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INTERNATIONAL ELECTROTECHNICAL COMMISSION

CASE STUDIES SUPPORTING IEC 62232 — DETERMINATION OF RF FIELD

STRENGTH, POWER DENSITY AND SAR IN THE VICINITY OF

RADIOCOMMUNICATION BASE STATIONS FOR THE PURPOSE OF

1) The

EVALUATING HUMAN EXPOSURE

FOREWORD

nternational Electrotechnical Commission (IEC) is a worldwide organization for standardization“comprising

all ngtional electrotechnical committees (IEC National Committees). The object of IEC is to promate,intefnational
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fardization (ISO) in accordance with conditions determined by agreement bétween the two organizptions.

ormal decisions or agreements of IEC on technical matters express, as(nearly as possible, an intefnational
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bsted IEC National Committees.

Publications have the form of recommendations for international-Use and are accepted by IEC |National
mittees in that sense. While all reasonable efforts are madeto ensure that the technical content of IEC
cations is accurate, IEC cannot be held responsible for\the way in which they are used or|for any
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in task'of IEC technical committees is to prepare International Standards. Howgver, a

technidal committee may propose the publication of a Technical Report when it has cqllected
data of| aldifferent kind from that which is normally published as an International Standard, for

examplestateof the-art™

IEC TR 62669, which is a Technical Report, has been prepared by IEC technical committee 106:
Methods for the assessment of electric, magnetic and electromagnetic fields associated with

human

exposure.

This second edition cancels and replaces the first edition published in 2011. This edition
constitutes a technical revision.
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The text of this Technical Report is based on the following documents:

Enquiry draft Report on voting
106/473/DTR 106/482A/RVDTR

Full information on the voting for the approval of this Technical Report can be found in the
report on voting indicated in the above table.

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.

When refe
"(IEC 6
examp
e "defined in 6.4 (IEC 62232:2017)" should be read as "defined in 6.4 of IEC'62232:2017";
e "sep 8.2" should be read as "see 8.2 of IEC TR 62669:2019".
The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under "http://webstore.iec:ech" in the data related to
the spgcific document. At this date, the document will be
e recpnfirmed,
e withdrawn,
e replaced by a revised edition, or
e amended.
A bilingual version of this publication may be‘issued at a later date.
IMPORTANT - The 'colour insjde’ logo on the cover page of this publication ingicates

that i
of its

contents. Users should therefore print this document using a colour printe

contains colours whichyare considered to be useful for the correct understanding

I.
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INTRODUCTION

This document contains a series of case studies for the evaluation of electromagnetic (EM)
sources transmitting in the frequency range 110 MHz to 100 GHz (including consideration of
ambient sources from 100 kHz to 300 GHz) to support the methods specified in IEC 62232:2017.

Case studies presented in this document have been chosen to illustrate typical RF exposure
assessments for the most common types of base stations (BS) deployed in mobile and wireless
networks, such as small cells, street cells, macro base stations, and parabolic dish antennas
used for wireless transmission or mobile backhaul.

The methodologies and approaches described in this document can be userul_jor the
assessment of early 5G products and networks. Clause 13 is dedicated to the intraquction,
rationale and guiding principles for the implementation of RF exposure assessment usjng the
actual maximum transmitted power or EIRP. While this approach is applicable to”any type of
BS, it ig particularly important for BS using massive MIMO, which are intended-o’be intrpduced
more predominantly in 5G networks. Multiple examples of case studies with‘BS using massive
MIMO gare provided in Clause 13 to Clause 16.

This dgcument is informative. Each use case is described in thesmain body of the dogument
and in¢ludes “lessons learned” and recommendations for imptoving IEC 62232:2017. More
details] rationale and examples of reports are included in annexes.



https://iecnorm.com/api/?name=fb021c3ba30786d892f9b70c2f6c82e0

IEC TR 62669:2019 © IEC 2019 -13 -

CASE STUDIES SUPPORTING IEC 62232 — DETERMINATION OF RF FIELD
STRENGTH, POWER DENSITY AND SAR IN THE VICINITY OF
RADIOCOMMUNICATION BASE STATIONS FOR THE PURPOSE OF
EVALUATING HUMAN EXPOSURE

1 Scope

This d

electromagnetic (EM) fields are evaluated in accordance with I[EC 62232:2017. Th

studie

presented in this document involve intentionally radiating base stations (BS)

transmjt on one or more antennas using one or more frequencies in the range| 110

100 G

z and RF exposure assessments take into account the contribution of-ambient g

at leasg in the 100 kHz to 300 GHz frequency range.

Each

se study has been chosen to illustrate a typical BS evaluatign-scenario and e

the methods detailed in IEC 62232:2017. The case studies are provided for guidance o

are no
on the
to be

tla substitute for a thorough understanding of the requirementsiof IEC 62232:2017
lessons learned from each case study, recommendations.about RF assessmen
considered in the next revision of IEC 62232 are preposed. The methodologi

approagches described in this document are useful for the assessment of early 5G p
introduced for consumer trials or deployments.

This d

gcument provides background and rationalesfor applying a compliance approach

which
b case
'he BS
MHz to
ources

U

mploys
nly and
Based
topics
bs and
oducts

based

on the|actual maximum transmitted power or EJRP. Guidance for collecting and anplysing

inform
RF ex

tion about the transmitted power of asbase station and evaluating its actual ma
Iosure based on modelling studiestor measurement studies on operational s

networks, sub-networks or field trials) is @lso presented.

2 Nagrmative references

IEC 62R32:2017, Determination of RF field strength, power density and SAR in the vig

radioc

g@mmunication base:Stations for the purpose of evaluating human exposure

IEC 6279, Assessment of the compliance of low-power electronic and electrical eql
with the basic restrictions related to human exposure to electromagnetic fields (10
300 GHiz)

3 Terms and definitions

Ximum
tes (in

inity of

ipment
\IHz to

For the purposes of this document, the terms and definitions given in IEC 62232:2017 and the

followi

NOTE

ng apply.

The additional terms and definitions given below will be added in the next edition of IEC 62232.

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

o |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp


http://www.electropedia.org/
http://www.iso.org/obp
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3.1

actual maximum

<value of transmitted power or EIRP or exposure or RF compliance boundary> value reached
during operations at a given percentile of the cumulative distribution function (CDF) of a
statistical evaluation taking into account the averaging time ¢,,,, and the variation of the BS load

for the whole duration of the statistical evaluation

avg

3.2

averaging time

tavg

appropriate time over which exposure is averaged for purposes of determining compliance

3.3
broadgast control channel
BCCH
logical proadcast channel used by the base station in a GSM network to send (information about
the identity of the network

3.4
cumulative distribution function
CDF
<of a r¢al-valued random variable X evaluated at x> probability that X will take a value legs than
or equal to x

3.5
drive tpst
series pf measurements performed for assessing the coverage, capacity and quality of gervice
e station or BS cluster

enhanged mobile communications protocol, which allows UMTS networks to have higher data

a BS j| is equipped with M; >> 1 antennas and communicates with K; single-antengja UEs

Note1t ¥ e GG""‘GvG-: Va8t roceSSEeS "“”-“‘ Hres ___v'__"_____
transmit precoding (from [1]7).

3.8
maximum transmitted power

Prxm
maximum total power transmitted by a base station under test measured during the transmitter
ON period

1 Numbers in square brackets refer to the Bibliography.
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3.9

new radio

NR

name used by 3rd Generation Partnership Project (3GPP) for the specification of 5G mobile
networks

Note 1 to entry: See, for example, 3GPP 38.104 [2] for the specification of NR base stations.

3.10

network manager

NM

system providing a package of end-user functions with the responsibility for the management
of a ne i i i i cess to

the network elements in a mobile network

[SOURCE: 3GPP TS 21.905 [3]]
3.11
physi
PBCH
transmjssion channel that is used to transfer information to all mobile devices that are opfrating
in a radio coverage area

al broadcast channel

Note 1 t¢ entry: See 3GPP 36.211 [4] for LTE and 3GPP 38.211 [5] for/NR:

3.12
physical downlink control channel
PDCC
channgl that carries scheduling assignments and’other control information

Note 1 t¢ entry: See 3GPP 36.211 [4] for LTE and 3GPP 38.211 [5] for NR.

3.13
physigal downlink shared channel
PDSCH
downlink data channel for usefs

Note 1 t¢ entry: See 3GPP 36.214 [4] for LTE and 3GPP 38.211 [5] for NR.

3.14
physidal resource:block
PRB
<LTE>|seven'consecutive OFDM symbols in the time domain and 12 consecutive subgarriers
in the frequency domain

Note 1 to entry: A physical resource bIOCK thus consisis o1 7 X 12 resource elements, corresponding to one slot in
the time domain and 180 kHz in the frequency domain.

Note 2 to entry: In 5G NR, different number of symbols and subcarriers are possible. (from 3GPP 38.211 [5]).

3.15

power combination factor

multiplication factor that is applied to the power reduction factor in case of combination of
multiple independent signals

3.16

power reduction factor

multiplication factor that is applied to the time-averaged maximum transmitted power in order
to obtain its actual maximum value from its CDF

Note 1 to entry: The power reduction factor can also be applied to EIRP; see Equation (3) in 13.1.3.
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rated maximum

<value

3.18

of transmitted power or EIRP> value as declared by the manufacturer

resource block

RB

<LTE and 5G-NR> series of N = 12 consecutive subcarriers in the frequency domain

[SOURCE: 3GPP TS 36.211 [4] and 3GPP TS 38.211 [5]]

3.19
techng
TDC
multipl
transm
Duplex|

Note 1 t

3.20

time-a
<value
of the s

3.21
transm
Prx
total pg

logy duty cycle factor

cation factor that is applied to the maximum transmitted power to get the time-ay
tted power at full load considering the time slots reserved for reception-if’ Time [

eraged
ivision

(TDD) systems
entry: For Frequency Division Duplex (FDD) systems, the technology duty cycte is 1.
yeraged
of transmitted power or EIRP> value taking into accountithe technology duty cycl¢ factor

ignal and the averaging time favg

itted power

wer transmitted by a base station under'test during the transmitter ON period as

5essed

either at the antenna input port(s) for passive antennas or as the total radiated power f¢r base

station

3.22
urban
UMa
BS cd
3GPP ]

5 with built-in antennas

macro

nfiguration used for: mobile network channel model simulations accord(ling to
[S 36.873 [6] and~3GPP TS 38.901 [7], where the BS antenna is installed at a h

ight of

25 m cprresponding to rooftops

3.23

urban micro

UMi

BS cqgnfiguration used for mobile network channel model simulations according to
3GPP LSu36 873 [6]l and 3GPP TS 38 901 [7] where the BS antenna is installed at a height of

10 m corresponding to poles

3.24

user equipment

UE
device

3.25

used directly by an end-user to communicate in a mobile network

voice over LTE

VoLTE

high-speed mobile communication technology for mobile phones and data terminals with
specific profiles for control and media planes to deliver voice service using LTE
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4 Symbols and abbreviations

4.1 Physical quantities

The internationally accepted Sl units are used throughout this document.

Symbol Quantity Unit Dimensions

B Magnetic flux density tesla T,Vsm2

E Electric field strength volt per metre V m!

f Frequency hertz st

H Magnetic freld strengtn ampere per metre Am!

J Current density ampere per square metre A m2

A Wavelength metre m

S Power density watts per square metre W m-2

NOTE 1| In this document, temperature is quantified in degrees Celsius, as definedby: 7 (°C) = T (K) — 27B,16.
4.2 Constants
Symbol Physical constant Magnitude

c Speed of light in vacuum 27997 9 x 108 m s

o Impedance of free space 376,730 3 Q (approximately 120w Q)

£ Permittivity of free space 8,854 188 x 10712 F m™!

Ho Permeability of free space 47 x 107 Hm""
4.3 Abbreviated terms
BS base station
CDF cumulative distribution function
DL downlink
E-field electric field.strength
EBB eigen-based beamforming or eigen-beamforming or eigen value |based

beamforming

eMBB enhanced mobile broadband
EIRP equivalent isotropic radiated power or equivalent isotropically radiated power
EM electromagnetic
EMF electromagnetic fields
ER exposure ratio
EUT equipment under test
FCC Federal Communications Commission
FDD frequency division duplex
FTP file transfer protocol
FM frequency modulation

2G/3G/4G/5G generations of mobile technology

GOB
GSM
GP

grid of beam

Global System for Mobile communications (originally Groupe Spécial Mobile)

general public (or general population)
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HPBW half-power beamwidth
HSDPA high speed downlink packet access

ICNIRP International Commission on Non-lonizing Radiation Protection
IP Internet Protocol

ISM industrial, scientific and medical

LoS line of sight

LTE Long Term Evolution

MIMO multiple-input, multiple-output

mMIMQ massive multiple-input, multiple-output
NM network manager

NR new radio

OFDM orthogonal frequency division multiplexing
PA power amplifier

PBCH physical broadcast channel

PDCCH physical downlink control channel
PDSCH physical downlink shared channel
PRB physical resource block

PTX transmitted power

RB resource block

Rx receiving

RAT radio access technology

RF radio frequency

RS reference signal

SA spectrum analyser

SAR specific absorption rate

SCF Small Cell Forum

TDC technology duty:cycle

TDD time division-duplex

TER total exposure ratio

Tx trapsmitted

UL uplink

UMa urban macro

UMi urban micro

UMTS Universal Mobile Telecommunications System

VoLTE voice over LTE
WCDMA  wideband code division multiple access

5 Overview of case studies

Case studies presented in this document have been chosen to illustrate typical RF exposure
assessments of base stations deployed in mobile networks; these include small cells, street
cells, macro base stations and wireless links incorporating parabolic dish antennas used for
wireless transmission or backhaul.
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The case studies address both measurements and computation techniques used for the three
main applications of RF exposure evaluation specified in 5.3 (IEC 62232:2017).

a) Product compliance: determination of RF compliance boundary information for a BS product
before it is placed on the market.

b) Product installation compliance: determination of the total RF exposure levels in accessible
areas from a BS product and other relevant sources before the product is put into service.

c) In-situ RF exposure assessment: measurement of RF exposure levels in the vicinity of a BS
installation after the product has been installed and is operating.

The full list of case studies is provided in Table 1.

NOTE Although a number of case studies are based on ICNIRP exposure limits [8], other exposure limits.ijay apply
dependipg on where such equipment is intended to be approved for use. Methodologies used in thissdocument are
still appljcable in the context of ICNIRP_PCD_2018_07_11 [9]. It is intended that analysis of any further change to
ICNIRP {Guidelines will be performed during the revision of IEC 62232.
Table 1 — Outline of RF exposure assessment case studies
Clausg Annex Base station type Evaluation type Evaluation method
(incl. with IEC 62232:2017 with IEC 6223212017
test reference reference
reports)
6 Annex A Small cell (indoor local area BS) Product compliance SAR measuremenis
(6.1) (B.3.2)
7 Annex B Small cell (outdoor medium range Product compliance SAR measuremenft
BS) (671) (B.3.2)
8 Annex C Small cell Rroduct installation Field strength
compliance (6.2) computations (B.4))
9 Annex D Small cell In-situ RF exposure Field strength
assessment (6.3) measurements (BJ3.1)
10 Annex E Street cell Product compliance SAR (B.3.2) and field
(6.1) strength (B.3.1)
measurements
11 Annex F Macro In-situ RF exposure Field strength
assessment (6.3) measurements (BJ3.1)
12 Annex G Macro (inspgction with drone) In-situ RF exposure Field strength
assessment (6.3) measurements (BJ3.1)
13 none All types\of BS Compliance using the | Field strength
actual maximum measurements (BJ3),
transmitted power or computations (B.4))
EIRP and actual maximyim
(B.5)
14 AnnexH Macro (massive MIMO) Product compliance Field strength
(6.1) computations (B.4))
15 Anngex | Macro and small cell (massive Product installation Field strength
MIMO) compliance (6.2) computations (B.4))
16 Annex J Smatt celr (massive MIVMO) PToductinstaftation Fretdstrength
compliance (6.2) and | measurements (B.3) and
in-situ RF exposure computations (B.4)
assessment (6.3)
17 Annex K Wireless link using parabolic dish Product compliance Field strength
antenna (6.1) computations (F.11)
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6 Indoor small cell product compliance assessment using SAR measurements

6.1 General description

This case study describes a product compliance assessment of a local area BS product
(small cell) utilizing two radios in a 3G and 4G mixed mode configuration. The assessments are
performed using methodology specified in IEC 62232. The BS product considered operates in
the 2,1 GHz and 2,6 GHz frequency bands. Each radio, denoted RF1 and RF2, is connected to
two separate internal antennas with fixed beam pattern located on the rim of the product
according to Figure 1.

RF1,
I Antenna 2 ha 1
l RF2, RF2,
. | Antenna 1 Antenna 2
IEC IEC
a) Lateral view with radome included b) Front view with radome removed

Figure 1 — Tested local area BS product with two radios denoted RF1 and RF]2

The purpose of the assessment is to determine-the RF compliance boundary beyond which the
radio frequency exposure is below thesJICNIRP general public and occupational basic
restrictjons provided in Table 2. The evaluation is based on localized 10 g maximum peak
spatialfaverage SAR measurements,

Table 2 — ICNIRP:RF exposure limits relevant for the product
compliance assessment (from [8])

Basic restrictions (localized 10 g SAR)

General public Occupational
2 W/kg 10 W/kg

The te¢hnical details of the local area BS product can be found in Clause A.1.

Clause A.2 provides more details about the test report as required by I[EC 62232.

6.2 Implementation of IEC 62232:2017
6.2.1 Evaluation process

This  product compliance assessment follows the procedure as  specified
in 6.1 (IEC 62232:2017). Due to the transmitted power specified, the conformity assessment
methods described in IEC 62479 are not applicable. Compliance boundary information is
determined for a typical configuration of the BS product assuming free-space conditions.

The use of SAR measurements was selected, and the procedures described in 6.1.5.3
(IEC 62232:2017) were used. Using the guidelines of Figure 12 and 8.2.3 (IEC 62232:2017), it
was found that only localized 10 g SAR measurements are required as the whole-body SAR
exclusion in Table 5 (IEC 62232:2017) applies.
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6.2.2 Methodology

For the equipment under test (EUT) a simple RF compliance boundary in the form of a circular
cylinder was selected based on the guidelines in 6.1.4 (IEC 62232:2017). The RF compliance
boundary is described in terms of the compliance distances in front of the EUT, behind the EUT
and in the radial direction, according to Figure 2. Outside of this cylinder the RF exposure is
below the exposure limits.

Figure 2 — Definition of cylindrical RF. compliance boundary

A requirement of the compliance evaluation is tospecify the set of conservative BS pargmeters
for a BS under normal use; this requires*a"detailed analysis specific to the eniployed
technologies. The EUT can be configured forboth LTE and WCDMA (RF1) and LTE (RF2). As
each radio is connected to two antennas,{the combined exposure needs to be considg¢red. A
key refuirement is to determine if the combined exposure shall be assessed aspuming
correlated or uncorrelated exposure.

The figlds from RF1 and RF2 are always uncorrelated since disjoint frequency bands are
used [10]. For WCDMA, it is possible to configure the EUT such that:

a) different RF carriers’are mapped to different antennas;
b) a cpmmon precoderis used to map the same RF carrier to both antennas (but with djfferent

local oscillators;:see below).

For thg first case, the fields transmitted by the two antennas will be uncorrelated since fisjoint
frequency bands are used [10]. For the second case, the use of the different local osdillators
implies| that the fields will not add coherently. The antennas, evenly spaced along the dides of

exposure assessments for WCDMA have been performed with the assumption that the fields
emitted from the antennas are uncorrelated.

For LTE, the EUT makes use of Transmission Mode 3, which implies that open-loop codebook-
based precoding is used if more than one layer is transmitted, and that transmit-diversity is
used in the case of rank-one transmission [11]. Transmit-diversity for two antenna ports is based
on Space-Frequency Block Coding which implies that two consecutive modulation symbols are
mapped on frequency-adjacent resource elements on the first antenna port. On the second
antenna port, the frequency-swapped and transformed symbols are mapped to the
corresponding resource elements. Since the signals associated with the two antennas are
different for each subcarrier, the fields transmitted by the two antennas will be uncorrelated [10].
In addition, for open-loop codebook-based precoding, the signals on the two antenna ports will
in general be different resulting in uncorrelated exposure. Thus, for LTE, the exposure
assessments have also been performed with the assumption that the fields emitted from the
antennas are uncorrelated.
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To obtain the total exposure in the front direction, a simple conservative approach was used
where the maximum exposure ratios per antenna and channel configuration were summed.
Since the antennas are evenly distributed along the sides of the EUT, the exposure to the sides
was taken as the maximum exposure for the individual configurations.

In this product compliance assessment, results were obtained for the maximum transmitted
power, which is the rated maximum transmitted power plus the power tolerance (provided by
the client) related to electronic component dispersion during manufacturing and operational
environmental conditions (temperature). This is most likely very conservative as effects of BS
utilization and power control mechanisms are neglected.

6.2.3

Reparting

The telst report is provided in Clause A.2. The measurement uncertainty was.determined
accord|ng to 6.1.6 and Clause 9 (IEC 62232:2017), and the results, including the)SAR yalues,
were rgported according to 6.1.7 and Clause 10 (IEC 62232:2017).

6.3 Technical outcome

The RH compliance boundary dimensions obtained from the assessments are provided in Table
3. Singe all distances are zero, no compliance boundaries exist, ,and the product is|touch-
compliant for both general public and occupational exposure caonditions.

Table 3 — Dimensions of the cylindrical-shaped -RF compliance boundary
for general public (GP) and occupational (O) exposure

Dimensions of the cylindrical-shaped
RF compliance boundary (m)
Mo¢de and transmitted power for the EUT
Distance in Distance in radial | Distance pehind
front of EUT direction EUT
Rated max. Maximudai
! .
3GPf Standard |transmitted |, smitted| GP ) GP o) GP )
bang power from wer
the EUT 0
B1 and|B7 | WCDMA/LTE | 4 x 50 mW. { 4 x 79 mW 0 0 0 0 0 0
6.4 | essons learned

For acpurate compliance assessment results, it is critical that the set of conservative BS
parameters is properly described. For BS products where the combined exposure from $everal
sourcep are tosbe.considered, it is important to determine if the corresponding fields can add
cohereptly andswhether the combining shall be performed assuming correlated or uncorfelated
exposure, [10]. Factors such as signal characteristics, antenna polarization and antenna
placement.need to be considered.

