& |EEE IEC/IEEE 63195-1

Edition 1.0 2022-05

INTERNATIONAL
STANDARD

NORME
INTERNATIONALE

colour
inside

Assessment of power density of human exposure to radio frequency fields from
wireless devices in close proximity to the head and body (frequency range of

6 GHz to 300 GHz) -

Part 1: Measurement procedure

Evaluation de la densité de puissance de I'exposition humaine aux champs
radiofréquences provenant de dispositifs sans fil a proximité immédiate de la
téte et du corps (plage de fréquences de 6 GHz a 300 GHz) —

Partie 1: Procédure de mesure

IEC/IEEE 63195-1:2022-05(en-fr)

Full docu


http://www.avadocuments.com/doc/ieee-63195-1-2022
http://www.avadocuments.com/doc/ieee-63195-1-2022

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2022 IEC, Geneva, Switzerland
Copyright © 2022 IEEE

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or
by any means, electronic or mechanical, including photocopying and microfilm, without permission in writing being
secured. Requests for permission to reproduce should be addressed to either IEC at the address below or IEC’s
member National Committee in the country of the requester or from IEEE.

IEC Secretariat
3, rue de Varembé
CH-1211 Geneva 20

Institute of Electrical and Electronics Engineers, Inc.
3 Park Avenue
New York, NY 10016-5997

Switzerland United States of America
Tel.: +41 22 919 02 11 stds.ipr@ieee.org
info@iec.ch www.ieee.org
www.iec.ch

About the IEC
The International Electrotechnical Commission (IEC) is the leading global organization that prepares and publishes
International Standards for all electrical, electronic and related technologies.

About IEC publications
The technical content of IEC publications is kept under constant review by the IEC. Please make sure that you have the
latest edition, a corrigendum or an amendment might have been published.

IEC publications search - webstore.iec.ch/advsearchform
The advanced search enables to find IEC publications by a
variety of criteria (reference number, text, technical
committee, ...). It also gives information on projects, replaced
and withdrawn publications.

IEC Products & Services Portal - products.iec.ch
Discover our powerful search engine and read freely all the
publications previews. With a subscription you will always have
access to up to date content tailored to your needs.

Electropedia - www.electropedia.org

The world's leading online dictionary on electrotechnology,
containing more than 22 300 terminological entries in English
and French, with equivalent terms in 19 additional languages.
Also known as the International Electrotechnical Vocabulary
(IEV) online.

IEC Just Published - webstore.iec.ch/justpublished

Stay up to date on all new IEC publications. Just Published
details all new publications released. Available online and once
a month by email.

IEC Customer Service Centre - webstore.iec.ch/csc

If you wish to give us your feedback on this publication or need
further assistance, please contact the Customer Service
Centre: sales@iec.ch.

A propos de I'lEC
La Commission Electrotechnique Internationale (IEC) est la premiére organisation mondiale qui élabore et publie des
Normes internationales pour tout ce qui a trait a I'électricité, a I'électronique et aux technologies apparentées.

A propos des publications IEC
Le contenu technique des publications IEC est constamment revu. Veuillez vous assurer que vous possédez I'édition la
plus récente, un corrigendum ou amendement peut avoir été publié.

Recherche de publications IEC -
webstore.iec.ch/advsearchform

La recherche avancée permet de trouver des publications IEC
en utilisant différents criteres (numéro de référence, texte,
comité d’études, ...). Elle donne aussi des informations sur les
projets et les publications remplacées ou retirées.

IEC Just Published - webstore.iec.ch/justpublished
Restez informé sur les nouvelles publications IEC. Just
Published détaille les nouvelles publications parues.
Disponible en ligne et une fois par mois par email.

Service Clients - webstore.iec.ch/csc

Si vous désirez nous donner des commentaires sur cette
publication ou si vous avez des questions contactez-nous:
sales@iec.ch.

IEC Products & Services Portal - products.iec.ch

Découvrez notre puissant moteur de recherche et consultez
gratuitement tous les apercus des publications. Avec un
abonnement, vous aurez toujours accés a un contenu a jour
adapté a vos besoins.

Electropedia - www.electropedia.org

Le premier dictionnaire d'électrotechnologie en ligne au monde,
avec plus de 22 300 articles terminologiques en anglais et en
frangais, ainsi que les termes équivalents dans 19 langues
additionnelles. Egalement appelé Vocabulaire
Electrotechnique International (IEV) en ligne.

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 21:34:36 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 63195-1-2022


mailto:stds.ipr@ieee.org
mailto:info@iec.ch
http://www.ieee.org/
https://www.iec.ch/
https://webstore.iec.ch/advsearchform
https://webstore.iec.ch/justpublished
https://webstore.iec.ch/csc
mailto:sales@iec.ch
https://products.iec.ch/
http://www.electropedia.org/
https://webstore.iec.ch/advsearchform
https://webstore.iec.ch/justpublished
https://webstore.iec.ch/csc
mailto:sales@iec.ch
https://products.iec.ch/
http://www.electropedia.org/
http://www.avadocuments.com/doc/ieee-63195-1-2022
http://www.avadocuments.com/doc/ieee-63195-1-2022

148 & IEEE IEC/IEEE 63195-1

o
®

Edition 1.0 2022-05

INTERNATIONAL
STANDARD

NORME
INTERNATIONALE

colour
inside

Assessment of power density of human exposure to radio frequency fields from
wireless devices in close proximity to the head and body (frequency range of
6 GHz to 300 GHz) -

Part 1: Measurement procedure

Evaluation de la densité de puissance de I'exposition humaine aux champs
radiofréquences provenant de dispositifs sans fil a proximité immédiate de la
téte et du corps (plage de fréquences de 6 GHz a 300 GHz) -

Partie 1: Procédure de mesure

INTERNATIONAL
ELECTROTECHNICAL
COMMISSION

COMMISSION
ELECTROTECHNIQUE
INTERNATIONALE

ICS 17.220.20 IEC ISBN 978-2-8322-1102-9
IEEE ISBN 978-1-5044-8444-2 STD25248

Warning! Make sure that you obtained this publication from an authorized distributor.

Attention! Veuillez vous assurer que vous avez obtenu cette publication via un disNbuteur agréé.
pocuments

® Registereq tradlemark of the Irjtefnational EIectroFechnicaI Commission Document Sha rnng Hub
AutHifisea fleeersss e Grrmaiasien FSRENHES URGRRT HRMIoaded on February 25,2026 at 21:34:36 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 63195-1-2022


http://www.avadocuments.com/doc/ieee-63195-1-2022
http://www.avadocuments.com/doc/ieee-63195-1-2022

-2- IEC/IEEE 63195-1:2022 © IEC/IEEE 2022

CONTENTS
O T T I S 9
INTRODUGCTION ...ttt ettt e e et e e et e e e e e e e et e et e e eenns 11
1 Yoo ] o 1PN 12
2 NOIrMAtIVE FEIEIENCES .. oeieii e e 13
3 Terms and definitioNS ... 13
3.1 Exposure metrics and parameters .. ....ooovuiiiiii i 13
3.2 Spatial, physical, and geometrical parameters associated with exposure
L0 L= {02 PPN 16
3.3 Measurement instrumentation, field probe, and data-processing parameters......... 17
3.4 RF POWET PArameters ... 20
3.5 Test device technical operating and antenna parameters...............oooiiiiiiinn. 21
3.6 Test device physical configurations ... ... 23
3.7 Uncertainty parameters ... ... 24
4  Symbols and abbreviated terms ... ... 25
4.1 SY MO e 25
4.1.1 Physical qUantities. .. ... 25
4.1.2 GO ANES Lot 26
4.2 Abbreviated termS. ... .o 26
5  Quick start guide and application of this document ..o, 27
5.1 QUICK STArt QUIAE ... i 27
5.2 Application of this doCUMENT ... 30
5.3 S PUIAT I ONS 30
6 Measurement system and laboratory requirements ..o 30
6.1 General reqQUIrEMENTS ... . e 30
6.2 Laboratory reqUIrEmMents ... ... 31
6.3 Field probe requirements ... ... 32
6.4 Measurement instrumentation requirements..............coiiii i, 32
6.5 Scanning system requIr€mMENts . ... 33
6.5.1 Single-probe SYStEMS ... 33
6.5.2 Multiple field-probe SyStemS ......ooniiiii 33
6.6 Device holder requirements ... 34
6.7 Post-processing quantities, procedures, and requirements..............ccoceviiiiiiiennnn. 35
6.7.1 Formulas for calculation of sPD ..o 35
6.7.2 POSt-processing ProCeAUIE ... ..euiiiii e 37
6.7.3 ReQUITEMENTS ... 38
7 Protocol for PD @sSSEeSSMENT ...t 39
7.1 GBI AL e s 39
7.2 Measurement Preparation ... 39
7.2.1 Relative system CheCK ... ... 39
7.2.2 [ 10 I I =T U1 1= ¢ 1= o £ 39
7.2.3 DUT Preparation ... e e 40
7.2.4 Selecting evaluation surfaces ... 41
7.3 Tests to be performed ... ... 44
7.3.1 GBNEIAl e 44
7.3.2 Tests to be performed when supported by simulations of the antenna
= L = 2P s 'ﬁ
7.3.3 Tests to be performed by measurements of the antenna array.......... D OCU ents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 21:34:36 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 63195-1-2022


http://www.avadocuments.com/doc/ieee-63195-1-2022
http://www.avadocuments.com/doc/ieee-63195-1-2022

IEC/IEEE 63195-1:2022 © IEC/IEEE 2022 -3-

7.4 Measurement ProCEAUIE ... ... e e e e ae e 48
7.4.1 General measurement ProCeAUIre..........iuii i 48
7.4.2 Power density assessment methods ... 49
7.4.3 Power scaling for operating mode and channel.................ccoooiiiiiiiin e, 51
7.4.4 Correction for DUT drift ... e 53

7.5 =g o Yo =101 =Y 7o o 11 o] 1 o Y[ o [ 54
7.5.1 LT =Y o= =¥ P 54
7.5.2 Combining power density and SAR resultS........coooiiiiiiiiiiiie e 55

8 Uncertainty estimation ... ... 58

8.1 L= a1 =Y N 58

8.2 Requirements for uncertainty evaluations ... 58

8.3 Description of uncertainty models ... 58

8.4 Uncertainty terms dependent on the measurement system.................coooiiiiiinis 59
8.4.1 CAL — Calibration of the measurement equipment.................ns. 59
8.4.2 COR — Probe COIreCHION ....uee e 59
8.4.3 FRS — FreqQUENCY MESPONSE ..uuieiiii et et et e et e e e et e e e e e e et eeaaenes 59
8.4.4 SCC — Sensor Cross COUPIING ..uiuuiiiiie e 60
8.4.5 YO £ o) o o ) 61
8.4.6 LIN — System [IN€arity @rror . ... 61
8.4.7 PSC — Probe sCattering ..o 61
8.4.8 PPO — Probe positioning offset ... 62
8.4.9 PPR — Probe positioning repeatability ..o 62
8.4.10 SMO — Sensor mechanical offset.........c.ccoiiiiiii 63
8.4.11 PSR — Probe spatial resolution ...... ... 63
8.4.12 FLD - Field impedance dependence (ratio |E|/[H|) «ccoiveeiiiiiiiiiiiiieieeeans 63
8.4.13 MED — Measurement drift ... 63
8.4.14 APN — Amplitude and phase NOISe ........ooeiiiiii i 64
8.4.15 TR — Measurement area truncation ...........ocooiiiiiiiii e 64
8.4.16 DAQ — Data aCquUiSItiON ... ... 64
8.4.17 SMP — SaMPIING i 64
8.4.18 REC — Field reconstruCtion ... .. ..o 64
8.4.19 SNR — Signal-to-noise ratio ........cooooiiiii 65
8.4.20 TRA — Forward transformation and backward transformation.......................... 65
8.4.21 SCA — Power density SCaling .....cc.viuiiiii 66
8.4.22 SAV — Spatial averaging.......ccuvieiii e 66
8.4.23 COM — EXPOSUIe COMDBINING ....uiiiieii et 66

8.5 Uncertainty terms dependent on the DUT and environmental factors .................... 66
8.5.1 PC — Probe coupling With DUT ... 66
8.5.2 MOD — Modulation reSPONSE ......in i 67
8.5.3 IT — Integration timMe ... 67
8.5.4 RT — ReSPONSE M. o e 68
8.5.5 DH — Device holder inflUBNCE ..o 68
8.5.6 DA — DUT alignment . ..ot 68
8.5.7 AC — RF ambient conditions ... ... 68
8.5.8 TEM — Laboratory temperature...........oooiiiii e 68
8.5.9 REF — Reflections in [aboratory ..........coooiiiiii 69
8.5.10 MSI — Measurement system immunity/secondary reception.................ccccoene. 69
8.5.11 DRI — DUT drift oo e et e e e 69

8.6 Combined and expanded uncertainty ..........ccccooiiiiiiiii i AT, DOCUH@entS

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 21:34:36 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 63195-1-2022


http://www.avadocuments.com/doc/ieee-63195-1-2022
http://www.avadocuments.com/doc/ieee-63195-1-2022

-4 - IEC/IEEE 63195-1:2022 © IEC/IEEE 2022

O MeEaASUIEMENT TP O L.ttt 73
9.1 LY o= = 73
9.2 Items to be recorded in measurement reports ........cooviiiiiiiiii i 73

Annex A (normative) Measurement system check and system validation tests ..................... 76
A1 L =T Y TP 76
A.2 Normalization to total radiated power ... ... 77

A.2.1 GBIl Lt 77
A.2.2 Option 1: Accepted power measurement..... ... 77
A.2.3 Option 2: Total radiated power measurement.............ccooviiiiiiiii e 81
A3 Relative System CheCK ... oo 82
A.3.1 P U PO .. 82
A.3.2 Antenna and test CoNditioNS.. ... 82
A.3.3 PO C AU .. 83
A.3.4 ACCEPLANCE CrIterIa ... e e ens 83
A4 Absolute system ChecCkK ... 85
A.4.1 P U PO .. 85
A.4.2 Antenna and test CoNditioNS........ooii i 85
A.4.3 P rOC AU .. 85
A.4.4 ACCEPLANCE CrterMIa ... e e enas 85
A5 System validation ... ... 86
A.5.1 0 o o 1= = S 86
A.5.2 P rOCEAUIE . .. 86
A.5.3 Validation of modulation response ... ... 87
A.5.4 ACCEPLANCE CrterMIa ... e e enas 87

