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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.
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Pезюме:
						                           
Введение/цель: В данной статье представлена первоначальная разработка процедуры оценки электрического поля вблизи базовых станций 5G.Методы: Процедура позволяет определять будущий уровень излучения до установления трафика по применяемым антенным системам, на основании измеренных значений уровней электрического поля, вызванных сигналами, образованными блоком сигналов синхронизации. Такой подход дает возможность выполнять необходимые вычисления для сверхточной оценки, даже когда важные параметры и характеристики излучения (такие как диапазон частот между несущими частотами на радиоинтерфейсе) неизвестны. Таким образом, связь с операторами мобильной системы перед измерением значительно упрощается, поскольку операторам необязательно знать технические детали системы.

Результаты: Верификация разработанной формулы для оценки электрического поля произведена путем сравнения вычисленных значений при ее внедрении с практическими результатами, полученными в результате интенсивных измерений на большом количестве базовых станций 5G в высокоразвитой стране. Формула дает пессимистичный результат, т.е. показывает более высокий уровень электрического поля, чем при всех выполненных измерениях.

Выводы: Благодаря данной оценке операторы мобильных систем могут прогнозировать, будет ли электромагнитное поле вокруг базовых станций при полном введении в эксплуатацию представлять угрозу здоровью человека, с учетом национальных и международных рекомендаций, касающихся уровня излучения.





Ключевые слова: оценка электрического поля 5G, базовая станция, блок сигналов синхронизации, пучок излучения, частотные поднесущие.
                                


Abstract:
						                           
Увод/циљ: У раду је приказан почетни развој процедуре за процену јачине електричног поља у близини базне станице 5G технологије.Методе: Процедура омогућава одређивање будућег нивоа зрачења на основу измереног нивоа електричног поља узрокованог сигналом који формира блок синхронизационих сигнала пре него што се успостави саобраћај преко примењеног антенског система. Могуће је извршити потребне прорачуне ради врло тачне процене, чак и ако неки важни параметри карактеристике зрачења (као што је размак фреквенција између фреквенцијских носилаца на радио-интерфејсу) нису унапред познати. На тај начин је, пре самог мерења, знатно поједностављен процес комуникације са оператором мобилног система јер он не мора познавати детаље техничких података о систему.

Резултати: Изведена формула за процену јачине електричног поља верификована је поређењем њених резултата са практичним резултатима добијеним интензивним мерењима на великом броју базних станица 5G технологије у једној високоразвијеној земљи. Формула даје песимистичан резултат, односно показује виши ниво електричног поља од онога који се добија у свим реализованим мерењима.

Закључак: Ова процена омогућава оператору мобилног система да предвиди да ли би електромагнетно поље у околини базне станице могло да буде опасно за људско здравље када систем ради пуним капацитетом, узимајући у обзир националне и интернационалне препоруке које се односе на ниво зрачења.





Keywords: процена електричног поља 5G технологије, базна станица, блок синхронизационих сигнала, саобраћајни сноп зрачења, фреквенцијски подносиоци.
                                







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 (Ilić 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 (Ilić 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 (González & 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 (Bieńkowski 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 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 (Şahín 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 (Matić & Paunović, 1995; Matić & Paunović, 1997; Matić 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 (Matić & Paunović, 1995; Matić & Paunović, 1997) and practical realization on the basis of digital signal processing algorithms (Matić 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 (Tušup 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:
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where EBCCH
 is the electric field level which originates from always active channels on the first carrier (Broadcast Control Channel – BCCH) and nTRX
 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 (n.) is used instead of nTRX
 for other 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 [image: 661774773006_gi3.png] slots where it is 
[image: 661774773006_gi4.png]
=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 [image: 661774773006_gi5.png]·15kHz. Considering the already emphasized values of 
[image: 661774773006_gi6.png]
 in the range 0 to 4, the total number of subcarriers would be between nscmax
≈6660 (when it is 
[image: 661774773006_gi7.png]
=0) and nscmin
≈408 (when it is 
[image: 661774773006_gi8.png]
=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 nscSSB
=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






Рис. 1 – Сигнал SSB в частотной области, т.е. сигнал 5G при отсутствии трафика

Слика 1 – SSB сигнал у фреквенцијском домену, односно 5G сигнал пре успостављања саобраћаја











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 
[image: 661774773006_gi9.png]
=1. The frequency bandwidth of the SSB signal for other values of 
[image: 661774773006_gi10.png]
 will be different.