Based on a trade-off between exposure assessment simplicity and accuracy, the test laboratory
can choose to adopt more or less conservative combining methods. More specific guidelines
should be considered in the next edition of IEC 62232.

For the next edition of IEC 62232, it should also be considered to add near-field power density
assessment methods for small cell BS operating at millimetre range frequencies leveraging the
information provided in IEC TR 63170 [12] and the concurrent development of standards by
IEC TC 106 specifying computation and measurement methods.
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7 Outdoor small cell product compliance assessment using SAR
measurements

7.1 General description

This case study describes a product compliance assessment for an outdoor medium range BS
product (see Table B.1). The product, called EUT, consists of a small and low-power remote
radio equipment, as shown on Figure 3. The EUT transmitted power is less than 1 W per port
(i.e. total less than 4 W) and EUT typically provides a localized coverage area from an elevated
location.

The a
branches of multiple-input, multiple-output (MIMO) can be treated in one antennaCand two
antennps are necessary to operate in 4x4 MIMO mode.

This t;Lpe of small cell is typically deployed for localized coverage area. (n-this cage, the
compligince distance is expected to be within 1 m, which is appropriate for SAR measurgments.

IEC

Figure 3 — Small remote radio equipment at 3,5 GHz (EUT antenna)

The aspessment is performed using methodology specified in 6.1 and B.3.2 (IEC 62232(2017).
The SAR measurements were performed in an anechoic chamber and the measurement pystem
comprises conventional SAR probes, data acquisition electronics and positioner. An estimation
technique based on uniform exponential decay [13] was used in addition to IEC 62232:2017 to
reduce|the measurementtime for evaluating localized 10 g SAR and whole-body SAR.

Localized 10 g_SAR and whole-body SAR obtained using the SAR measurement pystem
descriljed above were compared to the basic restrictions in the international guidelines pfovided
by ICNJRP f8].

7.2 ImplementationofH{EC 62232120417
7.21 Evaluation process

This product compliance assessment follows the procedure as specified in 6.1
(IEC 62232:2017). The use of SAR measurements was selected, and the procedures described
in 6.1.5.3 and B.3.2 (IEC 62232:2017) were used. Using the guidelines of Figure 12 and 8.2.3
(IEC 62232:2017), it was found that localized 10 g SAR and whole-body SAR measurements
are required as the whole-body SAR exclusion in Table 5 (IEC 62232:2017) does not apply.

SAR measurements were performed using EUT antenna with external RF source. RF power
was supplied to the antennas using vector signal generators and RF amplifiers. To derive
localized 10 g SAR and whole-body SAR, an isotropic electric field probe and positioner were
used.
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The exposure limits for this evaluation are referred to basic restrictions of the ICNIRP
guidelines [8]. For general public exposure, localized 10 g SAR (head and trunk) and whole-
body averaged SAR limits are 2 W/kg and 0,08 W/kg, respectively.

7.2.2 Methodology

For the EUT, a simple RF compliance boundary in the form of a box was selected based on the
guidelines in 6.1.4 (IEC 62232:2017). In this case study, the distance to the compliance
boundary in the main beam direction, Dy, was evaluated. The SAR measurement for products

was performed in a laboratory. An isotropic electric field probe scanned the inside of the
phantom which is specified in B.3.2.2.1 (IEC 62232:2017) as "large box-shaped phantom". The
phantom was filled with tissue-equivalent liquid. Two-dimensional SAR distribution near the
bottom|surface of the phantom was measured and post-processing derived localized 40|g SAR
and wHole-body SAR.

7.2.3 Reporting

The tept results are provided in Clause B.4 for two antenna configurations: single antenna
and MIMO. The measurement uncertainty is determined according~0-6.1.6 and Clause 9
(IEC 62232:2017), and the results are reported according t6 6.1.7 and Cldquse 10
(IEC 62232:2017).

7.3 Technical outcome

The teg¢hnical outcome is the localized 10 g SAR and whole-body SAR as a function of d|stance
betwedn the antenna and the phantom. The distance 1o the box-shaped compliance bgundary
in the main beam direction, Ds, was less than 0,2 m.n-this case study.

7.4 L essons learned

Both single antenna and MIMO configurations provide similar results for localized 10 g $AR. In
this case study, SAR was measured when a signal with a downlink occupation time rate jof 100 %
was generated by a signal generator! On the other hand, the time occupancy rate|of the
downlink signal radiated from the-actual TDD-LTE base station fluctuates according t¢ some
parameters, for example the uplink=-downlink configuration, and it is less than 100 %. Thegrefore,
in orddr to obtain the SAR in“practical operations, a more detailed procedure with the time
occupgncy rate to measure the SAR of base station antennas for TDD systems shquld be
investigated considering [{'3] and added in the next edition of IEC 62232.

8 SIIaII cell product installation compliance assessment using simplified
installation criteria

8.1 General description

Small cells are low-power BS that provide mobile and internet services within localized
areas [14]. Small cells typically have a range from ten metres to several hundred metres in the
current 3G and 4G networks. A report [15] estimated that about ten medium range small cells
would be deployed per macro base station site to improve capacity and coverage in urban areas.
Small cells are also expected to be widely deployed with 5G.

The 3GPP is the international standardization body developing specifications for
telecommunications systems such as 2G, 3G and 4G. The 3GGP has specified four base station
(BS) classes based on transmitted power in 3GPP TS 25.104 [16] and 3GPP TS 36.104 [17]
(see Annex C). Small cells are generally considered to cover medium range BS, local area BS
and home BS classes. A report from the Small Cell Forum (SCF) and the GSMA [18] provided
typical examples of small cell product configurations (see Table 4 below) and their EIRP range
that is one of the key criteria for the implementation of 6.2.4 (IEC 62232:2017). The case studies
presented in Clause 8 and Annex C are also extracted from [18].
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Table 4 — Typical examples of small cell configurations (from [18])

Total rated
. . maximum . Rated maximum
3GPP BS class Configuration Tx power over all Gain range EIRP range
bands
2 bands 20 W 7 dBi to 13 dBi 100 W to 400 W
Medium range BS
1 band 10w 7 dBi to 13 dBi 50 W to 200 W
5 bands 25W 2 dBi to 5 dBi 4 Wto8W
Local area BS
1 band 0,5W 2 dBi to 5 dBi 0,8 Wto1,6 W
5 bands 100 mW 0 dBi to 3 dBi 0,1Wto0,2W
Home BS
1 band 20 mW 0 dBi to 3 dBi 0,02 W t0)004 W

8.2 Implementation of IEC 62232:2017

8.2.1

The pu

Evaluation process

installgtion evaluation process specified in 6.2.4 (IEC 62232:2017) and the product inst
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NOTE
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Dther processes can apply depending on where such equipmént is intended to be installed and 3
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ne characteristics and installation criteria.
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E: Small Cell Forum and GSMA [18]]

Figure 4 — Simplified process for product installation compliance
applicable to small cells
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Figure 5 outlines the key parameters of the installation classes specified in Table 2
(IEC 62232:2017).

SIMPLIFIED INSTALLATION RULES Checkpreeng B smiey

>
14

From
IEC 62232:2017

Installation shall be
done according to
instructions from the

1
1
1
1
1
1
1
|
1
manufacturer or \

Installation class =0) E2 E10 E100

Total E RP None <2W <10W <100 W No limit

Minimum height H
above valkway None None 22m 25m (calculatio)

None. touch Provided in manufacturer’s instructions  Provided in manufacturer’s instructions

Exclusion zone . . . . .
compliant small D not shown on the picture D, in main lobe direction

Check ore-existing SD,. in main lobe direction

N/A N/A N/A

RF sources D, in other directions

[SOURCE: Small Cells Forum and GSMA [19]] QQ

N\
Figure 5 — Overview of BS installe&n classes for simplified
RF exposure assessment of small cells

&
8.2.2 Methodology $

The principle is that the entity putti &% product into service provides a minimum number of
paramgters that are required t% monstrate product installation compliance acg¢ording
to 6.2 (IEC 62232:2017). These.\'\r(g de:

e transmitting frequency; - C)

e transmitted power; O

e gaih; C)

e insfallation hei 4

e profuct c@iance distance according to 6.1 (IEC 62232:2017).

For ef ent collocated on the same site, the total EIRP is considered. For
examp i i ing installation
class E100 criteria.

In the evaluation of EIRP (from transmitted power and gain), a tolerance is applied to take into
account the dispersion of electronics components, temperature range and manufacturing
process. If this information is not available, a default value of 1 dB can be considered
realistically foreseeable.

8.2.3 Reporting
The results are reported according to 6.2.9 and Clause 10 (IEC 62232:2017).

8.3 Technical outcome

Five case studies representing EO, E2, E10, E100 and E+ installation classes are provided
in Annex C including all the technical details and figures representing typical installation.
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8.4 Lessons learned

The simplified evaluation process specified in 6.2.4 (IEC 62232:2017) ensures that low-power
equipment can be installed on a large scale using a minimal number of product and product
installation parameters. In-situ measurement campaigns performed on more than 114 sites (see
Clause 9) confirm that the level of exposure remains very low compared to exposure limits.

The criteria specified in Table 2 (IEC 62232:2017) can be used in dialogue between the entity
putting the product into service and the local or national authorities (if applicable). Therefore, it
is important that the material in Table 2 (IEC 62232:2017) be self-contained and written in a
language that is accurate from a scientific perspective and understandable by those who are
not experts.

For thg next edition of IEC 62232, it should also be considered to:
a) add a flow chart for the implementation of simplified criteria (e.g. Figure 4) and’simplify text

for [better understanding by a third party (e.g. in Table 2 (IEC 62232:2017));
b) deVelop an extended table that is applicable to other exposure guidelines than ICNIRP;

c) add a new installation class or classes relevant for 5G products“as well as the sgientific
ratipnale available for exposure assessment;

d) revlew E+ class criteria, in particular information about the main lobe direction, the number
and EIRP range of pre-existing BS;

e) address small cells using massive MIMO;
f) add specific information about computation uncertainty.

9 Small cell site in-situ measurements

9.1 General description

This cpse study describes two in-situ RF exposure measurement campaigns, denoted
Campdign A and Campaign B, performed in proximity to small cells using methodology sgecified
in IEC p2232:2017. Each campaigh:includes specific refinements of the protocol.

The puUrpose of in-situ measurément campaigns is to determine if the RF exposure levels are
in compliance with ICNIRR.general public exposure reference levels [8] taking into account the
ambient sources. They.can also be used to derive RF exposure data for information purposes.

9.2 Implementation of IEC 62232:2017 for measurement Campaign A

9.21 Evaluation process

Multiple.frials have been performed in France to evaluate the impact of small cells that are
deploy:d tn manravo thao cana d ecaovaeraaao fth acrn DO oo l

oifv an o a—m. ne
O PTOVC T~ CapaUTity aifu cUvVe TagooUT O MacTrUo Do otV OUTIc

Two trial clusters have been chosen in this study. These clusters cover typical installation
configurations in terms of street furniture (also called street fixture) technologies, and frequency
bands used.

Both French trials have been performed in urban areas on the operational 4G networks of two
mobile operators. Notably, one of the trial clusters was situated in an area of high population
density compared to the other (by a factor 10). Each cluster includes a few sites (4 or 5) installed
on street furniture as shown on Figure 6. The antenna heights are between 2,9 m and 5 m.
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Figure 6 — lllustration of small cells integration.in street furniture

The procedure described in Figure 10 of 6.3 (IEC 62232:2017) was applied. After |source
determjination and site analysis, the measurement.metrics have been determined acg¢ording
to 7.2.3 (IEC 62232:2017).

Measufements have been performed by an accredited laboratory.

Complementary measurements, i.e. beyagnd the mandatory RF exposure assessment pfocess,
have dlso been performed to evaluate the impact of small cells performances. Thg main
objectiye of these complementagy. measurements was to provide more comprehensive
information to the public; forsexample, by showing that their total exposure ifgvolves
contribptions from both the BS.and from their mobile device.

By bringing the antennasycloser to users, it is reasonable to expect the exposure induced by
mobile|devices to als@ reduce due to reduction in the transmitted power of the mobile [phone.
By increasing the.available throughput for users, small cells are also expected to |reduce
duratiop of exposure for a given scenario. Additional measurements have been performef using
handhgld drive_fest devices to address questions about the impact of small cells [on the

exposure of-the mobile phone user to support communication and dialogue with stakeholders.
Walk t¢sts have been performed in outdoor accessible zones within the 100 m radiug zones
around i i 1B files

and make 30-s voice calls when VoLTE was available.

9.2.2 Methodology
9.2.2.1 General

The source determination is based on visual inspection and consultation of an available
database [20]. The measurement area has been chosen as the 100 m radius zone around the
small cell installation. The assessment metric used in this measurement area is electric field
strength.

Given the objective is to provide a detailed evaluation of RF exposure levels, a Case B
evaluation has been performed. The Case B has been preceded by a Case A evaluation as
recommended in 6.3.2.1 (IEC 62232:2017).
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9.2.2.2 Case A (broadband evaluation)

The Case A evaluation has been performed by using a broadband instrument as specified in
6.3.2.2 (IEC 62232:2017). The process began by performing intermediate measurements at a
height of 1,5 m above ground. To minimize perturbation by non-permanent and controlled
sources, mobile devices (mobile phones, connected objects, etc.) were switched off when
possible. To minimize the perturbation by a person holding the probe, a wooden tripod has been
used to support broadband instrument during measurement. The intermediate points cover the
entire 100 m radius zone and enable to identify the location of the maximum exposure. The
intermediate measurement results are provided in the report.

The final measurement was performed at the location of maximum exposure with an average
of 6 mif or when the displayed value Is stabilized for all three heighis: T,T m, 1,5 m and| 1,7 m.

9.2.2.3 Case B (comprehensive exposure evaluation)

The Cgse B measurements have been performed as specified in 6.3.2.3 (IE€62232:2017) by
using the E-field selective meter associated with three antennas covering™00 kHz to 3p MHz,
30 MHz to 470 MHz and 470 MHz to 6 GHz frequency ranges.

The delailed assessment is performed at the location of the maximdm exposure identified during
the Cgse A measurements. The measurement is averaged.‘Qver 6 min or less wr\]en the
displayled value stabilized for all three heights: 1,1 m, 1,5 m%nd 1,7 m. For each ser\ice, all
the soyrces above 0,05 V/m are reported.

The exfrapolation of the exposure to the network maximum traffic load has been performed for
significant sources (i.e. above 0,3 V/m). For LTE signals, the method using a basic spectrum
analyser has been used, see F.7.2.3 (IEC 62232:2017).

9.2.2.4 Consistency analysis

In addition to requirements imposed by~ EC 62232:2017, an analysis of consistency between
Case A result and Case B result before extrapolation process is performed when the Case A
result is above 1 V/m. The analysis-consists in checking that the difference between {he two
results|is not too large. A difference of 20 % is considered as acceptable.

9.2.3 Reporting

The measurement uncertainty was determined according to Clause 9 (IEC 62232:201f), and
the compliance was)evaluated without considering measurement uncertainty. The reporting is
performed according to 6.3.4 and Clause 10 (IEC 62232:2017).

The French report template has been used (see template in [21]). Complementary resylts are
not parnt-of_ the compliance test report.

Clause D.2 provides general results obtained from compliance measurements and field tests
and provides one example of compliance test report following the requirements of
Clause 10 (IEC 62232:2017).

9.3 Implementation of IEC 62232:2017 for measurement Campaign B
9.3.1 General description

Small cell sites are deployed to complement the existing mobile network infrastructure,
especially in dense urban areas. A study involved conducting measurements to determine the
RF exposure around small cell installations. The measurement Campaign B includes 98 sites
located in South Africa (80), the Netherlands (16) and ltaly (2).
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The small cells surveyed for this project were selected from operator database information.
Sites were classified in three groups: "Indoor", "Outdoor 2 m to 4 m" and "Outdoor > 4 m". As
the title suggests, the "indoor" group (47) is comprised of installations where antennas are
installed indoors; typically, a distributed antenna system, which is designed to provide localized
coverage inside a building. Installations where antennas are mounted outdoors at a height of
between 2 m and 4 m are classified as "Outdoor 2 m to 4 m" (30). A small cell installation at a
bus stop is an example of a site in this group. "Outdoor > 4 m" (21) involves scenarios where
the antenna is mounted outdoors, at a height of at least 4 m. A small cell installed on a lamp
pole is an example of such an installation. Typical examples of sites measured during the survey
are presented in Figure 7.

IEC » IEC

a) Indoor b) Outdoor 2 mto 4 m c) Outdoor >4 m

-n

igure 7 — Photographs of typical examples of’'the three small cell site groupis

The measurements were performed based on 8.2YIEC 62232:2017). As the objective |was to
providg a detailed evaluation of RF exposuredevels, a Case B measurement was performed
accord|ng to 6.3.2.3 (IEC 62232:2017). Despite a Case A measurement not being performed
over the 100 kHz to 30 GHz frequency band, measurement results were captured and rejcorded
for the|27 MHz to 3 GHz frequency range covered by the instrument described below.

For thig specific study, the measuredresults at the time of the survey are reported. Extragolation
to maxjmum exposure as specified in B.5.3 (IEC 62232:2017) to maximum exposure was not
performed.

9.3.2 Case B (comprehensive exposure evaluation)

The Cgse B in-situsméasurements were performed according to 6.3.2.3 (IEC 62232:2017) using
a specfirum analyser with isotropic E-field antenna covering 27 MHz to 3 GHz.

The te¢hnologies used on the sites surveyed have distinct frequency bands for downlink (from
the BS|to<the UE) and uplink (from the UE to the BS). This Case B measurement focused on
the downlink signal, 1.e. the signal irom the small cell Site.

A specific test device used for mobile network drive tests was used to establish a download
transmission from the small cell site being surveyed and to ensure that the download was active
for the duration of the measurement survey. This test device was kept at some distance from
the measurement equipment to minimize the effect on field strength measurements from uplink
signals.

At each site, three publicly accessible positions were typically surveyed. These include a
position of possible maximum exposure close to the site and two additional positions within
50 m of the small cell site.

During the measurements, the spectrum analyser and antenna was mounted on a wooden tripod.
Measurement results were recorded at 1,1 m; 1,5 m and 1,7 m above ground to determine a
spatial average. At each height, a measurement was performed for 60 s. The measurement
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device "Safety Evaluation" mode was used, in order to report the exposure results integrated
over pre-configured frequency bands.

The range of the measurement device is set at each position to a level as low as possible to
ensure maximum sensitivity without saturating the spectrum analyser.

9.3.3 Reporting

The measurement uncertainty assessment was performed according to Clause 9
(IEC 62232:2017), and the results are reported without considering measurement uncertainty;
see more details in D.3.5.

Clause|D.3 provides an overview of the results obtained during this measurement Camppgign B.

9.4 L essons learned

The in{situ methods specified in 6.3 (IEC 62232:2017) have been successfully applied fo large
scale RF exposure measurement campaigns in the vicinity of small cells.(Fhé outcome df these
campalgns can be used for compliance assessment and information purposes. In this objective,
complgdmentary field tests with test devices as illustrated in 9.2 are one solution to evalujate the
impact| of a technology on human exposure from a mobile ,device operating undgr real
operatipnal conditions.

h

Practicpl guidance for performing in-situ measurement campaigns on 5G small cell B$ using
massive MIMO should be considered in the next edition'of IEC 62232.

10 Street cell product compliance assessment using SAR measurements and
power density spatial averaging

10.1 General description

For small cell products with sufficiently low transmitted power, particularly indoor smaljl cells,
whole-body SAR testing is not required according to Table 5 of 8.2.3 (IEC 62232:201Y), and
only lofalized SAR assessments.are needed. For small cell products with higher trangmitted
power,|whole-body SAR measurements can be implemented but such measurements |can be
very time consuming. Instead, they can be replaced by power density spatial av¢raging
accordlng to B.3.1.4 )(IEC 62232:2017). Similar approaches are also addressed
in FCC] 13-39 [22] and. ARPANSA Radiation Protection Series Publication No. 3 [23]).

The approach described in this case study is applicable to a range of BS installations, ingluding
medium rangesBS as specified in [16] and [17] (see also Table C.1) and BS deployed in the
street, [called)street cells. The assessed product is a 4G/LTE outdoor base station with p rated

maximym<ransmitted power of 20 W, operating in the 750 MHz frequency band and intended
to be = 8. The

assessments were performed using methodology specified in 6.1 and 8.2 (IEC 62232:2017).
The results of the RF electromagnetic fields (EMF) exposure assessment were compared with
the ICNIRP basic restriction and reference levels [8].
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10.2 Implementation of IEC 62232:2017

10.2.1
This

in 6.1 (IEC 62232:2017). Compliance boundary_information is determined for the sp
configyration of the BS product assuming freexspace conditions.

SAR mM

for whole-body exposure were selected;*and the procedures described in 6.1.5.2 and
(IEC 62232:2017) were used.

10.2.2

During
measu

the rategd maximum transmitted power (20 W) over the same frequency range.

The SAR measurements were performed in a flat phantom sufficiently large to cover thg

antenn

assessgd,in order to determine the distances for compliance with head and body as
limb SARMimits for the general public as specified in B.3.2.2.4 (IEC 62232:2017).
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Figure 8 — Omni-directional antenna connected to the(street cell product

Evaluation process

product compliance assessment follows the procedure as s{

easurements for localized exposuréZand spatially averaged field strength measur

Methodology

both the localized.10 g SAR measurements and the spatially averaged field s
ements, the transmitter was replaced by a signal generator that was able to g4

p accaording to B.3.2.2.2 (IEC 62232:2017). Different separation distanceg

ecified
ecified

bments
6.1.5.3

trength
nerate

whole
were
vell as

Evaluations of the spatially averaged electric (E) and magnetic (H) field strength were
performed by scanning of measurement probes along 1 m and 2 m long vertical lines parallel
to the antenna (see Figure 9) at multiple separation distances. The different scan lengths were
selected to represent child and adult exposure, respectively. The child scan was centred in
relation to the antenna to represent a maximum whole-body exposure. The scan commenced
at 37 cm above the base of the mounting pole to achieve this. The minimum height of the adult
scan was 10 cm above the base of the mounting pole to avoid coupling between the probe and
ground plane.
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m scan height

Fig

10.2.3| Reporting

The cTse study test report is provided in Annex E. The measurement uncertain
ined according to 6.1.6 and Clause 9 (IE€ 62232:2017), and the results were rg
ng to 6.1.7 and Clause 10 (IEC 62232:2017).
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Technical outcome

The obtained compliance distancesiare provided in Table 5.

with omni-directional antenna

ure 9 — Vertical scan lines for spatially averaged field strength measureme

Table 5 — General public compliance distances for the street cell BS

IEC

nts

y was
ported

Produg¢t | Frequency | ‘Antenna | RF compliance RF compliance RF compliance RF complliance
type band type distance distance distance for distance for
rated and localized 10 g localized 10 g spatially spatially
maximum gain SAR limit for SAR limit for averaged field averaged field
transmit- head and body limbs strength limits strength|limits
ted\power (child) (adult)
Streef 750 MHz Omni 20 cm 10 cm 74 cm 40 cm
cell 20w 5, T aBt

Analysis of the measurement results showed that the compliance distance for the general public
differs depending on whether children or adults will be accessing the area close to the antenna.

