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INTERNATIONAL ELECTROTECHNICAL COMMISSION

MEASUREMENT PROCEDURE FOR THE EVALUATION
OF POWER DENSITY RELATED TO HUMAN EXPOSURE TO RADIO
FREQUENCY FIELDS FROM WIRELESS COMMUNICATION DEVICES
OPERATING BETWEEN 6 GHz AND 100 GHz

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

6) All users should ensure that they have the latest edition of this publication.

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

The main task of IEC technical committees is to prepare International Standards. However, a
technical committee may propose the publication of a Technical Report when it has collected
data of a different kind from that which is normally published as an International Standard, for
example "state of the art".

IEC TR 63170, 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.
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The text of this Technical Report is based on the following documents:

Enquiry draft Report on voting
106/426/DTR 106/437/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.

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.ch" in the data related to
the specific document. At this date, the document will be

e reconfirmed,

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 inside’' logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct
understanding of its contents. Users should therefore print this document using a
colour printer.
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INTRODUCTION

This Technical Report describes methods and measurement techniques for the evaluation of
power density related to human exposures due to electromagnetic field (EMF) transmitting
devices operating in close proximity to the user at frequencies between 6 GHz and 100 GHz
where basic restrictions can be expressed in terms of power density. The types of devices
include but are not limited to mobile telephones, tablets, and laptops.

With the rapid development of new wireless technologies in the frequency range 6 GHz to
100 GHz for the fifth generation mobile technology (5G), there is a need to establish
assessment procedures to ensure compliance of wireless devices with electromagnetic
exposure limits.

For portable devices, the IEC 62209 series of SAR assessment standards for wireless devices
used in close proximity to the users are valid up to 6 GHz. For base stations, IEC 62232
defines the methods to assess the compliance boundaries based on reference levels and
basic restrictions. SAR tests are applicable when the compliance distance is in close
proximity to the radiating sources in the frequency range 300 MHz to 6 GHz. Power density
measurements above 6 GHz are also applicable in close proximity to the equipment, but no
detailed protocol is available at this stage.

SAR is not considered as the relevant exposure metric above 10 GHz in the International
Commission on Non-lonizing Radiation Protection (ICNIRP) guidelines which specify basic
restrictions in terms of free-space incident power density. Similarly, IEEE C95.1-2005 [1]!
requires the assessment of incident power density above 6 GHz.

IEC TC 106 has previously noted the necessity to extend compliance assessment standards
for portable devices beyond 6 GHz. However, with the 5G trials scheduled to commence in
2018, IEC TC 106 has decided on a two-step strategy to ensure that the fundamental
assessment approaches are available by 2018.

1) IECTC 106 (AHG10) focused in 2017 on the development of a Technical Report,
specifying the state of the art of measurement techniques and test approaches for
evaluating portable devices based on power density measurements from 6 GHz to
100 GHz.

2) IECTC 106 submitted a new work item proposal in early 2018 to develop a new
International Standard (IS) on the detailed measurement procedures to continue the work
established in the Technical Report.

This informative document serves as the starting point for an International Standard. The
methodologies and approaches described in this document can be useful for the assessment
of early 5G products introduced for consumer trials. It also contains recommendations for
future standardization work and highlights areas that may require additional investigation or
consideration.

A few examples for measurements of a mock-up device characterized by an antenna array
operating at about 28 GHz are given in Annex H.

1 Numbers in square brackets refer to the Bibliography.
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MEASUREMENT PROCEDURE FOR THE EVALUATION
OF POWER DENSITY RELATED TO HUMAN EXPOSURE TO RADIO
FREQUENCY FIELDS FROM WIRELESS COMMUNICATION DEVICES
OPERATING BETWEEN 6 GHz AND 100 GHz

1 Scope

This document describes the state of the art measurement techniques and test approaches
for evaluating the local and spatial-average incident power density of wireless devices
operating in close proximity to the users between 6 GHz and 100 GHz.

In particular, this document provides guidance for testing portable devices in applicable
operating position(s) near the human body, such as mobile phones, tablets, wearable devices,
etc. The methods described in this document may also apply to exposures in close proximity
to base stations.

This document also gives guidance on how to assess exposure from multiple simultaneous
transmitters operating below and above 6 GHz (including combined exposure of SAR and
power density).

NOTE Compliance of devices with sufficiently low radiated power that is incapable of exceeding basic restrictions
is addressed by IEC 62479 [2] and therefore not described in this document.

2 Normative references

There are no normative references in this document.

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

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

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

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

3.1

averaging area

rectangular or circular area on the evaluation surface (3.9) over which the assessed power
density is averaged

Note 1 to entry: Because of rotational symmetry a circular area might be preferable since the result of averaging
will not depend on the rotation.

3.2

basic restriction

restriction on exposure to time-varying electric, magnetic and electromagnetic fields that is
based on established biological effects

3.3

RF channel

specific sub-division of the available frequency range according to the operating parameters

of a wireless technology ocuments
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3.4
conducted power
power delivered by the power amplifier to a matched load

3.5

correlated signals

<in time> electromagnetic fields, associated to distinct signal waveforms, yielding non-zero
time-domain correlation integral at some time instant

Note 1 to entry: For two power-limited field distributions F1(r,t) and Fz(r,t), the time-domain correlation integral is
defined as

T
(R ©F)(rr) = m — [ Fy(re) -Fy(r+0)dr (1
-T

where r is the location vector, the superscript * represents the complex conjugate operation and the symbol -
represents the inner product operation

Note 2 to entry: Observe that two fields are uncorrelated at locations where they are geometrically orthogonal.
This property does not generally hold at nearby points unless the respective waveforms are uncorrelated.