If the value of 
[image: 661774773006_gi11.png]
 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 μ may be expressed as
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or, in other words,
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In these equations, E
SSB is the value of the electric field caused only by the SSB signal and k
s is the 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 6660/2μ 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






Рис. 2 – Формирование пучка излучения в случаях: а) сигналов SSB; б) канала трафика по сравнению с сигналами SSB

Слика 2 – Формирање снопа зрачења у случају: а) SSB сигнала; б) саобраћајног канала у поређењу са SSB сигналом












Figure 2a) presents the radiation pattern for SSB signals which is formed, for example, when a 4-fold beam (SSB1 ... 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 ks
 in equations (2) and (3) calculated for some specific user depends primarily on (besides traffic) the antenna radiation pattern for SSB signals, i.e. 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 ks
 also depends on the ratio of the maximum radiation signals (at 00 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 ks
 calculation.
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Figure 3



Example of the radiation pattern of SSB signals (Biscontini, 2021)






Рис. 3 – Пример диаграммы направленности сигналов SSB (Biscontini, 2021)

Слика 3 – Пример дијаграма зрачења SSB сигнала (Biscontini, 2021)











The maximum value of ks
 depends on the antenna radiation pattern attenuation at the αmax
 angle (aαmax
) where the SSB signal has the maximum attenuation and the ratio of the traffic signal beam amplitude and the SSB signal beam amplitude (rtSSBb
), i.e. their values at the angle 00 of the radiation pattern. Or, in other words,
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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 (
[image: 661774773006_gi13.png]
), it is 3600 and when considering the elevation (
[image: 661774773006_gi14.png]
), it is 1800. 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 450 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 αmax
≈600 (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 (aαmax
=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 rtSSBb 
factor, its estimation is very complex (Adda et al, 2020). The factors which have influence on rtSSBb
 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 rtSSBb
≤10dB, or again rtSSBb
≤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 rtSSBb
 by its multiplication with the factor 1+Γ:
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where Γ is the coefficient of surface reflection (W-Line, 2021) and rtSSBbΓ
 is 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 Γ 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 Γ=0.6, the estimated value of the factor ks is ks≤16. Formula (3) may be simplified to:
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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 ks
 used to multiply the measured electric field (ESSB
) 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 
[image: 661774773006_gi15.png]
=1, i.e. the frequency gap between carriers is 30 kHz. The value of ks 
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 maximum. This means that this paper's estimation is oriented towards the “safe side” i.e. 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.







References

Adda, S., Aureli, T., D’Elia, S., Franci, D., Grillo, E., Migliore, M.D., Pavoncello, S., Schettino, F. & Suman, R. 2020. A Theoretical and Experimental Investigation on the Measurement of the Electromagnetic Field Level Radiated by 5G Base Station. IEEE Access, 8, pp.101448-101463. Available at: https://doi.org/10.1109/ACCESS.2020.2998448.

-Agence nationale des fréquences (ANFR). 2020. Assessment of the exposure of the general public to 5G electromagnetic waves, Part 2: first measurement results on 5G pilots in the 3,400-3,800 MHz band, First exposure measurement results on 5G 3.4 GHz – 3.8 GHz pilots [online]. Available at: https://www.anfr.fr/fileadmin/mediatheque/documents/5G/20200410-ANFR-rapport-mesures-pilotes-5G-EN.pdf [Accessed: 20 January 2023].

Bieńkowski, P.P., Cała, P.M. & Zubrzak, B. 2015. Optimization of measurement methods for a multi-freque electromagnetic field from mobile phone base station using broadband EMF meter. Medycyna Pracy, 66(5), pp.701-712. Available at:  https://doi.org/10.13075/mp.5893.00206.

Biscontini, B. 2021. Recommendation on Base Station Active Antenna System Standards, version 2.0. NGMN Alliance  [online]. Available at: https://www.ngmn.org/publications/recommendation-on-base-station-active-antenna-system-standards.html [Accessed: 20 January 2023].

Conil, E. & Agnani, J.-B. 2020. Evaluation of exposure induced by a 5G antenna in the 3,4-3,8 GHz band, Future Networks: 5G and beyond. U.R.S.I. France [online]. Available at: https://ursifr-2020.sciencesconf.org/306820/document [Accessed: 20 January 2023].

-European Committee for Electrotechnical Standardization. 2014. European Standard EN 50492: 2008/A1:2014: Basic standard for the in-situ measurement of electromagnetic field strength related to human exposure in the vicinity of base stations, CENELEC. European Committee for Electrotechnical Standardization.

Franci, D., Coltellaci, S., Grillo, E., Pavoncello, S., Aureli, T., Cintoli, R. & Migliore, M.D. 2020a. Experimental Procedure for Fifth Generation (5G) Electromagnetic Field (EMF) Measurement and Maximum Power Extrapolation for Human Exposure Assessment. Environments, 7(3), art.number:22, pp.1-15, Available at: https://doi.org/10.3390/environments7030022.

Franci, D., Coltellaci, S., Grillo, E., Pavoncello, S., Aureli, T., Cintoli, R. & Migliore, M.D. 2020b. An Experimental Investigation on the Impact of Duplexing and Beamforming Techniques in Field Measurements of 5G Signals. Electronics, 9(2), art.number:223, pp.1-22. Available at: https://doi.org/10.3390/electronics9020223.