10.4 Validation study

10.4.1

Validation process

The objective of the validation study was to verify that the use of basic restrictions
(i.e. localized 10 g SAR and whole-body SAR) provides consistent results with peak and
spatially averaged field strength (£ and H).
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A study including whole-body SAR measurements was performed with the omni-directional
antenna to validate the general public EMF compliance distance. This was obtained by
measurements of spatial averaged field strength for the street cell product.

The laboratory whole-body SAR measurements were performed in a large box-shaped phantom
using a SAR robot system, in accordance with B.3.2 (IEC 62232:2017), see report in Annex E.
Measurements were performed at different separation distances between the antenna and the
phantom to find the compliance distance applicable for general public (adult and child) exposure.

10.4.2 Comparison of spatial average field strength and whole-body SAR results

The results of the whole-body SAR assessment are presented in Table 5. The validatio

test report is provided in Annex E.

n study

The repults show that a compliance assessment using the basic restriction whole-boqy SAR
limit provides the smallest compliance distance also ensuring the most relevant comparison
with basic restrictions. The use of the reference level spatial average field sfrength assegsment
is slightly more conservative. This result is consistent with the derivation.of basic restfictions
and reflerence levels.

In addition, peak field strength measurements were taken and previde the largest compliance
distande, see Table 6.

Table 6 — Street cell EMF compliance assessment comparison: general public (adult)
compliance distances based on SARvand field strength

Adult whole-body
field strength
measurgment

Stredt cell rated Localized 10 g SAR | Peak field strength Adult whole-body

mlaximum measurement measuréement SAR measurement

transmitted power (Laboratory 1) (Laboratory 2) (Laboratory 1) (Laboratry 2)

20 W 20 cm 114 cm 30 cm 40 cm

10.5 Lessons learned

The cake study has verified that RF exposure evaluations based on basic restrictions provide
more gccurate results forsmall cell products by not overestimating the compliance digtance.
This cgdn be used to mandage access in close proximity to small cell antennas.

Spatiall averaging~schemes and assessment methods taking into account time and [spatial
averagjng should be considered in the next edition of IEC 62232.

11 Macro site in-situ measurements

11.1 General description

A location of interest near a mobile phone base station (BS) had been identified for conducting
an RF exposure assessment using FE-field level measurements as specified
in 6.3 (IEC 62232:2017). The BS site is a full macro site with three operators present and is
located on the rooftop of a building in medium density retail/residential area (see Figure 10).
The antennas are mounted 15 m above relative ground level.
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Figure 10 — View from the measuremeént location to the BS

There Were three operators present at the BS sitejusing multiple technologies as degcribed

in Table 7.

Table 7 — Operators and technologies present on the BS site

Operator Technologies
A LTE1800, WCDMAS850,
B GSM900, LTE1800, WCDMA900, UMTS2100
C UMTS2100

The purpose of this measurement was to provide information regarding the E-field levelg due to

the BS| at the location of interest.

11.2 Implementation of IEC 62232:2017
11.2.1 [_Evaluation process

Using the quick start guide in 5.2 (IEC 62232:2017), the following steps for the measurement
campaign were identified.

a)
b)
c)
d)
e)

Test type: 6.3 (IEC 62232:2017) — In-situ RF exposure assessment.
Test method: 8.2 (IEC 62232:2017) — Field strength measurements.
Field strength measurement method: B.3.1.2 (IEC 62232:2017).
Extrapolation: B.5 (IEC 62232:2017).

Time averaging: 6.4.2 (IEC 62232:2017).

Multiple frequency summation B.6 (IEC 62232:2017).

Measurement uncertainty: Clause 9 (IEC 62232:2017).

Reporting: Clause 10 (IEC 62232:2017).
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11.2.2 Methodology

A location of interest was identified for the measurement. As it was a specific question regarding
the E-field levels due to the BS, there was no need to consider other sources in the environment.
The technologies present at the site were confirmed with the respective mobile operators.

The average level for each of the channel bands and control channels for the technologies
present were measured using a frequency selective device. Measurements were performed
at1,1m, 1,5 m and 1,7 m above relative ground level between 12:00 and 14:00 on a business
day. These measured levels were then used to determine the indicative average cumulative RF
exposure level and the maximum possible RF exposure level.

11.2.3| Reporting

A typigal test report according to Clause 10 (IEC 62232:2017) template andc~detailing the
measufement methodology and results is provided in Clause F.2.

11.3 Technical outcome

The mgasurements were able to provide information regarding the E<field levels due tothe BS
at the Ipcation of interest. The results of the measurements at 1,5 m above relative ground level
are shgwn in Table 8.

Table 8 — Measurement results for 1,5 m aboyve relative ground level

Measdrement results
Result type
V/m W/m?
Measyred tl_me-averaged 1.8 8.2
maximum
Measpred e;xtrapolated 2.4 15.2
maximum

NOTE | Measured time-averaged maximum*values are real time measured values using 1 min time-averdging of
the cumulative RF-EMF exposure level-due to all mobile services present in the environment. Mdasured
extrapqlated maximum values are derived from the extrapolated measured control channels present for {he site
under [test representing the possible maximum level based on the measurements according tq B.5.5
(IEC 62232:2017).

11.4 Lessons learned

The defired insSitu measurement was performed appropriately using IEC 62232:2017.

For thg next-edition of IEC 62232, it should also be considered to:

a) provide more specific advice about the actual maximum values to be used, as specified in
Clause 13;

b) provide practical guidance for performing in-situ measurement campaigns on 5G macro BS
using massive MIMO.

12 Macro site in-situ measurements using drones

12.1 General description

This case study provides an example of evaluation of RF exposure assessment of base stations
with the help of a drone, which is an emerging technology that supplements the existing
measurement methods described in B.3.1 (IEC 62232:2107).
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The purpose of this case study is to illustrate how to measure the electromagnetic exposure of
the base stations with the help of a drone. The measurement methods of electromagnetic
environment currently used are mostly ground-based measurements. In recent years, drone-
based measurements are widely used. A drone carrying an E-field test equipment can be used
to perform measurements at altitude provided that it can hover and collect measured data at
any position in the air. More importantly, the drone can overcome the challenges of an adverse
geographical environment. It can also be quickly directed to locations that are otherwise difficult
to access and determine electromagnetic exposure.

The measurement process and considerations are introduced as an example in this document.

NOTE Drone-based measurements are performed in accordance with national aviation regulations. These aspects
are not Tdressed in this document.

12.2 Implementation

12.2.1| Evaluation system

The drgne-based measurement system illustrated below consists of the dron€, remote coptroller,
probe, |camera and a ground-based laptop (see Figure 11). This is representative of the main
components of a system, where the drone is acting as a 3D positioning*system while th’—{ probe
and mgasurement system are similar to any kit used in a handheld in-situ measufement
scenar|o.

Selectipn of the components used is critical as they _all have interdependencies sfich as
interfeflence from the drone control systems and the R probe measurement and also |the 3D
positioning can be verified by two independent systems‘to increase accuracy. The uncerjainties
of the yarious components and the overall system hiave not been addressed in this dogument.
They should be considered in future revisions of;]EC 62232 as the available systems HQecome
more established.

Multiple trials have been completed i’ Belgium, China and France, all using |unique
configdrations of drones, RF probes, spéctrum analysers and control systems. Each trjal was
designed to address and overcome, various areas of practicality and measurement uncefrtainty,
e.g. flyjng autonomously removed the need for wireless communications with the dronf, thus
avoiding interference with the measured fields.

In the gxample illustratedshere, the laptop was equipped with a transponder to communicate
with the drone, and the measurement software was also installed on the laptop. The teghnical
compopents of the measurement system are provided in Clause G.1.

The frdquency(range of the airborne probe is 30 MHz to 6 GHz; however, the frequency of the
remotercontretsignal of the drone is 2,4 GHz. To keep the probe free from interfergnce, a
directignal, antenna is mounted on the drone to communicate with the ground.

The multi-rotor drone was selected for these measurements in consideration of the needs for
measurement activities. In particular:

e it can lift-off vertically to the target point;

e the lifting speed and flight attitude can also be controlled by changing the speed of each
motor.

The technical parameters of the drone are provided in Clause G.2.
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Figure 11 — Drone used for field measurements around the BS site

The balse station site has been selected in an area where drones are permitted. The de
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are provided in Clause G.3.

Evaluation process and methodology
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The measurement results of the selected six measurement points are shown in Table 9.

Table 9 — The measurement results of the measurement points

Measurement points 1 2 3 4 5

Time-a

veraged power density (W/m?) 0,027 0,144 0,176 0,033 0,016

0,031

From Table 9, the measured values of all the points are much less than 0,4 W/mZ2. Therefore,
this base station complies with national standard GB 8702-2014 [24] of People's Republic of
China. The measurement results show that the drone-based measurement is a good
complement to the existing measurement methods.
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12.4 Lessons learned

The results show that the measurements can be accomplished effectively by the drone-based
electromagnetic environment measurement system. Considerations for improvement of the
measurement system and process are provided in Clause G.6.

For the next edition of IEC 62232, it should also be considered to add:

a) a method to realize spatial and time averaging using drones;
b) how many measurement points are needed to define accurately the compliance distance;

c) arecommendation about how to proceed when antennas on a mast are at different heights.

d) recpmmendations for performing the uncertainty analysis.

13 RH exposure assessment based on actual maximum transmitted power jor
EIRP

13.1 General guidelines
13.1.1| Technical background and rationale

The leyel of RF power transmitted by a BS in a mobile netwerk/varies with time in grder to
optimiZe the service to user equipment (UE) whilst minimizing the interference to neighthouring
cells. The ability to reduce the average transmitted power also enables reduced [energy
consumption of mobile networks and related operational€xpenses, a key requirement for[mobile
network operators. When designing a mobile network*and defining the set-up parametgrs of a
BS, operators generally consider the power budget'margins. For instance, each BS typically
operatg¢s below its medium capacity level (e.g. 50 %) to have enough margin to gddress
occasignal traffic peaks without reaching traffic:Congestion that can occur at full capacity.

In gengral, the RF signals transmitted byia BS include control channels or reference gignals
that argé necessary to identify the presence of UE and grant them access to the netwofrk. This
signaling specifies the minimum levelkof power that the system shall transmit for the appﬂopriate
functiohing of the mobile technology: On the other hand, each BS has a maximum levell of RF
transmjtted power that it can deliver to connected UE within its coverage area.

Mobile| network management systems including the network manager provide counters
representing the performance and operation of the system. Statistics can be generated for one
single ¢ell or multiple cell sites distributed over a very large geographical area. Among thge many
availabjle countersiithe downlink transmitted power (i.e. total power transmitted from fthe BS
towardp the UEs)Xis the most valuable for RF exposure investigations. The transmitted power
varies pn a cyclical manner: on a daily basis (e.g. with minimum and maximum traffiq in the

early basis
(e.g. fa Dr on a
more seasons S B yed-in-seasons y es have

been published in the. téchnica literature [25] and considered.in international standards,
e.g. ETSI ES 202 706-1 [26].

The impact of traffic variation on RF exposure conditions for mobile technologies has also been
reported in various publications [27], [28], [29], [30], [31] and [32], and is addressed in 6.4.2,
6.3.2.3.3, B.3.1 and Clause B.5 (IEC 62232:2017).
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Example CDFs of the time-averaged transmitted power obtained from network-based
measurements from a 3G network in India [31] are shown in Figure 12. Similar results from
network-based measurements of a 2G/3G/4G network in Sweden are shown in Figure 13. These
CDFs have been obtained by combining the data from a large number of cells in the network.
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Figure 12 — Empirical CDFs of transmi&%?power (normalized) for different
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Figure 13 — Empirical CDFs of combined transmitted power (normalized)
for a 2G/3G/4G network in Sweden [32]
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Statistical analysis of RF exposure from multiple technologies has also been presented in [27].
The objective was to develop the CDF of extrapolation factors for various technologies, as well
as for the combined exposure assessment. Figure 14 shows that the extrapolation factor for
HSDPA technology combined with other preexisting technologies is lower than the extrapolation

factor for HSDPA alone.
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re 14 — Extrapolation factor of the power flux.density S(z) of the different signals

and the S;,;,(¢) (all bands) with a sliding time averaging of 6 min applied to
the measurements [27]
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Base stations with mMIMO antennas prodiuce a number of simultaneous narrow
individyally steered towards target devices-in*order to optimize the usage of radio resou
g radio energy to target users and‘reducing interference to other devices. This
' behaviour of mMIMO systems-differs from conventional radio access technolog
nergy is constantly transmitted-in a wide angular sector. This dynamic focusing of
rent individual directions_ will*also impact the actual exposure of mMMIMO base s
BS with mMIMO use many antenna elements to spatially multiplex users by transmitfing RF
energy|in narrow beams. Different type of beamforming can be implemented such as the grid
of beam approach (code baok based), which allows to create narrow high gain beams |toward
rs, and eigen-beamforming (EBB) and zero forcing (reciprocity based), which taKes into
t the multi-path’ properties of the wireless channel. With BS using mMIMO, the
transmjtted power.is'spread in different directions to provide service to different UEs in djfferent
geographic loeations. Therefore, beamforming involves additional variability |n the
determfination*ofthe power contributing to the actual maximum exposure. The power refluction
of a B using'mMIMO can be described by two factors: (i) the traffic variation and (ii) thle time-

averagpd$spatial distribution of transmitted power or EIRP.
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Techniques to assess the actual maximum transmitted power or EIRP and actual maximum RF
compliance boundary of a BS with mMIMO have been introduced in
Clause F.10 (IEC 62232:2017). However, it was observed in the above mentioned publications
[27], [28], [29], [30], [31] and [32], that the proposed approach for establishing compliance
based on the actual maximum transmitted power introduced in Clause B.5 (IEC 62232:2017) is
also applicable to BS with fixed beams. Guiding principles for conducting RF exposure
assessment based on the actual maximum approach are provided in 13.1.2. More details on
the methods and practical implementation examples are provided in 13.2 for modelling studies

and 13.3 for measurement studies.
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13.1.2 Guiding principles for conducting RF exposure assessment based on the actual
maximum approach

From the measurement campaign results described in 13.1.1 and the case studies presented
in 13.2 to 13.4, the real time-averaged transmitted power by BSs during service, called actual
transmitted power, is generally below the time-averaged maximum transmitted power.
Therefore, as a conservative approach, the actual maximum transmitted power can be used to
determine the RF compliance boundary provided that the operator is implementing tools
ensuring this threshold is not exceeded over time during service. These tools can be based on
BS counters and features developed by manufacturers to monitor and control the RF transmitted
power or EIRP and other relevant characteristics of the BS (see examples in 13.3.3.3). This
applies to all types of BS, whether they are using fixed beams or steerable beams like with
mMIMO- FIUIII thU UI\GIIIP:UO (JIIGI VAOU OtudlUO IIItIUdUUUd LLAL C:GUOU 13 QULUTIATNTVO Vvh .,re the
time-ayeraged transmitted power or EIRP is capped to the actual maximum thresh¢ld are
expected to only occur occasionally in the mobile network, reducing the impact on(services.

In this pontext, the next edition of IEC 62232 should consider defining methddsfor performing
an RF gxposure assessment of any type of BS using the actual maximum transmitted power or
EIRP. The following implementation process should be considered.

operator specifies the actual maximum transmitted power or EIRP threshold(s) for a BS
sector or sub-divisions of a BS site sector for mMIMO using/the following optior|s:

use the maximum value of the measured time-averaged+transmitted power or BIRP, if
he CDF is known from measurements on the BS itself’or on one single BS with|similar
configurations and environments (see 13.3);

use a percentile (e.g. 95th or other value to. b€ determined by the operator or|by the
national regulatory agency) of the CDF, if the\CDF is derived from measurements on a
representative large sample of BS sites;

3) lotherwise, use a percentile (e.g. 95th ‘or other value to be determined by the ogerator)
f the CDF, if the CDF is derived from computation models on BS sites with [similar

configurations and environments (s€e 13.2).
ore putting the BS into servicet

1) the operator evaluates ,the- RF compliance boundary using the actual mgximum
ransmitted power or EIRP threshold(s) specified in a) and records the assegsment

parameters and results,~including the CDF, as specified in 6.2 (IEC 62232:2017);

2) the operator configures the BS and implements tools ensuring that the time-averaged
ransmitted power or EIRP does not exceed the time-averaged actual mgximum
ransmitted power or EIRP threshold(s) over time specified in step a) and declared

in b) 1).

c) Duting the BS service:

1)

he (network operator records periodically the CDF of the time-averaged trangmitted
power or EIRP;

2) the BS actual maximum transmitted power or EIRP threshold(s) and the records of the
CDF of the time-averaged transmitted power or EIRP are made available in the
assessment reports;

3) if the operator intends to increase the configured actual maximum transmitted power or
EIRP threshold(s), the RF compliance boundary is updated using step b), and where
required by national regulation, the appropriate authorities are informed.

13.1.3 EIRP evaluation assumptions

During antenna system operations, the antenna gain, beam direction and transmitted power are
varying in time, azimuth and elevation. The time-averaged EIRP depends on deterministic
factors (Pyxm» Frpc and Gy g) and factors (Fpp_ and Fg) which can be deterministic for BS

using fixed beams or variable in azimuth and elevation for BS using steerable beams such as
mMIMO.
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The time-averaged EIRP is calculated using Equation (1):

EIRP (6, ¢) = Prxm * Frpc * Guie * FpoL (6, ) * Fg (6, ¢) (1)
where
0 is the azimuth;
o is the elevation;
Prym is the maximum transmitted power in downlink (deterministic factor);
Fipc is a scaling factor representing the technology duty cycle of the signal
(deterministic Tactor);
GuLB is the maximum gain in the main lobe for fixed beam or boresight fer st¢erable

beams (deterministic factor);

FppL (4, ¢) is the normalized downlink transmitted power Fpp, (6, ¢, ) averaged on the time

interval T;

Fg (6, p) is the normalized variable part of the gain Fg (6, ¢, t) averaged on the time |nterval
T;

t is time;

T is the time interval used for time averaging.

The variable factors are represented by the normalized.EIRP factor as defined in Equatjon (2):

Feirp (6, ¢) = Fpp (0:9) x Fg (6, ¢) (2)

The power reduction factor is derived from.the statistical analysis (CDF) of the time-averaged
transmjtted power and therefore does natidnclude deterministic factors such as the techjnology
duty cycle factor. The actual maximum transmitted power is derived from the mgximum
transmjtted power (generally corresponding to the rated maximum transmitted power if fhere is
no feeder loss) using Equation (3):

Prxam = Ptxm * Frpc * Fpr (3)
where
Pryam is thevactual maximum transmitted power;
Fpr is\the power reduction factor.

13.1.4 | . Technology duty cycle factor assumptions

The technology duty cycle factor Fypc represents the maximum time used for transmission of

signals for a given period at full load. It depends on both the technology being used
(GSM, UMTS, LTE-TDD, LTE-FDD or NR) and on the operator’s implementation of the
technology.

Figure 15 represents a generic structure of a frame, showing multiple transmission periods
(marked Tx ON) in a frame and periods when there is no transmission because the BS is either
in receiving mode (in TDD) or it corresponds to guard time between operation modes. Pty is
the maximum transmitted power of the BS when the transmitter is ON, i.e. during time interval
Ttx;- More accurate figures can be derived from specifications 3GPP TS 36.211 for LTE [4] and

3GPP TS 38.211 [5] for NR. Figures F.8 and F.10 (IEC 62232:2017) also provide indications
for LTE-TDD and LTE-FDD, respectively.
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The geperal formula for Fypc is given in Equation (4):

where
Frpe
Trxi
Tera

For G§

For LT

signal fo users (PDSCH) but alsordownlink control channel (PDCCH), broadcast channel

and rg
in 3GP

For LT

For LT

Figure 15 — Generic structure of a base station transmitted RE‘signal frame

Frpc = (£, Frame Ttxi) | TrRA

is the technology duty cycle factor;
is the ith element of transmitted signal in.the frame;

is the duration of a frame.

M and UMTS mobile technologies, the default value for Frpc is 1.

- and NR mobile technologies, the transmission (Tx) periods are used to con

ference signals used “for synchronization purposes. More details can be
P TS 36.211 [4] for. LTE and 3GPP TS 38.211 [5] for NR.

—-FDD and NR-FDD, the approximated value of Frp¢ is 1.

E-TDD.and NR-TDD, the approximated value of Frpc is provided by Equation (5).
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where
TpL

Ty,

Frpo =T (Th + Tiyy)

(5)

is the total duration of the downlink signal per frame;

is the total duration of the time period used for uplink per frame.