In case of scalar signals, correlated signal waveforms yield a non-zero time-domain correlation integral at some
time instant. For two power-limited signals s1(t), sz(t), said integral is defined as:

(s1®sz)(t):rli£1 —js1(1) -sz(t+r)dr (2)

where the superscript * represents the complex conjugate operation.

Note 3 to entry: Two uncorrelated signals would feature a vanishing correlation integral, i.e. the above integral is
equal to zero.

Note 4 to entry: Formulas (1) and (2) are originally specified in IEC TR 62630.

3.6

device holder

fixture constructed of low-loss dielectric material that is used to hold the DUT in the required
test position during measurement

3.7

device under test

DUT

device that is tested according to the approaches described in this document to determine the
power density

3.8
duty factor
ratio of the pulse duration to the pulse repetition period of a periodic pulse train

3.9

evaluation surface

surface, of a prescribed finite dimension, at a prescribed distance and orientation from the
DUT where power density is assessed

Note 1 to entry: This is not necessarily the same as the measurement surface. Power density in the evaluation
surface can be obtained, for instance, from measurement data in a different surface using reconstruction
algorithms.
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3.10

exposure ratio

ER

ratio of exposure metric and relevant exposure limit at a given operating frequency and
location

EXAMPLE ER =S8/S

limit
Note 1 to entry: Exposure ratio can also be expressed as a percentage, i.e. ER % = ER (dimensionless) x 100 %.

3.1

far-field region

region far from a source or aperture where the radiation pattern does not vary with distance
from the source

3.12
frequency band
transmitting frequency range associated with a specific wireless operating mode

3.13

measurement surface

area, of a prescribed dimension, at a prescribed distance and orientation over which the
electric and/or magnetic fields are measured using a probe sensitive to these quantities

Note 1 to entry: If the measurement surface and the evaluation surface are different, the data at the evaluation
surface will then be derived from data taken at the measurement surface (measurements) by means of
reconstruction algorithms.

Note 2 to entry: The dimension of the measurement surface is determined by the test equipment manufacturer
based on the measurement methodology and test setup conditions necessary for evaluating the device under test.

3.14
near-field region
part of space between the antenna and the far-field region

3.15
operating mode
wireless protocol or standard used by a device to communicate in the wireless network

Note 1 to entry: Operating mode includes parameters such as modulation, source coding, channel bandwidth, etc.

3.16

plane wave equivalent power density

<of an electromagnetic wave> power density equal in magnitude to the power density of a
plane wave

3.17

power density

local power density

S

energy per unit time and unit area crossing the infinitesimal surface dA4 characterized by the

normal unit vector n
1 .
S =?I(EXH).ndT

where E and H are the electric and magnetic fields as function of time, respectively, and T is
the period of the waveform.

Note 1 to entry: For time harmonic fields, E=iR(Ee”‘”), H =5R(Hei(‘”)
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s:%m(ExH*)-ﬁ

where o is the (radian) frequency of the sinusoidal wave being considered and the superscript * represents the
complex conjugate operation.

Note 2 to entry: In this document this quantity is also referred to as local power density to distinguish from
spatial-average power density.

Note 3 to entry: Power density is expressed in W/m?2.

3.18

spatial-average power density

Sav

energy per unit time and unit area crossing a surface of area 4 characterized by the normal
unit vector n

Say = ﬁ”(Ex H)-nd4dT

Note 1 to entry: For time-harmonic fields
s :Lm(IExH' ~f1dA)
av 2/4

Note 2 to entry: For the purpose of this document, the surface on which power density or spatial-average power
density are assessed corresponds to the evaluation surface (3.9).

3.19

probe isotropy

measure of the degree to which the response of an electric field or magnetic field probe is
independent of the polarization and direction of propagation of the incident wave

3.20

readout electronics

measurement system component that connects to the electric or magnetic field probe and
provides an analog to digital conversion of the measured values to the post processor of the
measurement system

3.21

reconstruction algorithm

algorithms, mathematical techniques and procedures that are applied to the measured fields
to propagate, transform, project or reconstruct the power density distribution at the evaluation
surface to determine spatial-average and/or local power density

3.22

response time

time required by the measuring equipment to reach 90 % of its final measurement value after
a step variation of the input signal

3.23

scanning system

automatic positioning system capable of placing the measurement probe at specified positions
with known accuracy

3.24

small probe

E- or H-field sensor that has sufficient resolution and is sufficiently non-perturbing so that the
measurements can be made to the required accuracy
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3.25
uncertainty

3.25.1

standard uncertainty

estimated standard deviation of a measurement result, equal to the positive square root of the
estimated variance

3.25.2

combined uncertainty

estimated standard deviation of the measurement result obtained by combining the individual
standard uncertainties of both Type A and Type B evaluations using the usual “root-sum-
squares” method for combining standard uncertainties

3.25.3

expanded uncertainty

quantity defining an interval about the result of a measurement that is expected to encompass
a distribution of values within a defined confidence interval that could reasonably be attributed
to the measured quantity

3.26

uncertainty evaluation

<Type A> evaluation of uncertainty by the statistical analysis of series of observations
(measurements)

3.27

uncertainty evaluation

<Type B> evaluation of uncertainty by means other than the statistical analysis of series of
observations (measurements)

4 Symbols and abbreviated terms

41 Symbols
411 Physical quantities

The internationally accepted Sl units are used throughout this document.