González, F.G. & Infante Moreira, P.S. 2018.   Assessment of the real public exposure to base stations over a day from instantaneous measurement. RIELAC Revista de Ingeniería Electrónica, Automática y Comunicaciones, 39(2), pp.1-9 [online]. Available at: https://rielac.cujae.edu.cu/index.php/rieac/article/view/594 [Accessed: 20 January 2023].

Hamid, R., Çetintaş, M., Karacadağ, H., Gedik, A., Yoğun, M., Çelik, M. & Fırlarer, A. 2003. Measurement of Electromagnetic Radiation from GSM Base Stations. In: 2003 IEEE International Symposium on Electromagnetic Compatibility, 2003. EMC '03, Istanbul, Turkey, pp.1211-1214, May 11-16. Available at: https://doi.org/10.1109/ICSMC2.2003.1429136.

Huang, W., Hu, Y., Zhu, J., Cen, Z. & Bao, J. 2022. The Measurement and Evaluation of the Electromagnetic Environment from 5G Base Station. Detection, 9(1), pp.1-11. Available at: https://doi.org/10.4236/detection.2022.91001.

Ilić, S., Nešković, A. & Simić, M. 2002. System for automatic electric field level, level and power measurements based on field analyzer PROTEK 3201. In: 10th Telecommunication Forum TELFOR 2002, Belgrade, November 26-28.

Koprivica, M.T. 2016. Improving the efficiency of methods for measurement of electric field strength in the vicinity of public mobile system base stations. Ph.D. thesis. Belgrade, Serbia: University of Belgrade, School of Electrical Engineering (in Serbian) [online]. Available at: https://nardus.mpn.gov.rs/handle/123456789/6140 [Accessed: 20 January 2022].

Kurmaz, C., Yildiz, D. & Karagol, S. 2018. Assessment of short/long term electric field strength measurements for pilot district. Open Physics, 16(1), pp.69-74. Available at: https://doi.org/10.1515/phys-2018-0013.

Lebl, A.V., Mileusnić, M., Mitić, D., Matić, V., Pavić, B. & Markov, Ž. 2017. Influence of traffic process characteristics on the electric field in GSM base station cell. In: International Scientific Conference „Unitech 2017“, Gabrovo, Bulgaria, pp.II-62-67, November 17-18  [online]. Available at: https://unitech-selectedpapers.tugab.bg/images/papers/2017/s3/s3_p24.pdf [Accessed: 20 January 2023].

Lehmann, H., Eicher, B. & Fritschi, P. 2002. Indoor Measurements of the Electric Field Close to Mobile Phone Base Station. In: Proceedings of 27th triennial General Assembly of the International Union of Radio Science, Maastricht, The Netherlands, URSI: paper 2112, pp.1-4 [online]. Available at: http://old.ursi.org/proceedings/procGA02/papers/p2112.pdf [Accessed: 20 January 2023].

-Malaysian Technical Standards Forum Bhd. (MTSFB) 2021. Technical code: Prediction and measurement of RF EMF exposure from base station, MCMC MTSFB TC G032: 2021. Cyberjaya, Selangor, Malaysia: Malaysian Technical Standards Forum [online]. Available at: https://www.mcmc.gov.my/skmmgovmy/media/General/registers/MCMC-MTSFB-TC-G032_2021-Prediction-and-Measurement-of-RF-EMF-Exposure-from-Base-Station.pdf [Accessed: 20 January 2023].

Matić, V. & Paunović, Ð. 1995. A choice of the suitable field strength prediction method in Belgrade urban area at 950MHz. In: 39th Conference Etran, Zlatibor, Serbia, pp.36-39, June 6-9 (in Serbian).

Matić, V. & Paunović, Ð. 1997. A comparison of prediction methods for 900 MHz urban mobile radio propagation. In: Proceedings of ICICS, 1997 International Conference on Information, Communications and Signal Processing. Theme: Trends in Information Systems Engineering and Wireless Multimedia Communications, Singapore, 3, pp.1696-1700, September 12. Available at: https://doi.org/10.1109/ICICS.1997.652284.

Matić, V., Pavić, B. & Tadić, V. 2000. The implementation of digital signal processing for automatic recognition of radio emission type and spectrum occupancy analysis. In: Proceedings of the 2000 Third IEEE International Caracas Conference on Devices, Circuits and Systems (Cat. No.00TH8474), Cancun, Mexico, pp.T55/1-6, March 17. Available at: https://doi.org/10.1109/ICCDCS.2000.869877.