Annex B (normative) Antennas for system check and system validation tests ...................... 89
B.1 L= a1 =Y S 89
B.2 Pyramidal horn antennas for system checks ..........cooooiiiiiiiiii 90
B.3 Cavity-fed dipole arrays for system validation ...............coooiiiiiiii i 91

B.3.1 DS I P I ON e 91
B.3.2 Numerical target values for cavity-fed dipole arrays............ccooviiiiiiiiiiiinennss 94
B.3.3 Field and power density distribution patterns ... 94
B.3.4 Far-field radiation patterns. ... 99
B.4 Pyramidal horns with slot arrays for system validation ........................ooon 101
B.4.1 DS I P I ON e e 101
B.4.2 Numerical target values for pyramidal horns loaded with a slot array ........... 103
B.4.3 Field and power density distribution patterns ... 104
B.4.4 Far-field radiation patterns...........oo e 109
B.5 Antenna validation proCedure..... ... 110
B.5.1 LY o =T - Y 110
B.5.2 Objectives, scope, and usage specifications..............cooeeiiiiiiiiiiiieee, 111
B.5.3 ANTENNA AESIGN .. et 111
B.5.4 NUMErICal targets ...oe i 111
B.5.5 Reference antennas calibration ..o 111
B.5.6 Antenna verification and life expectation................ 111
B.5.7 Uncertainty budget considerations .........cccoooiiiiiiii 111
B.6 Validation procedure for wideband signals .............ccoiiiiiiiiiii e, 112
B.6.1 GBIl L. 112
B.6.2 Validation SIgNals ... 112
B.6.3 Validation antennas and setup ... DOClllmentS

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 21:34:36 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 63195-1-2022


http://www.avadocuments.com/doc/ieee-63195-1-2022
http://www.avadocuments.com/doc/ieee-63195-1-2022

IEC/IEEE 63195-1:2022 © IEC/IEEE 2022 -5-

B.6.4 Target values for validation antennas transmitting wideband signals ........... 112
B.6.5 Wideband signal uncertainty ... 112
B.6.6 Validation proCedure. ... . ..o 113
Annex C (normative) Calibration and characterization of measurement probes .................. 114
C.1 L= a1 =Y PP 114
C.2 Calibration of waveguide probes ..o 114
C.21 LT =Y o =T =Y 114
C.2.2 S BN S VY et 114
Cc.2.3 T aT=T= T 1P UPPP 114
C.24 Lower detection limit.... ... 115
C.2.5 Yo ] { f0] o 3V AN PP 115
C.2.6 RESPONSE tiME ..o 115
C.3 Calibration for isotropic scalar E-field or H-field probes.............coocviiiiiiiinnnn. 115
C.31 LY o =T - Y 115
C.3.2 S BN S VY et 115
C.3.3 Yo ] { {0} o 3V NPT 115
C.34 T aT=T= T o Y PP 116
C.3.5 Lower detection limit.... ... 116
C.3.6 RESPONSE tiME .. 116
C4 Calibration of phasor E-field or H-field probes............ccoooiiiiiiiiiieee, 116
C.41 LT =Y o =T Y 116
C4.2 SN S VY et 116
C4.3 Yo ] { {0} o 3V 2N PP 117
C4.4 T aT=T= T 1P UPPP 117
C4.5 Lower detection limit.... ... 117
C.5 Calibration uncertainty parameters..........oooiiiiiiii 117
C.51 L= a1 = Y PPN 117
C.5.2 Input power to the antenna ... 117
C.5.3 Mismatch effect (input power measurement)...........ccoooviiiiiiiiiieie e 117
C.54 Gain and offset diStanCe ........coooiiiiii 118
C.5.5 SigNal SPECITUM ... 118
C.5.6 Setup stability ... 118
C.5.7 Uncertainty for field impedance variations ............cc.cooiiiiii 119
C.6 Uncertainty budget template ... 119
Annex D (informative) Information on use of square or circular shapes for power
density averaging area in conformity evaluations ..............cccoiiiiiii 121
D.1 L= a1 =Y PP 121
D.2 Method using computational analysis..........cccoiiiiiiiiii 121
D.3 Areas averaged with square and circular shapes on planar evaluation
£ U = T 121
D.4 Areas averaged with square and circular shapes on nonplanar evaluation
£ 0 o = Yo S 123
Annex E (informative) Reconstruction algorithms ... 125
E.1 L= a1 =Y PP 125
E.2 Methodologies to extract local field components and power densities ................. 125
E.21 GBIl L. 125
E.2.2 Phase-1€Ss approaches ... e 126
E.2.3 Approaches using E-field polarization ellipse measurements ....................... 126
E.2.4 Direct near-field measurements ...........ccooviiiiiiiniinin e Doeulﬁ(ients

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 21:34:36 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 63195-1-2022


http://www.avadocuments.com/doc/ieee-63195-1-2022
http://www.avadocuments.com/doc/ieee-63195-1-2022

-6 - IEC/IEEE 63195-1:2022 © IEC/IEEE 2022

E.3 Forward transformation (propagation) of the fields ............ccooiiiiiii i 127
E.3.1 GBNEIAl e 127
E.3.2 Field expansion methods ... 128
E.3.3 Field integral equation methods ............ooiiiiiiiii e 128

E.4 Backward transformation (propagation) of the fields..............cooii s 129
E.4.1 L= a1 = Y PPN 129
E.4.2 Field expansion methods — the plane wave expansion...............cc.ccoeeeiian.e. 129
E.4.3 INnverse source MethodsS. . ... 130

E.5 Analytical reference fuNCLIONS ........cooiiii i 131

Annex F (normative) Interlaboratory compariSoNns ............oooiiiiiiiiiiiiii e 133

F.A1 P U DO e 133

F.2 ReferenCe deVICeS ..o 133

F.3 P OW BT S U et 133

F.4 Interlaboratory comparison — proCedure ............ooiveiiiiii i 133

Annex G (informative) PD test and verification example..........ccoooiiiiiiiiiiii 134

GA1 P U DO e e 134

G.2 DUT OVEIVIBW ..uiteiie ettt e et e e e e e e e e et e e e eenes 134

G.3 Test system verification .. ... 134

G.4 =S == (U] o PP 134

G.5 Power density resSUIS .. ..o 134

G.6 Combined exposure (Total Exposure Ratio) .........cccoviiiiiiiiiiiieee 134

Annex H (informative) Applicability of plane-wave equivalent approximations .................... 135

H.1 L0 o) 1= 1 £ 1Y USSP 135

H.2 1Y TN 4 o o [ PSP 135

H.3 RESUITS . e 135

H.4 DS CUSSION ..ttt 137

Annex | (informative) Rationales for concepts and methods applied in this document
AN IEC/IEEE 831052 .. it 138

1.1 FrEQUENCY FaNQE .. ettt et 138

1.2 CaleUulation Of SP D ... 138
1.2.1 Application of the Poynting vector for calculation of incident power

Lo 1= 1= Y/t 138

.2.2 AVEIAGING GIa ..cunii it 139
L= 1 o 1o Yo =Y o1 2 1 7/Z78 S 140
Figure 1 — QUICK Start GUIAE. ... oo 29
Figure 2 — Simplified view of a generic measurement setup involving the use of
[=ToTo] a3 (¥ eadTo] =1 Lo o] o 14 o o TSP 38
Figure 3 — Cross-sectional view of SAM phantom for SAR evaluations at the reference
plane, as described in IEC/IEEE 62209-1528:2020 .....c.iviiiiiie e 42
Figure 4 — Cross-sectional view of SAM virtual phantom for PD evaluations at the
reference plane (shell thickness is 2 mm everywhere, including at the pinna) ....................... 42
Figure 5 — Example reference coordinate system for the left-ear ERP of the SAM
01 0= 21 (] o 1 PP 44
Figure 6 — Example reference points and vertical and horizontal lines on a DUT................... 44
Figure 7 — Flow chart for test procedure in 7.3 ... . 46
Figure 8 — Flow chart for general measurement procedure in 7.4.1 ........ccoiiiiiiiiiiiiiiniinienns 49
Figure 9 — Flow chart for power density assessment methods in 7.4.2 .................... Docuﬁ‘ients

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 21:34:36 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 63195-1-2022


http://www.avadocuments.com/doc/ieee-63195-1-2022
http://www.avadocuments.com/doc/ieee-63195-1-2022

IEC/IEEE 63195-1:2022 © IEC/IEEE 2022 -7 -

Figure 10 — SAR and power density evaluation at a point 7.........ccoooiiiiiiiii i, 57
Figure 11 — Combining SAR (top) and power density (bottom) for the SAM phantom ............ 57
Figure A.1 — Recommended accepted power measurement setup for relative system

check, absolute system check and system validation ...............ccooiiii 78
Figure A.2 — Equipment setup for measurement of forward power Ps and forward

COUPIEA POWET P o 78
Figure A.3 — Equipment setup for measuring the shorted reverse coupled power Pr¢g .......... 78
Figure A.4 — Equipment setup for measuring the power with the reference antenna.............. 79
Figure A.5 — Port numbering for the S-parameter measurements of the directional

oo 11 o 1= oS 80
Figure B.1 — Main dimensions for the cavity-fed dipole arrays — 30 GHz design.................... 92

Figure B.2 — 10 GHz patterns of |Eigtg|| and Re{S}iotg| for the cavity-fed dipole arrays
at distances of a) 2 mm, b) 5 mm, ¢) 10 mm, and d) 50 mm from the upper surface of
the dieleCtriC SUDSIrate. ... .. e 95
Figure B.3 — 30 GHz patterns of |Eigtg|| and Re{S}iotg| for the cavity-fed dipole arrays
at distances of a) 2 mm, b) 5 mm, ¢) 10 mm, and d) 50 mm from the upper surface of
the dieleCtriC SUDSIrate ... ... e 96
Figure B.4 — 60 GHz patterns of |Eigtg|| and Re{S}iotg| for the cavity-fed dipole arrays
at distances of a) 2 mm, b) 5 mm, ¢) 10 mm, and d) 50 mm from the upper surface of
the dieleCtriCc SUDSIrate. ... ... e 97
Figure B.5 — 90 GHz patterns of |Eigtg|| and Re{S}iotg| for the cavity-fed dipole arrays
at distances of a) 2 mm, b) 5 mm, ¢) 10 mm, and d) 50 mm from the upper surface of

the dieleCtriC SUDSIrate. ... ... e 98
Figure B.6 — Far-field radiation patterns of a) 10 GHz, b) 30 GHz, c) 60 GHz, and d) 90

GHz cavity-fed dipOle @rrays ... 100
Figure B.7 — Main dimensions for the 0,15 mm stainless steel stencil with slot array........... 101
Figure B.8 — Main dimensions for the pyramidal horn antennas................coooeiiiiiiiiinenenns 102

Figure B.9 — 10 GHz patterns of |Ejptg|| and Re{S}iptq| for the pyramidal horn loaded

with a slot array at distances of a) 2 mm, b) 5 mm, ¢) 10 mm, and d) 50 mm from the
upper surface of the SIOt Array ..o 105

Figure B.10 — 30 GHz patterns of |Ejgtg|| and Re{S}iotg for the pyramidal horn loaded

with a slot array at distances of a) 2 mm, b) 5 mm, ¢) 10 mm, and d) 50 mm from the
upper surface of the SIot array . ... 106

Figure B.11 — 60 GHz patterns of |Ejgtg|| and Re{S}iotg for the pyramidal horn loaded

with a slot array at distances of a) 2 mm, b) 5 mm, ¢) 10 mm, and d) 50 mm from the
upper surface of the Slot array . ... 107

Figure B.12 — 90 GHz patterns of |Ejgtg|| and Re{S}iotg for the pyramidal horn loaded
with a slot array at distances of a) 2 mm, b) 5 mm, ¢) 10 mm, and d) 50 mm from the

upper surface of the SIot array ... 108
Figure B.13 — Far-field radiation patterns of a) 10 GHz, b) 30 GHz, c) 60 GHz, and d)

90 GHz pyramidal horn loaded with @ slot array ............coooiiiiiii e, 110
Figure D.1 — Schematic view of the assessment of the variation of sPD using square

shape by rotating AUT (antenna under test).......ccoooiiiiiiii i 121
Figure D.2 — Comparison of psPD averaged using square versus circular shaped areas

on planar evaluation SUIMACES .......oouiiiii e 122
Figure D.3 — Example PD distributions with device next to ear evaluation surface............... 123

Figure D.4 — Comparison of psPD averaged using cube cross-section (square-like)
versus sphere cross-section (circular-like) shaped areas for device next to ear

eValuation SUIMACE ... e A Doculments

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 21:34:36 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 63195-1-2022


http://www.avadocuments.com/doc/ieee-63195-1-2022
http://www.avadocuments.com/doc/ieee-63195-1-2022

-8 - IEC/IEEE 63195-1:2022 © IEC/IEEE 2022

Figure E.1 — Simulation (left) and forward transformation from measurements applying
methods described in [29] (right) of power density in the xz-plane (above) and yz-plane
(below) at a distance of 2 mm for a cavity-fed dipole array at 30 GHz (see Annex B).......... 127
Figure H.1 — psPDp e / psPDyot as function of distance (in units of 1) from cavity-fed

dipole array (CDA##G, left-side) and pyramidal horn with slot arrays (SH##G, right-

side) operating at 10 GHz, 30 GHz, 60 GHz, and 90 GHz ..........ccoiiiiiiiiiii e, 137
Table 1 — Evaluation plan check-list....... ..o e 28
Table 2 — Minimum evaluation distance between the DUT antenna and the evaluation

surface for which the plane wave equivalent approximation applies ..........ccoccoeviiiiiiiinnnnn. 50
Table 3 — Template of measurement uncertainty for power density measurements ............... 70
Table 4 — Example measurement uncertainty budget for power density measurement