For example, for TDD Configuration 2 described in Table F.11 (IEC 62232:2017), there is one
uplink (UL) time period for three downlink (DL) periods, resulting in a duty cycle factor of 75 %.
Typical values of Frpc are between 0,75 and 0,8 depending on the special subframe format

implemented. When the exact value is not specified, an approximated value of 0,75 (i.e. 3/(3+1))

can be

chosen using Equation (5) approximation.
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Expected outcome of actual maximum approaches

The outcomes of actual maximum approaches (from computation models or measurements) are
expected to include the following information:

a) the CDF of the normalized EIRP distribution or the CDF of the normalized transmitted power
distribution (if it can be assumed that Fg = 1 as a practical overestimate);

b) percentile(s) of the normalized EIRP distribution, including at least the actual maximum
transmitted power or EIRP according to the principles specified in 13.1.2. In situations where
the full CDF is used, for example when conducting statistical combinations of multiple
transmitters (see 13.4), at least the 5th, 25th, 50th, 75th, 95th and 99th percentiles are
recommended;

c) RF
ma
Eqy
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13.2 Modelling studies for BS using mMIMO
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Table 10 — Relevant parameters for conducting RF exposure modelling studies of a
massive MIMO site or site cluster

Type Simulation model parameters Example(s) Proposed for
inclusion in
next edition of
IEC 62232
General Technology 5G NR TDD or LTE-TDD
Technology duty cycle 0,75 X
Use case Mobile broadband X
Environment type Urban or sub-urban or rural X
Frequency 3,6 GHz (3GPP Band 42) or
2,0 GHz (3GPP Band 39)
Site Installation height 10 m
Number of sectors per site 1or3
Site clyuster Number of sites Tor7
Cell shape Hexagonal X
Antenna Type 2D array antenna with 32 ckoss
polarized radiating eleménts:
4 columns x 8 rows
Dimension of the array antenna panel 30 cm x 60 cm
Maximum gain in the main lobe 24 dBi
Horizontal half-power beamwidth 12,3°
(HPBW-H)
Vertical half-power beamwidth 8,1°
(HPBW-V)
Beam steering range (azimuth) 90°% X
Beam steering range (elevation) 40° X
Radiat|ng Gain 8 dBi X
element Horizontal half-power beamwidth 70° X
(HPBW-H)
Vertical half-power beamwidth 70° X
(HPBW-V)
Equipment Rated maximum transmitted power 100 W (50 dBm)
transn‘litter Rated maximum transmitted EIRP 74 dBm
Systert Beamforming. type Grid of beam X
simulations [ oo nnel médel |/ traffic load Full buffer / 100 % x
Number of-simultaneously served UEs 1 or 5 or more X
UE~spatial distribution law Normal
UE)indoor/outdoor ratio 80 % indoor, 20 % outdoor X
UE service duration 30s X
Model operation duration? X
TTme averaging period” 6T
Contributions from adjacent and other Included

beams (from IEC 62232:2017,
Annex F.10)

a8 Model operation duration is not the simulation processing time; rather, it is the time interval used to model the
realistic operation of the BS.

The time averaging period recommended by RF exposure limits is frequency dependent and decreases in the

millimetre wave frequency range. For example, in ICNIRP guidelines [8], the recommended time averaging
period is 6 min up to 10 GHz and then decreases using the following formula: 68//":%% min period (where fis
the frequency in GHz).

Examples of modelling case studies of BS using mMIMO antennas are provided in
13.2.3 to 13.2.5.
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13.2.3 Modelling case study A

Simulation method A including its rationale and representativeness to 5G use cases are
described in [33]. A mobile communication system employing mMIMO is modelled. A theoretical
derivation of the statistically conservative fraction of total transmitted power contributing to the
EMF exposure within an arbitrary beam is presented. The model considers the effects of BS
utilization, technology duty cycle (TDD), and scheduling time. The spatial distribution of served
users in azimuth and elevation corresponding to rural and urban installation scenarios is also a

consideration. The relevant simulation parameters are described in Table 11.

Table 11 — Relevant parameters for conducting RF exposure assessment

of massive MIMO site according to simulation method A (from [33])

|
TJpe

Simulation model parameters

Specification

Genergl

Technology

5G technology with mMIMO

Technology duty cycle

Parameter, 75 % selected(as-typical vajue

Use case

Mobile broadband

Environment type

Urban and rural

Frequency

3 GHz to 6 GHz

Site

Installation height

Model not{depéndent on installation he|ght

Number of sectors per site

Not used, in the case study

Site cluster

Number of sites

1

transnitter

Cell shape Not applicable
Antenna Type Square-shaped array antenna with 8x8
elements. Impact of array size analysed.
Dimension of the array antenna panel 41 x 44 where 1 is the wavelength
Maximum gain in the main lobe 23 dBi
Horizontal half-power beamwidth (HPBW-H) 12,7° (central beam)
Vertical half-power beamwidth (HPBW-V) 12,7° (central beam)
Beam steering range (@zimuth) 120°
Beam steering range (elevation) 30°
Radiat|ng Gain 8 dBi
element Horizontalhdlf-power beamwidth (HPBW-H) | 73°
Vertical half-power beamwidth (HPBW-V) 73°
Equipment Rated maximum transmitted power Parameter, model applicable for far-fielld

exposure

Rated maximum transmitted EIRP

Parameter, model applicable for far-field
exposure

Systen
simulations

Beamforming type

Grid of beams

Channel model / traffic load

Parameter

Number of simultaneously served UEs

Statistical model

UE spatial distribution law

Models corresponding to urban and rural
installation scenarios

UE indoor/outdoor ratio

Not applicable

UE service duration

Statistical model

Model operation duration

Steady state solution

Time averaging period

6 min

Contributions from adjacent and other beams
(from IEC 62232:2017, Annex F.10)

Included
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The results for rural and urban scenarios are provided in Figure 16 and Figure 17, with the first
case corresponding to a rural mMIMO installation, and the second to an urban installation. The
graph to the left shows the expected (statistically conservative, probability larger than 95 %)
fraction of the power transmitted in the broadside beam direction (including contributions from
adjacent beams and side lobes) for a scenario when users are distributed horizontally with the
highest density towards the broadside and without vertical beam scanning. The graph to the
right shows the results for a scenario where users are distributed both horizontally and vertically
and with the highest density towards the broadside. The results are given as a function of the
utilization of the base station, and the highest power fractions are obtained for utilization levels
around 90 %. In real operation, the utilization (averaged over the EMF time period) of a BS is
typically much lower; therefore, applying the peak values will add considerable
conservativeness. The statistical model is based on a series where summation is carried out
over t . ftizatior ; d to be
includgd for the series to converge and the relative importance of higher order terms,inCfeases.
This in combination with the increasing steepness of the cumulative binominal distifibution
functiop for larger populations accounts for the fraction of total power reaching-a-platejpu and
ucing slightly for higher utilizations

NOTE This effect is not observed for the limiting case of exposure assessed for frequehncies above 6 G)[l/z in the
immediafe vicinity of a small array antenna when all the available power goes throdgh.the appropriate ajeraging
area. Fof this case an analytical solution is available, and the fraction of total powersimply equals the utilizafion [34].

In Figure 17, the CDFs which correspond to the BS utilization<resulting in the highest power
reductipn factor are provided.

% A % |
S 04 .94 r
S 0,3p T40,35f
2 2
s 0,3 s 03 |
S 02p S 025t
© ©
S 02 S 02
L [V
0,1% 0,15}
0,1 0,1
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0 A A A A = O A A A A =
0O 10 20 30 40 50 60+70 80 90 100 0 10 20 30 40 50 60 70 80 90 1¢0
Utilization, p (%) Utilization, p|(%)
IEC IEC

a) Typjical rural mMIMO installation with horizontal b) Typical urban mMIMO site with both horizontal
beam pcanning and highest density of users in the and vertical beam scanning
broadside direction

Figurg 16,=Fraction of the total power transmitted in the broadside beam direction for
rural and urban scenarios



https://iecnorm.com/api/?name=fb021c3ba30786d892f9b70c2f6c82e0

IEC TR 62669:2019 © IEC 2019 - 49 —

o
©
a
L A A B A A B

- Rural

Urban

0,8 A A A A A >
0,1 0,15 0,2 0,25 0,3 0,35 0,4 0,45

Power reduction facto

IEE

S S S T S S T WS DN S| N S S S S S -

o
o]
a
LN A B AN AN A AR AN A 4

Figurg 17 — CDF of the power reduction factor for rural and urban installation sceparios

The re
and 1

sults were computed for an 8x8 mMIMO antenna designed to cover £60° in gzimuth
6° in elevation. The beam power fractions will be lower for antennas with more elgments;

however, the provided values can conservatively be applied for larger arrays when no gpecific

statisti

Based

cal analysis is available.

on these results, a powerreduction factor Fpp p of 0,32 can be used for rural MMIMO

sites, gnd a factor of 0,19 for. urban mMIMO sites. The effects of TDD can be considgred by

multipl

13.2.4

Simula

ing with a suitablextechnology duty cycle, e.g. Fypc = 0,75, according to Equatign (1).

Modelling case study B

lion method B including its rationale and representativeness to 5G use cades are

descrijed in<[35] and in 3GPP documents [6] and [7]. The deployment configuratiohs and
channgl model simulation parameters are derived from 3GPP TR 36.873 [6] using Urban Macro

(UMa)

and”Urban Micro (UMi) scenarios. These are consistent with 3GPP TR 38.901 [7], which

is more recent. Table 12 provides the relevant simulation parameters.
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Table 12 — Relevant parameters for conducting RF exposure assessment
of a massive MIMO site or site cluster according to simulation method B (from [35])

Type Simulation model parameters Example(s)
General Technology 5G OFDM
Technology duty cycle 0,75
Use case eMBB
Environment type Urban Macro (UMa) and Urban Micro (UMi)
as specified in 3GPP TR 36.873 [6] and
3GPP TR 38.901 [7]
Frequency 2 GHz
Site Installation height 25 m for UMa and 10 m for UMi (framJId] [7])

Number of sectors per site

3

transnfitter

Site clyuster Number of sites 7
Cell shape Hexagonal
Antenna Type 2D array antenna withi.64 single polariz¢d
radiating element§#8-columns x 8 rows
Dimension of the array antenna panel 53 cm x 53 cm
Maximum gain in the main lobe 26 dBi
Horizontal half-power beamwidth (HPBW-H) Not relevant for eigen-beamforming
Vertical half-power beamwidth (HPBW-V) Not relevant for eigen-beamforming
Beam steering range (azimuth) Within a 120° sector (3 sectors per site
Beam steering range (elevation) Not relevant for eigen-beamforming
Radiat|ng Gain 8 dBi
element Horizontal half-power beamwidth (HRBW-H) | 65°
Vertical half-power beamwidth (HRBW-V) 65°
Equipment Rated maximum transmitted(power 49 dBm and 44 dBm in UMa and UMi,

respectively, on a system bandwidth of
20 MHz (from [6])

Rated maximum EIRP

75 dBm and 70 dBm in UMa and UMi,
respectively

Systert
simulagions

Beamforming\type

Eigen-beamforming (EBB)

Channel'médel / traffic load

Full buffer / 100 %

Number of simultaneously served UEs (X)

1,2o0r5

UE) spatial distribution law

Normal

UE indoor/outdoor ratio

20 % outdoor 80 % indoor in nearby buildings
whose height is uniformly distributed between
4 and 8 floors (from [6])

UE service duration (D)

UE served for 1sto 60 s

Model operation duration 6 min
Time averaging period 6 min
Contributions from adjacent and other beams Included

(from IEC 62232:2017, Annex F.10)

The outcome of the modelling studies is summarized in Figure 18 and Table 13.
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number of simultaneously served UEs K =1; 2; 5
Figure 18 — CDF of the normalized transmitted power for both UMa and UMi
Tgble 13 — Summary of the percentiles of the normalized - transmitted power and

compliance distances for a UMa scenario from:3GPP TR 36.873 [6]
and 3GPP TR 38.901 [7]

UMa scenarios D=60s D=10$%
K=1 K=5 K=1 K =5
50th pgercentile of normalized Tx power 0,13 0,13 0,13 0,13
95th percentile of Tx power 0,26 0,18 0,18 0,15
99th percentile of Tx power 0,32 0,19 0,19 0,16
Compllance distance based on the 95th percentile (m) 8,1 6,9 6,9 6,4
Reduclion factor on the 95th percentile compliance distance 0,5 0,43 0,43 0,40
Compllance distance based on the 99thpercentile (m) 9,0 7,3 7,3 6,6
Reduclion factor on the 99th percentile compliance distance 0,56 0,45 0,45 0,41

Resultg in Table 13wdemonstrate that for percentiles above 50 %, the CDF of the normalized
transmjtted poweryisthigher in UMa compared to UMi. It also confirms that, for an 8x8 rgdiating
elemer|t array, the 95th percentile of the transmitted power is 0,26 of the maximum trangmitted
power.| The «esulting reduction factor of the compliance distance is 0,5. When conslidering
higher percentiles, for example the 99th percentile, the compliance distance remains wifhin 11 %
compafedito the scenario based on the 95th percentile.

This modelling method also applies to BS using mMIMO with predefined grid of beams (GOB).

13.2.5 Modelling case study C

Simulation method C is described in [36]. Based on the Synthetic Model, mMIMO antennas can
be understood as a simple array of point sources. These are distinguished into coherent and
incoherent areas. The number of incoherent areas determines how many beams the antenna
emits. Beam steering occurs by controlling the phases between elements of coherent areas [36].
In addition, the input power of the coherent areas is controlled differently.

All coherent areas have a phase parameter in horizontal and vertical directions. These
parameters specify the phase shift to the neighbouring elements. Furthermore, each coherent
area has an amplitude parameter.
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All possible operating modes are considered functions of the two-phase shift parameters and
the amplitude parameter per coherent area. For the distribution of the parameters, various
functions can be used. As a conservative approach, a triangular distribution function has been

chosen.

The procedure is based on the distribution functions of phase and amplitude values.
Furthermore, an additional power reduction factor is varied between 0,1 and 0,9 and it is verified
which proportion of configurations fulfils these values.

Detailed investigations have shown that for an antenna with 8x8 radiating elements, an
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additional power reduction factor of 0,4 is to be applied for the 95th percentile.

The re‘evant simulation parameters are described in Table 14.

Table 14 — Relevant parameters for conducting RF exposure assessment
of massive MIMO site according to simulation method C (from[36])

Type Simulation model parameters Specification
Genergl Technology mMIMO antenna
Technology duty cycle Not applicable
Use case Mobile broadband
Environment type Urban‘and rural
Frequency 2,5 GHz
Site Installation height Not applicable

Number of sectors per site

Not applicable

Site cluster

Number of sites

1

transmitter

Cell shape Not applicable
Antenna Type Square-shaped array antenna with 8x8
elements. Impact of array size analysed.
Dimension of the array-antenna panel 41 x 47 to 84 x 84 where 1 is the wave|ength
Maximum gain in theymain lobe 23 dBi to 28 dBi
Horizontal halfzpower beamwidth (HPBW-H) 7° to 12,5° (central beam)
Vertical half-power beamwidth (HPBW-V) 7° to 12,5° (central beam)
Beam,steering range (azimuth) 100°
Beam steering range (elevation) 40°
Radiat|ng Gain 10 dBi
element Horizontal half-power beamwidth (HPBW-H) | 67°
Vertical half-power beamwidth (HPBW-V) 40°
Equipment Rated maximum transmitted power Results are independent of this parameter

since only a relative relationship between
input power and percentage of the radiated
field is considered in the study

Rated maximum transmitted EIRP

Results are independent of this parameter
since only a relative relationship between
input power and percentage of the radiated
field is considered in the study

System
simulations

Beamforming type

Grid of beams

Channel model / traffic load

Results are independent of this parameter
since only a relative relationship between
input power and percentage of the radiated
field is considered in the study

Number of simultaneously served UEs

Statistical model (triangular distribution)
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Type

Simulation model parameters

Specification

UE spatial distribution law

Models corresponding to urban and rural
installation scenarios

UE indoor/outdoor ratio

Not applicable

UE service duration

Statistical model

Model operation duration

Not applicable

Time averaging period

Results are independent of this parameter
since only a relative relationship between
input power and percentage of the radiated

field is considered in the study

Contributions from adjacent and other beams Included

(from IEC 62232:2017, Annex F.10)

The outcome of the modelling studies is summarized in Figure 19.

NOTE A triangular distribution function for the parameters was used.
Figure 19 — Relationship between additional power reduction factor
and<€DF as a function of number of beams (number of incoherent areas)
The simplé approach makes it possible to determine the additional power reduction fa
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ctor for

antennas with an even larger number of elements.

13.2.

6 Lessons learned

Modelling studies can be used for the evaluation of the actual maximum transmitted power or
EIRP of a BS. For the next edition of IEC 62232, it should also be considered to:

a) add the new terms and definitions including those specified in Clause 2, and a description
of the new parameters to be used for implementing actual maximum approaches in 4G and

5

G;

b) add general requirements to evaluate the CDF of the normalized transmitted power or EIRP,
to derive the actual maximum transmitted power or EIRP and the corresponding RF
compliance boundary;

c) consider measurement validation and sensitivity analysis of modelling study results with
input parameters variations;
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e) define how to build simulation scenarios to be considered in modelling studies to address
compliance with exposure guidelines and align simulation models with 3GPP guidelines for
conducting channel model simulations for 4G and 5G (e.g. using [6] and [7];

f) add general requirements to enforce the implementation of RF exposure compliance
boundaries based on the actual maximum power or EIRP and ensure this is not exceeded

duri

ng field operations of the BS;

g) add recommendations about the implementation of actual maximum approaches with all BS
types.

13.3 Measurement studies on operational sites with BS using mMIMO

13.3.1

Measu
installe
transm

paramegters of the base station is recommended. According to B.5.1 (IEG62232:2017)
Um transmitted power can be obtained from network-based mgasurements, ga

maxim
inform4

area anfd performing a statistical analysis.

The pu
the act

The ge

a) Del
the
ung

b) Per
the

d on operational sites or site clusters including trials. Due to the high;variability

rpose of 13.3 is to build a stable and coherent framework that can be used to e
lal maximum RF exposure in the surrounding locations.

form network-based measurements using BS counters (see 13.3.3.3) of releva

Guiding principles

ement studies are performed to assess the RF exposure in the vicinity of/mMIMO BS

of the

tted signal in azimuth, elevation and time, statistical analysis ,fCthe transrission

tion from either a single cell, or a cluster of cells deployed across a large geogr

ine the investigation area, the list of relevant transmitters impacting RF exposu
r parameters, including the key system\parameters for the technology or techn
er investigation(s).

RF exposure assessments., This includes azimuth, elevation, time and in-s

actual

thering

bphical

aluate

heral process to conduct experimental studiesson mMIMO site or site cluster is as follows.

re and
plogies

nce for
itu RF

explosure measurements, provided the purpose of the statistical analysis is to extrapolate
field measurements to the actual maximum transmitted power.

c) Detlive statistical distribution”of the transmitted power and evaluate the actual maximjum RF
explosure parameters within the investigation area.

13.3.2

Before

Measurement campaign parameters

starting RE-exposure measurements in the vicinity of a BS site or site clustgr, it is

recommended (o) collect general information that can impact the outcome of the RF exjposure
assessment.<Table 15 provides the relevant parameters.

Table 15 — Measurement campaign parameters for conducting |

RF exposure assessment of a massive MIMO site or site cluster

Type

Measurement campaign parameters

Example(s)

Proposed
for
inclusion
in next
edition of
IEC 62232

General

Investigation purpose

General public exposure or
occupational exposure or validation of
modelling studies or other

Investigation area

Geographical description of the area
under investigation

Investigation time

From Day 1 to Day 2

Technology(ies) under investigation

LTE-TDD / 5G NR
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Type Measurement campaign parameters Example(s) Proposed
for
inclusion
in next
edition of
IEC 62232
Technology use case Mobile broadband
Environment type Urban or sub-urban
Per Technology 5G NR TDD
technology
Technology duty cycle 0,75 X
Frequency 3,6 GHz (in 3GPP Band 42)
Number of sites in the experiment 1
Per Address Street, City, Country
site/clyster . -
Position (GPS or equivalent) N:48.812476; E2.361383
Installation height 10 m
Number and azimuth of sectors (cells) 3 sectors using azimuth 30°(fsector 1),
per technology/frequency 150° (sector 2) and 270°Asector 3)
Per antenna Type 2D array antenna with 32 cross
polarized radiating elements: 4 columns
x 8 rows
Dimension 30 cm x 60 cm
Maximum gain in the main lobe 24 dBi
Horizontal half-power beamwidth 12° (at'3'dB)
(HPBW-H)
Vertical half-power beamwidth 8¢ {(at 3 dB)
(HPBW-V)
Beam steering range (azimuth) 90° (at 3 dB) X
Beam steering range (elevation) 40° (at 3 dB) X
RF compliance boundary According to IEC 62232
Equipment Rated maximum transmitted power 100 W (50 dBm)
transniitter
Rated maximum transmitted EIRP 74 dBm
RF exgosure | RF exposure mgdelling on the According to IEC 62232:2017
investigation_ area (if available)
Field measurement types In-situ, Case A and Case B as specified
in 6.3.2.2 and 6.3.2.3 (IEC 62232:2017)
Measurement equipment Equipment name, frequency range,
accuracy, etc.
Base station counters Averaged DL transmitted per cell,
connected users per cell, etc.
CUUIItUI t;IIIU avclagilly pUI;Ud 15 III;II
Specific requirements For example, indicate here if process
was used to ensure there is at least a
communication on the site towards the
point of investigation

13.3.3 Experiment process

13.3.3.

1 General description

The experimental process consists of performing the RF exposure assessment in the
investigation area in accordance with IEC 62232. In parallel, base station counters are collected
in order to assess impact of time variations due to traffic load on RF exposure or provide other
relevant information for consistency checks.
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13.3.3.2 In-situ RF exposure assessment
The general process developed for in-situ RF exposure measurements is described below.

a) Perform a site  analysis using broadband measurement as  specified
in 6.3.2.2 (IEC 62232:2017) by scanning the area of investigation at 1,5 m height in order
to identify the position of maximum exposure (a test device can be used to ensure that there
is traffic towards the location of measurements).

b) Identify if there are other locations of specific interest in the investigation area, such as
places where people can stay for a long period of time (e.g. a period of time exceeding the
EMF averaging time).

c) Atthelocation of maximum exposure (see step a)) and other specific locations (see step b)),
perform spatial averaging measurements according to IEC 62232:2017 requirementg using
Case A broadband type measurements (minimum) as specified in 6.3.2.2 (IEC 62232:2017)
or Case B comprehensive exposure evaluation as specified in 6.3.2.3 (IEC 62232:2D17) to
account for the contribution of all relevant RF sources.

d) For|the case where the purpose of the RF assessment is to evaluate(the maximum RF
exposure conditions taking into account traffic and transmitted power variations (the
megasurement points in step c)), derive the actual maximum RF exposure from counter data
and the CDF of transmitted power (see 13.3.3.3) during the measurement period.

More cpnsiderations for addressing the variation of beam directiofis over time in the nextledition
of IEC 2232 can be found in 13.3.5.