Symbol Quantity Unit Dimensions
E Electric field volt per metre V/m
f Frequency hertz Hz
H Magnetic field ampere per metre A/m
A Wavelength metre m
S Local power density watt per square metre W/m?
Sy Spatial-average power density watt per square metre W/m?2

4.1.2 Constants

Symbol Physical constant Magnitude

n Intrinsic impedance of free space 120 n Q or 377 Q
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4.2 Abbreviated terms
BS base station

CW continuous wave
DUT device under test
EMF electromagnetic field

ER exposure ratio
NR new radio

PD power density
RF radio frequency

TER total exposure ratio
5 Description of the measurement system

5.1 General

The measurement system for evaluating power density of portable devices typically consists
of the electronic measurement instrumentation, the field probe(s), a scanning system, a DUT
holder and the necessary post-processing software. Different measurement methods
generally require different test setup, measurement configurations and field reconstruction
techniques to determine power density in the evaluation surface. The measurement protocol
in this document is based on mechanically positioning the probe in a structured grid relative to
the DUT to scan the electric and/or magnetic fields. While some methods require the phase of
the fields to be determined, others are based on field amplitude only. The measurement
system is validated according to Annex A.

The tests should be performed in a laboratory environment conforming to the following
conditions.

1) The test site should be evaluated to minimize the level of RF perturbation due to
reflections and ambient noise. In particular, the effect of reflections from cables, test
equipment, or other scattering objects should be determined and characterized in the
uncertainty budget.

NOTE International Standards such as CISPR 16-1-4 [3] can provide guidance on minimizing radio frequency
disturbances when performing radiated measurements.

2) Ambient temperature should be within the operating range specified for the measurement
equipment and DUT.

When possible and allowed by national requirements, an RF source, e.g. a signal generator or
a synthesizer and amplifier, may replace the transmitter that supplies power to the antenna
input, provided that this does not change DUT performance, including transmit power and
power density distributions, or that the impact of power density assessment uncertainty is
properly evaluated and remains acceptable. Under such circumstance, the power chain should
be carefully evaluated to accurately determine the input power fed to the antenna. Otherwise
a base station simulator, a communication test set or acceptable internal test software should
be used to set up the device.

5.2 Scanning system

Scanning systems typically position the probe to perform measurements on a spherical,
cylindrical or planar configuration. For each of these coordinate systems, different physical,
mechanical, or electrical solutions may be required for the scanning system. For instance,
some implementations might require both translation and rotation of the probe; others,
although not addressed in this document, have a fixed probe and the DUT is positioned
accordingly. Descriptions of specific scanning methodologies are provided for instance in [4].
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Precise probe positioning is critical because the measured field accuracy can have significant
impact on the evaluation of power density. The scanning system should ensure that probes
are positioned at each measurement point with high accuracy. The measurement resolution is
chosen to satisfy both spatial and, if applicable, spectral sampling rate as well as the
resolution required by the measurement methodology to maintain conversion accuracy. When
sensors at the probe tip are spatially offset or fields are averaged across the probe aperture
or volume (e.g. waveguide probes), validation of the probe calibration and measurement
point(s) accuracy are necessary to maintain measurement accuracy. Depending on the
frequency, small spatial offsets in sensor locations or shifts in measurement point locations
can have a large impact on the measured results, especially in steep field gradients or
complex field conditions close to the antenna. If sensor offsets are not compensated or
accounted for, both the measured results and the output of the field conversion algorithms
that are sensitive to such positioning can be influenced substantially.

5.3 Device holder

The device holder or an equivalent setup is used to position the DUT during the measurement.
The DUT is positioned into a holder with negligible effect on measured fields. To avoid
perturbation, a holder made of low loss and low permittivity material(s), with loss tangent
< 0,005 and relative permittivity < 1,2 is recommended.

5.4 Reconstruction algorithms

Reconstruction algorithms are used to project or transform the measured fields from the
measurement surface to the evaluation surface (Figure 1) in order to determine power density
or to compute spatial-average and/or local power density with known uncertainty. The term
reconstruction algorithms identifies also techniques to resolve the H-field from the E-field (or
vice versa) and/or methodologies to retrieve field information from the measured data (e.g.
the phase from the amplitude).

The field reconstruction algorithms are validated and documented by the equipment
manufacturer. In particular, it should be described in detail how the measured field
components at the measurement points are used to determine power density at the evaluation
surface. Some examples are provided in Annex G.

Evaluation surface

CEmaE R
- v
Measurement surface I IEEE DR D D >

Probe
IEC

NOTE The measurement and evaluation surface dimensions, their orientations and positions have been simplified
for illustration purposes (see Clause 6 for additional information).