=TS U1 72
Table A.1 — Example of power measurement uncertainty ..., 81
Table A.2 — Communication signals for modulation response test.............cocoeiiiiiiiiinin. 87
Table B.1 — Target values for pyramidal horn antennas at different frequencies.................... 90
Table B.2 — Main dimensions for the cavity-fed dipole arrays at each frequency of

L= S 91
Table B.3 — Geometrical parameters of the cavity-fed dipole arrays at each frequency

Lo 0} (= 1= -3 PN 93
Table B.4 — Substrate and metallic block parameters for the cavity-fed dipole arrays at

each frequeNCy Of INTErEST. ... o e 93
Table B.5 — Target values for the cavity-fed dipole arrays at 10 GHz, 30 GHz, 60 GHz,

AN 90 GHzZ o e e e e anas 94
Table B.6 — Main dimensions for the stencil with slot array for each frequency ................... 102
Table B.7 — Primary dimensions for the corresponding pyramidal horns at each

LLICCTe LU 1= 2 oY/ P 103
Table B.8 — Target values for the pyramidal horns loaded with slot arrays at 10 GHz,

30 GHz, 60 GHz, @and 90 GHz .. ..o 104
Table C.1 — Uncertainty analysis of the probe calibration...................oooiiii 119
Table D.1 — Phase shift values for the array antenna................coooiiiiiiiii i, 123
Table E.1 — List of analytical reference functions and associated psPDp 4 target values ...... 131

Table E.2 — List of analytical reference functions and associated psPDigt+ target

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 21:34:36 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 63195-1-2022


http://www.avadocuments.com/doc/ieee-63195-1-2022
http://www.avadocuments.com/doc/ieee-63195-1-2022

IEC/IEEE 63195-1:2022 © IEC/IEEE 2022 -9-

INTERNATIONAL ELECTROTECHNICAL COMMISSION

ASSESSMENT OF POWER DENSITY OF HUMAN EXPOSURE TO RADIO
FREQUENCY FIELDS FROM WIRELESS DEVICES IN CLOSE PROXIMITY
TO THE HEAD AND BODY (FREQUENCY RANGE OF 6 GHz TO 300 GHz) -

Part 1: Measurement procedure

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 document(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.

IEEE Standards documents are developed within IEEE Societies and Standards Coordinating Committees of the
IEEE Standards Association (IEEE SA) Standards Board. |IEEE develops its standards through a consensus
development process, approved by the American National Standards Institute, which brings together volunteers
representing varied viewpoints and interests to achieve the final product. Volunteers are not necessarily members
of IEEE and serve without compensation. While IEEE administers the process and establishes rules to promote
fairness in the consensus development process, IEEE does not independently evaluate, test, or verify the
accuracy of any of the information contained in its standards. Use of IEEE Standards documents is wholly
voluntary. IEEE documents are made available for use subject to important notices and legal disclaimers (see
http://standards.ieee.org/ipr/disclaimers.html for more information).

IEC collaborates closely with IEEE in accordance with conditions determined by agreement between the two
organizations. This Dual Logo International Standard was jointly developed by the IEC and IEEE under the terms
of that agreement.

2) The formal decisions 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. The formal decisions of IEEE on technical matters, once consensus within IEEE Societies
and Standards Coordinating Committees has been reached, is determined by a balanced ballot of materially
interested parties who indicate interest in reviewing the proposed standard. Final approval of the IEEE standards
document is given by the IEEE Standards Association (IEEE SA) Standards Board.

3) IEC/IEEE Publications have the form of recommendations for international use and are accepted by IEC National
Committees/IEEE Societies in that sense. While all reasonable efforts are made to ensure that the technical
content of IEC/IEEE Publications is accurate, IEC or IEEE 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
(including IEC/IEEE Publications) transparently to the maximum extent possible in their national and regional
publications. Any divergence between any IEC/IEEE Publication and the corresponding national or regional
publication shall be clearly indicated in the latter.

5) IEC and IEEE do not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC and IEEE are 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 IEEE or their directors, employees, servants or agents including individual
experts and members of technical committees and IEC National Committees, or volunteers of IEEE Societies and
the Standards Coordinating Committees of the IEEE Standards Association (IEEE SA) Standards Board, 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/IEEE
Publication or any other IEC or IEEE 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.
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9) Attention is drawn to the possibility that implementation of this IEC/IEEE Publication may require use of material
covered by patent rights. By publication of this standard, no position is taken with respect to the existence or
validity of any patent rights in connection therewith. IEC or IEEE shall not be held responsible for identifying
Essential Patent Claims for which a license may be required, for conducting inquiries into the legal validity or
scope of Patent Claims or determining whether any licensing terms or conditions provided in connection with
submission of a Letter of Assurance, if any, or in any licensing agreements are reasonable or non-discriminatory.
Users of this standard are expressly advised that determination of the validity of any patent rights, and the risk
of infringement of such rights, is entirely their own responsibility.

IEC/IEEE 63195-1 was prepared by IEC technical committee 106: Methods for the assessment
of electric, magnetic and electromagnetic fields associated with human exposure, in
cooperation with the International Committee on Electromagnetic Safety of the IEEE Standards
Association, under the IEC/IEEE Dual Logo Agreement between IEC and IEEE. It is an
International Standard.

This document is published as an IEC/IEEE Dual Logo standard.

This publication contains supplemental files in the form of analytical reference functions for
validation of the reconstruction algorithms in Annex E. Download links for these files can be
found in Clause E.5.

The text of this International Standard is based on the following IEC documents:

Draft Report on voting

106/565/FDIS 106/570/RVD

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.

The language used for the development of this International Standard is English.

This document was drafted in accordance with the rules given in the ISO/IEC Directives, Part 2,
available at www.iec.ch/members_experts/refdocs. The main document types developed by IEC
are described in greater detail at www.iec.ch/standardsdev/publications.

A list of all parts in the IEC/IEEE 63195 series, published under the general title Assessment
of power density of human exposure to radio frequency fields from wireless devices in close
proximity to the head and body, can be found on the IEC website.

The IEC Technical Committee and IEEE Technical Committee have decided that the contents
of this document will remain unchanged until the stability date indicated on the IEC website
under 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.

IMPORTANT - The "colour inside" logo on the cover page of this document 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 document provides methods to evaluate incident power density exposures due to any
electromagnetic field (EMF) transmitting device intended to be used at a position near the
human head or body, or mounted on the body, combined with other transmitters within a product,
or embedded in garments. The device categories covered include but are not limited to mobile
telephones, radio transmitters in personal computers, and desktop and laptop devices. This
document also addresses multi-band and multi-antenna devices. The overall applicable
frequency range is from 6 GHz to 300 GHz. This document specifies:

e measurement system (Clause 6);
e power density measurement protocols (Clause 7);
e uncertainty evaluation (Clause 8);

e measurement report (Clause 9);

e system checks and system validation (Annex B).

To develop this document, IEC Technical Committee 106 (TC 106) and Technical Committee
34 (TC 34) Subcommittee 1 (SC 1) of IEEE International Committee on Electromagnetic Safety
(ICES) formed Joint Working Group 12 (JWG 12) on measurement methods to assess the power
density of electromagnetic fields from wireless devices in close proximity to the head and body.

This document is partly based on IEC TR 63170:2018.

NOTE System validation tests are specified in Annex B for 10 GHz, 30 GHz, 60 GHz, and 90 GHz to cover the
frequency range from 6 GHz to 110 GHz. Additional validation antennas to cover the frequency range up to 300 GHz
will be developed in a future revision of this document. Further discussion on rationales is given in Annex |.
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ASSESSMENT OF POWER DENSITY OF HUMAN EXPOSURE TO RADIO
FREQUENCY FIELDS FROM WIRELESS DEVICES IN CLOSE PROXIMITY
TO THE HEAD AND BODY (FREQUENCY RANGE OF 6 GHz TO 300 GHz) -

Part 1: Measurement procedure

1 Scope

This document specifies protocols and test procedures for repeatable and reproducible
measurements of power density (PD) that provide conservative estimates of exposure incident
to a human head or body due to radio-frequency (RF) electromagnetic field (EMF) transmitting
communication devices, with a specified measurement uncertainty. These protocols and
procedures apply for exposure evaluations of a significant majority of the population during the
use of hand-held and body-worn RF transmitting communication devices. The methods apply
for devices that can feature single or multiple transmitters or antennas, and can be operated
with their radiating structure(s) at distances up to 200 mm from a human head or body.

The methods of this document can be used to determine conformity with applicable maximum
PD requirements of different types of RF transmitting communication devices being used in
close proximity to the head and body, including if combined with other RF transmitting or non-
transmitting devices or accessories (e.g. belt-clip), or embedded in garments. The overall
applicable frequency range of these protocols and procedures is from 6 GHz to 300 GHz.

The RF transmitting communication device categories covered in this document include but are
not limited to mobile telephones, radio transmitters in personal computers, desktop and laptop
devices, and multi-band and multi-antenna devices.

NOTE 1 System validation tests are specified in Annex B for 10 GHz, 30 GHz, 60 GHz, and 90 GHz to cover the
frequency range from 6 GHz to 110 GHz. Additional validation antennas to cover the frequency range up to 300 GHz
will be developed in a future revision of this document. Further discussion on rationales is given in Annex I.

NOTE 2 The protocols and test procedures in this document can be adapted to evaluate exposure also due to non-
communication types of devices operating in close proximity to the head and body, but these devices are not in the
scope of this document.

NOTE 3 For the assessment of the combined exposure from simultaneous transmitters operating on frequencies
below 6 GHz, the relevant standards for SAR measurements are IEC/IEEE 62209-1528:2020 and
IEC/IEEE 62209-3:2019 [1].

NOTE 4 Between 6 GHz and 10 GHz, the scopes of this document and IEC/IEEE 62209-1528:2020 overlap.
According to ICNIRP [2] guidelines and IEEE ICES C95.1 [3] standard, power density is the conformity metric in this
frequency range. SAR can be used as conformity metric if local regulatory requirements allow it. (e.g. in case where
a single transmit band includes test channels at both below and above 6 GHz).

The procedures of this document do not apply for EMF measurements of devices or objects
intended to be implanted in the body.
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2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies.
For undated references, the latest edition of the referenced document (including any
amendments) applies.

IEC/IEEE 62209-1528:2020, Measurement procedure for the assessment of specific absorption
rate of human exposure to radio frequency fields from hand-held and body-mounted wireless
communication devices — Part 1528: Human models, instrumentation, and procedures
(Frequency range of 4 MHz to 10 GHz)

IEC/IEEE 63195-2:20211, Assessment of power density of human exposure to radio frequency
fields from wireless devices in close proximity to the head and body (Frequency range of 6 GHz
to 300 GHz) — Part 2: Computational procedure

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

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

e |EC Electropedia: available at http://www.electropedia.org/
e |ISO Online browsing platform: available at http://www.iso.org/obp

o |EEE Dictionary Online: available at http://dictionary.ieee.org
3.1 Exposure metrics and parameters

3.11

power density

PD

local power density

function of the complex Poynting vector S at the location r that is integrated over a surface to
calculate the sPD

Note 1 to entry: Specifications of power density in terms of the integrands of Formula (4), Formula (5), and
Formula (8) are provided in 6.7.1. See also rationales provided in Annex | for the PD specifications of 6.7.1.

Note 2 to entry: The formula used to calculate PD can depend on the applicable exposure guidelines or national
regulations.

Note 3 to entry: Power density is also referred to as power flux density.

Note 4 to entry: The associated term incident power density refers to quantity of power per unit area that impinges
on the body surface. The incident power density just outside the body surface is used to establish local exposure
reference levels, which apply at frequencies above 6 GHz in some jurisdictions.

3.1.2

spatial-average power density

sPD

PD (3.1.1) averaged over a surface of area 4,,

Note 1 to entry: sPD is a function of the location vector r. It is defined on the evaluation surface, except for the
edges where no averaging area can be constructed.

Note 2 to entry: Example averaging area sizes specified in exposure limits are 1 cm? and/or 4 cm?.
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3.1.3

peak spatial-average power density

psPD

global maximum value of all sPD (3.1.2) values on the evaluation surface (3.2.3)

Note 1 to entry: psPD is given by Formula (1)

psPD = maX{sPD(r)} (1)

where r is a point on the evaluation surface.

Note 2 to entry: Other local maxima (i.e. secondary peak spatial-average power density values) can exist (see
3.1.4).

3.14

secondary peak spatial-average power density

other local maxima of the spatial-average power density (sPD) values that are smaller than the
peak spatial-average power density (psPD)

3.1.5

Poynting vector

S

vector product of the electric field strength E and the magnetic field strength H of the
electromagnetic field at a given point

Note 1 to entry: The flux of the Poynting vector through a closed surface is equal to the electromagnetic power
passing through this surface.

Note 2 to entry: For a periodic electromagnetic field, the time average of the Poynting vector is a vector the direction
of which, with certain reservations, can be considered as being the direction of propagation of electromagnetic energy
and the magnitude of which can be considered as being the average power flux density.

Note 3 to entry: For a sinusoidal wave of angular frequency w, the complex Poynting vector is expressed by
Formula (2)

S ExH* 2)
2

where E and H are phasors and the asterisk denotes the complex conjugate.
Note 4 to entry: The Poynting vector has units of watt per square metre (W/m?2).

[SOURCE: IEC 60050-121:2019, 121-11-66 and IEC 60050-705:1995, 705-02-10, modified —
The entries have been combined and rearranged; Note 4 has been added.]

3.1.6

plane wave equivalent approximation

estimation of the power density (PD) under the assumption that the evaluation surface is in the
far-field

Note 1 to entry: In accordance with the plane wave equivalent approximation, PD = 377 x H? = E?/377.

Note 2 to entry: This document provides criteria for the validity of the plane wave equivalent approximation using
the applied reconstruction algorithm; see 7.4.2.1 and Annex H.