13.3.3.83 Base station counters

Varioug counters of quantities measured on the'BS are relevant for the analysis|of the
transmjtted power of massive MIMO base stations, (counter naming can differ depending on the
base s{ation vendor), such as:

a) avgrage downlink RF transmitted power;this counter monitors the RF power transmitted by
the| antenna (i.e. the sum of the real RF transmitted power from all individual rgdiating
elements) and delivers the average value for the reporting interval;

b) average number of paired .layers: this counter monitors the number of simulthneous
multiuser-MIMO layers thatare set by the mMIMO system in every transmission slot (fi.e. the
number of simultaneous beams generated by beamforming) and delivers the averagg value
for [the reporting interval. This counter can be delivered on a per-resource block| basis;
thefefore, some post-processing to obtain the average value is needed;

c) avedrage PRB usage index: this counter monitors the ratio of occupied resource blpcks in
every transmission slot (i.e. the percentage of PRBs that have been allocated to usefs) and
delivers theaverage value for the reporting interval. This counter allows checking the
conlsisteney: of the RF transmitted power counter, as power is directly related to the pumber
of FRBs. transporting data;

d) average number of active users: this counter monitors the number of active users im every
transmission slot (i.e. the number of users that have been allocated with one or more PRBs)
and delivers the average value for the reporting interval. This counter allows checking the
consistency of the number of beams counter, as the number of paired layers is directly
related to the number of allocable users.

The reporting interval for network counters is typically 15 min, although 5 min or 6 min are
possible for some vendors’ network management system.

When performing statistics on operational networks, it is important to ensure they are taken on
a period that is representative of the variability of operations, e.g. considering load variations
within a day or a week or other seasonal effects in touristic areas, etc. To obtain statistically
relevant results, it is recommended to collect data for a sufficiently long period of time, for
example one week per configuration type.
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13.3.4 Examples of RF exposure experiments
13.3.4.1 Measurement campaign parameters

As examples of the applicability of the previously described procedure, six experiments have
been carried out using existing mMIMO testbeds in LTE-TDD 2600 band in different
environments and under different traffic profiles. The measurement campaign parameters are
summarized in Table 16.

Table 16 — Measurement campaign parameters for RF exposure
validation of several massive MIMO sites and site clusters

Type Measurement campaign parameters Example(s) Prgposed
for
indlusion
in next
edition of
IEQ 62232
Genergl Investigation purpose Validation of modelling studies
Investigation area Urban neighbourhood | Suburban

campus | Indoor stadidm s Motor circuit
| Urban festival | Suburban train station

Experiment number and investigation #1 (1 month) | #2(¥ymonth) | #3
time in parenthesis (1 week) | #4 (3 days) | #5 (5 days) |
#6 (1 day)
Technology(ies) under investigation LTE-TRD
Technology use case Mobile.broadband
Environment type Urban | Suburban | Indoor | Suburban |
Urban | Suburban
Per Technology LTE TDD
techndlogy
Technology duty cycle 0,75
Frequency 2 600 MHz (in 3GPP Band 38)
Number of sites in the experiment gl1]11]6]1]1
Per Address Madrid | Newbury | Istanbul |
site/cluyster Silverstone | Albacete | Bristol
Position (GPS.ar.equivalent) (Several)
Installation‘height (Several)
Numperand azimuth of sectors (cells) 1 cell per site, several azimuths

pertechnology/frequency

Per antenna [\ Type 2D array antenna with 64 cross-
polarized radiating elements:
8 columns x 8 rows

Dimension 86 cm x 52 cm
Maximum gain in the main lobe 24 dBi
Horizontal half-power beamwidth 15° (at 3 dB)
(HPBW-H)
Vertical half-power beamwidth 10° (at 3 dB)
(HPBW-V)
Beam steering range (azimuth) +30° (at 3 dB) X
Beam steering range (elevation) +15° (at 3 dB) X
RF compliance boundary According to IEC 62232
Equipment Rated maximum transmitted power 50W |40W |80W |60W|80W |
transmitter 80 W
Rated maximum transmitted EIRP 71 dBm | 70 dBm | 73 dBm | 72 dBm |

73 dBm | 73 dBm



https://iecnorm.com/api/?name=fb021c3ba30786d892f9b70c2f6c82e0

- 58 - IEC TR 62669:2019 © IEC 2019

Type Measurement campaign parameters Example(s) Proposed
for
inclusion
in next
edition of
IEC 62232
RF exposure | RF exposure modelling on the According to IEC 62232
investigation area (if available)
Field measurement types None (only BS counters)
Measurement equipment None (only BS counters)
Base station counters Average DL RF transmitted power;
average number of paired layers;
av )

number of active users

Counter time averaging period 15 min|5min|1s

Specific requirements Ensure users are connected and
served normally by the studied cells

13.3.4.2 Measurement collection

The folir counters specified in 13.3.3.3 have been used. These«alles are time-averagg¢d over
the regorting interval. The reporting interval for network counters was 15 min in most|cases,
though|data collection at 5 min and 1 s intervals was performed for benchmarking purpgses. In
all casgs, the reporting interval is several orders of maghnitude longer than the transmission
frame. |[Therefore, the technology duty cycle factor is 4ncluded in the counter and shall|not be
added [o the counter itself.

The maximum value achievable by the average.downlink RF transmitted power countef is the
time-ayeraged maximum transmitted power, specified in Equation (6) as follows:

Lrxmta = Prxm * Frpc (6)
where
PryvtA is the time-averaged maximum transmitted power in downlink (deterministic
factor);
Prxm is the maximum transmitted power in downlink (deterministic factor);
Frpc is asscaling factor representing the technology duty cycle of the| signal

(deterministic factor).

13.3.4.3 , (Results of the measurement study

The precessing—efmeasured—data—was——ecarried—outinthreestages—Data—consisterty was
checked: RF transmitted power data is correlated with PRB usage data while number of paired
layers is correlated with the number of users. Afterwards, average power per beam was
obtained by dividing each RF transmitted power sample by each corresponding number of

beams per sample. Then, a statistical analysis on the power per beam was performed.

Figure 20 shows a statistical analysis performed using one-month counter logging from a small
sample of eight cells using the same 3GPP Band 38 mMIMO antenna models in Madrid
(see experiment #1 in Table 16). The environment is an urban scenario, with low traffic
conditions. Results include only the 15 min averaged RF transmitted power with no further
correction due to beam distribution; therefore, this is an overly conservative case.
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8-Cell cluster analysis (Madrid, 1 month)
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Figure 20 — CDF of measurement on 8-cell cluster (experiment #1)

The adtual maximum power can be determined from ‘the CDF on Figure 20, using § 100th
percentile (for a small sample of cells) or using 95th percentile (for a larger sample of cells)
providgd that the operator is implementing tools; to ensure this is not exceeded. The| actual
maximym EIRP (EIRP,)) and related values‘detived from this study are provided in Taple 17.

For example, the actual maximum EIRP using the 95th percentile approach is calculated with

Equation (7), which is derived from Equation (1) and Equation (3), considering the base|station
configyration parameters shown in Table 16 as follows:

EIRPaAMm = Prxm X Etbe * Gug * Fpr = 50 x 0,75 x 1024 x 0,22 (W) (7)
where
Prxm is the rated-maximum transmitted power configured by the operator (50 Wj);
GuLe is thevantenna gain in the main lobe (24 dBi);
Frpc issthe technology duty cycle of the signal (0,75);
Fpr is derived from the 95th percentile of the CDF shown in Figure 20 (0,22).
Table 17 — Actual maximum values for experiment #1
Value
Parameter Using the 100th percentile Using the 95th percentile
approach approach (for larger sample)
Power reduction factor 0,29 0,22
Actual max. EIRP (W) from Equation (3) 2730 W 2070 W
Actual max. EIRP (dBm) 64,4 dBm 63,2 dBm
D; (m) from 6.1 (IEC 62232:2017) 4,7 m 3,5m
D, (m) from 6.1 (IEC 62232:2017) 1,3m 1,2 m
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Experiment #5 (see Table 16) corresponds to a one-week analysis on a single Band 38 mMIMO
hotspot site during an extremely high-traffic event. The statistical analysis of the 15 min
averaged transmitted power per beam is shown in Figure 21 and the actual maximum EIRP and
related values are provided in Table 18.

High-traffic single cell analysis (1 week)
100

Samples (#)

90 I

95-percentile: 25,8 % of

80 TXMTA

70

60

50

40

100-percentile30,9 % of P.

30 TXMTA

20

01 23 4567 8 91011213 1415161 18 19 20 21 2223 24 2526 27 28 29 30

Sum of the 15 time-averaged-transmitted power per single beam (as % of P, | -.)

IEC

Figure 21 — CDF in high-traffic conditions (experiment #5)

In Table 18, for example, the actual maximum EIRP using the 95th percentile approach is
calculated with Equation (7) considering the base station configuration parameters shHown in
Table 16, as follows:

EIRPap = 80 x 0,75 x 1024 x 0,26 (W)

Table 18 — Actual maximum values for experiment #5

Value
Parameter Using the 100th percentile Using the 95th percelntile
appfea-eh——ap-pFeaeh—(-fer—l-aFgeFejmple)
Power reduction factor 0,31 0,26
Actual max. EIRP (W) from Equation (3) 4670 W 3920 W
Actual max. EIRP (dBm) 66,7 dBm 65,9 dBm
Dy (m) from 6.1 (IEC 62232:2017) 6,1 m 5,6 m
Dg (m) from 6.1 (IEC 62232:2017) 1,7m 1,6 m

The configurations and outcome for all the six experiments referenced in Table 16 are
summarized in Table 19.
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Table 19 — Summary of actual maximum power results based
on measurements from different sites and clusters

Experiment Testbed User Traffic No. of | Measurement | Power reduction | Power reduction
number environment | mobility profile cells period factor using a factor using a
100th percentile 95th percentile
approach for the | approach for the
actual maximum | actual maximum
power power
#1 Urban .
neighbourhood High Low 8 1 month 0,29 0,22
#2 Suburban High Low 1 1 month 0,27 0,22
campus
#3 Indoor stadium Low High 1 1 week 0,27 0,17
#4 Motor circuit Low Low 6 3 days 0,26 0,18
#5 Urban festival | Low EXtr:fgmhe'y 1 5 days 0,31 0,26
#6 Suburban train | o Low 1 1 day 027 0,20
station
13.3.5| Lessons learned
With tHe introduction of massive MIMO systems, specific requirements will likely need to be
introduced in the next edition of IEC 62232 to take into account the variation of beam directions
over time.
Different measurement configurations could be considered, such as using a dedicatgd test
device|to force a fixed beam towards the evaluation point or taking multiple evaluatiohs with
differemt beam orientations configured at the BS level or taking measurement at the point of
investigation without beam forcing. These could depend on the purpose of the measurgments
(e.g. determining compliance assessment’with applicable exposure limits and regulatjons or
collecting RF exposure data). TDD mode as well as device used to orient the beam Will also
add a gonstraint on measurement. The proposed test protocol can also consider parameters

such a
is impg

Measu

or EIRF

add
adg

using reference to existing standards (e.g. 3GPP) where relevant;

adg

b transmitted file size, type,duration and repetition. Recording the time of measur
rtant in order to derive the appropriate correction factors from counter statistics.

ement studies can.be used for the evaluation of the actual maximum transmitted
P of a BS. For thé néext edition of IEC 62232, it should also be considered to:

new terms<and definitions;

the requirements for base station counters (content, name, duration, averaging ti

an-experimental process to ensure the beam configuration is appropriate to ass

bments

power

me, ...)

pss the

RF

exposure at the point of investigation during field measurements (e.qg. using a test|

device

to focus the beam on the evaluation point or using specific BS test modes allowing to focus
the beam on the evaluation point or defining a method to get the radiated power on the
selected beam);

d)

measurements and CDF of the normalized transmitted power;

add the post processing formulas to derive actual maximum RF exposure from field

add in-situ RF exposure assessment requirements to take into account specificities of

mMIMO and 5G, such as beam steering mechanisms using a device or BS feature to focus
the beam towards the evaluation point or away from the evaluation point, depending on the
purpose of the assessment;

f)

g)
h)

add a method for evaluating the extrapolation factors from field measurements;

extend the implementation of actual maximum approaches to all types of BS;

i) clarify content and definition of the "Site Analysis".

add a method for evaluating an indicator of mean exposure, for example during a day;
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13.4 Configurations with multiple transmitters
13.4.1 Guiding principles for configurations with multiple transmitters

In realistic exposure scenarios, it is likely that RF exposure is generated by multiple
independent transmitters. This occurs where multiple operators and/or transmitters operating
on multiple frequencies are on the same site. The probability that multiple independent
transmitter systems are delivering the actual maximum RF exposure on the same point at the
same time is lower than for one single transmitter.

The proposed approach, which is applicable to either measurement or modelling, is to:

a—CIts otrr—Taw oY TE © orma i a -rbya
hat has been obtained either by simulations or measurements;
b) calg¢ulate random combinations and derive the CDF resulting from multipleyindependent

trarpsmitters in the same direction;

c) der|ve the power combination factors applicable to the actual transmittédypower anfl other
relgvant percentiles as specified in 13.4.

a) derpve

13.4.2| Rationale

Severd|l statistical distributions can be used to represent the random variations of a gliantity.
When dlealing with power density, it is recommended to look¢for positive distribution having a
finite slupport. The Beta distribution, introduced by Karl ,Péarson in the early 1900s,| has a
positive and a finite support and its shape is fully controlled by two parameters.

The Bgta function chosen for conducting the statistical analysis in 13.4 has been derivgd from
CDFs ¢btained with modelling case study B (see 13.2.4 and [35]). It has a support [0[1] and
shape fontrol set at 2 and 15. It provides a nerthalized transmitted power of 0,35 for tJe 99th

percentile and 0,26 for the 95th percentile. Detailed investigation of such combinations|can be
found iph [37]. The complete CDF is showngn*Figure 22 and the quantiles are listed in Table 20.

Table 20 — Quantiles of the reference Beta distribution
used to assess power combination factors

Perceptiles 5% 25 % 50 % 75 % 95 % 99 %
0,022 0,060 0,102 0,159 0,264 0,348

PDLN
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Figure 22 — CDF of the reference Beta distribution used to assess
power combination factors

The regulting CDF for the combination of two independent transmitters having the same CDF

is shown in Figure 23.

NOTE The validity of this assumption needs to he confirmed for multi-technology systems with cogperation

algorithms used to serve a UE or carrier aggregation.
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Figure 23 — CDF resulting from the combination of two independent
transmitters having the reference Beta distribution

The analysis has been performed for up to five transmitters. The resulting percentiles are
provided in Table 21.
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Table 21 — Percentiles resulting from the combination of 2 to 5 independent
transmitters having the reference Beta distribution

Percentiles 5% 25 % 50 % 75 % 95 % 99 %
1 transmitter (reference) 0,02 0,06 0,10 0,16 0,26 0,35
2 transmitters 0,04 0,08 0,11 0,15 0,22 0,27
3 transmitters 0,05 0,09 0,11 0,15 0,20 0,24
4 transmitters 0,06 0,09 0,11 0,14 0,19 0,22
5 transmitters 0,07 0,09 0,12 0,14 0,18 0,21
13.4.3| Power combination factors applicable to configurations with multiple

The odtcome of the statistical analysis presented in 13.4.2 shows that a power comh

transmitters

ination

factor ¢an be applied to the actual maximum transmitted power and other relevant percentiles.

Exampjes of power combination factors are provided in Table 22.

Tablg 22 — Power combination factors applicable to the normalized transmitted gower
CDF in case of combination of multiple independentddentical transmitters
Percentiles 5% 25 % 50 % 75 % 95 % 99 %

1 transnitter (reference) 1,00 1,00 1,00 1,00 1,00 1,00
2 transnjpitters 1,91 1,30 1,08 0,94 0,82 q,77
3 transnpitters 2,46 1,43 111 0,91 0,75 d,68
4 transnpitters 2,82 1,50 1,12 0,89 0,71 d,63
5 transnpitters 3,05 1,55 1,13 0,87 0,67 d,60
One infportant assumption in the assessment of power combination factors in Table 22| is that
all transmitters have the same.maximum transmitted power, i.e. the same weight|in the

statisti

cal combination. If the tnaximum transmitted power is not the same or if the frefjuency

band ig not the same, the weighting in the statistical combination will have to be adapted to

take in

Assum

one signal is equalto a ratio p of the other, the combination factors can be adjusted as

in Tabl

ng that the combination applies to two independent signals having the same CDF

e 23. The'walue with p = 1 corresponds to the power combination factor from Tah

Table 23 — Power combination factors applicable to

| ~"  two independent transmitters with a ratio p in amplitude |

o account the different maximum transmitted powers or/and the relevant referencg levels.

where
shown
le 22.

Power combination factors
two indz?)t:eflge?l‘tettvrv:::mitters Percentiles

5% 25 % 50 % 75 % 95 % 99 %
0,1 1,34 1,09 1,01 0,98 0,95 0,95
0,2 1,55 1,15 1,03 0,96 0,91 0,90
0,3 1,68 1,20 1,04 0,95 0,89 0,86
0,4 1,77 1,24 1,06 0,95 0,87 0,83
0,5 1,81 1,26 1,06 0,94 0,85 0,81
0,6 1,85 1,27 1,07 0,94 0,84 0,80
0,7 1,87 1,28 1,07 0,94 0,83 0,79
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Power combination factors
Ratio p between .
two independent transmitters Percentiles
5% 25 % 50 % 75 % 95 % 99 %
0,8 1,88 1,29 1,07 0,94 0,83 0,78
0,9 1,89 1,29 1,08 0,94 0,82 0,78
1 1,91 1,30 1,08 0,94 0,82 0,77
13.4.4 Lessons learned
Statistical studies show that combination factors can be applied for the evaluafion of thg actual
maximym transmitted power or EIRP of multiple independent sources, either from a.sirigle BS
using multiple independent carriers or from multiple BS on the same site. This applieg to BS
with fixed beams or using steerable beam like mMIMO.
For thg next edition of IEC 62232, it should be considered to:
a) add the new terms and definitions;
b) add a description of the new parameters and methods to be, used for assessing thg actual
makimum exposure in case of multiple sources;
c) add discussion on the validity of the assumption of indepéndence of transmitters.
14 Macro BS with massive MIMO product compliance assessment
14.1 General description
This cgse study describes a product compliance assessment of a 5G radio base statign (BS)
producf employing massive MIMO using methodology specified in IEC 62232:2017.
The BY product considered operates.\in the 3,5 GHz frequency band and cpnsists
of 128 fransmit/receiver branches. The array antenna consists of four antenna modulgs with
dual pglarized antenna elements acgcording to Figure 24.
Z A
=
N : )‘ }dz
AN P\
N
=)
:{\‘1 v | v
. y
} IEC
<>
dy
IEC
a) Schematic view of the four antenna modules b) One antenna module mounted in the BS product

with cross-polarized antenna elements

Figure 24 — 5G BS product
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The purpose of the assessment is to determine a RF compliance boundary outside of which the
radio frequency exposure is below the ICNIRP general public and occupational exposure
limits [8] provided in Table 24. The evaluation is based on numerical power density calculations
using the spherical far-field formula and considers effects of scanning in elevation and azimuth,
scan loss and the actual maximum transmitted power.

Table 24 — RF EMF exposure limits relevant for the product compliance assessment [8]

EMF exposure limit
5G frequency band
(W/m?)
(GHz)
General public Occupational
3,5 10 50

14.2 Implementation of IEC 62232:2017

14.2.1| Evaluation process

This product installation compliance assessment follows theAprocedure as specified
in 6.1 (IEC 62232:2017). Compliance boundary information is~ determined for a [typical
configyration of the BS product assuming free space conditions¢

The Jyse of basic computations was selected, £and the procedures degcribed
in 6.1.5.4 (IEC 62232:2017) were used. Using the guidélines of Figure 13 and Table 7 in 8.3
(IEC 62232:2017) and Table A.11 in Clause A.4 (IEC®62232:2017), the spherical formula for
power flensity method was applied.

14.2.2| Methodology

For thg equipment under test (EUT), which makes use of a massive-MIMO array antgnna, a
simple [RF compliance boundary in the~form of a rectangular box was selected based|on the
guidelipes in 6.1.4 (IEC 62232:2017):The RF compliance boundary is described in term$ of the
EUT dimensions and the complianc¢e-distances in front of, behind, above/below, and to the sides

of the |

FUT according to Figure-25:

L

IEC

Figure 25 — Box-shaped RF compliance boundary
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A requirement of the compliance evaluation is to define the set of conservative BS parameters
for a BS under normal use; this requires a detailed analysis specific to the employed technology.
A differentiating factor between 5G New Radio (NR) and previous radio access technologies
(RATSs) is the employed "beam-centric design" which aims to transmit energy in narrow beams
towards the directions where it is needed rather than to constantly transmit energy in a wide
angular sector. This focusing of energy in different directions will also impact the realistic
exposure of 5G BS products. An exposure assessment of a 5G NR system employing massive
MIMO based on the traditional approach employed for previous RATs would assume that the
maximum power is transmitted in each possible direction for a time-period in the order of
minutes, corresponding to the averaging time of the relevant RF exposure limits. This is very
unrealistic, if even possible, and would lead to a very conservative RF compliance boundary
consistent with the envelope of all possible array excitations/beams, where each beam is
transmttimgatthemaximomT tramsmittedpower

In this [product compliance assessment, results were obtained for the actual maximum| power
as despribed in Clause B.5 (IEC 62232:2017) and determined according to the .methddology
descrifjed in [33] which is an expansion of the approach in Clause F.10 (IEC®2232:20[17). As
explained in [33], the actual maximum transmitted power depends on the environment in which
the 5G| BS will later be installed as this will have an impact on the expected distribdtion of
connedted users and thereby on how the time-averaged transmitted power is distributeq within
the scén range of the array antenna. For this product compliance' assessment, an| actual
maximym transmitted power level of 25 % of the corresponding, maximum transmitted| power
(according to the general principles introduced in 13.1), applicable for the considered arrpy size
and both rural and urban environments [33], was selected.

14.2.3| Reporting
Annex H.1 provides the technical details of the site and the numerical parameters uged for
the asgessment and Annex H.2 provides the compliance test report following the
requirements of IEC 62232. The modelling uncertainty was determined according to 6.1.6 and
Clause|9 (IEC 62232:2017) and the results were reported according to 6.1.f and
Clause| 10 (IEC 62232:2017).

14.3 Technical outcome

The obtained RF compliance bounhdary dimensions obtained for a conservative actual mgximum
transmjtted power level of 62,9 W including an assumed 1 dB power tolerance takipg into
account manufacturing dispersion are provided in Table 25.