Figure 1 — Simplified view of a generic measurement setup involving
the use of reconstruction algorithms

6 Power density assessment

6.1 General

The measurements are carried out with good laboratory practice, e.g. in accordance with [5],
and other local and national compliance requirements. The evaluations should generally
follow a sequence of steps. A high-level flow-chart of the evaluation process iD:owments
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Figure 2. Beginning with an evaluation plan and measurement approach, the process
converges to the full power density evaluation and uncertainty analysis. Proper documentation
and reporting completes the evaluation process.

Evaluation plan

:

Measurement system check

:

DUT setup

'

[ Power density measurement

'

Uncertainty evaluation

:

Reporting results

| S N ) S N N NS

Figure 2 — Evaluation process overview

Figure 3 provides an overview of the power density measurement methodology described in
this document. The measurement systems and techniques which conform to this general
flowchart might vary. A description of each step is provided in 6.2 to 6.5 together with the
applicability constraints for each step, the information required to implement the method and
generic guidelines on how to characterize the uncertainty of the evaluation.
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Method

A \

Power density evaluation Power density evaluation
based on E- and H-field based on plane wave
(6.4.2) equivalent approximation
(6.4.3)

Are
both the E-
and H-field (amplitude
and phase) measured directly
on the evaluation
surface?

Yes No

1 \ \

Power density on the Power density on the E-field or H-field amplitude
evaluation surface is evaluation surface is is measured on the
determined without the determined by means of evaluation surface to
usage of reconstruction reconstruction algorithms determine peak and/or
algorithms . spatial-average power
(6.4.2) Depending on the density

methodology, reconstruction
algorithms can be used to

* resolve the H-field from
the E-field (or vice
versa) when only one of
the two is measured

* propagate, transform or
project the
electromagnetic field
from the measurement
surface to the evaluation
surface when these do
not coincide

* reconstruct field
information from
measured data (e.g. the
phase if only amplitude
is measured).
(6.4.2 and Annex F)

The maximum peak and/or
spatial-average power
density on the evaluation
surface are determined
(6.4.2 and 6.4.3)

y

IEC
Figure 3 — Overview of power density measurement methods

6.2 Measurement preparation
6.2.1 System check

A system check according to the procedures of Annex A should be completed to verify that
the system operates within specifications before conducting measurements to assess the
power density of a DUT. The system check confirms the measurement repeatability and post-
processing algorithm accuracy with a calibrated source or other known reference source(s) to
ensure that the system works correctly and is acceptable for compliance testing. The system
check can also detect possible measurement drifts over time and other unexpected problems
in the system, such as

e component failures,

e component drift, Documents
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e operator errors in the set-up or the software parameters,

e adverse conditions in the system, e.g. RF interference.
6.2.2 Preparation of the device under test

The RF output power and frequency (channel) are controlled by a wireless link to a base
station, network simulator or test mode software. Alternatively, an external generator or a
synthesiser and amplifier may be used to replace the transmitter, provided both measured
fields and power density assessment of the DUT are unaffected and it is acceptable by the
applicable national regulation, or the impact on power density assessment uncertainty is
properly evaluated and remains acceptable. The power chains to all transmitting elements of
the antenna array(s) are evaluated to accurately determine the input power fed to the antenna.

The measurements are performed at the maximum power level consistent with product
specifications and production variations. The measured power density is scaled to the highest
time-averaged maximum output power allowed for production units, including output
tolerances. The maximum time-averaged power of the DUT can be verified, for example, if
applicable, by conducted power measurements with a fully charged battery or, as appropriate,
according to radiated power measurements and other operating parameters to support the
scaling.

6.2.3 Operating modes

DUTs can transmit in operating modes and frequency bands using different signal
characteristics (e.g. modulation, source coding, channel bandwidth, etc.) that require power
density tests. The appropriate operating modes should be selected for testing taking into
consideration differences in maximum output power and production variations, to ensure
maximum power density is assessed.

Guidance for selecting frequency channels within a frequency band for testing is provided in
6.2.4. The frequency channels in each wireless technology (e.g. 5G New Radio and WiGig®2)
supported by the DUT should be tested in the operating mode corresponding to the maximum
RF output power conditions. RF conducted power should be measured and, as necessary,
radiated or other methods should be applied, to verify these are the highest output
configuration(s). If the DUT is tested in a lower power configuration, evidence of scaling
linearity is necessary to scale power density to the highest time-averaged output power level.
The scaling factor should be assessed and documented in the test report.

When the DUT is operated in test mode (e.g. using proprietary test software), the maximum
output power and transmission characteristics are set to be consistent with actual use
conditions.

For devices operating simultaneously with multiple antennas or multiple transmitters (with
single or multiple antennas), maximum output power is established for each transmitter and
antenna as described above to ensure the aggregate transmit power from all antennas is also
at the maximum. The contribution of power density from each antenna is combined as
described in 6.5.

NOTE IEC 62209-1 and IEC 62209-2 provide further guidance on operating modes.
6.2.4 Test frequencies for DUT

Since power density can vary over the DUT operating bandwidth, the purpose of this
subclause is to define the frequency channel or a practical subset of channels where power

2 WiGig is a registered trademark of Wi-Fi Alliance. This information is given for the convenience of users of this
document and does not constitute an endorsement by IEC.
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density measurements are performed. This channel or subset of channels is chosen to
characterize the power density of a DUT according to applicable exposure limits.