Note 3 to entry: Some documents and national regulations consider the associated term "plane-wave equivalent
power density", which for uniform conformity evaluation purposes is applied regardless of whether the evaluation
surface is in the far-field. In that case both 377 x H2 and E2/377 must be less than or equal to the applicable power
density limit value.
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3.1.7

specific absorption rate

SAR

measure of the rate at which energy is absorbed per unit mass in a human body when exposed
to a radio frequency electromagnetic field

Note 1 to entry: The SAR in the tissue-equivalent medium can be determined by the rate of temperature increase
or by E-field measurements, according to Formula (3) and Formula (4)

52
SAR="" 3)
p
or
SAR = ¢ — 4)
ot =0
where
SAR is the specific absorption rate in watts per kilogram;
E is the RMS value of the electric field strength in the tissue-equivalent medium in volts per metre;
o is the electrical conductivity of the tissue-equivalent medium in siemens per metre;
P is the mass density of the tissue-equivalent medium in kilograms per cubic metre;
ch is the specific heat capacity of the tissue-equivalent medium in joules per kilogram per kelvin;
or is the initial time derivative of temperature in the tissue-equivalent medium in kelvin per second.
ot =0

Note 2 to entry: A more general definition is that SAR is the time derivative of the incremental energy (d#) absorbed
by (dissipated in) an incremental mass (dm) contained in a volume element (dV) of given mass density (p), according

to Formula (5)
d(dw d( dw
SAR =—| — |=—| —— (5)
dr \ dm dr\ pdV

Note 3 to entry: SAR is expressed in units of watt per kilogram (W/kg).

3.1.8

exposure ratio

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

Note 1 to entry: The exposure ratio can be expressed in percent.

3.1.9
total exposure ratio
sum of all applicable exposure ratios for simultaneous signal transmission at a given location

3.1.10

conservative exposure

conservative estimate

<of exposure> estimate of the exposure, including uncertainties as specified in this document,
representative of and slightly higher than that expected to occur in the head or body of a
significant majority of the human population during intended use of a wireless transmitting
device
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3.2 Spatial, physical, and geometrical parameters associated with exposure metrics

3.21

averaging area

Aav

nominal size of the area used for calculating sPD (3.1.2)

Note 1 to entry: On a planar evaluation surface, sPD is calculated as the ratio of power density (3.1.1) integrated
over the averaging area 4,,. On a non-planar evaluation surface, the averaging area indicates the dimensions of the

projection of the integration area of the power density on a planar surface.

Note 2 to entry: See details on averaging in 8.4 of IEC/IEEE 63195-2:2021.

3.2.2
measurement region
surface or volume over which the field measurements are performed

Note 1 to entry: If the measurement region and the evaluation surface (see 3.2.3) are different, the data at the
evaluation surface will then be derived from data taken at the measurement region by means of reconstruction
algorithms.

Note 2 to entry: The dimension, shape and orientation of the measurement region is determined by the test
equipment manufacturer based on the measurement methodology and test setup conditions required for evaluating
the DUT.

3.2.3
evaluation surface
virtual surface for the evaluation of the spatial-average power density (sPD) emitted by a DUT

Note 1 to entry: Typical evaluation surfaces that can be applied in this document are the inner shell of the SAM
phantom with an added pinna, or a planar surface with finite or infinite extension.

Note 2 to entry: The evaluation of the psPD (3.1.3) on the evaluation surface should yield a conservative estimate
(3.1.10) of the exposure.

Note 3 to entry: In practice, an evaluation surface can be different from a measurement surface or area.

3.2.4
evaluation distance
distance between the DUT and the evaluation surface

Note 1 to entry: For body-worn device evaluations using a virtual flat phantom, the evaluation distance is from the
DUT to the inner surface of the virtual phantom (i.e. the separation distance (3.2.5) plus the 2 mm shell thickness of
a virtual phantom).

3.2.5
separation distance
distance between the DUT and the outer surface of a virtual phantom

3.2.6

pinna

auricle

cartilaginous projecting portion of the outer ear, consisting of the helix, lobule, and anti-helix

Note 1 to entry: The SAM phantom includes a representative pinna feature.

3.2.7

field impedance

wave impedance

ratio of the magnitude of the electric field (E-field) vector to the magnitude of the magnetic field
(H-field) vector at a point in space

Note 1 to entry: In the far-field in air, the field impedance is equal to the characteristic impedance of free space,
ng- In the reactive near-field, the field impedance can be significantly different from the characteristicmvéuments

free space and it can vary strongly with location. .
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3.2.8
near-field
region encompassed by the reactive near-field and the radiative near-field

Note 1 to entry: See also 3.2.10 and 3.2.9 for definitions of reactive near-field and radiative near-field, respectively.

3.2.9

radiative near-field

region of space between the reactive near-field and the far-field, wherein the predominant
components of the electromagnetic field are those that represent a propagation of energy, and
wherein the angular field distribution is dependent upon the distance from the antenna

Note 1 to entry: In the radiative near-field, the out-of-phase (i.e. evanescent) component of the electromagnetic
field decays, and the in-phase (i.e. propagating) component of the electromagnetic field emerges.

[SOURCE: IEC 60050-712:1992, 712-02-04, modified — In the term, "radiating" has been
replaced by "radiative". In the definition, "region" has been deleted after "near-field" and "far-
field". The note has been replaced by a new note to entry.]

3.2.10

reactive near-field

region of space immediately surrounding an antenna, where the predominant components of
the electric field and magnetic field are those that represent an exchange of reactive energy
between the antenna and the surrounding medium, and where the electric field and magnetic
field components are 90° out of phase

[SOURCE: IEC 60050-712:1992, 712-02-01, modified — In the definition, the electric field and
magnetic field component phase difference has been added.]

3.2.11

far-field

region of the electromagnetic field of an antenna wherein the predominant components of the
field are those that represent a propagation of energy, the angular field distribution is essentially
independent of the distance from the antenna geometrical centre, and the ratio of predominant
electric field and magnetic field components is constant and is equal to the wave impedance of
377 Q

Note 1 to entry: For the purposes of this document, the boundary of the near-field and far-field is as specified in
7.4.2.1.

[SOURCE: IEC 60050-712:1992, 712-02-02, modified — In the definition, the distance to
antenna geometrical centre has been clarified, and a phrase on the ratio of the electric field
and magnetic field components has been added. The notes have been replaced by a new note
to entry.]

3.3 Measurement instrumentation, field probe, and data-processing parameters

3.3.1

power density measurement

assessment of power density (PD) (3.1.1) by the use of a measurement apparatus and possibly
the use of reconstruction

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 21:34:36 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 63195-1-2022


http://www.avadocuments.com/doc/ieee-63195-1-2022
http://www.avadocuments.com/doc/ieee-63195-1-2022

-18 — IEC/IEEE 63195-1:2022 © IEC/IEEE 2022

3.3.2
reconstruction
use of algorithms to transform the measured fields to the power density at the evaluation surface

Note 1 to entry: Reconstruction algorithms include one or more of the following techniques:

e methodologies to retrieve field components and power densities (i.e. determined using field reconstruction) from
the measured data (e.g. to retrieve the phase from the amplitude, or the H-field from the E-field (or vice versa).

. forward transformation and backward transformation to evaluate the field on other surfaces than the surfaces of
measurements.

3.3.3
backward transformation
transformation of measured fields toward the source (i.e. against the direction of propagation)

3.34
forward transformation
transformation of measured fields away from the source (i.e. in the direction of propagation)

3.3.5

field probe

probe

device capable of measuring the electric field, the magnetic field, or both

Note 1 to entry: A field probe consists of one or more probe sensors and a conductive or non-conductive
transmission line (e.g. fibre optic) that sends the measured signal to the readout electronics.

Note 2 to entry: A field probe can include a physical housing and electronics components.

3.3.6

probe sensor

element (e.g. small dipole or small loop antenna) that receives an electric field, a magnetic
field, or power density at a point in space

Note 1 to entry: One or more probe sensors are contained in a field probe.

3.3.7

scanning system

mechanical, electro-mechanical, or electronic system, or a combination of those, capable of
placing the field probe or multiple field-probe at specified positions with known accuracy

3.3.8

multiple field-probe

<system> device comprised of a number of field probes, arranged, oriented and excited to
obtain a prescribed electric field, magnetic field or both simultaneously

Note 1 to entry: The multiple field-probes in a system are usually identical and congruent by translation or by
rotation about an axis; moreover, in general they are regularly spaced with conductive or non-conductive transmission
lines that send the measured signal(s) to the readout electronics.

3.3.9
phasor
complex number expressing the magnitude and phase of a time-varying quantity

Note 1 to entry: Unless otherwise specified, phasor notation is used only within the context of steady state
alternating linear systems.

Note 2 to entry: In polar coordinates, a phasor can be written as 4¢i®, where 4 is the amplitude or magnitude, and
0 is the phase angle.
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3.3.10

phasor probe

probe along with readout electronics that enables the measurement of the phasor of a magnetic
field vector or an electric field vector

3.3.11

axial isotropy

maximum deviation of the PD measured when rotating through 360° the source or the probe tip
around its major axis, with the propagation vector (k-vector) of the incident plane wave parallel
to the probe axis

3.3.12

hemispherical isotropy

probe isotropy

ratio of the highest to lowest indication from the probe exposed to a constant field strength
when the probe orientation is varied through the range of relevant angles that cover the
incidence angles that are potentially spanned during DUT testing

Note 1 to entry: For some probe technologies, multiple measurements with different probe orientations followed by
an evaluation are required in order to determine the field vector orientation (e.g. see Pfeifer et al. [4]); hemispherical
isotropy can be derived from those results.

3.3.13

cross coupling

signal reading at one sensor port that is due to measurement at another sensor within a field
probe

Note 1 to entry: Cross coupling is a result of imperfect isolation of the signals. Cross coupling can occur along the
transmission lines from the sensor or in the data acquisition electronics.

3.3.14

linearity error

maximum deviation of a measured quantity from the expected values specified by a reference
line over the measurement range

3.3.15

measurement drift

continuous or incremental change in measured quantity over time, due to changes in
metrological properties of a measuring instrument

Note 1 to entry: This is separate from DUT drift addressed in 7.4.4.

3.3.16

readout electronics

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

3.3.17

response time

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

3.3.18

sensitivity of a measurement system

ratio of the magnitude of the system response (e.g. voltage) to the magnitude of the quantity
being measured (e.g. electric field strength squared)
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3.3.19

signal-to-noise ratio

relative magnitude of the desired signal with respect to the total of all undesired signals in a
measurement

Note 1 to entry: The signal-to-noise-ratio is often expressed in decibel (dB).

3.3.20

device holder

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

3.3.21

scattering

deflection of electromagnetic fields, causing a change in the local field distribution and the
direction of propagation

Note 1 to entry: Scattering can be caused by the measurement equipment or surrounding environment.

3.3.22
validation
verification (3.3.24) where the specified requirements are adequate for an intended use

[SOURCE: ISO/IEC 17025:2017, 3.9 [5]]

3.3.23

system validation

validation (3.3.22) that the accuracy of the measurement system is adequate for use in
accordance with the requirements of this document, including validating that the measurement
system operates within the stated measurement uncertainty

Note 1 to entry: Although users of systems can perform system validations, generally it is a complex, specialized,
and extensive process, and therefore in some cases is performed by the system manufacturer.

3.3.24
verification
provision of objective evidence that a given item fulfils specified requirements

[SOURCE: ISO/IEC 17025:2017, 3.8 [5]]

3.3.25

relative system check

verification (3.3.24) of the repeatability of the measurement system using a source with a
reference value before performing conformity testing

3.3.26

absolute system check

verification (3.3.24) of the absolute accuracy of a measurement system using a source with a
traceable absolute target value

Note 1 to entry: Absolute system checks are performed at the user's site.

Note 2 to entry: One purpose of the absolute system check is to verify that the shipment and installation at the user
site did not affect the performance of the measurement system.

3.4 RF power parameters

3.4.1
output power
power at the output of the RF transmitter when the antenna, or a load with the same input
impedance as the antenna, is connected to it
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3.4.2
conducted power
power delivered by the power amplifier of the device to 50 Q matched load

3.4.3

accepted power

net power

power delivered to an antenna

Note 1 to entry: The accepted power, P is lower than the forward power, P; (measured into a 50 Q load), due to

acc’

antenna mismatch according to P,

acc

/Pf = (1—|S11|2), where S, is the reflection coefficient of the antenna.

3.4.4

equivalent isotropically radiated power

EIRP

product of the power supplied by a radio transmitter to an antenna and the absolute gain of the
antenna in a given direction

Note 1 to entry: Although not indicated in IEV or ITU definitions, some literature synonymously uses the term
effective isotropic radiated power.

[SOURCE: IEC 60050-712:2021, 712-02-51]

3.4.5

total radiated power

TRP

integral of the equivalent isotropically radiated power (EIRP) of an antenna in all directions in
the far-field

Note 1 to entry: TRP is given by Formula (6), where ¢ and § are angles of azimuth and elevation, respectively, in a
spherical coordinate system.

2n n
_ 1 i 6
TRP—%¢J.09J.OEIRP(0,¢)sm0d0d¢ ©)

Note 2 to entry: If the antenna were enclosed in a perfectly absorbing sphere, the TRP would be the power that
would be absorbed by that sphere.

Note 3 to entry: TRP is related to the accepted power, P, ., and the radiation efficiency, 7.4 by the formula
TRP = gy x P,

acc
3.5 Test device technical operating and antenna parameters

3.5.1

operating mode

wireless protocol or standard used by a device to communicate with another terminal or host
network
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3.5.2

channel

RF channel

frequency channel

part of the frequency spectrum intended to be used for the transmission of signals and which
may be defined by two specified limits, or by its centre frequency and the associated bandwidth,
or by any equivalent indication

Note 1 to entry: The number of RF channels and the corresponding channel bandwidth can vary among individual
wireless technologies, and are subject to national frequency allocations. For the purpose of this document, PD
measurements are performed at specific channels; for example, the high, middle, and low channels of the
transmission band.

[SOURCE: IEC 60050-701:1988, 701-02-05]

3.5.3
frequency band
transmitting frequency range associated with a specific wireless communication operating mode

Note 1 to entry: Transmitting frequency range depends on (national) spectrum allocations.