Tablg 25 — Dimensions of the box-shaped RF compliance boundary for general public
(GP) and occupational (O) exposure for an actual maximum transmitted power
configuration

Dimensions of the box-shaped RF compliance bounda[y
)
Mode and RF transmitted power for Dist
EUT Distance to Iti:r:i:se Distance Distance Distance
in front of of EUT above EUT | below EUT behind
EUT (Dy) (D) (Da,u) (Da’d) EUT (D,)
Ra.ted Actual
maximum maximum
Band transmitted . GP o GP (o) GP (o) GP (o) GP (o]
transmitted
power from wer
the EUT po
B42
(3 500 200 W 62,9 W 11,6 | 5,2 7.1 3,1 4,0 1,5 4,3 1,8 0 0
MHz)
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NOTE The specified RF compliance boundary width and height values (distance above EUT + distance below EUT)
are determined by the RF EMF exposure in the main beam considering effects of applicable scan range. In the vicinity
of the EUT, however, the simple box-shaped RF compliance boundary is very conservative. For specific installation
scenarios, more accurate product installation compliance assessments can be performed to allow the use of a more
accurate RF compliance boundary shape.

Outside of this box the RF exposure is below the exposure limits specified by ICNIRP, see
Table 24 and [8].

14.4 Lessons learned

For accurate compliance assessment results, it is very important to properly define the set of
conservative BS parameters and provide the actual maximum transmitted power conditions in
order tp ot obtaimoverty conservative and unreafistic Tesults:

For thg next edition of IEC 62232, it should be considered to add guidelines for.congucting
producf compliance assessment of 5G BS using massive MIMO based on the actidal mgximum
approagch.

15 Macro site with massive MIMO product installation compliance assessment

15.1 General description

This cdse study describes a product installation compliance @ssessment of a base stat{on site
in @ mqgbile communications network using the methodolegy specified in IEC 62232. Thg site is
locateq on a rooftop in an urban area and consists of/a ' mumber of base station (BS) products
with infegrated phased array antennas employing beamforming technology (massive MIMO), all
managgd by a single network operator. The site operates in multiple bands to offer both larger
area ge¢ographic coverage, as well as localized services to users. For the purpose of th|s case
study we will assume three of the base stations.operate in the 3,5 GHz frequency band @nd are
installgd to provide geographic area coverage in all directions around the site. Then gnother
base station operates in the 28 GHz band<and only provides local coverage to the areq in line
of sighf (LoS) in front of the antenna. Eor both operating bands, the massive MIMO equipment
works yinder a TDD scheme, due to the'simpler and more precise channel estimation prodgedures
needed for accurate beamforming:;This means that only a fraction of the total time considered
for exgosure assessment is actually used for DL transmission. The operational freqencies
used in this case study do-not imply any limitation to the applicability of the assefsment
procedures described within\the document; therefore, this methodology can be considered valid
for other massive MIMO) sites, including those operating in higher and lower freqyencies
(e.g. 2600 MHZz).

This eValuationris‘based on computational methods and takes into account the actual mgximum
transmjtted power of the array antennas. For this case study we will assume that the| site is
situatefl in{ @ European country that uses ICNIRP based limits for general public [8] and
occupdtional exposure as specified in EU Council Recommendation 1999/519/EC [38] and EU
Directi ; i i or on
neighbouring roofs, meaning that the RF exposure from ambient sources is not relevant (i.e. the
contributions to the total exposure are less than 5 % of the limits) and do not need to be
considered in the compliance assessment of this site.

Figure 26 shows an outline of the site and Table 26 gives the relevant EMF exposure limits for
general public and occupational exposure that have been used for the compliance assessment.
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Figure 26 — Outline of the 5G site

Table 26 — RF EMF exposure limits relevant for theccompliance assessment

EME‘exposure limit
5G frequency band
(W/m?)
(GHz)
General public Occupational
3,5 10 50
28 10 50

15.2 Implementation of IEC 62232:2017
15.2.1| Evaluation process

This product installation . compliance assessment follows the procedure specified
in 6.2 (IEC 62232:2017). According to this procedure, the simplified evaluation option described
in6.2.4 (IEC 62232:201(7),was deemed not to be applicable for this site since all the installation
criterial specified in Table 2 (IEC 62232:2017) for the relevant class (E+) were not met.|On the
other hand, based\“on calculations using the equations in 6.2.5 (IEC 62232:201f) and
Equation (6.6) (IEE-62232:2017), and applying the maximum vertical scan angle of 23°| as the
antennp down-iilt, it was determined that the public can access the assessment flomain
boundary (ADB) and therefore, a comprehensive evaluation is necessary.

i i ] described
in 6.2.7 were used FoIIowmg the gwdelmes of Flgure 13 and Table 7in 8.3 (IEC 62232 2017)
and Tables A.11 and A.12 (IEC 62232:2017), it was decided to apply the method "Synthetic
model and ray tracing algorithms" specified in B.4.4.1 (IEC 62232:2017).

15.2.2 Methodology

Data for the product installation was collected according to 6.2.3 (IEC 62232:2017). In this
product installation compliance assessment, results were obtained for the actual maximum as
described in B.5 (IEC 62232:2017) and determined according to the methodology described
in [33], which is an expansion of the approach in F.10 (IEC 62232:2017) to take into account
the actual spatial distribution of users. This methodology is most suitable for the beamforming
capabilities of massive MIMO antennas. For a compliance evaluation, the requirement from the
Radio Equipment Directive 2014/53/EU [40] is to take into account all intended operating
conditions and the reasonably foreseeable conditions. This requires a detailed analysis specific
to the employed technology and in this case, the antenna technology presents some particular
features.
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For the scope of this product installation assessment, the selected approach is using the actual
maximum transmitted power value as specified in 13.1, in order to obtain feasible and accurate
results when calculating exposure at each possible steering direction of the main beam.

As explained in [33], the actual maximum transmitted power depends on the environment in
which the base station is installed as this will have an impact on the expected distribution of
connected users and thereby on how the time-averaged transmitted power is distributed within
the scan range of the array antenna. For this product installation compliance assessment, given
the considered array size and the urban environment, a conservative actual maximum
transmitted power level of 25 % of the corresponding maximum transmitted power was selected,
as recommended in [33]. Additional results obtained from real measured transmitted power data
(shown in 13.3) support the selection of this value as a realistic conservative figure. It is worth
noting that this conservative actual transmitted power also takes into account that the, fraction
of time|devoted for DL transmission in TDD schemes is less than the total time considgred for
exposyre evaluation.

15.2.3| Reporting

Annex || provides the technical details of the site, the EUT and the evaluation procedurne used
for the|assessment. Clause 1.6 provides the compliance test report following the requirgments
of IEC 62232. The modelling uncertainty was calculated~according to 6.2.8 and
Clause|9 (IEC 62232:2017) and the results were reported ~according to 6.2.p and
Clause| 10 (IEC 62232:2017).

15.3 Technical outcome

The compliance boundaries for the general public and for workers have been obtaineq under
the initlal assumption of a conservative actual maximum transmitted power level of 25 % of the
maximym transmitted power for all four base stations installed on the site. A justification|[for this
assumption can be found in [33]. Additional supporting evidence can be obtained from| actual
massive MIMO sites in live operation (such®as the ones detailed in 13.3). Then, the| actual
maximym power was used to evaluate theexposure of the main user beam for every ppssible
steerinp direction.

Obtaingd results for the compliance boundaries are provided in Figure 27 and Figure 2§.

Dimensions ip metres

10,8

20,9

10,1

IEC

Figure 27 — Top view of the exclusion zones (red: occupational, yellow: general public)
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Dimensions in metres
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Figurg 28 — Side view of the exclusion zones (red: occupational, yellow: general g
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h in Figure 27 and Figure 28, the RF EMF exposure fram the site considering all p
y directions of the beams is below the ICNIRP gene€ral public limit [8] in the enti
ble for the general public. The distance from/the floor to the lowest point of
nce boundary (exclusion zone) is 2,55 m, which is above head height. Three
the accessible floor is an elevated level ‘with restricted access. The RF com
ry for workers extends to 1,75 m abovecthe elevated floor level in some areas
d structure, see Figure 28. Therefore, the operator has introduced access restric

installation is compliant with the applicable RF EMF exposure limits.

L essons learned

turate compliance assessment results, it is very important to properly define the
vative BS parameters: For BS products using massive MIMO, the assessments
for actual maximum transmitted power conditions in order to not obtain
vative and unrealistic results (see Clause 13).

ained in 132, the initial assumption of the conservative value for the actual ma
tted power was based on the theoretical work found in [33] and on the analysis
ementsspresented in 13.3. This assumption can be considered valid for massivdg

sites
freque

ith, features similar to the ones of the site under study, even for different oper
cies. Moreover, the assessment procedure detailed in this document can be con

ublic)

pssible
e area
the RF
metres
bliance
of the
ions to

that workers cannot enter this area.:Consequently, the evaluation shows that the base

set of
can be
overly

ximum
of real
MIMO
ational
sidered

to be a

pplicable to sites with slightly different massive MIMO configurations. This could

nclude

scenarios with different array sizes, operating bandwidths, frequency ranges, and power levels.

For the next edition of IEC 62232, it should be considered to add guidelines for conducting
product installation compliance assessment of 5G BS using massive MIMO based on the actual
maximum approach (see Clause 13) using either modelling studies or measurement studies.

16 Small cell products at millimetre-wave frequency using massive MIMO

16.1 General description

These case studies describe the product installation and in-situ compliance assessment of a
5G small cell with a massive MIMO antenna using methodology specified in 6.2 and
6.3 (IEC 62232:2017).
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16.2 Indoor product installation case study
16.2.1 Product configurations

A 5G TDD small cell with massive MIMO antennas transmitting at 27 GHz was installed at an
indoor test and innovation laboratory. A picture of the site is provided in Figure 29.

5G 27 GHz

ifidgor small cell

~5G Device ] ]
= e

-

—

5G eSports
demonstration

IEC
Figure 29 — Indoor site with 5G small.cell product at millimetre-wave frequengy

The equipment under test includes an_indoor small cell BS product that is installed 3 m above
ground|level which is accessible to all:people. The small cell has two power configuratigns:

e power configuration 1: full power test mode (48 dBm EIRP);

e power configuration 2: demonstration mode (38 dBm EIRP).

This is| the installed configuration for the 5G indoor trials and demonstrations The HIRP of
Configtiration 2 is 10 'dB lower than Configuration 1 in order to address indoor coverage area
and gopd quality sighal. This is also required to avoid overloading the system.

16.2.2| Implementation of IEC 62232:2017

16.2.2. 1~ {Evaluation process

This product installation compliance assessment follows the procedure as specified
in 6.2 (IEC 62232:2017) and specifically the simplified evaluation process described
in 6.2.4 (IEC 62232:2017). Table 2 (IEC 62232:2017) specifies the product installation classes
where a simplified evaluation process is applicable (based on ICNIRP general public limits [8]).

16.2.2.2 Methodology

Depending on the ongoing activities in the laboratory, the TDD factor varied between 50 %
and 96 %. In this assessment a conservative TDD factor of 96 % was chosen for outdoor
locations.
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The indoor small cell installation in demonstration mode is classed as E10 (< 10 W or 40 dBm
EIRP) and therefore meets the requirements for the simplified installation. For the E10 class,
the simplified installation guide states: "The product is installed according to instructions from
the manufacturer and/or entity putting into service and the lowest radiating part of the antenna(s)
is at a minimum height of 2,2 m above the general public walkway."

In summary, the indoor small cell is located away from public access and operates at a low
power level, therefore meeting the requirements of 6.2.4 (IEC 62232:2017) and no further
assessment is required. The indoor small cell installation in full power test mode is classed as
E100 (< 100 W or 50 dBm EIRP) and meets the requirements for the simplified installation
under the following conditions.

The product is installed according to instructions from the manufacturer and complies)with the
following criteria:

a) thellowest radiating part of the antenna(s) is at a minimum height of 2,5 m above the general
public walkway;

b) the/minimum distance to areas accessible to the general public in the(main lobe direftion is
D [= 0,7 m as provided by the manufacturer;

c) thefe is no pre-existing RF source with EIRP above 10 W installed within a distance of 3,5 m
(80,,) in the main lobe direction (as determined by considering the half power beam width)

and within 0,7 m (D) in other directions.

For thi$ product installation there is no need for further. assessments.

16.2.2.3 Reporting

Annex {J provides the test reports that have been-prepared in accordance with the requirements
of 6.2.9 and Clause 10 (IEC 62232:2017).

16.2.3| Technical outcome

Using [the simplified evaluation ~process of 6.2 (IEC 62232:2017), the small cell product
installgtion, for both configurations, has been found to be compliant with the ICNIRP $eneral
public exposure limits [8].

16.2.4| Lessons learned

The description_sen” how to apply the simplified installation criteria descrijed in
Table 2 (IEC 62232:2017) for E100 and E+ can be made clearer, possibly by adding|a flow
chart.

16.3 !n-situ measurement case study

16.3.1  Product configurations

A 5G small cell was installed on a 44 m radio tower, see Figure 30.
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ure 30 — Outdoor site with 5G small cell product.at' millimetre-wave frequen
installed on a 44 m radio tower

ectives of these in-situ measurements as pen6.3.1 (IEC 62232:2017) are:
bbtain RF exposure data inside the 5GNaboratory from the indoor 5G small c
rmation purposes for workers and the, visiting public;

btain RF exposure data in the localFarea surrounding the outdoor small cells to
rmation to the local community-and stakeholders on 5G exposure levels;

provide a comparison of \the 5G RF exposure levels to other mobile ang

Implementation of IEC 62232:2017
1 Evaluation-process

situ assessment follows the procedure as specified in 6.3 (IEC 62232:2017) exq
tial averaging requirement where the measurement height was specified by the cu
Cally, “\this is the comprehensive RF exposure evaluation (C
.3 (IEC 62232:2017). The evaluation followed all steps of the flow ck
104JEC 62232:2017).

cy

ells for
provide

radio

ept for
stomer.
ase B)
art in

16.3.2.

2 Methodology

The 5G small cells had the following configurations.

e Indoor small cell: The small cell for the demonstration and measurements was using
one 2x2 MIMO device resulting in a maximum downlink EIRP of 35 dBm.

e Outdoor small cell: The outdoor configuration consisted of three small cells mounted at a
height of 44 m on the tower. This case study measured the RF exposure levels from one of
the small cells at a distance of 175 m (outdoor location 1) and 250 m (outdoor location 2) in
an area that was publicly accessible and had LoS to the tower. The measurement locations
where chosen following desktop calculations to identify areas of predicted maximum
exposure. The maximum downlink EIRP for the measured outdoor small cell was 45 dBm.
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The small cells were configured to operate at maximum power by using an application layer
that filled all resource blocks. The measurement location was well into the far field in source
region 3 specified in 7.2.3 (IEC 62232:2017). The measurement of electric field strength was
selected, and the value converted to equivalent power density.

A frequency selective instrument and calibrated antenna measuring both vertical and horizontal
polarization was used for the assessment. The calibrated antenna mounted on an insulated
tripod was rotated through the vertical and horizontal polarizations to measure a peak reading.
For the indoor measurements the height of the probe above ground level was 1,5 m. For the

outdoo

r measurements, the height ranged between 1,5 m and 1,8 m.

d into

The sj
channqg
the 40(

ctrum analyser was set to the centre frequency for the 5G small cell and plac
| power mode and max-hold to ensure that it captured the total powen
MHz channel.

Each measurement was performed over a 1-min to 2-min period to ensure themaximu

was ob
small ¢
resour

16.3.2.

Annex
uncertd
was pr

16.3.3

The m
Table 2
the out
locatio

tained. The maximum level was reached shortly after measurement,commenced
ell was configured to operate at maximum power for the 2x2 cenfiguration;
e blocks utilized for these tests.

3 Reporting

inty was determined according to 6.3.3 and Clause 9 (IEC 62232:2017) and a
bpared according to 6.3.4 and Clause 10 (IEC 62232:2017).

Technical outcome

basurement results of the power flux density from the 5G small cell are prese
7. The indoor measurements were taken during a gaming mode demonstration w

s are displayed in Figure 31 to.Figure 33.

Table 27 — Measurement results

across

m level
as the
ith all

J provides a test report following the requirements ©of IEC 62232. The measufement

report

nted in
hereas

Hoor measurements were taken toreplicate maximum downlink traffic. The measurement

Measyrement locations TDD downlink duty Measurement results — Exposure ratjo
cycle peak RMS (percentage pf
(W/m?2) ICNIRP limits [8])

5G laboratory, location, 1 50 % 1,2 x 1073 0,01 %
5G laHoratory, locatien 2 50 % 2,7 x 1074 0,003 %
5G laboratory, location 3 50 % 55x 1074 0,006 %
5G laboratory, location 4 50 % 2,2 x 1074 0,002 %
Outdoortocation 96~% 0% 104 65602-%
Outdoor location 2 96 % 9,6 x 1075 0,001 %
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Figure 33 — Outdoor measurement location 2
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16.3.4

Lessons learned

On occasions the maximum field strength levels were found to correspond to reflections from
objects in the vicinity of the BS antenna rather than the direct beam from the BS antenna.
In general, however, the maximum exposure was found to correspond to a single angle of
incidence. Thus, to capture the maximum exposure it was essential to sweep and rotate the

probe i

n all possible directions to get an accurate measurement reading.

For the next edition of IEC 62232, it should be considered to:

a) add a more sophisticated measurement procedure and post-processing scheme for using
directional probes and for other site locations with strong multipath wave propagation;

b) adg
net

c) adg
ad
dut

a method to generate the downlink signal if there is no active traffic in the
work, for example using a dedicated device;

an extrapolation method to assess the maximum possible exposure, for. exampl

mobile

P using

pcoded reference signal or specific BS configurations, e.g. to maximize ¢the’ TDD d¢wnlink

y cycle.

17 Wireless link with parabolic dish antenna product compliance assessm

171

General description

This cgse study describes a product compliance assessment of mobile back-haul an

relay p
based
descril

roducts employing a parabolic dish antenna using-6%1 (IEC 62232:2017) and calg

pnt

H radio
ulation

methods specified in Clause F.11 (IEC 62232:2017), taking into account the amepdment

ed in Annex K and ETSI TR 102 457 [41].

Dish a

tennas are generally used at frequencies‘above 2 GHz. They are composed of

a main

reflectgr of parabolic shape with symmetry of revolution. The diameter of the main reflg¢ctor is
large cpmpared to the wavelength, which provides a high directivity of the main beam a
little RF-EMF outside the main beam. Therefore, the far-field distance can be far away filom the
antennp.

Dish a
in such

Many p
therefo
long ha
distanag

Examp)

tennas are typically used:for point-to-point transmission. In general, they are in
a way that the general*public cannot obstruct the beam.

arabolic dish antennas used in mobile back-haul systems use low transmitted poy

ul radio relays or earth stations for satellite systems, significant exposure com
es can be@chieved for the general public and for workers alike.

es of radio transmitters using parabolic dish antennas are shown Figure 34.

nd very

stalled

er and

re ensure touchcompliance conditions for the general public. However, when lised in

bliance
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a) Mobile back-haul (0,3 m diameter) b) Radio relays (1,2 m diameter)

Figure 34 — Typical radio transmitters using parabolic dish antennas

The purpose of the assessment is to determine a RF compliance boundary outside of which the

RF exposure is below the ICNIRP general public and occupational- exposure limits proyided in
Table 28 (from [8]).

Table 28 — RF EMF exposure limits relevant for the product compliance assessn

nent
(from [8])

RF EMF exposure limit
Frequency band

(W/m2)
(GHz)
General public Occupational
2 to 100 10

50

The spptial averaging area (Ae) used in the assessment is 20 cm?2 as specified in [8].

17.2 Implementation of IEC 62232:2017

17.2.1| Evaluation process

The compliance baundary takes the shape of a cylinder with a diameter corresponding to the

diametpr of the_antenna (see Figure 35). The main objective of the RF compliance bg

undary
evalua

ion is to_evaluate the compliance distance in front, CD,,, corresponding the hgight of
the cylinder.
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Implementing measurement techniques requires a complex set-up jJanechoic chamber

positio

been derived from either measurement or advanced computation techniques. The full ra

of the
Figure

has a transmitting frequency in the 7 GHz to 26,5 GHZzranhge and the antenna diameters
from 03 m to 1,2 m.

17.2.2

A limite

mainly

tranpsmitting frequency;

transmitted power;

gai
dia

In the

disperdion of elgetronics components, temperature range and manufacturing process
informgtion is«not available, a default value of 1 dB is considered as reasonably foresee

The flow ehart and calculation formulas also take into account additional criteria such a

A
Y

Line of sight
C—_— —

| Dout I

Compliance boundary

Raraball dickh na
RParabolic-dishartenps

Mast

1EC.

Figure 35 - Cylindrical shape RF compliance boundary

ner, etc.). The general approach is to implement a simplifi€d calculation method t

calculation method is presented in ETSI TR 1027457 [41]. The flow chart sh

Methodology

;
I‘reter of the parabolic dish.

valuation of transmitted power and gain, a tolerance is applied to take into acco|

probe
nat has
tionale
own in

K.1 has been used for this case study as explained in Annex K. The tested equipment

range

d number of parameters are required for the implementation of the flow chart. Thése are

unt the
If this
able.

k-

D .

whether the diameter is evaluated internally (i.e. exact dimensions of the metallic dish used

for

manufacturing) or externally (i.e. measured on a finished product);

far-field compliance distance.

17.2.3 Reporting

The modelling uncertainty is determined according to 6.1.6 and Clause 9 (IEC 62232:2017).
The results are reported according to 6.1.7 and Clause 10 (IEC 62232:2017).