NOTE For wide band systems the maximum output power of a channel may vary across the frequency band. The
required test channels may not include the channel with the highest RF transmit power. Therefore, before
performing testing using the specific channels required by this document, it is important to verify the maximum
output power of the channels to determine that the chosen channels are indeed producing the highest rated output
of the device. It is important that the process used to establish the channels for testing purposes is documented in
the test report.

For each wireless technology and frequency band used by the DUT, tests should be
performed at the channel closest to the centre of each transmit frequency band. If the width of
the transmit frequency band (Af = fhigh ~ flow) exceeds 1 % of its centre frequency f;, then the
channels at the lowest and highest frequencies of the transmit band are also tested.
Furthermore, if the width of the transmit band exceeds 10 % of its centre frequency, the
following formula is used to determine the number of channels, N, to be tested:

N =min(2 x roundup [10 x (fhigh = fiow Mfc]1*+1,N)

where

Je is the centre frequency channel of the transmission band in Hz;

Jnigh  is the highest frequency channel of the transmission band in Hz;
fiow  is the lowest frequency channel of the transmission band in Hz;

N, is the number of channels to be tested;
N is the total number of channels.

NOTE 1 The function roundup(x) rounds its argument x to the next highest integer. Thus, the number of channels,
N,, will always be an odd number. The channels tested are equally spaced apart in frequency (as much as possible)
and include the channels at the lowest and highest frequencies. Depending on the field-probe and equipment used,
substantially large transmission bands may require multiple probe calibration points to cover the entire frequency
band.

NOTE 2 Regulatory agencies may have different requirements on the number of channels to be tested per
transmission band, according to frequency allocations and other wireless technology requirements.

NOTE 3 If the test frequency yielding the highest output power does not correspond to the middle channel, the
test requirements may vary among different national regulatory authorities.

6.2.5 Evaluation surface and DUT test position

For purpose of this document, two evaluation surface and DUT test positioning alternatives
are given. A sufficiently large evaluation surface is required for both alternatives to ensure
maximum spatial-average and/or the local power density is determined accurately as required
by the measurement methodology. Details of the evaluation surfaces and DUT test positions
are required in the test report to support the results.

Alternative 1: Assessment of user exposure

Power density is assessed on surface(s) corresponding to local representations of the user’s
head and/or body surfaces. Evaluation surfaces corresponding to the shape of the SAM
phantom or flat phantom inner shell defined in IEC 62209, respectively for head (Figure 4)
and body (Figure 5) exposure conditions are used for this alternative. The DUT test positions
described in IEC 62209 to assess next to the ear, near body and extremity exposures are
used to position portable devices for power density evaluation.

All use conditions described in IEC 62209 for exposures to the user’'s head, body and
extremity, are assessed, unless a technical rationale for considerably reduced exposure
potential in some of the use conditions can be justified and demonstrated (see 9.1.5.1).

An evaluation surface conformal to the SAM phantom shape can complicate the po% i ents

measurement and evaluation process. As an alternative, measurement or ev:luation plane(s
Document Sharing Hub

Full document details: PD IEC TR 63170:2018


http://avadocuments2026.com/doc/pd-iec-tr-63170-2018
http://avadocuments2026.com/doc/pd-iec-tr-63170-2018

- 22 - IEC TR 63170:2018 © IEC 2018

tangential to the inner shell surface of the SAM phantom shape may be considered when it
can be demonstrated to yield conservative power density results (see Figure 4).

IEC

(a) Evaluation surface corresponding to the SAM phantom surface shape

IEC

(b) Evaluation surface tangential to the SAM phantom surface shape

NOTE The SAM profile identifies only the geometrical shape; power density is evaluated in free-space without the
presence of a phantom. The dimension of the evaluation surface for a) and b) is for illustration purposes only.

Figure 4 — lllustration of evaluation surface (in black)

NOTE The dimension of the evaluation is for illustration purposes only.

Figure 5 — lllustration of evaluation surface corresponding
to the flat phantom surface shape
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Alternative 2: Assessment of maximum user exposure potential

Power density is assessed in the evaluation surface(s) corresponding to the maximum
available local or spatial-average power density. The separation distance can be measured
from the geometrical centre point of the antenna or antenna array on the surface of the device
to the evaluation surface (Figure 6).

IEC

NOTE The dimension of the evaluation surface is for illustration purposes only.

Figure 6 — lllustration of evaluation surface corresponding to
the maximum available local or spatial-average power density

Additional information for both alternatives is available in Clause 9.

6.3 Tests to be performed
The highest spatial-average and/or local power density among all use conditions is

determined according to the maximum power density for the device positions, configurations
and operational modes tested in each frequency band.

6.4 General measurement procedure
6.4.1 General

A flow-chart describing the overall measurement procedure is provided in Figure 3. In order to
determine near-field power density, the E- and H-field are necessary. The time averaged

power density S,, over a surface of area 4 characterized by the normal vector n is given by
(see 3.17)

Savzﬁ”ExH-ﬁdeA, 1)

where T is the averaging time and E and H are the electric and magnetic fields as function of
time respectively. For time harmonic fields, E= il%(Eei“”), H = %(Heia’t) and

Say =im('[ExH*-ﬁdA) , (2)

where H' represents the complex conjugate of the H-field phasor.
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In the far-field of the source, the E-field and H-field at every point in space are orthogonal to

each other, they are in phase, and they are related through a scalar constant: H=rXE.
n
Therefore, the power density can be simplified to:
1 2. . n 2. .
Sav —2’7—A(I|E| r-ndAj or Sav —Z[I|H| l"lldA], (3)

where r is the vector corresponding to the radial direction and 7 is the free-space wave
impedance. This enables power density in the far field to be determined by assessing only the
amplitude of either the electric or magnetic field.