Migliore, M.D. 2022. 5G Field level measurement for human exposure assessment: A lesson for 6G. IOP Conference Series: Material Science and Engineering ICEMS-BIOMED-2022, 1254, art.number:012001. Available at: https://doi.org/10.1088/1757-899X/1254/1/012001.

-Ofcom. 2020. Electromagnetic Field (EMF) measurements near 5G mobile phone base stations - Summary of results, Technical Report,  pp.1-10. London, UK: Ofcom [online]. Available at: https://www.ofcom.org.uk/__data/assets/pdf_file/0015/190005/emf-test-summary.pdf [Accessed: 20 January 2023].

-OnlineMSchool. 2023. calcu. Angle between vectors. OnlineMSchool [online]. Available at: https://onlinemschool.com/math/assistance/vector/angl/ [Accessed: 20 January 2023].

-RATEL-The Regulatory Agency for Electronic Communications and Postal Services of the Republic of Serbia. 2018. An Overview of the Telecom and Postal Services Market in the Republic of Serbia in 2017, Section 6: Public Mobile Telecommunications Networks and Services. Belgrade: RATEL [online]. Available at: https://www.ratel.rs/uploads/documents/empire_plugin/pregled%20trzista%20eng%20s%20koricama_manji.pdf [Accessed: 20 January 2023].

Şahín, M.E., As, N. & Karan, Y. 2013. Selective Radiation Measurement for Safety Evaluation on Base Station. Gazi University Journal of Science, 26(1), pp.73-83 [online]. Available at: https://dergipark.org.tr/en/pub/gujs/issue/7426/97576 [Accessed: 20 January 2023].

-Telecommunication Engineering Centre, New Delhi. 2021. Test Procedure for Electromagnetic fields from Base Station Antenna No: TEC 13019:2021. New Delhi, India: Telecommunication Engineering Centre, Division: Radio [online]. Available at: https://dot.gov.in/sites/default/files/Annexure%20to%20letter%20dated%2027-08-2021.pdf?download=1 [Accessed: 20 January 2023].

Tušup, C., Matić, V. & Lebl, A. 2022. Postupak merenja elektromagnetnog polja u okolini stanica mobilne telefonije. In: Šesti dani elektroinženjera Inženjerske komore Crne Gore, Podgorica, Montenegro, October 18-19 (in Serbian).

-W-Line Laboratorija. 2021. Stručna ocena opterećenja životne sredine u lokalnoj zoni bazne stanice mobilne telefonije “Ovča 2” - BG142/BGU142/BGL142/BGO142 (in Serbian). Belgrade: W-Line Laboratorija [online]. Available at: https://www.beograd.rs/images/file/0bd5f6fe767f54448fb252c5885eb514_6007050804.pdf [Accessed: 20 January 2023].

Watanabe, S. & Hamada, L. 2017. Measurements of the Electromagnetic Field from a Mobile Phone Base Station. Journal of the National Institute of Information and Communications Technology (Special Issue on Calibration and Testing Technologies for Radio Equipment), 63(1), pp.213-231 [online]. Available at: https://www.nict.go.jp/publication/shuppan/kihou-journal/journal-vol63no1/journal-vol63no1-03-04.pdf [Accessed: 20 January 2023].




Author notes 

a IRITEL a.d., Department for Radiocommunications, Belgrade, Republic of Serbia

b University of Westminster, London, United Kingdom


lebl@iritel.com





Additional information


FIELD: telecommunications




ARTICLE TYPE: original scientific paper






Alternative link 


https://scindeks.ceon.rs/article.aspx?artid=0042-84692302345L	(html)
            


https://aseestant.ceon.rs/index.php/vtg/article/view/42426	(pdf)
            


https://doaj.org/article/8c1dd73ac3924011b2a18ec7f4a336fd	(pdf)
            


https://www.elibrary.ru/item.asp?id=50445624	(pdf)
            


http://www.vtg.mod.gov.rs/archive/2023/military-technical-courier-2-2023.pdf	(pdf)
            









OEBPS/661774773006_ee6.png
tysspi = tsspy (1+T)





OEBPS/661774773006_ee3.png





OEBPS/661774773006_gf3.png
.\\.N.n'

> H%N’b’
m =Y/

b)





OEBPS/661774773006_ee4.png





OEBPS/rva6617.png





OEBPS/661774773006_gf2.png
Rng 0 dEBm
o
dBm

Loghag

10
]
idiv

-100
dBm
Center

Res B

GHz Span 100 MHz
1.90968 kHz Timelen 2 mSec






OEBPS/661774773006_ee7.png
84.29
Esg <——-Egssp
/24





OEBPS/661774773006_gf4.png
Radiation pattern (dB)

l)Slll"

—60°

—30° 0=
por O ()

307

60°

90°






OEBPS/661774773006_ee2.png
E=\npy - Egeey





OEBPS/661774773006_ee5.png
ks =g max Tissab