Note 2 to entry: Operating mode is also known as "radio access technology (RAT)."

3.54
antenna sub-array
subset of radiating elements in an array that operate collectively

Note 1 to entry: Antenna elements can be used separately by two or more sub-arrays.

3.5.5

array

array antenna

antenna array

antenna comprised of a number of generally identical radiating elements, arranged, oriented
and excited to obtain a prescribed radiation pattern

Note 1 to entry: The IEV also includes phased array antenna (IEV 712-03-20): an array antenna whose beam
direction or radiation pattern is controlled primarily by the relative phase of excitation of the different radiating
elements of the array.

[SOURCE: IEC 60050-712:1992, 712-01-05]

3.5.6

codebook

description of all applicable element-feed amplitude and phase combinations supported by
antenna array or antenna sub-array in a DUT

Note 1 to entry: |EC/IEEE 63195-2:2021 defines codebook as set of all possible excitation vectors. The excitation
vectors correspond to all applicable element-feed amplitude and phase combinations.

3.5.7
correlated signals
signals yielding non-zero time-domain correlation integral at some time instant

Note 1 to entry: Details on this definition are described in IEC TR 62630:2010 [6].

3.5.8

proximity sensor

internal sensor or combination of sensors of the DUT utilized for the detection of the user
proximity for the purpose of limiting transmitter power to facilitate conformity with RF exposure
limits
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3.5.9

radiation efficiency

ratio of the total radiated power (TRP) (3.4.5) of an antenna to the accepted power (3.4.3) to
the antenna

Note 1 to entry: TRP is related to the accepted power, P
TRP = Naff % Pa

2o @nd the radiation efficiency, 7,4 by the formula

cc *

3.5.10
time averaging
temporal integration of the measured signal normalized to the integration period

3.6 Test device physical configurations

3.6.1

device under test

DUT

test device

device that is tested according to the procedures described in this document to determine the
PD level

Note 1 to entry: A DUT may be further categorized as a body-worn, body-supported, desktop, front-of-face, hand-
held, limb-worn, clothing-integrated, or generic device.

3.6.2
multi-band
<wireless communication device> capable of operating in more than one frequency band

3.6.3
generic device
device that does not belong to any of the specific device categories

Note 1 to entry: Specific device categories are defined in 3.6.5, 3.6.6, 3.6.7, 3.6.8, 3.6.9, 3.6.10, and 3.6.11.

3.6.4

intended use

use for which a device is intended, for the full range of available functions, according to the
specifications, instructions and information provided by the DUT manufacturer in the user
documentation

Note 1 to entry: According to CENELEC [7], [8], conformity evaluations for Europe take into account all intended
operating conditions and the reasonably foreseeable conditions of use.

3.6.5

body-worn device

device containing one or more wireless transmitters or transceivers that is positioned in close
proximity to a person's torso or limbs (excluding the head) by means of a carrying accessory
during its intended use or operation of its radio functions

3.6.6

body-supported device

device containing one or more wireless transmitters or transceivers whose intended use
includes transmitting with any portion of the device being placed against a user's body

3.6.7

desktop device

device placed or mounted on a desk, table, or similar supporting structure, with antennas
intended to be operated at or closer than 200 mm from the human body
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3.6.8

front-of-face device

hand-held device containing one or more wireless transmitters or transceivers operated in close
proximity (within 200 mm) to the face

3.6.9

hand-held device

portable device which is operated in a user's hand at a distance of over 200 mm from the head
or torso during its intended use

3.6.10

laptop device

device, containing one or more wireless transmitters or transceivers, that can sit on the user's
lap and is not intended for hand-held use

Note 1 to entry: Laptop device types include laptop (notebook) computers, typically comprised of separate keyboard
and display sections connected through a hinge, and tablet computers that typically have a single-section
construction where the display section also serves as input interface using a stylus or virtual keyboard.

3.6.11

limb-mounted device

device containing one or more wireless transmitters or transceivers whose intended use
includes being strapped onto the arm or leg of the user while transmitting

Note 1 to entry: Limb-mounted device types include wrist-mounted, ankle-mounted, and forearm-mounted devices.

3.6.12

accessory

device supplementing a main device or apparatus, but not forming part of it, that is needed for
its operation or to confer on it specific characteristics

EXAMPLE 1 Accessories for holding, affixing, or otherwise carrying, wearing, or attaching the device, as well as
providing spacing from the body (e.g. a belt-clip, wrist-strap or any other body strap, or lanyard for wearing the device
using a necklace).

EXAMPLE 2 Electronic accessories for performing specialized tasks or which provide additional features
(e.g. Global Positioning System (GPS) modules, outboard printers, MPEG-1 Audio Layer 3 (MP3) players, cameras
or viewing devices).

EXAMPLE 3 Electronic accessories providing audio or video input or output (e.g. headsets, microphones, cameras).

EXAMPLE 4 Accessories providing enhanced RF capability to the device (e.g. original, replacement, or auxiliary
antennas).

EXAMPLE 5 Batteries and related direct current (DC) power components.

EXAMPLE 6 Combinations of accessories, where two or more of the items of the preceding examples are combined
within one component (e.g. belt clip with built-in short-range wireless communications technology and "pigtail" audio
cable to device).

[SOURCE: IEC 60050-151:2001, 151-11-24]

3.7 Uncertainty parameters

3.71
uncertainty
confidence range of the assessed value

3.7.2

standard uncertainty

estimated standard deviation of a measurement or simulation result, equal to the positive
square root of the estimated variance
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3.7.3

combined uncertainty

estimated standard deviation of the measurement or simulation result obtained by combining
the individual standard uncertainties of both Type A and Type B evaluations using the "root-
sum-square" method of combining standard deviations that are obtained by taking the positive
square root of the estimated variances

3.7.4

expanded uncertainty

quantity defining an interval about the result of a measurement or simulation that is expected
to encompass a distribution of values within a specified confidence interval that can reasonably
be attributed to the measurand

3.7.5

uncertainty evaluation

evaluation of uncertainty by the statistical analysis of series of observations (Type A) or by
other means (Type B)

4 Symbols and abbreviated terms

4.1 Symbols
411 Physical quantities

The internationally accepted S| units are used throughout the document.

Symbol Quantity Unit Dimensions

o attenuation coefficient reciprocal metre 1/m

P power watt W
current density ampere per square metre A/m?

o electric conductivity siemens per metre S/m

E electric field strength volt per metre V/m

ya frequency hertz Hz

PD power density watt per square metre W/m?2

S Poynting vector watt per square metre W/m?2

H magnetic field strength ampere per metre A/m
mass density kilogram per cubic metre kg/m3

0 penetration depth metre m

u permeability henry per metre H/m

sPD spatial-average power density watt per square metre W/m?2

sPD_, surface-normal propagation-direction | watt per square metre W/m?2
spatial-average power density

SPD, g, total propag_ating spatial-average watt per square metre W/m?2
power density

SPDoqs total spatial-average power density watt per square metre W/m?2
considering reactive near-field effects

psPD peak spatial-average power density watt per square metre W/m?2

psPD,, surface-normal propagation-direction | watt per square metre W/m?2
peak spatial-average power density

psPD, i, total propagating peak spatial- watt per square metre W/m?2
average power density
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Symbol Quantity Unit Dimensions

PSPD 44 total peak spatial-average power watt per square metre W/m?2
density considering reactive near-field
effects

¢y specific heat capacity joule per kilogram per kelvin | J/(kg K)

& permittivity farad per metre F/m

SAR specific absorption rate watt per kilogram W/kg

T temperature kelvin K

A wavelength metre m

NOTE In this document, temperature is quantified in degrees Celsius, as defined by:

4.1.2 Constants
Symbol Physical constant Magnitude
c speed of light in vacuum 2,998 x 108 m/s
M, gg:;aécteristic impedance of free 376,73 Q
€9 permittivity of free space 8,854 x 107'2 F/m
Ho permeability of free space 47 x 1078 H/m

4.2 Abbreviated terms

2D

3D
B-M
CAD
CP
cw
DFT-s
DUT
E-field
EIRP
EMC
ER
ERP
FDTD
GTEM
H-field
ICNIRP
MIMO
N-F
NR
OFDM
PAPR
PD
QAM
QPSK

two-dimensional

three-dimensional

back-to-mouth

computer aided design

cyclic prefix

continuous wave

discrete Fourier transform spread
device under test

electric field

equivalent isotropically radiated power
electromagnetic compatibility
exposure ratio

ear reference point

finite-difference time-domain

gigahertz transverse electromagnetic
magnetic field

International Commission on Non-lonizing Radiation Protection
multiple input multiple output
neck-to-front

new radio

orthogonal frequency-division multiplexing
peak to average power ratio

power density

quadrature amplitude modulation

quadrature phase shift keying

T (°C) = T (K) - 273,15.

Documents

Document Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 21:34:36 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 63195-1-2022


http://www.avadocuments.com/doc/ieee-63195-1-2022
http://www.avadocuments.com/doc/ieee-63195-1-2022

IEC/IEEE 63195-1:2022 © IEC/IEEE 2022

RB

RF

RMS
RSS
SAM
SAR
TER
TRP
VNA

5 Quick start guide and application of this document

5.1

resource block

radio frequency

root mean square

root sum square

specific anthropomorphic mannequin
specific absorption rate

total exposure ratio

total radiated power

vector network analyser

Quick start guide

— 27 —

The quick start guide shown in Figure 1 and the evaluation plan check-list shown in Table 1
provide a high-level overview of the PD measurement procedure. For the details of each step,

refer to the relevant clause specified in Figure 1 and Table 1.

NOTE

2 Numbers in square brackets refer to the Bibliography.

In the far-field of a source at separation distances less than 200 mm, a simpler measurement system and
test procedures can be used, such as described in IEC 62311:2019 [9]2.
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Table 1 — Evaluation plan check-list

IEC/IEEE 63195-1:2022 © IEC/IEEE 2022

Stage

Evaluation steps

Action

Evaluation
plan check-list

Planning of
the
measurement
configurations

What type of device is being evaluated?

Review of antennas, possible beam-steering options and
supported wireless technologies, single antenna or require
combinations of exposure from multiple antennas.

What are the applicable evaluation surfaces?

Working under laboratory conditions and following good
laboratory practice and documentation, prepare to conduct the
necessary evaluation.

Complete evaluation
plan check-list.

Preliminary
actions and
Relative
system check

An environmental measurement shall be performed, and the
data recorded (6.2).

Relative system check shall be performed to verify that the
system components are working correctly (Clause A.3).

Shall be performed
before starting a project
and repeated in
accordance with 7.2.1.

DUT setup

Preparation of
DUT

The protocol for psPD assessment identifies the applicable
configurations that shall be tested. The essential steps include:

preparing the DUT by establishing a connection to a network
simulator;

configuring the DUT to operate on the appropriate test
frequencies, wireless modes, and exposure conditions;

configuring the DUT to operate on the appropriate beam-
steering options;

positioning the DUT in relation to the measurement region.

Ensure the DUT is
configured in the correct
way and radiating
appropriately for the test
case, and positioned
correctly in relation to
the measurement region.

PD
measurement
procedures

General psPD
procedure

This stage is the actual procedure for the measurement of
pSPD.

The procedure is iterative to ensure that the highest value of
the psPD of a DUT is captured.

This is done by a systematic process looking at all device
positions, configurations, and operating modes in all
frequency bands accordingly (7.2.3).

Determining highest
psPD.

Ensure the rationale for
test reduction is
recorded and reported if
used.

Uncertainty

Requirements and approximation formulas are provided

Determine uncertainty

evaluation (Clause 8), enabling the estimation of each individual and complete the
uncertainty component. uncertainty table.
— The uncertainty budget shall cover the appropriate frequency
range with regards to equipment used in the psPD system.
Reporting — The final report describes the results of the evaluations, Prepare the final

psPD results

provides sufficient technical details to allow for repeatability of
the evaluations performed, and reports the results by
comparison with the relevant limit (Clause 9).

The measurement report shall contain sufficient details and
information for demonstrating conformity to the requirements
of this document.

measurement report
along with addressing
the requirements listed
in Clause 9.
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Evaluation plan check-list (Table 1)

Preliminary actions

Laboratory environment check (6.2)

Scanning system requirements (6.5)

Relative system check (7.2.1 / A.3)

DUT setup

Device preparation (7.2.2) / (7.2.3)

Positioning of DUT (7.2.4)

psPD measurement procedures

Test to be performed (7.3), Measurement procedure (7.4)

Exposure combining (7.5)

Uncertainty estimation (Clause 8)

Measurement report (Clause 9)

Figure 1 — Quick Start Guide

IEC
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5.2 Application of this document

This document and IEC/IEEE 63195-2:2021 were developed in parallel in two joint working
groups of IEC and IEEE to prepare procedures for conformity evaluation to exposure limits on
the incident power density under particular consideration of the exposure from wireless devices
of the new fifth generation (5G) mobile technology operating in a frequency range from 6 GHz
to 300 GHz. This document specifies measurement procedures, and IEC/IEEE 63195-2:2021
specifies computational procedures.

After the fundamental work on the measurement procedures for conformity evaluation at
frequencies above 10 GHz had been documented in IEC TR 63170:2018 [10], both this
document and IEC/IEEE 63195-2:2021 were developed in a comparatively short time period of
two years. In parallel, the ICNIRP [2] and TC95 of the IEEE ICES revised their exposure
guidelines and included new basic restrictions and reference levels for the frequency range of
6 GHz and above. These are based on the absorbed/epithelial power density or incident power
density, respectively, averaged over a square area of 1 cm? or 4 cmZ2.

This document contains all relevant specifications for the application of measurement
procedures for conformity evaluation. While parts of it can be applied independently from the
computational standard IEC/IEEE 63195-2:2021, it refers to the post processing methods for
power density averaging and maximization of the incident power density that are common to
both this document and IEC/IEEE 63195-2, but are specified only in IEC/IEEE 63195-2:2021.
Likewise, computational conformity evaluation is described in IEC/IEEE 63195-2:2021. For
validations of numerical modelling results by measurements, the methods of this document are
required.