At short distances from the source there is no simple relationship between E-field and H-field.
Therefore, both E-field and H-field need to be assessed to determine the correct power
density. The plane wave equivalent approximation may underestimate or overestimate power
density when the evaluation plane is in the near-field. Preliminary criteria to establish at which
distance this approximation is valid are provided in 6.4.3.

When the national regulation or the applicable exposure standard provides a different
expression or interpretation for the incident power density, those expressions or
interpretations are used to evaluate S,

6.4.2 Power density assessment based on E- and H-field

Within a short distance from the transmitting source, power density is determined based on
both electric and magnetic fields. Generally, the magnitude and phase of two components of
either the E-field or H-field are needed on a sufficiently large surface to fully characterize the
total E-field and H-field distributions. Nevertheless, solutions based on direct measurement of
E-field and H-field can be used to compute power density (see, for example, Clause H.4). The
measurement points are chosen according to the requirements of the methodology used.
Together, these points form the measurement surface. When the measurement surface does
not correspond to the evaluation surface, reconstruction algorithms are necessary to project
or transform the fields from the measurement surface to the evaluation surface. The general
measurement approach is summarized in a) to g).

a) Measure the E- or H-field on the measurement surface at a reference location where the
field is well above the noise level. This reference level will be used at the end of this
procedure to assess output power drift of the DUT during the measurement.

b) Scan the electric and/or magnetic field on the measurement surface. The requirements of
measurement surface dimensions (as, for instance, the ratio between the field strength
measured at the edges of the scan area with respect to the peak) and spatial resolution
are dependent on the measurement system and assessment methodology applied.
Measurements are therefore conducted according to the instructions provided by the
measurement system manufacturer.

The distance from the measurement surface to the DUT is chosen carefully to avoid field
perturbation by the probe(s). A part of the signal incident on the probe can be scattered
and reflected back and forth between the DUT and the probe. These multiple DUT-probe
reflections can alter the field distribution surrounding the device. The reflection errors
generally decrease with increasing measurement distance. For miniature rectangular or
circular waveguide probes, a few wavelengths are typically necessary to avoid
unacceptable field perturbation. For low-directivity DUT antennas, the distance may be
reduced. The field perturbation of probes consisting of small dipole or small loop sensors
to the measured field can be sufficiently small for distances down to a 4 or even fractions
of a 1. In any case, probe perturbation and the uncertainty due to multiple reflections need
to be characterized.

c) Measurement spatial resolution can depend on the measured field charactgristic and
measurement methodology used by the system. Planar scanners typically. requ@GUWiAENTS
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size of less than A1/2. When measurements are acquired in regions where evanescent
modes are not negligible, smaller spatial resolution may be required [4]. Similar criteria
also apply to cylindrical scanning systems where the spatial resolution in the vertical
direction should be less than A/2. In the azimuth direction, the angular step size A¢ should
be less than A/(2pneas) iN radians, where p, .55 denotes the radial distance at the

measurement locations. For spherical systems, the maximum angular step sizes in
elevation and azimuth can be defined analogously as A0 =A¢=A/(2Rpeas) Where R s

denotes the radial distance at the measurement locations. The positioning uncertainty of
the probe sensors at the measurement points should be analysed and documented.

d) If only one field (E-field or H-field) is measured, the other field is calculated from the
measured field using a reconstruction algorithm. As Formula (2) requires knowledge of
both amplitude and phase, reconstruction algorithms can also be used to obtain field
information from the measured data (e.g. the phase from the amplitude if only the
amplitude is measured). In addition, when the measurement surface does not correspond
to the evaluation surface, reconstruction algorithms are employed to project or transform
the fields from the measurement surface to the evaluation surface. In substance,
reconstruction algorithms are the set of algorithms, mathematical techniques and
procedures that are applied to the measured field on the measurement surface to
determine E- and H-field (amplitude and phase) on the evaluation surface. An overview
and description of applicable algorithms and techniques is provided in Annex F.

The validation of reconstruction algorithms should be demonstrated and documented in
detail, including the minimum measurement plane dimensions and separation distance
from the source to which the algorithm is applicable to the particular measurement probe
or methodology.