17.3 Technical outcome

For the benefit of this document, four examples have been used in order to follow various routes
of the flow chart. The main parameters and calculation results are provided in Table 29 and
Table 30.
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Table 29 — Examples of radio relay configurations
with parabolic dish antennas below 10 GHz

Parameter Touch compliant Configuration Configuration using
configuration using Ry the far-field formula
Frequency (GHz) 7 8,5 8,5
Inner diameter (m) 1,2 1,2 0,9
Gain (dBi) 35 38 36
Transmitted power (dBm) 26 33 33
Transmitted power (W) 0,4 2 2
S,im GP (W/m?) 10 10 10
Sim W [W/m2) 50 50 50
2
Sax (VY/m?) 2,9 14,4 25,6
R (M) 67 82 46
CD,,s (In) for general public 0 5,1 8
CD,, () for workers 0 0 0

Table 30 — Examples of radio relay configurations
with parabolic dish antennas above 10 GHz

Parameter Touch compliant Configuration Configuration|using
configuration using Ry the far-field fgrmula
Frequepcy (GHz) 26,5 15,4 19,7
Inner djameter (m) 0,3 0,6 0,3
Gain (dBi) 36,6 37 34
Transnjitted power (dBm) 18 26 23
Transnjitted power (W) 0,063 0,4 0,2
S,im GP| (W/m?) 10 10 10
Sim W [W/m2) 50 50 50
Sax W) /m?) 7,3 11,5 23,1
Ry (m) 16 37 12
CD,,s (In) for general public 0 2,3 2,0
CD,,s (n) for workers 0 0 0

Outside of this cylinder the RF exposure is below the exposure limits specified by ICNIRP [8],

see Table 28.
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17.4 Lessons learned
For the next edition of IEC 62232, it should be considered to:

a) include the simplified evaluation process and flow chart for BS using parabolic dish
antennas in the normative part of the standard, for example in Annex B (IEC 62232:2017)
using the amendment described in Annex K;

b) add modelling uncertainty evaluation;

c) add any necessary update due to the definition of RF exposure limits at millimetre wave
frequencies.

Since the development of IEC 62232:2017, new point-to-point systems have been specified to
addresp 5G requirements, see for example [42] and [43]. The operating frequencyfor these
systemfs is between 100 GHz and 200 GHz. Extension of the upper boundary of thefreguency
range pf RF exposure assessment techniques should be considered for the next ed|tion of
IEC 62p32.
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Annex A
(informative)

Technical information supporting the case study
"Indoor small cell product compliance assessment using SAR
measurements"” (Clause 6)

A.1 Technical details

The technical data for the indoor small cell (the EUT) are summarized in Table A.1. The rated

maximym transmitted power levels from the EUT and the maximum transmitted power ingluding
a 2 dB|power tolerance are given in Table A.2. The power tolerance is provided by.th

b client

and rglates to the manufacturing dispersion and operational environmentalocorjditions
(tempeyature).
Table A.1 — Technical data for the EUT
Product specifications Local area BS product
Supported bands, Tx frequency Band 1 2 110 MHz {02 170 MHz WCDMAV/LTE
range (MHz), and standards Band 7 2 500 MH=zt6,2 700 MHz LTE

Dimensgions, height x depth (mm)

51)% 139

os)

7(2 600 MHz)

Antennas Two internal antennas per radio
Table A.2 — EUT configuration with rated maximum transmitted
power level and maximunrtransmitted power levels
Rat_ed maximum Maximum transnpitted
transmitted power from
Band Standard the EUT power
(dBm/mW) (dBm/mWw)
B1 (2 100 MHz) and (VGDMA/LTE 23/ 200 25 /316

A.2 [Test report

The tegt report.can be downloaded from the IEC TC 106 dashboard using the following link:
https://www-iec.ch/dyn/www/f?p=103:227:4827668868952::::FSP_ORG_ID,FSP_LANG|ID:13

03,25

NOTE Measurement equipment or computation software references used in the test report(s) are trade names of
commercially available products used during tests. This information is given for the convenience of users of this
document and does not constitute an endorsement by IEC of the product named. Equivalent products may be used
if they can be shown to lead to the same results.
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B.1

Annex B
(informative)

Technical information supporting the case study

"Outdoor small cell product compliance assessment using SAR

measurements” (Clause 7)

Physical parameters of the EUT antenna

The physical parameters of the antenna under test are listed in Table B.1. Figure B.1 shows
the appearance of the antenna.

Table B.1 — Physical parameters

Antennp type Plane antenna
Supported frequencies 3,5 GHz band
Numbef of branches 2
Horizontal directivity Unidirectional
Configgration of elements Combination of gross-dipoles
Diversify H- and V-polarization
Size (njm) Under 150 % 150 x 60
B.2 |Measurement set-up

Antennjas were located underneath the flat’phantom. The separation distance was the d

betwes
Figure

B.1 shows a view of EUT positioning during the SAR measurements and the sep

distange (d).

The trgnsmitted power of 0,96 "W per port was supplied to the EUT using conventional

signal
meters
signal

Post-p
distribd

generators and amplifiers. The transmitted power was monitored by power re
and directional (power sensors. Uncorrelated MIMO signals were provided by
jenerators above.

tion is-derived from IEC 62232:2017 and also described in [13].

stance

n the outside surface of flat phantom and the surface of the radome of the aftenna.

aration

vector
lection
vector

ocessingyprocedure to derive localized 10 g SAR and whole-body SAR froln SAR
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Dimensions in millimetres
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a) Phantom b) EUT antenna positioning©n the phantpm

Figure B.1 — Views of the SAR measurement setup

B.3 |Measurement results

Figure |B.2 a) and b) show the characteristics of 10 g SAR and whole-body SAR as a flinction
of sepgration distance, respectively. One or two antennas,were used for SAR measurements.
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Figure B:2 — Characteristics of SAR of EUT antennas as a function of separatipn
distance at 3,5 GHz

B.4 Test report

The test report can be downloaded from the IEC TC 106 dashboard using the following link:
https://www.iec.ch/dyn/www/f?p=103:227:4827668868952::::FSP_ORG_ID,FSP_LANG_ID:13

03,25

NOTE Measurement equipment or computation software references used in the test report(s) are trade names of
commercially available products used during tests. This information is given for the convenience of users of this
document and does not constitute an endorsement by IEC of the product named. Equivalent products may be used
if they can be shown to lead to the same results.
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Annex C

(informative)

Technical information supporting the case study

"Small cell product installation compliance assessment using simplified
installation criteria” (Clause 8)

CcA

3GPP categories of base stations

The 3GPP is the international standardization body in charge of specifying telecommunications

systemls such as 2G, 3G and 4G. The 3GGP has specified four power classes: Wide-afea BS,
Medium range BS, Local area BS and Home BS based on transmitted power levels _spedified in

3GPP TS 25.104 [16] and 3GPP TS 36.104 [17] and listed in Table C.1.

Table C.1 — Range of transmitted power classes for 3G and 4G base’stations
(from 3GPP TS 25.104 [16] and 3GPP TS 36.104 [17])

3IGPP BS class

Rated maximum transmitted power per carrier per connector

Wide afea BS

a

Mediun|

range BS

< +38 dBm (6,3 W)

Local 4rea BS

< +24 dBm (250 mW)

Home BS

< +20 dBm (100 mW, for one transmit.@antenna port)
< +17 dBm (50 mW, for two transmit antenna ports)
< +14 dBm (25 mW for four transmit antenna ports)

< +11 dBm (12,5 mW for'eight transmit antenna ports)

a8 Thdre is no upper limit for the rated maximum transmitted power per port of the wide area BS.

C.2

EO installation class case study — Touch compliant

EO installation class correésponds to product complying with IEC 62479 or having zero RF
complignce boundary dimensions using the assessment methods specified in IEC 62232:2017.
A typical EO scenario might consist of a network operator offering a home BS (also dalled a

femto

cell) to its_customers; the equipment being installed by the end user. The

entity

respongible for placing the small cell on the market (e.g. small cell vendor) provides the

information included in Table C.2 in the technical documentation of the product.

TFable C.2 — Example of product parameters for an EO installation class

Base station Frequency band B1 B7
(2 110 MHz to 2 170 MHz) (2 620 MHz to 2 690 MHz)
Rated maximum transmitted 20 mW 20 mW
power
Typical antenna | Gain 2 dBi 2 dBi
Typical site EIRP max. 64 mW
Typical RF The product complies with RF exposure limits at zero distance.
compliance
boundary

Manufacturer’s
installation
guidelines

None for RF compliance. Other installation guidelines can still be provided for different

aspects, e.g. electrical safety,

water exposure.
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The network operator provides an installation guide together with the equipment. The
installation guide includes general product safety guidelines. An example of installation is
provided in Figure C.1.

[SOURC

E: Small Cell Forum]

Figure C.1 — Example of an EOQ installation class configuration

IEC

C.3 |[E2 installation class case study
A typichl E2 scenario might consist of a network operator (or any entity responsible for |putting
into sefvice) intending to deploy a multiband LTE local area base station inside premisg¢s. The
entity responsible for placing the small’cell on the market (e.g. small cell vendor) has pfovided
the infgrmation included in Table €53 in the technical documentation of the product.
Table C.3 — Example of product parameters for an E2 installation class
Base sftation Frequency bands (DL) B1 B7
(2110 MHz to 2 170 MHz) | (2 620 MHz to 2 690 MHz)
Rated maximum transmitted 250 mWw 2 x 250 mW
power
Typica] antenna® | Gain 3 dBi 3 dBi
Horizontal beam width Not applicable Not applicablg
Vertical beam width Not applicable Not applicable
Typical site EIRP total max. 1,5W
Typical RF Distance in the main lobe 1 cm (general public)

compliance
boundary

0 cm (occupational)

Distance in other directions

0 cm (general public and occupational)

Manufacturer’s
installation
guidelines

"The product must be installed in such a way that the general public cannot directly access
within a distance of 1 cm in the main lobe of the antenna.”

The entity responsible for putting the equipment into service can deploy the equipment without
detailed RF evaluations provided that the installation is performed in such a way that the general
public cannot directly access within 1 cm of the equipment antenna as recommended in the
manufacturer’s installation guidelines. An example of such installation is provided in Figure C.2.
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[SOURCE: Small Cell Forum]

Figure C.2 — Example of an E2 installation class configuration

Upon nequest by the authorizing body, the entity responsible for putting the equipmgnt into
servicg provides a technical file including the relevantdnformation about this product (¢lerived
from Table C.3).

C.4 [E10 installation class case study

A typicpl E10 scenario might consist of a\network operator (or any entity responsible for |putting
into sefvice) intending to deploy a group of a multiband LTE local area BS integrated in street
furnituje advertisement panels across a large urban area.

The enfity responsible for placing the small cell on the market (e.g. small cell vendor) pfovides
the infgrmation included in_Fable C.4 in the technical documentation of the product.

Table C.4 - Example of product parameters for an E10 installation class

Base sftation Frequency bands (DL) B3 B7
(1 805 MHz to 1 880 MHz) | (2 620 MHz to 2 699 MHz)
Rated maximum transmitted 2 x 2560 mW 2 x 2560 mW
power
Typical antenna | Gain 8 dBi 9 dBi
Horizontal beam width 70° 50°
Vertical beam width 70° 60°
Typical site EIRP total max. 7,1W
Typical RF Distance in the main lobe 5 cm (general public)
compliance .
boundary 0 cm (occupational)
Distance in other directions 0 cm (general public and occupational)
Manufacturer’s "The product must be installed in such a way that the general public cannot directly access
installation within a distance of 5 cm in the main lobe of the antenna. When installed with a typical
guidelines antenna of 8 dBi to 9 dBi, the product has an EIRP of less than 10 W and therefore is
eligible to simplified installation class E10 as specified in 6.2.3 (IEC 62232:2017). As such it
can be installed at a minimum height of 2,2 m without additional RF exposure assessment."
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The entity responsible for putting the equipment into service ensures that the product is
integrated in the street furniture in such a way that the antenna installation height is 2,2 m from
ground level as specified in the manufacturer’s instructions. The final installation design criteria
are displayed in Figure C.3.

Urban
furniture

Antenna \

[SOURC]

Figd

The en
equipm
authori
inform4
Figure

C.5

A typic
into se

~

Antenna
installation
height
22m

IEC

E: Small Cell Forum and GSMA [18]]

tity responsible for putting-the equipment into service would be able to put all
ent into service without\field calculations or measurements. Upon request
zing body, this entity. would be able to provide a technical file including the r
tion about the product (from Table C.4) and the installation layout design prov
C.3.

E100 installation class case

bl E100 scenario might consist of a network operator (or any entity responsible for
rvice) intending to deploy a group of LTE medium range base stations integratg

ure C.3 — Example of layout design for an E10 installation class configuration

similar
by the
elevant
ided in

putting
don a

mast u

bad for street furniture (e a lamn nost traffic liaht) denloved across a3 larae urha
G+t R —{-8-g—a PP H—HaHHeHgRH-Gepoyea—act a—+age-tHda

area.

The entity responsible for placing the small cell on the market (e.g. small cell vendor) provides
the information included in Table C.5.
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Table C.5 — Example of product parameters for an E100 installation class

Base station Frequency band B3 DL (1 805 MHz to 1 880 MHz)
Rated maximum transmitted power 2x5W
Typical Gain 10 dBi
antenna
Horizontal beam width 70°
Vertical beam width 70°
Typical site EIRP max. 100 W
Typical RF Distance in the main lobe 50 cm (general public)
compliance .
boundary 15 cm (occupational) .
Distance in other directions 15 cm (general public and occupationalb
Manufacturer’s | "The product must be installed in such a way that the general public cannot access within a
installation distance of 50 cm in the main lobe of the antenna. When installed with a typicallantenpa of
guidelines 10 dBi, the product has an EIRP of 100 W and therefore is eligible to simplified installation

class E100 as specified in 6.2.3 (IEC 62232:2017). It is recommended_to-install this
equipment at a minimum height of 2,5 m above the general public walkway. Workers must
not stand within 15 cm in front of the antenna unless the transmitted‘power has been
switched off."

The enlity responsible for putting the equipment into service ensures that the product is installed

accord|ng to manufacturer’s instructions and integrated in thelstreet furniture in such a way that:

e thel|antenna installation height is more than 2,5 m from ground level;

o the[general public cannot access the area within.§0 cm in the main lobe of the antenpna;

e thefe is no pre-existing transmitter with an EIRP of 10 W or above within 2,5 m from the
small cell antenna.

The finpl installation design criteria for RF €ompliance are displayed in Figure C.4. The operator
also erlsures that the installation complies with all other requirements related to the tectnology
used ap specified by the 3GPP.
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Dimensions in metres
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[SOURCE: Small Cell Forum and GSMA [18]]

Figure C.4 — Example of layout design for an.E100 installation class configuration

The entity responsible for putting the equipment into service would be able to put all subgequent
similar{equipment into service without field'calculations or measurements. Upon request, this
entity yould be able to provide a technical file including the relevant information abput the
product (from Table C.5) and the installation layout design provided in Figure C.4.

C.6 |[E+ installation class case study

A typicpl E+ scenario is consisting of a network operator (or any entity responsible for |putting
into sefvice) that is intending to deploy a group of LTE medium range BS integrated on|a mast
used fpr street furniture (e.g. lamp post, traffic light) in a large urban area. Thg entity
respongible for placing the small cell on the market (e.g. small cell vendor) provides the
information included in Table C.6, based on IEC 62232:2017 requirements.



https://iecnorm.com/api/?name=fb021c3ba30786d892f9b70c2f6c82e0

IEC TR 62669:2019 © IEC 2019

—91-—

Table C.6 — Example of product parameters for an E+ installation class

Base station

Frequency bands (DL)

B1
(2110 MHz to 2 170 MHz)

B7
(2 620 MHz to 2 690 MHz)

Maximum transmitted power

5W

2x5W

Typical antenna | Gain 13 dBi 13 dBi
Horizontal beam width 60° 60°
Vertical beam width 25° 25°
Side lobe suppression 13 dB 13 dB

Typical site EIRP total max. 300 W
Down tilt 4°

Typica] RF Distance in the main lobe 1,2 m (general public)

zg:‘r?(!l "r;ce 0,5 m (occupational)

Distance in other directions

15 cm (general public and occupational)

Manufacturer’s
installation
guidelines

"The product must be installed in such a way that the general publi¢;eannot access within a

distance of 1,2 m in the main lobe of the antenna. When installedywith a typical anten

a of

13 dBi, the product has an EIRP of 300 W and therefore is eligible to simplified installption
class E+ as specified in 6.2.3 (IEC 62232:2017). It is recommended to install this equjpment
at a minimum height H#_ of 3,7 m above the general public walkway and with no pre-existing

RF source with EIRP above 100 W installed within a distanc¢e of 6 m in the main lobe

direction and within 1,2 m in other directions.

Workers must not stand within 50 cm in front of the"antenna unless the transmitted power

has been switched off."

The enlity responsible for putting the equipment into service ensures that the product is installed
accord|ng to manufacturer’s instructions and integrated in the street furniture in such a way that:

o thel|antenna installation height is morel4han 3,7 m from ground level,

e the|general public cannot access_the area within 1,2 m in the main lobe of the antenna;

o thefe is no pre-existing transmitter with an EIRP of 100 W or above within 6 m from the
small cell antenna.

The finpl installation designicriteria for RF compliance are displayed in Figure C.5. The operator
also erfsures that the installation complies with all other requirements related to the techjnology
used ap specified by the 3GPP.
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Dimensions in metres
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[SOURCE: Small Cell Forum and GSMA [18]]

Figure C.5 — Example of layout design for an)E+ installation class configuratipn

The entity responsible for putting the equipment into service would be able to put all subgequent
similar{equipment into service without fieldicalculations or measurements. Upon request, this
entity yould be able to provide a technical file including the relevant information abput the
product (from Table C.6) and the installation layout design provided in Figure C.5.
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Annex D
(informative)

Technical information supporting the case study
"Small cell site in-situ measurements” (Clause 9)

D.1 General description and note

Annex D provides additional technical details about small cell in-situ measurement
Campaigns A (see 9.2) and B (see 9.3) performed by two independent entities.

NOTE Equipment references used in Annex D are trade names of commercially available products*useld during
tests. Thiis information is given for the convenience of users of this document and does not constitute-an ‘endqrsement
by IEC of the product named. Equivalent products may be used if they can be shown to lead to the same rgsults.

D.2 |[Technical information and results for measurement Campaign A

The mgasurement campaign has been performed on two different trials\in different urban areas
in French cities. Trial 1 was in a city with about 2 000 inhabitants(per km?2 and Trial 2 was in a
much denser city with about 12 000 inhabitants per km2. Obviausly, these two trials are not
compafable in terms of data traffic demand. The main characteristics of equipment uged for
these two trials are summarized in Table D.1.

Table D.1 — Main characteristics of the two trials of measurement Campaign A

Characteristic Trial4 Trial 2
City Annecy, France Montreuil, France
Number of sites 4 5
Frequency bands B7 (2 620 MHz to 2 690 MHz) E; g ggg mz o f ggg k :2
Type of antennas Directive Directive
Height of antennas 3m 3mor5m

Number of intermediate

129 151
measurements

The mgasurement-area is within a 100 m radius around each site to assess the exposurg in the
assumed coverage area of the small cells. This measurement area is separated in two sub-
areas: p very close one within 20 m of the small cell and the remaining area within 100 m. The
measufements are performed twice, first with small cells on and then with small cells off to be
able tolmake a comparison

The very close sub-area is characterized by a scan over the measurement area at a height of
1,5 m above the ground in order to find the location of the maximum exposure. The further sub-
area is characterized by scanning the area with pre-determined measurement points at a height
of 1,5 m to cover all accessible areas in the 100 m radius zone. Each of the intermediate
measurements are reported. The detailed assessment (Case B) is performed at the location of
the maximum exposure when small cells are ON. When small cells are OFF, measurements are
performed at the same location (intermediate and detailed measurements).

At a large scale (i.e. within the 100 m radius zone around each site), the impact of small cells
on the mean value of E-field measurements with broadband equipment during site analysis is
limited, as shown by Figure D.1.
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When the small cells are in service, the average E-field in the 100 m radius area was between
0,17 V/m and 0,55 V/m and between 0,15 V/m and 0,54 V/m when small cells are OFF.

All of the exposure levels assessed before and after putting the small cells into service were

well bel

ow the French regulatory exposure limits (see [8]).

Average global levels in the 100 m radius zone

o
[e]

o
[3,]

E-field (V/m)

Very Id
measu
proxim

macro gntennas. Indeed, in France in 20161 % of measured levels in urban areas were
5,6 V/m, from [44].
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Figure D.1 — Mean value of E-field measurements with broadband
equipment at intermediate points for each site

calized and close to the site, maximum nalues between 1 V/m and 3 V/m hav
ed, as shown in Figure D.2. These maximum levels of exposure induced i
ty to small cells are comparable with levels of exposure that can be induced by ¢

Maximum levels measured close to the sites
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Figure D.2 — Maximum global E-field values measured in close proximity to the sites

As the results are above or around 1 V/m when small cells are in service, a consistency analysis
between Case A results and Case B results without extrapolation has been performed as
explained in 9.2.2.4. As shown on Figure D.3, the consistency is acceptable (less than 20 % of
differences between both results) and Case A results were higher than Case B results.
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Figure D.3 — Consistency analysis between Case A andCase B
(without extrapolation) results

ocation of maximum exposure, Case B measurements have/been performed to
H analysis of the exposure. As illustrated in Figure D.4, thé-$trongest contribution
re levels are mobile services.
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Figure 'D.4 — Contribution of mobile services compared to Case B results
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¢mentary field tests have been performed using handheld drive test device to e

the impact of the small cell from the device point of view. This information was used for providing
general information about the benefits of installing small cells. Connection to small cells is
expected to reduce the power transmitted by the device and to increase the throughput available.
Walk tests were performed in accessible outdoor areas in 100 m radius zones around each site
(see Figure D.5). The handheld drive test device was set up to successively upload 100 MB
files on an FTP server and make 30 s voice calls when VoLTE was available.
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a) Trial 1 b) Trial 2

Figure D.5 — Routes used for walk-tests around each site on-both trials

Figure |D.6 compares for the first trial the cumulative distribution function of upload normalized
throughput on the left and of the power transmitted by the handset‘on the right when small cells
are swjtched on (blue lines) and when small cells are switched off (red lines). The [upload
throughputs have been measured when the handset is uploading successive 100 MB {iles on
an FTR server. Values have been normalized to the maximum values measured whep small
cells were off for each trial.

It is worth pointing out that, for half of the sites of Trial 1, the macro 4G coverage was excellent
and the density of users was limited. Consequently, the upload throughputs obtained when
small cells were off were already high. So, in this case, the small cells enable only a smgll gain
on uplgad throughput (+20 % on median value and no gain on maximum available throyghput)
as is [llustrated on Figure D.6. HoweveF, in this case, the small cells enable to [reduce
signifidantly the power transmitted by the handset during FTP uploads: the median trangmitted
power Was a factor of four times lowerthan the macro cell.
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Figure D.6 — Cumulative distribution function of the upload throughput on Trial 1
normalized by the maximum value measured on each site when the small cells are off
(left) and of the transmitted power by the handset (right)

On Trial 2, the density of users was high and the small cells enable an important gain on upload
throughput (3,5 times on median upload throughput and +20 % on maximal available throughput)
as illustrated on Figure D.7. However, the gain on the power transmitted by the handset during
the FTP uploads is limited (same median value as illustrated on the right of Figure D.7).
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Figure D.8 — Cumulative distribution functions of the power transmitted
by the handset during voice calls on Trial 2 when small cells are on and off

An example of test report from measurement Campaign A can be downloaded from the IEC
TC 106 dashboard using the following link:
https://www.iec.ch/dyn/www/f?p=103:227:4827668868952::::FSP_ORG_ID,FSP_LANG_ID:13

03,25

The report is related to one site of Trial 2.

