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New and necessary improvements of electromagnetic exposure assessment principles and methods are considered and presented. The
electromagnetic field exposure assessment is the physical basis for hygienic and biological research and needs s to consider the new
technological features of emerging SG mobile systems in addition to existing 2-4G systems. The new generation of telecommunication
networks will cause significantly novel electromagnetic field exposure, in particular for time-frequency and spatial parameters. A complex
exposure assessment based on refined broadband measurements seems to be the proper and necessary approach to the enhancement of
Russian EMF assessment guidelines. Simple broadband EMF measurements are the common approach for present exposure assessment
and cannot be used any longer as the only measure for multiple SG sources exposure evaluation. Then again broadband measurements are
the simple and practical approach for mm wave in-situ exposure assessment. Frequency-selective and code-selective measurements provide
detailed EMF level distribution in separate frequency channels, telecommunication services or sources and are a promising approach for
objective exposure assessment.
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ITpo6AeMbI OLeHKH IA€KTPOMArHHTHBIX ITOAEH OT CHCTeM MOOHMABHOM CBSI3H CETOAHS M 3aBTPa
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PaccMOTpeHSI ¥ IIPeACTaBACHbI HeOOXOAMMBIE HAIPABACHNS COBEPIICHCTBOBAHUS IIPUHIIHIIOB ¥ METOAOB OLIGHKH 9KCITO3HIIHH dAEKTPOMAr-
HuTHBIMU NIoASMH. OLieHKa Bo3AelCTBHS 9AeKTpoMarHuTHOTo noast (MIT) sBAseTcs $pU3HIECKOi OCHOBOM IIpH NPOBEACHUI THIHeHIYeCKIX
H MEAHKO-OHOAOTHYECKUX HCCACAOBAHMIL U TPeByeT COOTBETCTBILS TEXHOAOTMYECKIM OCOOEHHOCTSIM HOBBIX CHCTEM MOGUABHOIL CBS3HU I1O-
KoAeHHs SG B AOTIOAHEHNE K CyIjeCTBYIOLMM CHCTeMaM oKoAeHui 2-4G. BHeapeHe 6ecIIpOBOAHBIX CeTel HOBOTO IIOKOAEHFST IPUBEAET K
3HAYUTEADHOMY H3MEHEHHIO YCAOBHI SKCTIO3UI[MH IAKTPOMATHUTHBIM ITOAEM, B YACTHOCTH 10 YACTOTHO-BPEMEHHBIM U IIPOCTPAHCTBEHHBIM
napamerpaM. KommaexcHas orieHKa BO3AeHCTBYSA, OCHOBAaHHAS HA yTOYHEHUH IMMPOKOIOAOCHDIX H3MEPEeHHUI, IIPEACTABASETCS OAXOA MM
M HeOOXOAMMBIM IOAXOAOM K COBEPIIEHCTBOBAHHIO POCCHIACKHX HOPMATHBHO-METOAMYECKIX AOKyMeHTOB 110 orjerike IMIT. B coBpemenHo
IPAaKTHKe OLjeHKU dKcmosurun OMII mpocThie MIMPOKOIIOAOCHDIE H3MEPEHHUSI SBASIOTCS OOIIEIPUHSTHIM IIOAXOAOM U He MOTYT GoAbIe
HCTIOAB30BaThCA B KA4€CTBE EAMHCTBEHHOTO METOAQ OIIeHKU YCAOBUM JKCIIOZHIIMU OT HECKOABKMX MCTOYHHUKOB, B TOM YHCAE M TOKOACHHUS
5G. Kpome TOro, mIpOKOIOAOCHEIE H3MEPEHHUS SBASIOTCA HPOCTHIM U PEaAH3yeMbIM Ha MPAKTHKE MIOAXOAOM AASL HATYPHBIX MCCAGAOBAHMH
yposreit OMII B pAnanazone MM-BoAH. C MOMOIIbIO YACTOTHO-CEACKTHBHDIX U KOAO-CEACKTUBHBIX H3MEPEHUH MOXKHO MOAYYUTD AeTAAbHbIE
Aanmbie 06 ypoBHsix IMII B OTAEABHBIX YACTOTHBIX KAHAAAX, AAST BBIOPAHHBIX CTAHAAPTOB CBSI3H HAM HCTOYHHMKOB, YTO IPEACTABASIET MHOTO-
ofeIraroninue BO3MOXXHOCTH AASL OOBEKTHBHOM OLIEHKH YCAOBHIT 9KCIIO3UIJMU B HACTOSIIEM U GyAyIIeM.
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Qunancuposanue. ccaepoBanue He IMEAO CTIOHCOPCKOM MOAAEPKKH.

Kondauxm unmepecos. ABTOpSI 3aBASIOT 06 OTCYTCTBHM KOHPAHKTA HHTEPECOB.