If both E-field and H-field are directly measured (amplitude and phase) on the evaluation
surface, a reconstruction algorithm is not needed to assess power density.

e) Use Formula (2) to determine the spatial-average power density distribution on the
evaluation surface. The spatial averaging area, 4, is specified by the applicable exposure
limits or regulatory requirements. If the shape of the area is not provided by the relevant
regulatory requirements, a circular shape is recommended (see Annex E).

f) The maximum spatial-average and/or local power density on the evaluation surface is the
final quantity to determine compliance against applicable limits.

g) Measure the E-field or H-field on the measurement surface position at the reference
location chosen in step a). The power drift of the DUT is estimated as the difference
between the squared amplitude of the field values taken in steps a) and g). When the drift
is smaller than = 5 %, this term should be considered in the uncertainty budget. Drifts
larger than 5 % due to the design and operating characteristics of the device should be
accounted for or addressed according to regulatory requirements to determine compliance

6.4.3 Power density measurement based on the evaluation of E-field or H-field
amplitude only

If the evaluation surface is in the far-field of the DUT, power density is given by Formula (3)
and only the amplitude of the electric or magnetic fields need to be measured on the
evaluation surface to correctly derive power density. If, for the tested configuration, the
separation distance between the DUT transmitting antennas and the evaluation surface fulfils
the far-field criteria in Table 1 [6], the following procedure can be used as an alternative to
that provided in 6.4.2. As shown in Annex D, Formula (3) might be accurate also at shorter
distances than those specified in Table 1 and can be used if justified.

a) Measure the local E-field or H-field on the evaluation surface at a reference location
where the field is well above the noise level. This reference level will be used at the end of
this procedure to assess output power drift of the DUT during the measurement.

b) Measure the electric or magnetic field amplitude on the evaluation surface. A spatial
resolution of at most 4/2 is recommended. A coarser sampling resolution can be adopted
provided that the impact on the measurement uncertainty is characterized and
documented.
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c) Use Formula (3) to determine the spatial-average power density on the evaluation surface.
The averaging area, 4, is specified by the applicable exposure limits or regulatory
requirements. If the shape of the area is not provided by the relevant regulatory
requirements, a circular shape is recommended. In Formula (3) the radial vector is
considered to be determined from the geometrical centre of the transmitting antenna3. If
no information about the DUT antenna is available, power density can be conservatively
assessed by Formula (4):

2
Sy :2,7%1 B (4)

Formula (4) is more conservative than Formula (3) if the evaluation surface is not
orthogonal to the Poynting vector.

d) Calculate the maximum spatial-average and/or local power density over the evaluation
surface.

e) Measure the E-field or H-field on the evaluation surface position at the reference location
chosen in step a). The power drift of the DUT is estimated as the difference between the
squared amplitude of the field values taken in steps a) and e). When the drift is smaller
than £ 5 %, this term should be included in the uncertainty budget. Drifts larger than 5 %
due to the design and operating characteristics of the device should be accounted for or
addressed according to regulatory requirements to determine compliance.

Table 1 — Minimum separation distance between the DUT’s antenna
and the evaluation surface for which Formula (3) applies

Antenna dimension Minimum distance
1 164
D<—2
3
i/1<D<2,5/1 b
3
D>252 2p2
A
D is the maximum linear dimension of the antenna operating in the selected
configuration.

6.5 Measurements of devices with multiple antennas or multiple transmitters
6.5.1 General

Subclause 6.5 describes how to determine the combined exposure from multiple antennas
operating simultaneously such as those of an array or of individual sources operating within
different frequency bands.

The fields generated by the antennas can be correlated or uncorrelated. At different
frequencies, fields are always uncorrelated, and the aggregate power density contributions
can be summed according to spatially averaged values of corresponding sources at any point
in space, r, to determine the total exposure ratio (TER). Assuming / sources, the TER at each
point in space is equal to

3 In theory, Formula (3) is exact at infinite distance where the antenna appears as a point source and the

definition of r is unambiguous. Since the minimum separation between the observation point and the DUT
antenna should fulfil the requirements in Table 1 and it is therefore much larger than the maximum antenna size,
the error introduced by considering the origin over any other point of the DUT antenna is expectedﬂ be small.
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- Sav (1 /i)
uncorr av i
TER }:ER =y il S (5)

i=1 i=1

where Sav: is the power density (as defined in 6.4) for the source i operating at a frequency f;
and S, is the power density limit as specified by the relevant standard.

Exposure from transmitters operating above and below f;,, where f;, denotes the transition
frequency where the basic restrictions change from being defined in terms of SAR to being
defined in terms of power density, are therefore uncorrelated and the TER is determined as

TERY™" (r) = TER(r) /< » + TER(r) 1 1 (6)

NOTE For frequencies below the transition frequency, the exposure ratio is assessed using the procedures in
IEC 62209-1 and IEC 62209-2 by dividing the resulting spatial-peak SAR value with the corresponding limit.

Figure 7 illustrates how SAR and power density at a point r can be combined assuming power
density on a plane surface and SAR at the surface of a flat phantom (e.g. for body exposure).
Before summing the TERs [see Formula (6)], the corresponding SAR and power density
values are to be spatially averaged, around r, according to the applicable standard (e.g. 1 g
or 10 g for SAR, 4 cmZ2 for power density in the example of Figure 7). For locations inside the
phantom, the peak spatial-average SAR of individual points are not centred on the surface of
the 1 g or 10 g cube.

Sideview Topview

1g SAR
1cmx1cmx1cm

19 SAR
1cmx1cmx1cm

PD 10 g SAR
2em x 2 em 2,15cmx215cm x 2,15¢cm
(example) IEC

Figure 7 — SAR and power density evaluation at a point r

For correlated fields, the determination of the combined exposure from I simultaneously
transmitting sources requires the true vector summations according to

I
E®(r) = E/(r, /) (7)
1
HO (r) = > H,(r, f) (8)
i=1
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From Formulas (7) and (8), the average power density is determined according to
Formulas (2), (3) or (4) from which TER®C' is obtained by normalizing with the appropriate
exposure limit.