NOTE Measurement equipment or computation software references used in the test report(s) are trade names of
commercially available products used during tests. This information is given for the convenience of users of this
document and does not constitute an endorsement by IEC of the product named. Equivalent products may be used
if they can be shown to lead to the same results.
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D.3 Technical information for measurement Campaign B

D.3.1 General description

Measurement Campaign B consisted of performing in-situ measurements of the RF exposure
around small cell installations. It was performed on 98 sites located in South Africa (80), the
Netherlands (16) and ltaly (2).

Sites were selected from available network operator information. In South Africa, only sites in
three metro areas were considered. For this study, only sites with a power per frequency band
at the antenna port of less than 6 W were considered (see Table C.1) consistent with the 3GPP
power classes, see [16] and [17]

Sites wWere classified into three groups: "Indoor", "Outdoor 2 m to 4 m" and "Outdoor,> 4/m", as
detailefl in 9.3.1. Table D.2 shows the classification and country of the 98 sites |eontdined in

measufement Campaign B.
Tlable D.2 — Country and site groups of the sites in measurement Campaign B
Qountry Indoor Outdoor 2 m to4 m Outdoor >4 m Tota
South Africa 47 12 21 80
Netherlands - 16 - 16
Italy - 2 - 2
Total 47 30 21 98
D.3.2 Measurement process

As the pbjective was to provide a detailed evaluation of RF exposure levels, a Case B evdluation

was p§

reportgd. No extrapolation to maximum exposure as specified in B.5.3 (IEC 62232:201
performed. An active download from.the site being surveyed was maintained for the dur
the mepsurements. This ensured-\that the small cell being surveyed was live and carryin
at the fime of the survey. This'déwnloading device was kept some distance from the fre

selecti
Measu

At eag
measu

expected maximum exposure close to the site, but not closer than 1 m from the a
A further two positions are measured within 50 m of the small cell site. Where relevan
jitional positions are points of specific interest where people can spend some timje or an

two ad
area fr|

rformed. For this specific study;‘the measured results at the time of the surve

y were

e measurement device to minimize the influence on the measured uplink g
ements were perfermed between 08h00 and 17h00.

h installation~three positions accessible to the general public are identifig

7) was
tion of
traffic
juency
ignals.

d and
tion of

ements performed at these locations. The first position is chosen as the pos

a) -

tenna.
, these

m and

1,7 m above ground were performed, in accordance with Figure B.10 (IEC 62232:2017). During
the measurements, the spectrum analyser and antenna was mounted on a wooden tripod. At
each height a measurement is taken over a 60-s period. Thus, for the three heights used, the
total measurement time is 180 s. The time-averaged result over the three heights is reported.

The equipment measurement range was set at each position to a level as low as possible,
ensuring maximum sensitivity without saturating the spectrum analyser.
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A Narda SRM-3006 (SRM) spectrum analyser with a Narda 3501/032 three-axis E-field probe,
covering the frequency range 27 MHz to 3 GHz, is used. Predefined frequency bands listed in
Table D.3 were configured on the device.

Table D.3 — The predefined services configured in the measurement equipment

Service name Jmin [MHZ] Jmax [MHZ]
FM 88 108
800 MHz BS downlink 791 821
800 MHz BS uplink 832 862
900 MHZ BSuplink 330 IT15
900 MHz BS downlink 925 960
1800 MHz BS uplink 1710 1785
1800 MHz BS downlink 1805 1,880
2100 MHz BS uplink 1920 1980
2100 MHz BS downlink 2110 2170
ISM 2,4 GHz 2 400 2 500
2600 MHz BS uplink 2 500 2 570
2600 MHz BS downlink 2 620 2 690

The "w|de spectrum” results were reported, as well as\the "mobile downlink". The wide spectrum
results| were the measured level over the operating frequency range of the device/probe
combiration, i.e. 27 MHz to 3 GHz. Since the study was interested in the mobile BS dgwnlink
contribption of the small cells, the "mobile BS*DL" results are also given. These results gre only
the contributions of the mobile network downlink frequencies, a subset of the frequency bands
listed in Table D.3.

D.3.3 Results

Figure|D.9 shows the results of ,the measurements performed for this study. The bottom bars
indicatg the 5th percentile and the top bars the 95th percentile results. The square reptesents
the mqgdian result for eagh dataset. The first result is the wide spectrum result for|all the
measufed positions of\this study. The second is the corresponding results for the [mobile
downlipk frequency bands only. The next three results give the mobile downlink results|for the
three sjte groups:.lndoor, Outdoor 2 m to 4 m and Outdoor > 4 m. Although the number pf sites
is quitd small, po<significant difference was observed between the results for the differgnt site
groups

For cgmparison to other studies, the results are expressed in terms of electric field
strength TV/im].

2 3501/03 is the trade name of a product supplied by Narda Safety Test Solutions GmbH. This information is given
for the convenience of users of this document and does not constitute an endorsement by IEC of the product
named. Equivalent products may be used if they can be shown to lead to the same results.
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Figure D.9 — Results of the measurements around’the selected sites

Figure |D.10 uses the same 5th, 95th and median representation as above. The first result is
repeated from Figure D.9. The second dataset is thatcof\the small cell study by the |JANFR,
detailefdl in Clause D.2. Only measurements of the ANFR campaign where the small cgll is on
are comsidered here for comparison. The third dataset is from 9502 measurements performed
during 2014 to 2016 as part of the ANFR National\French Survey Programme [44]. Thg fourth
result is a general dataset of measurements pértformed in South Africa around general base

stations between 2006 and 2016. This comparison shows very similar exposure levels over the
four measurement campaigns.
Comparison to other studies
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Figure D.10 — Comparison between Campaign B results and other countrywide
measurement campaigns


https://iecnorm.com/api/?name=fb021c3ba30786d892f9b70c2f6c82e0

	CONTENTS
	FOREWORD
	INTRODUCTION
	1 Scope
	2 Normative references
	3 Terms and definitions
	4 Symbols and abbreviations 
	4.1 Physical quantities
	4.2 Constants
	4.3 Abbreviated terms

	5 Overview of case studies
	6 Indoor small cell product compliance assessment using SAR measurements
	6.1 General description
	6.2 Implementation of IEC 62232:2017
	6.2.1 Evaluation process
	6.2.2 Methodology
	6.2.3 Reporting

	6.3 Technical outcome
	6.4 Lessons learned

	7 Outdoor small cell product compliance assessment using SAR measurements
	7.1 General description
	7.2 Implementation of IEC 62232:2017
	7.2.1 Evaluation process
	7.2.2 Methodology
	7.2.3 Reporting

	7.3 Technical outcome
	7.4 Lessons learned

	8 Small cell product installation compliance assessment using simplified installation criteria
	8.1 General description
	8.2 Implementation of IEC 62232:2017
	8.2.1 Evaluation process
	8.2.2 Methodology
	8.2.3 Reporting

	8.3 Technical outcome
	8.4 Lessons learned

	9 Small cell site in-situ measurements
	9.1 General description
	9.2 Implementation of IEC 62232:2017 for measurement Campaign A
	9.2.1 Evaluation process
	9.2.2 Methodology
	9.2.3 Reporting

	9.3 Implementation of IEC 62232:2017 for measurement Campaign B
	9.3.1 General description
	9.3.2 Case B (comprehensive exposure evaluation)
	9.3.3 Reporting

	9.4 Lessons learned

	10 Street cell product compliance assessment using SAR measurements and power density spatial averaging 
	10.1 General description
	10.2 Implementation of IEC 62232:2017
	10.2.1 Evaluation process
	10.2.2 Methodology
	10.2.3 Reporting

	10.3 Technical outcome
	10.4 Validation study
	10.4.1 Validation process
	10.4.2 Comparison of spatial average field strength and whole-body SAR results

	10.5 Lessons learned

	11 Macro site in-situ measurements
	11.1 General description
	11.2 Implementation of IEC 62232:2017
	11.2.1 Evaluation process
	11.2.2 Methodology
	11.2.3 Reporting

	11.3 Technical outcome
	11.4 Lessons learned

	12 Macro site in-situ measurements using drones 
	12.1 General description
	12.2 Implementation 
	12.2.1 Evaluation system
	12.2.2 Evaluation process and methodology
	12.2.3 Reporting

	12.3 Technical outcome
	12.4 Lessons learned

	13 RF exposure assessment based on actual maximum transmitted power or EIRP 
	13.1 General guidelines
	13.1.1 Technical background and rationale 
	13.1.2 Guiding principles for conducting RF exposure assessment based on the actual maximum approach
	13.1.3 EIRP evaluation assumptions
	13.1.4 Technology duty cycle factor assumptions
	13.1.5 Expected outcome of actual maximum approaches

	13.2 Modelling studies for BS using mMIMO
	13.2.1 Guiding principles 
	13.2.2 Simulation model parameters
	13.2.3 Modelling case study A
	13.2.4 Modelling case study B
	13.2.5 Modelling case study C
	13.2.6 Lessons learned

	13.3 Measurement studies on operational sites with BS using mMIMO
	13.3.1 Guiding principles 
	13.3.2 Measurement campaign parameters
	13.3.3 Experiment process
	13.3.4 Examples of RF exposure experiments
	13.3.5 Lessons learned

	13.4 Configurations with multiple transmitters
	13.4.1 Guiding principles for configurations with multiple transmitters
	13.4.2 Rationale
	13.4.3 Power combination factors applicable to configurations with multiple transmitters
	13.4.4 Lessons learned


	14 Macro BS with massive MIMO product compliance assessment 
	14.1 General description
	14.2 Implementation of IEC 62232:2017
	14.2.1 Evaluation process
	14.2.2 Methodology
	14.2.3 Reporting

	14.3 Technical outcome
	14.4 Lessons learned

	15 Macro site with massive MIMO product installation compliance assessment
	15.1 General description
	15.2 Implementation of IEC 62232:2017
	15.2.1 Evaluation process
	15.2.2 Methodology
	15.2.3 Reporting

	15.3 Technical outcome
	15.4 Lessons learned

	16 Small cell products at millimetre-wave frequency using massive MIMO
	16.1 General description
	16.2 Indoor product installation case study
	16.2.1 Product configurations
	16.2.2 Implementation of IEC 62232:2017
	16.2.3 Technical outcome
	16.2.4 Lessons learned

	16.3 In-situ measurement case study
	16.3.1 Product configurations
	16.3.2 Implementation of IEC 62232:2017
	16.3.3 Technical outcome
	16.3.4 Lessons learned


	17 Wireless link with parabolic dish antenna product compliance assessment 
	17.1 General description
	17.2 Implementation of IEC 62232:2017
	17.2.1 Evaluation process
	17.2.2 Methodology
	17.2.3 Reporting

	17.3 Technical outcome
	17.4 Lessons learned

	Annexes
	Annex A (informative)Technical information supporting the case study "Indoor small cell product compliance assessment using SAR measurements" (Clause 6)
	A.1 Technical details
	A.2 Test report

	Annex B (informative)Technical information supporting the case study "Outdoor small cell product compliance assessment using SAR measurements" (Clause 7)
	B.1 Physical parameters of the EUT antenna
	B.2 Measurement set-up
	B.3 Measurement results
	B.4 Test report

	Annex C (informative)Technical information supporting the case study "Small cell product installation compliance assessment using simplified installation criteria" (Clause 8)
	C.1 3GPP categories of base stations
	C.2 E0 installation class case study – Touch compliant 
	C.3 E2 installation class case study 
	C.4 E10 installation class case study 
	C.5 E100 installation class case
	C.6 E+ installation class case study

	Annex D (informative)Technical information supporting the case study "Small cell site in-situ measurements" (Clause 9)
	D.1 General description and note
	D.2 Technical information and results for measurement Campaign A
	D.3 Technical information for measurement Campaign B
	D.3.1 General description
	D.3.2 Measurement process
	D.3.3 Results
	D.3.4 Measurement uncertainty
	D.3.5 Test report for measurement Campaign B


	Annex E (informative)Technical information supporting the case study "Street cell product compliance assessment using SAR measurements and power density spatial averaging" (Clause 10) 
	Annex F (informative)Technical information supporting the case study "Macro site in-situ measurements" (Clause 11)
	F.1 Technical information used for performing the tests 
	F.2 Test report

	Annex G (informative)Technical information supporting the case study "Macro site in-situ measurements using drones" (Clause 12)
	G.1 Technical parameters of the measurement system
	G.2 Technical parameters of the drone
	G.3 Description of the BS measurement site
	G.4 Technical details of the measurement process
	G.5 Software interface of the drone-based measurement system
	G.6 Considerations for performing RF exposure measurements using drones

	Annex H (informative)Technical information supporting the case study "Macro BS with massive MIMO product compliance assessment" (Clause 14)
	H.1 Technical details
	H.2 Test report

	Annex I (informative)Technical information supporting the case study "Macro site with massive MIMO product installation compliance assessment" (Clause 15)
	I.1 Description of the site
	I.2 Description of the EUT
	I.3 Evaluation procedure
	I.4 Calculations
	I.5 Interpretation of the results
	I.6 Test report

	Annex J (informative)Technical information supporting the case study "Small cell products at millimetre-wave frequency using massive MIMO" (Clause 16)
	Annex K (informative)Revised flow chart for the simplified RF exposure assessment of BS using parabolic dish antennas (Clause 17)

	Bibliography
	Figures
	Figure 1 – Tested local area BS product with two radios denoted RF1 and RF2
	Figure 2 – Definition of cylindrical RF compliance boundary
	Figure 3 – Small remote radio equipment at 3,5 GHz (EUT antenna)
	Figure 4 – Simplified process for product installation complianceapplicable to small cells
	Figure 5 – Overview of BS installation classes for simplifiedRF exposure assessment of small cells
	Figure 6 – Illustration of small cells integration in street furniture
	Figure 7 – Photographs of typical examples of the three small cell site groups
	Figure 8 – Omni-directional antenna connected to the street cell product
	Figure 9 – Vertical scan lines for spatially averaged field strength measurements
	Figure 10 – View from the measurement location to the BS
	Figure 11 – Drone used for field measurements around the BS site
	Figure 12 – Empirical CDFs of transmitted power (normalized) for different environments in 3G network in India [31]
	Figure 13 – Empirical CDFs of combined transmitted power (normalized)for a 2G/3G/4G network in Sweden [32]
	Figure 14 – Extrapolation factor of the power flux density S(t) of the different signals and the Stotal(t) (all bands) with a sliding time averaging of 6 min applied to the measurements [27]
	Figure 15 – Generic structure of a base station transmitted RF signal frame
	Figure 16 – Fraction of the total power transmitted in the broadside beam direction for rural and urban scenarios 
	Figure 17 – CDF of the power reduction factor for rural and urban installation scenarios
	Figure 18 – CDF of the normalized transmitted power for both UMa and UMi
	Figure 19 – Relationship between additional power reduction factor and CDF as a function of number of beams (number of incoherent areas)
	Figure 20 – CDF of measurement on 8-cell cluster (experiment #1)
	Figure 21 – CDF in high-traffic conditions (experiment #5)
	Figure 22 – CDF of the reference Beta distribution used to assess power combination factors
	Figure 23 – CDF resulting from the combination of two independent transmitters having the reference Beta distribution
	Figure 24 – 5G BS product
	Figure 25 – Box-shaped RF compliance boundary
	Figure 26 – Outline of the 5G site
	Figure 27 – Top view of the exclusion zones (red: occupational, yellow: general public)
	Figure 28 – Side view of the exclusion zones (red: occupational, yellow: general public)
	Figure 29 – Indoor site with 5G small cell product at millimetre-wave frequency
	Figure 30 – Outdoor site with 5G small cell product at millimetre-wave frequency installed on a 44 m radio tower
	Figure 31 – Map of the outdoor measurement locations
	Figure 32 – Outdoor measurement location 1
	Figure 33 – Outdoor measurement location 2
	Figure 34 – Typical radio transmitters using parabolic dish antennas
	Figure 35 – Cylindrical shape RF compliance boundary
	Figure B.1 – Views of the SAR measurement setup
	Figure B.2 – Characteristics of SAR of EUT antennas as a function of separation distance at 3,5 GHz
	Figure C.1 – Example of an E0 installation class configuration
	Figure C.2 – Example of an E2 installation class configuration 
	Figure C.3 – Example of layout design for an E10 installation class configuration 
	Figure C.4 – Example of layout design for an E100 installation class configuration 
	Figure C.5 – Example of layout design for an E+ installation class configuration
	Figure D.1 – Mean value of E-field measurements with broadbandequipment at intermediate points for each site
	Figure D.2 – Maximum global E-field values measured in close proximity to the sites
	Figure D.3 – Consistency analysis between Case A and Case B (without extrapolation) results
	Figure D.4 – Contribution of mobile services compared to Case B results
	Figure D.5 – Routes used for walk-tests around each site on both trials
	Figure D.6 – Cumulative distribution function of the upload throughput on Trial 1 normalized by the maximum value measured on each site when the small cells are off (left) and of the transmitted power by the handset (right)
	Figure D.7 – Cumulative distribution function of the upload throughput on Trial 2 normalized by the maximum value measured on each site when the small cells are off (left) and of the transmitted power by the handset (right)
	Figure D.8 – Cumulative distribution functions of the power transmittedby the handset during voice calls on Trial 2 when small cells are on and off
	Figure D.9 – Results of the measurements around the selected sites
	Figure D.10 – Comparison between Campaign B results and other countrywide measurement campaigns
	Figure G.1 – Photograph of test site
	Figure G.2 – The measurement system
	Figure G.3 – The route of the drone during the flight
	Figure G.4 – The drone is hovering at measurement point 1
	Figure G.5 – The drone is hovering at measurement point 2
	Figure G.6 – Operating interface of the drone-based measurement system software
	Figure I.1 – Rooftop scheme
	Figure I.2 – Geometry of the rooftop installation
	Figure I.3 – Compliance boundaries for general public (yellow)
	Figure I.4 – Compliance boundaries for occupational exposure (red) 
	Figure K.1 – Revised flow chart for the simplified assessment of RF compliance boundary in the line of sight of a parabolic dish antenna

	Tables
	Table 1 – Outline of RF exposure assessment case studies
	Table 2 – ICNIRP RF exposure limits relevant for the product compliance assessment (from [8])
	Table 3 – Dimensions of the cylindrical-shaped RF compliance boundary for general public (GP) and occupational (O) exposure
	Table 4 – Typical examples of small cell configurations (from [18])
	Table 5 – General public compliance distances for the street cell BSwith omni-directional antenna
	Table 6 – Street cell EMF compliance assessment comparison: general public (adult) compliance distances based on SAR and field strength
	Table 7 – Operators and technologies present on the BS site
	Table 8 – Measurement results for 1,5 m above relative ground level
	Table 9 – The measurement results of the measurement points
	Table 10 – Relevant parameters for conducting RF exposure modelling studies of a massive MIMO site or site cluster
	Table 11 – Relevant parameters for conducting RF exposure assessment of massive MIMO site according to simulation method A (from [33])
	Table 12 – Relevant parameters for conducting RF exposure assessmentof a massive MIMO site or site cluster according to simulation method B (from [35])
	Table 13 – Summary of the percentiles of the normalized transmitted power and compliance distances for a UMa scenario from 3GPP TR 36.873 [6]and 3GPP TR 38.901 [7]
	Table 14 – Relevant parameters for conducting RF exposure assessment of massive MIMO site according to simulation method C (from [36])
	Table 15 – Measurement campaign parameters for conducting RF exposure assessment of a massive MIMO site or site cluster
	Table 16 – Measurement campaign parameters for RF exposure validation of several massive MIMO sites and site clusters
	Table 17 – Actual maximum values for experiment #1
	Table 18 – Actual maximum values for experiment #5
	Table 19 – Summary of actual maximum power results based on measurements from different sites and clusters
	Table 20 – Quantiles of the reference Beta distribution used to assess power combination factors
	Table 21 – Percentiles resulting from the combination of 2 to 5 independent transmitters having the reference Beta distribution
	Table 22 – Power combination factors applicable to the normalized transmitted power CDF in case of combination of multiple independent identical transmitters
	Table 23 – Power combination factors applicable to two independent transmitters with a ratio p in amplitude
	Table 24 – RF EMF exposure limits relevant for the product compliance assessment [8]
	Table 25 – Dimensions of the box-shaped RF compliance boundary for general public (GP) and occupational (O) exposure for an actual maximum transmitted power configuration
	Table 26 – RF EMF exposure limits relevant for the compliance assessment
	Table 27 – Measurement results
	Table 28 – RF EMF exposure limits relevant for the product compliance assessment (from [8])
	Table 29 – Examples of radio relay configurations with parabolic dish antennas below 10 GHz
	Table 30 – Examples of radio relay configurations with parabolic dish antennas above 10 GHz
	Table A.1 – Technical data for the EUT
	Table A.2 – EUT configuration with rated maximum transmitted power level and maximum transmitted power levels
	Table B.1 – Physical parameters
	Table C.1 – Range of transmitted power classes for 3G and 4G base stations (from 3GPP TS 25.104 [16] and 3GPP TS 36.104 [17])
	Table C.2 – Example of product parameters for an E0 installation class
	Table C.3 – Example of product parameters for an E2 installation class
	Table C.4 – Example of product parameters for an E10 installation class
	Table C.5 – Example of product parameters for an E100 installation class
	Table C.6 – Example of product parameters for an E+ installation class
	Table D.1 – Main characteristics of the two trials of measurement Campaign A
	Table D.2 – Country and site groups of the sites in measurement Campaign B
	Table D.3 – The predefined services configured in the measurement equipment
	Table G.1 – The information of the components in the measurement system
	Table G.2 – The parameters of the drone
	Table G.3 – The base station parameters
	Table G.4 – The measurement steps
	Table H.1 – Technical data for the EUT
	Table H.2 – Properties of the antenna used
	Table H.3 – EUT configuration with rated maximum transmitted power level and actual maximum transmitted power level including a power tolerance of 1 dB
	Table I.1 – Properties of the installed base stations
	Table I.2 – RF EMF exposure limits and product installation compliance assessment