5.3 Stipulations

Due to the constraints on the time available for the development of this document and
IEC/IEEE 63195-2:2021, practical options needed to be found regarding the interpretation of
the new exposure guidelines for the assessment of the conformity with the new limits. These
concern the construction of the averaging area and the calculation of the spatial average power
density on this averaging area. Regarding the calculation of the spatial average power density,
different methods are specified with the objectives to warrant compatibility with exposure
evaluations obtained according to IEC TR 63170:2018 [10] and to consider exposure conditions
other than perpendicular incidence in the far-field. Annex | discusses the options and their
rationales.

These options do not impair the applicability of the methods specified in IEC/IEEE 63195-2 and
this document for the conformity evaluation with the reference levels specified in the exposure
guidelines.

6 Measurement system and laboratory requirements

6.1 General requirements

A PD measurement system is used to determine the peak spatial-average power density (psPD)
on the evaluation surface in accordance with the methods described in Clause 7. The
measurement protocol in this document is based on mechanically positioning field probes in a
grid relative to the DUT to scan the electric field or magnetic field distributions, or both. The
following are minimum requirements of the measurement system.

a) Measurements shall be performed in a controlled laboratory (see 6.2).

b) The measurement system shall consist of the field probe(s) (see 6.3), measurement
instrumentation (see 6.4), a scanning system (see 6.5), a DUT holder (see 6.6) and post-
processing software (see 6.7). The post-processing software may include field
reconstruction algorithms.

c) The measurement system shall be capable of determining the sPD on tlb recq,uired
evaluation surface. ocuments
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d) Uncertainties of the measured field components and power density results (i.e. determined
using field reconstruction) shall be assessed and provided (see Clause 8).

e) The measurement system shall determine the sPD on the evaluation surface using the
measured field components and power densities (i.e. determined using field reconstruction),
of which the psPD shall be calculated. The uncertainty of the psPD calculation shall be
provided based on the uncertainty of the measured field components and power densities
(i.e. determined using field reconstruction) (see Clause 8).

f) The dynamic range of the sPD for which the uncertainty budget is valid shall be from at most
20 % to at least 200 % (less than =7 dB to more than +3 dB) of the applicable exposure
limit.

g) The noise floor of the measurement system shall be at least 10 dB below the lower end of
the dynamic range of the PD, so that the influence of noise on the measurement uncertainty
is small.

h) The maximum expanded uncertainty (k = 2) of the psPD assessment shall not be larger than
12 dB (-37 % to +58 %) over the dynamic range.

i) The bandwidth of the measurement system shall be valid for the wireless communication
signals and systems tested.

i) The measurement system shall have valid calibration across the frequency range tested.

k) The manufacturer of the measurement system shall report to the user the limitations of the
system relative to this document. This includes the frequency range, the bandwidth, the
locations of the evaluation surface relative to the DUT, the dynamic range, and the
measurement uncertainty.

I) The components of the measurement system that directly affect the measurement accuracy
(e.g. field probes, measurement instrumentation) shall have calibration traceable to
international standards.

m) The measurement system shall be validated as a complete and calibrated system (see
Clause A.5). System validation is required whenever modifications have been made to the
system (e.g. software version, or different type or version of measurement components).

n) Where this document explicitly specifies performance characteristics for the measurement
system or a part of the measurement system, the manufacturer of the system or its parts,
or the system integrator, shall document conformity with the provisions of this document.

Conformity with the preceding general requirements shall be documented by the system
manufacturer or system integrator.

NOTE 1 Simplified measurement systems and test procedures can be applied if the body is always in the far-field
of the source (e.g. see IEC 62311:2019 [9]), which can also include separation distances closer than 200 mm.

NOTE 2 The ICNIRP RF EMF Guidelines [2] state that reference levels (incident power density) cannot be used to
determine conformity within reactive near-field, basic restrictions (absorbed power density) should be used instead.
Based on the ICNIRP definition of reactive near-field, this limitation is applicable to procedures of this document at
frequencies below 24 GHz. IEC TC 106 and IEEE ICES are considering to develop an international standard for
absorbed or epithelial power density in future.

NOTE 3 System validation methods are currently specified in this document for the frequency range 6 GHz to
100 GHz, which covers all devices currently available. Extension to 300 GHz of the validation procedures will be
specified in a future revision.

NOTE 4 To quantify the measurement reproducibility of a system, interlaboratory comparisons (Annex F) using
sources that are representative of the radiating characteristics of tested devices can be conducted.

6.2 Laboratory requirements
The tests shall be performed in a laboratory conforming to the following requirements.
a) The ambient noise for any measurement shall correspond to less than —20 dB (1 %) of either

the applicable power density limit or the peak measured field, whichever is higher.
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b) The influence of reflections from objects in the laboratory (including the scanning
measurement system, cables, walls, and the DUT holder) on the measurements shall be
less than =17 dB (2 %) of the applicable power density limit. See 8.5.9 to determine the
influence of reflections. This shall be evaluated at least annually.

¢) The ambient temperature shall be in the range for which the calibration of the system
component is valid and the transmission variation of the DUT by temperature due to ambient
temperature is less than 5 % (e.g. between 18 °C and 25 °C) (see 8.5.8). It shall also vary
by less than £2 °C with respect to the ambient temperature during the measurement.

d) The measurement equipment shall have been powered on and allowed to warm up in the
laboratory in accordance with manufacturer's stabilization time.

Conformity with these laboratory requirements shall be documented in the measurement report.

6.3 Field probe requirements

The measurement system includes one or more field probes; multiple field-probe systems can
significantly reduce the measurement time. Each field probe shall conform to the following
requirements.

a) The field probe(s) shall measure the electric field or the magnetic field or both.

b) The cross-coupling level between field components shall be such that the maximum
expanded uncertainty requirements in 6.1 are met.

c) The field probe shall measure the phase of the field unless the evaluation surface is in the
far-field (see Table 2 of 7.4.2.1) or unless field reconstruction techniques are applied to
estimate the power density correctly.

d) The field probe dynamic range shall be such that the system dynamic range requirements
in 6.1 are met.

e) The field probe size and construction shall ensure that the effect of scattering from the probe
on the fields transmitted by the DUT is within the expanded uncertainty for probe scattering
as described in 8.4.7.

f) The field probe shall be calibrated according to the requirements in Annex C. The probe
may be calibrated separately from the rest of the measurement system if the same electrical
interface characteristics are used during calibration as during measurements. It is preferable
not to calibrate the probe separately from the rest of the measurement system. If the probe
is calibrated separately, the calibration uncertainty should include statistical
interdependence with a signal reading instrument.

g) The field probe calibration report shall document at least the uncertainties and the
associated validity restrictions of mechanical offset (8.4.10), frequency response (8.4.3),
sensitivity, linearity error (8.4.6), isotropy (8.4.5), cross coupling (8.4.4), and field
impedance dependence (8.4.12). Any dependence of these quantities on frequency and
bandwidth shall also be reported.

Conformity with these field probe requirements shall be documented by the manufacturer of the
measurement system.

6.4 Measurement instrumentation requirements

The field probe output is processed by the measurement instrumentation, which conforms to
the following requirements.

a) The measurement instrumentation shall receive the signal measured by the field probe and
provide it to a computer for evaluation.

NOTE The computer can be integrated with the measurement instrumentation, separate from it, or both.

b) The measurement instrumentation shall be calibrated. It may be calibrated separately from
the probe if the same input and electrical interface characteristics are used during
calibration as during measurements.
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The measurement instrumentation may perform amplification, frequency filtering or other signal
processing. It may also account for signal compression, amplifier non-linearities and other non-
linear effects.

Conformity with these measurement instrumentation requirements shall be documented by the
manufacturer of the measurement system.

6.5 Scanning system requirements
6.5.1 Single-probe systems

The scanning system positions the field probe on the measurement region. The requirements
of the scanning system are as follows.

a) The scanning method shall be reported, including whether it performs two-dimensional (2D)
or three-dimensional (3D) scans.

b) The algorithm for determining the measurement grid, if a fixed grid is not used, shall be
reported.

c) The scanning system shall restrict the field probe locations during measurement to the
region where the influence of the field impedance on the measurement is within the stated
uncertainty (see 8.4.12). This uncertainty shall not be greater than 0,5 dB.

d) The scanning system shall be capable of positioning the field probe over a large enough
measurement region such that the psPD can be determined at any point on the evaluation
surface so to meet the stated REC uncertainty (see 8.4.18).

e) The accuracy and repeatability of the field probe positioning shall be reported, and they
shall be sufficient to ensure that the measurement uncertainty of the psPD is within the
stated PPO uncertainty (see 8.4.8). The tolerance of field probe positioning shall also be
sufficient to combine exposures from multiple antennas or multiple transmitters (see 7.5).

f) The scanning system shall be capable of rotating the field probe, if necessary, to capture
the required field components and power densities (i.e. determined using field
reconstruction). The accuracy and repeatability of field probe orientation shall be reported.

g) The scanning resolution shall be sufficient to maintain the measurement uncertainty of the
psPD within the stated uncertainty.

h) At each field probe location, the scanning system shall be capable of keeping the field probe
in place for a sufficiently long time with respect to the integration time, as determined
according to 8.5.3.

NOTE Scanning over the measurement region can include a combination of fast scans and full scans to reduce the
measurement time, as long as this does not increase the measurement uncertainty. See 7.4.1 for more information.

Conformity with these scanning system requirements shall be documented by the manufacturer
of the measurement system.

6.5.2 Multiple field-probe systems

The scanning system with multiple field-probes is in general regularly spaced configuration that
manages the relative positioning of the field probes with respect to the DUT, such that the
measurement region is covered. The requirements of the scanning system are as follows.

a) The scanning method shall be documented, including whether it performs 2D or 3D scans.

b) The algorithm for determining the measurement grid, if it does not measure a fixed grid,
shall be documented.

c) The uncertainty of the relative position of the field probes with respect to the DUT shall be
within the uncertainty for probe positioning offset (PPO; see 8.4.8).

d) The scanning system shall be capable of covering a large enough measurement region such
that the psPD can be determined at any point on the evaluation surface.
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e) The accuracy and repeatability of the positioning shall be reported, and they shall be
sufficient to ensure that the measurement uncertainty of the psPD is within the stated
uncertainty. The tolerance of field probe positioning shall also be sufficient to combine
exposures from multiple antennas or multiple transmitters (see 7.5).

f) The scanning system shall be capable of rotating the field probes and/or the DUT, if
necessary, to capture the required field components and power densities (i.e. determined
using field reconstruction). The accuracy and repeatability of field probes and/or DUT
orientation shall be reported.

g) Minimal separation distance that ensures sufficiently low uncertainty contribution from the
probe mutual coupling, such that the maximum expanded uncertainty requirement in 6.1 is
met, shall be specified by the system manufacturer.

h) The scanning resolution shall be sufficient to maintain the measurement uncertainty of the
psPD within the stated tolerance.

i) For each acquisition, the scanning system shall be capable of keeping the field probes or
the DUT or both in place for a sufficiently long time with respect to the integration time, as
determined according to 8.5.3.

NOTE 1 Scanning over the measurement region can include a combination of fast scans and full scans to reduce
the measurement time, as long as this does not increase the measurement uncertainty. See 7.4.1 for more
information.

NOTE 2 The scanning system can be employed with combination of a DUT positioning system to reduce the
measurement uncertainties such as the phase and amplitude variations due to cable bending.

Conformity with these scanning system requirements shall be documented by the manufacturer
of the measurement system.

6.6 Device holder requirements

The device holder maintains the DUT in position during the measurement. The requirements of
the device holder are as follows.

a) The positions and orientations shall enable the measurement of the DUT in all required
measurement regions.

b) The device holder shall enable known and repeatable positioning and orientation of the
DUT.

c) The device holder, including its supporting structure, shall be designed to minimize the
perturbation of the fields from the DUT. The parts of the device holder that are in direct
contact with the DUT shall be made of materials having a loss tangent < 0,05 and relative
permittivity < 1,2.

This requirement can be suppressed when the device holder is in direct contact with the
DUT sufficiently far away from the radiating antenna. Rationale for use of such materials
shall be documented in test report.

d) The reflections due to the device holder structure shall be less than —20 dB at the location
of the DUT.

e) The device holder uncertainty shall be determined according to 8.5.5.

Conformity with these device holder requirements shall be documented by the manufacturer of
the measurement system.
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6.7 Post-processing quantities, procedures, and requirements
6.7.1 Formulas for calculation of sPD
6.7.1.1 General

The sPD is evaluated at the location r as a function of the complex Poynting vector S. Depending
on the dominant direction of incidence and polarization of the electromagnetic field, or with
exposure in the near-field of a DUT, 6.7.1.2, 6.7.1.3, and 6.7.1.4 specify the formulas for
calculation of sPD for the different specifications of PD. Annex | provides rationales for the
distinct PD specifications. Weighting functions in the integrands of Formula (7), Formula (8),
and Formula (11) serve to avoid contributions, by scaling down the integrand at these regions
to zero, from regions where the power density is oriented outward from the evaluation surface,
or due to numerical inaccuracies for surfaces that are almost parallel to the direction of the
Poynting vector.

NOTE 1 The formula used to calculate the PD depends on the applicable exposure guidelines or national
regulations.

NOTE 2 The direction of the power density relative to the orientation of the evaluation surface was not considered
in IEC TR 63170:2018 [10]. For compatibility with results that were assessed according to [10], weighting functions
of Formula (8) and Formula (11) are not applied.

6.7.1.2 Surface-normal propagation-direction power density into the evaluation
surface — sPD,,

The surface-normal propagation-direction power density into the evaluation surface, sPD,,,
shall be calculated according to Formula (7).

D)= i g S} () O[H[S (1) ()]0 )

iR{S(r)} is the real part of the complex Poynting vector § at the location r;

ny(r) is the normal vector of the evaluation surface at the location r pointing into the

evaluation surface, with "nA(r)” =1;

O(x) is the Heaviside (unit step) function of x;
A(ry) is the evaluation surface at to the location r;
rg is the location of the centre point.