6.5.2 Examples
6.5.2.1 General

The generic expressions in Formulas (5) to (8) can be used to obtain the total exposure once
the contribution from each antenna or antenna element in an array is assessed. Further
guidance on how to measure exposure for multiple transmitters is provided in 6.5.2.2 and
6.5.2.3 for two possible DUT configurations.

6.5.2.2 DUT with one array antenna operating at /> f;,

The fields transmitted by the elements of the array can be correlated or uncorrelated
depending on the transmission technique adopted by the DUT. For instance:

— for transmission modes making use of beamforming the fields can be correlated as each
antenna port is fed by the same signal scaled in phase and, eventually, in amplitude.

— for spatial multiplexing the fields are uncorrelated as the input to the antenna ports
corresponds to independent linear combination of one or more ‘data layers’.

In case of correlated fields, the electric and magnetic field on the evaluation surface(s) are
determined, as described in 6.4, for each antenna element operating separately. E€°™ and
HCO™ are obtained according to Formulas (7) and (8) for all possible linear combinations
corresponding to different phase and amplitude weights (codebook). The combined averaged
power density is therefore assessed according to Formula (2) and the maximum value for all
combinations is selected. The combining of the electric and magnetic fields requires
knowledge of both amplitude and phase for each component.

If the codebook is unknown, an overestimate of the combined power density distribution on
the evaluation surface is given by

1 I,L

2 140

‘(Ei(r)xﬂ*l(r))-ﬁ

: (9)

where E; and H; are the electric and magnetic field for the antenna i and /, respectively. The

power density obtained in this fashion is then spatially averaged according to the applicable
limits. Formula (9) might largely overestimate power density. More accurate but more complex
methodologies, providing the upper bound of power density for array antennas are described
in [7]. Formula (9) requires knowledge of both amplitude and phase of the electric and
magnetic field components. A simpler expression, based on the amplitude only is provided in
Formula (10):

1 L
> 2 |E, (r)|-|H,(r). (10)

Jj=1i=1

Formula (10) leads to an even larger overestimation of the combined power density compared
with Formula (9).

An alternative to combining exposures obtained separately for the different antennas is to
conduct repeated measurements corresponding to all phase (and amplitude) combinations
between the transmitters. This evaluation is time consuming and may not be practigocuments
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When the fields from the different antennas are uncorrelated, power density is determined
according to 6.4 for all antennas operating simultaneously. Otherwise, if the contribution for
each element is known, the power density distribution contributions on the evaluation surface
can be determined as

1
S(r)=ZSi(r) (11)

i=1

The maximum spatial-average power density on the evaluation surface is calculated from the
distribution of the combined power density S(r).

6.5.2.3 DUT with one array antenna opertating at /> f;, and one antenna operating at
[ < fir both transmitting simultaneously

Power density, and therefore the exposure ratio, for the array operating at above f, is
determined according to 6.5.2.2. For the transmitter below f,,, exposure is assessed in terms
of SAR using the procedures in IEC 62209 series of SAR assessment standards. When these
values are known, the following options can be used to obtain the TER for the DUT.

6.5.2.4 Alternative 1: Evaluation by considering spatial exposure distributions

Exposure ratios (for frequencies above and below f;,) are summed point-by-point [according to
Formula (6)]. The TER is then taken as the maximum value of this summation. This
methodology is the most accurate but it requires evaluation of localized SAR and local or
spatial-average power density at common locations in space. For instance, this is possible if
the power density is determined on evaluation surface(s), corresponding to a representation
of the user’s head or body surface, consistent with the SAM and/or body phantom definitions
in IEC 62209 (see Alternative 1 in 6.2.5), where summing of TER for additional points inside
the phantom is not necessary.

If the antennas are located at different positions, it might be necessary to evaluate SAR
nearby the antennas operating above f;, and power density nearby the antennas transmitting
below fi,.

For array antennas above f;, which are used for beamforming (correlated exposure), the
power density is assessed for all possible phase and amplitude excitations (unless the
antenna precoding weight providing the maximum TER is known) and then combined with the
TER for SAR. In general, the ERs for SAR and power density are to be combined for the
device positions, configurations and operational modes resulting in the maximum TER.

6.5.2.5 Alternative 2: Evaluation by selection of highest exposure ratio

If the SAR and power density maxima are spatially separated, the aggregate exposure may be
evaluated by selecting the highest exposure ratio in terms of peak spatial-average SAR
(f < fir) and maximum spatial-average or local power density ( f > f;. ) in accordance with the
applicable exposure limits. This procedure gives an accurate estimate of the TER when the
measured exposure distributions have little or no overlapping contributions.

6.5.2.6 Alternative 3: Evaluation by summation of peak exposure ratios

The maximum ER for each source distribution is determined independently according to peak
spatial-average SAR or maximum spatial-average / local power density requirements and
summed irrespective of where the maximum ER occurs on the phantom or evaluation
surface(s). This procedure is the easiest approach to determine the TER. It is also the most
conservative procedure since, in many cases, the maximum ER for each source ( f < f;, and
f> fiy ) will be at different spatial locations. The resulting TER is expected to largely
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