2ymax=3-16). With the maximum number of 8 beams, this angle would be even lower, but a further
calculation will include the worst situation of four antennas.

When dealing with the r.gspp, factor, its estimation is very complex (Adda et al, 2020). The factors
which have influence on r.ggpp are reflections, scattering objects around the measurement point, the fact

that considered point may be in a Not Line of Sight (NLOS), implemented propagation model, etc.
However, the analysis performed in (Adda et al, 2020) (Figure 7) pointed out that it is r,gsp,<10dB, or

again r,gspp<3.16. This analysis presented by Figure 7 in (Adda et al, 2020) is limited to free space (Figure

7a) and to the case of free space with added one conducting plane at a significant distance (Figure 7b).
The influence of reflection as a very important factor which increases the electric field should be further
modelled. One possibility is to increase the value of r,gspp by its multiplication with the factor 14T

risssa = Tissas (1+T) 5
where I'is the coefficient of surface reflection (W-Line, 2021) and r,gsppris the ratio of the traffic signal

beam amplitude to the SSB signal beam amplitude modified by the influence of the reflection coefficient.

The value of T' is 0.3 in urban surroundings or 0.6 in rural surroundings. Practical importance of the
influence of reflection is illustrated in (Conil & Agnani, 2020). Now, taking the value I'=0.6, the
estimated value of the factor ks is ks<16. Formula (3) may be simplified to:

84.29
ﬁ - Egsp
2 ©

Comment about the estimation results reliability on the basis of measurement

results

The reliability of formula (6) may be verified on the basis of the results presented in (Agence nationale
des fréquences, 2020). The value of the coefficient k; used to multiply the measured electric field (Eggp)
before traffic is established in order to predict the maximum electric field after traffic is established is
determined according to the measurement results presented in (Agence nationale des fréquences, 2020)
and compared to the corresponding value in (6).

It is emphasized in (Agence nationale des fréquences, 2020) that the applied systems have #=1, i.c. the
frequency gap between carriers is 30 kHz. The value of &, for such a case in (6) is 59.78. The corresponding

values according to the table in the Executive summary of (Agence nationale des fréquences, 2020) are 45
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maximum. This means that this paper's estimation is oriented towards the “safe side” i.. it gives a higher
electric field than it is in reality.

Conclusions

The main contribution of this paper is the development of a formula to calculate the maximum electric
field for 5G mobile systems. The formula is implementable first of all to predict the field level in the phase
before traffic is established. The prediction is based on the measured value of the electric field caused by
the SSB signal which is the only signal that exists when there is no traffic. The formula development for
5G systems is based on similar known formulas for other generation systems and it is developed on similar
principles. The obtained formula is verified on the basis of the measurement results performed in a highly
developed country (Agence nationale des fréquences, 2020; Conil & Agnani, 2020) following a similar
procedure as the one presented in this investigation. The analysis is performed in the theoretical sense but
it is intended for future practical estimation of measurement results.
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