Aama nocmynaenus: 15.06.2020 / Aama npunsmus k newamu: 12.08.2020 / Aama nybauxayuu: 07.10.2020

Nowadays, new wireless telecommunication and next
generation mobile networks are coming into the international
wireless technology mainstream. The development and applications
of 5G/IMT2020 mobile systems involve various economy sectors:
industry, transport, healthcare, media, smart environments and
others [1]. The new telecommunication systems utilize the
radiofrequency electromagnetic energy in ways different from
current mobile systems: a new spectrum range, broader channel
bandwidth, dynamic and more localized energy spatial distribution.
Therefore, the SG systems integration with current 2-4G mobile
networks will change and significantly complicate occupational

and general public radiofrequency electromagnetic fields (EMF)
exposure. This electromagnetic safety problem is a great concern for
modern society and is addressed by occupational and public health
authorities. EMF exposure assessment, the physical/technical
ground for hygienic, medical and biological research, needs to adapt
to the technological features of emerging EMF sources by means
of appropriate measurement methods and equipment. Therefore
the principles and methods of current Russian EMF exposure
assessment guidelines [2, 3] require enhancements concerning
the main aspects of 2-5G cellular technologies.

While the 2-4G mobile system, emit signals in 450-2700 MHz
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frequency range, the SG mobile systems may occupy 410-7125
MHz and 24,25-52,6 GHz frequency ranges [4] (table). At present,
two frequency bands, 4800-4990 MHz and 25,25-29,5 GHz, are
allocated for SG trials in Russia. Thus, the SG network deployment
will cause new EMF exposure conditions with wide-band signals
that may lead to unique or unanticipated biological effects.

Another important characteristic of 5G mobile systems is
the application of advanced antenna technologies with dynamic
radiation pattern scanning and beamforming. Multi-elements
antenna systems of the massive multiple input multiple output
(mMIMO) type provide adaptive control of the beam gain, number
and direction depending on terminal space distributions, locations
and traffic loads. These aspects will form a new spatiotemporal
structure of 2-5G mobile networks EMF exposure. So, the EMF
exposure assessment for modern telecommunication systems
should include the frequency, time and spatial parameters of
electromagnetic field dynamics of the base stations and the
subscriber phones.

Conventional constant EMF exposure assessment is based
on broadband and selective measurements [S]. The broadband
measurements are the simple and common approach for in-situ
EMEF exposure assessment and cover levels from all sources in the
measured frequency range. However, complicated broadband EMF
signaling cannot provide simple, definite frequency bandwidth
data, which are most important in multiple source environments,
as well as the physical foundation of biological effect research and
epidemiological studies. The selective EMF measurements are more
sophisticated and allow to separately summarize exposure levels into
individual frequency ranges (frequency-selective measurements) or
individual services (code-selective measurements). This approach
is important for mobile system exposure assessment particularly
to evaluate the different cellular standards and operators input.
Furthermore, the rapid EMF exposure time variation from
base station traffic load can be solved by means of selective
measurements.

The international EMF exposure assessment approach [6, 7]
uses selective measures with pilot and control channels from base
stations and extrapolate these data to the worst exposure conditions
— the actual or possible maximum exposure levels. The simplicity
and practical use of in-situ selective EMF measurements are limited

Table / Tabauna
Mobile systems operating bands
Pa6oune AHAMA30HbBI YaCTOT MOGHABHBIX CHCTEM CBS3H

Mobile systems Operating frequency | Channel bandwidth,
generation band, MHz MHz
2G (GSM 900, GSM 890 - 960 02
1800) 1710 - 1880 ’
3G (UMTS) 890 - 2170 s
4G (LTE) 453 - 2690 1,4-20
10 - 712 - 100
SGNR 4 7125 5
24250 - 52600 50 - 400

by available handheld measurement equipment and its frequency
ranges. Today, these devices’ (measurement tools) frequency range
is not over the entire 3-6 GHz band and doesn’t cover the full
5G spectrum. The available measurement equipment of spectrum
analyzer type covers the mm wave range, but is complex to use and
is intended for a laboratory environment only. Today the broadband
measurements are the simple and practical approach for mm wave
in-situ exposure assessment.

In fact, broadband measurements are the only practical EMF
exposure assessment approach in Russia. There are no generally
accepted frequency-selective and code-selective methodologies
considered in current national guidelines [2, 3] in contrast to
international standards and practices [6-10]. That is why the
alternative to broadband measurements is of significant importance
at this stage of new wireless systems deployment. Selective EMF
exposure measurements are promising for objective exposure
assessment in addition to broadband measurements, in particular
for full spectrum of 2-5G telecommunication services.

Conclusion. A complex exposure assessment based on broadband
and selective measurements seems to be the objective and necessary
approach for Russian EMF assessment guidelines enhancement in line
with existing and emerging mobile systems deployment and operation.
The successful implementation of a comprehensive method for cellular
communication systems, including SG, EMF exposure evaluation, will
ensure an adequate assessment of their impact on the general public and
will help to address future issues of electromagnetic safety.
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