NOTE 1 The surface normal propagating power density into the evaluation surface as defined in
IEC TR 63170:2018 [10] corresponds to sPD_,with O(x) = 1.

NOTE 2 Formula (7) corresponds to power density crossing a surface 4, i.e. the energy per unit time and unit area
crossing a surface of area 4.
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6.7.1.3 Total propagating power density into the evaluation surface — sPD; .

The total propagating power density into the evaluation surface, sPD;.,, shall be calculated
according to Formula (8), along with Formula (9) and Formula (10).

3PD()= 75 g 1S ()

-2{cos™ [mg (r)-n (r)]}dd(r) ®)
with

g (r) =S {S ()} /|8 (S (1) ©)
, 0<0<85°

~(0-85°)/5°, 85°<6<90° (10)
, 0 >90°

E(0)=

o = -

||€R{S(r)}|| is the magnitude of the real part of the complex Poynting vector § at the location r
and the other terms are as specified in 6.7.1.2.

NOTE 1 The total propagating power density into the evaluation surface as defined in IEC TR 63170:2018 [10]

corresponds to sPD, ,, with E(0) = 1.

NOTE 2 Formula (8) corresponds to magnitude of the real part of the Poynting vector on a surface 4, i.e. an
overestimation of results using Formula (7).

6.7.1.4 Total power density into the evaluation surface considering reactive near-

field effects — sPD 4+

The quantity sPD,,q+ is based on the total power density, and considers also the imaginary

part of the Poynting vector to account for non-propagating energy transfer in the reactive near-
field. It shall be calculated according to Formula (11).

1/2

-2{cos™ [ (r)-m, @ﬂ})ﬂ(“s{s@)}“ﬂ dd(r)  (11)

sPD(r) = A(1r0) L(m){(ﬂ‘ﬁ{s (r))

||S{S(r)}|| is the magnitude of the imaginary part of the complex Poynting vector § at the
location r

and the other terms are as specified in 6.7.1.3.

NOTE Formula (11) corresponds to magnitude of the Poynting vector (real and imaginary parts) on a surface 4, i.e.
an overestimation of results using Formula (7) and Formula (8).
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6.7.2 Post-processing procedure
Post processing shall include the following steps:

a) determination of the Poynting vector on the evaluation surface (e.g. using field
reconstruction algorithms). Where the plane-wave equivalent approximation is valid (see
7.4.2.1), the power density can be directly computed by measurement of the E-field
magnitude or H-field magnitude using the far-field characteristic impedance ng;

b) determination of the power density from the Poynting vector according to Formula (7),
Formula (8), and Formula (11). As example, according to Formula (8), the power density is
obtained from the Poynting vector using Formula (12):

Siot = %Re{(EyH: ~E.H )x + (EZH; _E.H )y + (EXH; ~E,H; )z} (12)
where

E =[Re(E,)+jlm(E,)]x+|Re(E, ) + jim(E,) |5 +[Re(E. ) + jim(E.)]2

H =[Re(H, )+ jlm(H,)]x+[Re(H, )+ jim(t,) |3 +[Re(H. )+ jim(H.)]2

Formula (12) can also be written as shown by Formula (13):

Stot =+/SZ + 57 + 82 (13)

where

S, = %Re(EyH: - EZH;)

S, = %Re(EZH; - ExHj)

S, = %Re(ExH; - EyH;)

c) spatial averaging of the power density over the required averaging area to determine the
sPD on the evaluation surface, in accordance with 8.4 of IEC/IEEE 63195-2:2021. The
rationale for use of square or circular shapes for power density averaging area in conformity
evaluations is provided in Annex D;

NOTE 1 It is possible that applicable national regulations or exposure standards provide a different definition
or interpretation for PD.

d) determination of psPD, the peak value of the sPD, and any secondary peak spatial-average
power density values (secondary peaks).

NOTE 2 Secondary peak measurements are not required if the sPD is determined on the entire evaluation
surface.
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Field reconstruction algorithms may be used to transform the measured fields in the
measurement region to the Poynting vector on the evaluation surface (Figure 2) with known
uncertainty. This may include intermediate steps such as calculating the H-field from the E-field
(or vice versa) or retrieving field components and power densities from the measured data
(e.g. the phase from the amplitude). See Annex E for more information on field reconstruction
methods.

Probe

Measurement
region

Evaluation
surface

DUT
IEC

NOTE The measurement and evaluation surface dimensions, and their orientations and positions, are simplified for
illustration purposes (see 7.2.4 for additional information).

Figure 2 — Simplified view of a generic measurement setup
involving the use of reconstruction algorithms

6.7.3 Requirements
The following requirements apply to the post-processing.

a) The power density on the entire evaluation surface shall be determined from the field
measurements on the measurement region (e.g. using field reconstruction) with sufficient
resolution to ensure that the psPD uncertainty is within the value stated by the system
manufacturer.

b) The power density shall be determined from the Poynting vector (unless the plane-wave
equivalent approximation is valid).

c) The power density shall be spatially averaged over the specified averaging area (e.g. 1 cm?
and/or 4 cm?2) of the relevant exposure standard or national regulations.

d) The values and locations of the psPD and any secondary peaks shall be recorded.
Alternatively, the sPD distribution shall be provided.

e) The uncertainty of the post-processor shall be determined.

f) The limitations for which the uncertainty is valid shall be assessed (e.g. with respect to
frequency, measurement region, etc.).

g) The post-processing methods shall be documented by the system manufacturer including
uncertainty and limitations.

Conformity with these post-processing requirements shall be documented by the manufacturer
of the measurement system.
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7 Protocol for PD assessment

7.1 General

A high-level flow-chart of the evaluation process for power density assessment is shown in
Clause 5. Beginning with an evaluation plan and measurement approach, the process
converges to the full power density evaluation and uncertainty analysis. Documentation and
reporting complete the evaluation process.

NOTE This document does not contain information needed to configure DUTs for specific wireless technologies,
including specific settings such as the operating mode or data rate to ensure that the maximum PD is obtained.

7.2 Measurement preparation
7.21 Relative system check

A relative system check according to the procedures of Clause A.3 shall be completed before
performing PD assessment for a DUT. The relative system check evaluates field probe function,
field probe calibration, scanning system, measurement instrumentation and post-processing.
The requirements on relative system check are as follows.

a) If the relative system check uses a source that does not have a traceable absolute target
value, ensure that an absolute system check has been performed according to Clause A.4,
or relative system check target value has been determined after the system validation or
after the absolute system check at user site.

b) The relative system check procedure shall be performed on the same PD measurement
system used for evaluation of the DUT (see 7.4).

c) The relative system check shall be performed such that all elements of the measurement
system are valid for the DUT to be measured (e.g. if the verification is performed at a
different frequency than the test frequency bands of the DUT, then the calibration
parameters used in the verification shall be valid for the test frequencies).

d) The relative system check shall meet the acceptability criteria in A.3.4.

NOTE 1 Because an absolute system check test fulfils all the requirements, an absolute system check test can also
be performed instead of a relative system check.

NOTE 2 In case the system is based on a frequency-continuous sensor model valid over the entire frequency range,
it is sufficient to perform the system check at the closest frequency of the verification antennas specified in Annex B.
In case the system is based on a narrow frequency calibration, the verification is performed within the centre
frequency of the measured DUT band £ 15 %.

7.2.2 DUT requirements
The requirements of the DUT are as follows.

a) The antenna(s), battery and accessories shall be those specified in the user manual. If this
information is not available in the user manual, DUT should be equivalent to production line
samples to be sold on the market. Accessories that have been approved for use with the
DUT by the device manufacturer shall also be considered (e.g. additional accessories that
are available on the manufacturer's website that have been approved for use with the DUT).
They shall be documented in the measurement report.

b) All antennas, their location and size, including arrays and sub-arrays, shall be identified.

c) The battery shall be fully charged before each measurement and no external connections
or cables affecting the result shall be used.

A lower battery level, not less than 60 %, is allowed provided it is demonstrated that the
power level has not dropped by more than the DUT drift uncertainty.

d) When national regulatory agencies allow tests to be performed on prototypes, verification
shall be undertaken by the device manufacturer to ensure the commercial version has the
exact same mechanical, electrical, and operating characteristics as the tested prototype.
Where this cannot be guaranteed, testing shall be repeated by sampling of ﬂ‘&‘&ﬂﬁ‘i
commercial product versions. ents
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e) Accessories that can affect the RF output power or RF current distribution of the DUT shall
be tested according to the intended use conditions.

f) Transmitters operating, for example, below 6 GHz can influence the PD of the transmitters
due to coupling with the probe, etc., and such influences shall be taken into account. If the
coupling from other active transmitters cannot be filtered out (e.g. frequency-selective
measurement system), other transmitters shall be inactive during the measurement.

7.2.3 DUT preparation
The following requirements apply when preparing the DUT for testing.

a) The RF output power and frequency (channel) shall be controlled either by a wireless link
or test mode software (active mode). Alternatively, an external generator or a synthesiser
and amplifier may be used to replace the transmitter (passive mode), provided that both the
measured fields and the power density assessment of the DUT are unaffected, and 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) shall be
evaluated to accurately determine the input power fed to the antenna.

NOTE 1 National regulations can exist regarding the use of an external generator or a synthesiser and amplifier
in place of the transmitter.

NOTE 2 In practice it can be difficult to use external signal generators, etc., to replace a DUT and have the
same field distribution.

b) When beamforming is supported by the device, the beam shall be fixed for the duration of
the PD evaluation, to facilitate consistent results.

c) Record the maximum time-averaged output power of the DUT for each tested frequency
band and operating mode. If power scaling is obtained using call handling (see 7.4.3.2),
record the time-averaged output powers of N, channels as specified in 7.4.3.3 for each

tested frequency band.

NOTE 2 The maximum time-averaged power of the DUT can be verified, e.g. if applicable, by conducted power
measurements with a fully charged battery or, according to radiated power measurements and other operating
parameters to support the scaling.

d) If performing measurement of simultaneous transmission of uncorrelated or Type 2
correlated signals (see 7.5), establish the maximum output power for each transmitter and
antenna as described in step a) to ensure the aggregate transmit power from all antennas
is also at the maximum.

e) Ifthe DUT is capable of controlling its transmit power over time to maintain the time-average
power density below the applicable limit, the time period averaging procedure in
IEC/IEEE 62209-1528:2020 may be applied. If the frequency and relative phase between
transmitting elements is kept constant, it is sufficient to measure the amplitude of the E-field,
H-field, or Poynting vector at a fixed location. Otherwise the power density shall be
measured at the evaluation surfaces. The relevant time-averaging period or periods is/are
specified in accordance with international guidelines (e.g. ICNIRP [2]) or national
regulations. The time-averaging test procedure in IEC/IEEE 62209-1528:2020 only applies
to devices that have network-independent capability to control transmission power over
specific durations and intervals.

NOTE 3 Some regulatory authorities can have other or different requirements for PD measurements of devices
supporting power control and time averaging.

f) Record whether proximity sensors are used to lower the output power and the DUT positions
and operating modes where proximity sensor activation applies. Verify whether the proximity
sensor activation or deactivation is affected by the measurement system. In case the
proximity sensor system is affected, either the proximity sensor shall be forced into
activation or deactivation mode using test software, as appropriate, or when possible the
measurement shall be taken in a separation distance at which the proximity system is not
affected. The procedures of 7.7 in IEC/IEEE 62209-1528:2020 may be used to determine
the proximity sensor triggering distances. If the proximity sensor performs or triggers time
period averaging, the proximity sensor procedure in IEC/IEEE 62209-1528:2020 may be

applied with time period averaging deactivated. Documents
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7.2.4 Selecting evaluation surfaces
7.241 General

The device manufacturer shall indicate all device positions that are applicable for the DUT
(e.g. via user manual). National regulatory requirements also exist. The locations and
orientations of the evaluation surfaces shall be determined based on the specified device
positions and usage.

The shape of the evaluation surface depends on the exposed region of the body. 7.2.4.2
specifies the flat evaluation surface to be used for evaluating exposure in the torso or other
locally flat regions of the body. 7.2.4.3 specifies the SAM surface for PD evaluations when the
device is evaluated in voice-mode at the ear. If the SAM surface for PD or flat evaluation
surfaces are not applicable, 7.2.4.5 specifies specific evaluation surfaces to be used.

Projection of the measured fields onto any non-planar evaluation surface shall be carried out
applying the procedure of 8.3 of IEC/IEEE 63195-2:2021. This involves constructing surfaces
around each centre point. The surface has an area that is the intersection of the evaluation

surface with a sphere of radius » =./4/n . Triangulation algorithms are used to divide the non-

planar evaluation surface into a set of triangles, and the step-by-step procedure in 8.3 of
IEC/IEEE 63195-2:2021 is applied.

7.2.4.2 Body-worn evaluation surfaces

The evaluation surface is flat for exposure of the torso or other locally flat regions of the body.
The shape and extent of the evaluation surface corresponds to the inner surface of the virtual
flat phantoms including elliptical flat phantom described in IEC/IEEE 62209-1528:2020.

The evaluation distance (distance from DUT to evaluation surface) is the separation distance
(distance from DUT to the outer surface of the virtual phantom) plus the 2 mm shell thickness.
This enables total exposure ratio (TER) evaluations at the same surfaces as described in 7.5.

NOTE Touch would be 2 mm from the surface of the device. However, some regulators can also directly specify the
evaluation distance including the shell, i.e. 2 mm. This needs to be clarified prior to doing testing.

When performing measurements for body-worn exposure, the separation distance shall be set
according to the following three hierarchical options:
a) Regulatory requirement

If there is a regional, territorial or country-specific regulatory requirement which specifies
the DUT separation distance, the DUT shall be positioned according to this requirement.

b) "Intended use distance" specified by the manufacturer

If there is no regulatory requirement, then the intended use condition or separation distance
specified by the manufacturer shall be used. This information shall be acquired from the
user documentation that accompanies the DUT.

c) Default separation distance
If neither of the previous options are applicable, then the DUT shall be measured with each
accessible face at 0 mm separation distance.

7.2.4.3 Held at ear evaluation surfaces

If the device is intended to be held on the ear during voice calls (voice-mode, including e.qg.
VolP mode), four evaluation surfaces shall be tested, corresponding to the cheek and tilt
positions on the left and right sides of the head as specified in IEC/IEEE 62209-1528:2020.
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The basis of the virtual evaluation surfaces is the inner surface of the SAM phantom described
in IEC/IEEE 62209-1528:2020. The geometric parameters of the SAM phantom are based on
anthropometric data from Gordon et al. [11]. The rationale for the SAM shape for SAR is
provided in IEC/IEEE 62209-1528:2020.

The only modification to the SAM phantom for PD evaluation is the pinna; i.e. at the pinna, the
inner surface of the SAM phantom is modified from that described in
IEC/IEEE 62209-1528:2020. The inner surface is 2 mm from the outer surface of the SAM
phantom at all points. Figure 3 and Figure 4 show the SAM head surface for SAR evaluations
and the SAM surface for PD evaluations, respectively.

The tilt positions may be excluded if it can be demonstrated for any phase and amplitude
configuration that the exposures in the tilt positions are likely to be more than 3 dB below the
exposure in the corresponding cheek positions. Supporting information shall be provided in the
test report (i.e. based on the location of the antenna array on the DUT).

NOTE 1 The exposure of the pinna is directly evaluated in this document as applicable guidelines do not distinguish
between body and extremities above 6 GHz.

NOTE 2 IEC/IEEE 62209-1528:2020 has further information on statistical approaches to support the elimination of
the tilt position for SAR.

NOTE 3 Research on conservativeness of this choice of evaluation surfaces for PD will be considered for future
amendment of this document.

IEC

Figure 3 — Cross-sectional view of SAM phantom for SAR evaluations
at the reference plane, as described in IEC/IEEE 62209-1528:2020

Figure 4 — Cross-sectional view of SAM virtual phantom for PD evaluations at the
reference plane (shell thickness is 2 mm everywhere, including at the pmbuments
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7.2.4.4 Evaluation surfaces when held at other locations of the head

If the intended use is at other locations of the head, such as the front of the face or top of the
head, the DUT position and the evaluation surface shall be described in the test report. The
position of the evaluation surface shall always be chosen in such a way that a conservative
estimate assessment with respect to the distance between the DUT and the head of the user
results.

A simple option is to use the body-worn evaluation surface (7.2.4.2) for side(s) of the DUT
intended to be held at the head, using the default evaluation distance (7.2.4.2 c¢)).

NOTE Research on conservativeness of this choice of evaluation surface will be considered for future amendment
of this document.

7.24.5 Specific evaluation surfaces

Device specific evaluation surfaces other than those specified in 7.2.4.2 and 7.2.4.3 shall be
used if the flat surface or SAM surface does not allow a conservative estimate of the exposure
and the device is intended for operation on other parts of the body than the head or torso.

Exposure of the hands or limbs shall be considered in the case of hand-held or limb-worn
devices (e.g. mobile phones, small hand-held phablets) at appropriate separation distances.
Until representative surface is developed and introduced in this document, body-worn
evaluation surface can be considered for this purpose.

NOTE The vast majority of the time, appropriate separation distance for hands or limbs will be at touch position.
When a different separation distance is used, a rationale is provided in the test report and to the regulators to support
the request.

Examples of device specific evaluation surfaces (i.e. inner surfaces of specific phantoms) are
described in IEC/IEEE 62209-1528:2020. Justification for the use of specific evaluation
surfaces shall be documented in the test report. Alternative device positioning procedures may
also be required.

7.2.4.6 Coordinate system for DUT positioning

Coordinate systems for the acoustic reference points and vertical and horizontal centre lines of
DUT (see Figure 6) facilitate the accurate positioning and orientation of the evaluation surface
on the virtual phantom. Reference points and axes on the DUT shall be specified based on the
shape and size of the DUT. The scanning system shall correlate these points so that the
evaluation surfaces on the phantom can be correctly aligned to the DUT.

The offset and rotation between these reference coordinate systems can be used to provide an
unambiguous description of device position relative to the evaluation surface. A definition of
the coordinate system for the left ear reference point (ERP) is illustrated in Figure 5.

The x-, y- and z-axes shall form a right-handed coordinate system. For the left ERP, the axes
are specified as follows.

a) The z-axis is specified by a connecting line between the left and the right ERPs, and points
from the right to the left from the point of view of the virtual phantom. The z = 0 origin is at
the left ERP.

b) The y-axis lies in the reference plane along the back-to-mouth (B-M) line and is
perpendicular to the z-axis.

c) The x-axis is perpendicular to the reference plane along the neck-to-front (N-F) line and cuts
the reference plane at the left ear reference point.

For the right ERP, the reference coordinate system can be specified analogously. A definition
of a DUT reference points and axes are shown in Figure 6.
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For the flat phantom, the x-axis and y-axis are parallel to the virtual flat phantom shell and the
z-axis is perpendicular to it.

IEC

Key

x,y,z Axes of the coordinate system relative to the virtual SAM phantom

Figure 5 — Example reference coordinate system for
the left-ear ERP of the SAM phantom
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w,  Width of the handset at the level of the acoustic output

w,  Width of the bottom of the handset

A Midpoint of the width w, of the handset at the level of the acoustic output

B Midpoint of the width w, of the bottom of the handset

Figure 6 — Example reference points and vertical and horizontal lines on a DUT

7.3 Tests to be performed
7.3.1 General

The total exposure from the DUT is determined from power density evaluations and exposure
combining using the following steps (see also Figure 7).

1) Select a frequency band of the DUT (see 7.2.3). Documents
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2) Select a measurement region for the frequency band of step 1) that allows power density to
be determined on evaluation surface(s) based on the specified DUT positions (see 7.2.4).

3) ldentify all the antenna configurations of the DUT for the measurement region of step 2).
For Type 1 correlated signals (see 7.5) that includes all applicable phase and amplitude
combinations of an array or sub-array. When a codebook defining the amplitude and phase
combinations is known, apply the codebook.

4) Evaluate the maximum exposure cases among the antenna configurations identified in
step 3). Any of the following approaches may be used (see also Annex C of
IEC/IEEE 63195-2:2021 for maximum-exposure evaluation techniques, which also need to
be validated and documented following the procedure of Annex H of IEC/IEEE 63195-
2:2021).

a) Exhaustive search by measurements: If the number of antenna configurations can be
practically applied, measure all antenna configurations. For each measurement, apply
the procedure of 7.4. Choose the configuration with the highest psPD.

b) Optimization strategy by measurements: Use an optimization strategy based on
measurements of a sufficient subset of antenna configurations allowing to evaluate all
configurations (see 7.3.3). For each measurement, apply the procedure of 7.4. The
optimization strategy shall determine an upper bound of the psPD and the maximum error
(e.g. see Reboux et al. [12], Teniou et al. [13]).

c) Exhaustive search by simulations: Perform numerical simulations for all antenna
configurations identified in step 3) to determine the test configuration with highest psPD.
See 7.3.2 for details on the simulation approach and model validation against
measurements. The psPD for the test configuration with highest psPD, and other
configurations as described in 7.3.2, shall be measured.

d) Optimization strategy by simulations: Use an optimization strategy based on numerical
simulations of all independent antennas to determine the test configuration with highest
psPD. See 7.3.2 for details on the simulation approach and model validation against
measurements. The psPD for the test configuration with highest psPD, and other
configurations as described in 7.3.2, shall be measured.

For the configuration with the highest psPD, record the psPD, and the sPD distribution or any
secondary peaks.

5) Go back to step 3) until all antenna configurations (e.g. sub-arrays) have been tested.
6) Go back to step 2) until all evaluation surfaces have been tested.
7) Go back to step 1) until all frequency bands have been evaluated.

)

Determine the total exposure ratio (TER) including summation of exposures from any
simultaneous transmission modes (see 7.5).
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Step 1: Select
frequency band
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Step 2: Select
measurement region
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Step 3:
Identify antenna configurations
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Step 4: Evaluate maximum exposure using either:

a) exhaustive search by measurements
b) optimisation strategy by measurements
c) exhaustive search by simulations

d) optimisation strategy by simulations

Step 5:

N All configurations
tested ?
Y
N Step 6:

All evaluation surfaces
tested ?

Step 7:
All bands tested ?

v Y

Determine TER
(7.5)
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Figure 7 — Flow chart for test procedure in 7.3

7.3.2 Tests to be performed when supported by simulations of the antenna array

A numerical modelling assessment of the DUT may be used to determine the maximum
exposure cases among a set of amplitude and phase combinations, as described in
IEC/IEEE 63195-2:2021.

The numerical DUT model shall be validated (in accordance with 7.5 of IEC/IEEE 63195-2:2021)
to make sure that the numerical predicted configuration resulting in maximum exposure is
indeed conservative for the evaluated transmitters. This implies that configurations of the
antenna array or antenna sub-array including amplitude and phase information are known and
controllable for the measurements in order to validate the relative numerical DUT model.

The procedure has the following steps.

a) At the given frequency band, and measurement region determined from 7.3.1., identify the
highest simulated psPD, denoted psPDgjq max, from all the simulated psPD results, denoted

psPDgjr, ;, where i = 1 to N amplitude and phase combinations.
b) At the given maximum test configuration identified from step a) measure the power density,

denoted psPDpeas max: Documents
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c) Measure the power density for all test configurations where the condition of Formula (14) is

met.
PSPDgjy i > pSPDgjm max ><(Bsim - Bszim - 1) (14)
where
1
Bgim = 2 (15)
1_(1=64U5im,rel)
Usim,rel In Formula (15) is the relative uncertainty (k = 1) of the simulation tool, at the given

frequency band, and with the measurement region determined in accordance with 7.3.1.

NOTE 1 The relative uncertainty U ., is the uncertainty of the simulation with the absolute amplitude

uncertainty reduced to relative amplitude uncertainty for the independent antenna elements while the absolute
phase uncertainty is still considered. See Clause 9 of IEC/IEEE 63195-2:2021 for uncertainty evaluation of the
simulations.

NOTE 2 As an example, for a simulation tool having a relative uncertainty (¢ = 1) of 10 %, all simulated antenna

configurations exceeding 80 % of the maximum measured psPD will be repeated using full power density.

d) Measure the power density for all test configurations where the condition of Formula (16) is
met, if not already done.

2
PSPDsim scaled,i > PSPDijimit % (Bsim —Bsim _1j (16)
where psPDgim scaled,; 1S @ simulated result scaled by maximum value of the ratio
PSPDpeas i /pSPDsim,i'
e) Verify that all measured and simulated psPD performed at the same frequency band,

measurement region, and antenna configuration are within the combined uncertainty (k = 2)
of simulation and measurement as given by Formula (17).

2
PSPDy; ; = psPD /
E - ( sim,scaled, i meas,l) 5 <1 (17)

2
(pSPDsim,scaled,i X Usim (k=2)) + (pSPDmeas,i xUsys (k=2))

where
E, is the normalized error;
Usim Is the expanded uncertainty (£ = 2) of the simulation code, at the given frequency
band, and measurement region determined from 7.3.1. See Clause 9 of
IEC/IEEE 63195-2:2021 for uncertainty evaluation of the simulations;
Usys is the expanded uncertainty (k = 2) of the measurement system, at the given

frequency band, and measurement region determined from 7.3.1.

The errors should be combined by RSS in the transformation that corresponds most closely
to a Gaussian distribution. Because most of the errors are log-normal distributed, the
combined uncertainty should be computed as RSS in decibel (dB). Examples are given in
Newell [14], and ETSI ETR 028 [15].

f) If E,> 1, then the measurement procedure of 7.3.3 shall be applied for all configurations
with measured result within relative uncertainty of the measurement system from the limit.
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7.3.3 Tests to be performed by measurements of the antenna array

The conservative power density exposure can also be assessed by measurements only using
phase recovering techniques combined with optimization techniques (Reboux et al. [12]).

This technique limits the number of required measurements to the number of independent
configurations of the antenna array or antenna sub-array. If necessary, the determined
maximum configuration can be remeasured, or the conservative maximum value can be used
for conformity.

NOTE The number of sufficient independent configurations depends on the optimization technique used; see
Annex C of IEC/IEEE 63195-2:2021 for maximum-exposure evaluation techniques.

7.4 Measurement procedure
7.41 General measurement procedure

The measurement system shall conform to the requirements of Clause 6. The general
measurement procedure is as follows.

It is recommended to apply this measurement procedure using the operating mode and channel
having the maximum available output power, to avoid excessive scaling in step f) and to
facilitate good signal to noise ratio.

a) Firstreference: Measure the local E-field or H-field at a point within the measurement region
and where the field is within 3 dB of the maximum value or at least 20 dB above the noise
level. This reference level will be used to assess output DUT drift during the measurement
(see 7.4.4).

NOTE 1 If the location of maximum field value or a location of at least 20 dB above the noise level is not known,
a pre-scan can be used to find such a location. No requirements on the size, resolution, or number of points in
the pre-scan are needed, because the pre-scan is only used to find a suitable point for reference measurements.

b) Field scan: Measure the fields over the measurement region as described in 7.4.2. Different
measurement techniques are applied depending on the measurement system and whether
the evaluation surface is in the far-field. The scan shall conform to the requirements of 6.5.

NOTE 2 The scan can include a combination of methods to reduce the measurement time, as long as this does
not increase the measurement uncertainty. One example is to first perform a scan while the probe is continuously
moving over the measurement region, then measure discrete points in a sub-region where the fields are at least
—-17 dB of the applicable exposure limit.

c) Check that the peak is captured: Calculate the sPD on the evaluation surface from the fields
in step b) and ensure that the psPD is accurately evaluated. The averaging area 4,, for the

calculation of psPD is specified by the applicable exposure limits or regulatory requirements.
Two checks shall be performed.

The first check is to ensure that sufficiently large region has been measured and the psPD
is not on the boundary of the evaluation surface. The extent of the scan area shall be such
that the highest truncation level of the E-field or H-field shall be lower than the specification
of the manufacturer for meeting the specified reconstruction uncertainty.

NOTE 3 The check that the psPD is on the boundary only applies if the evaluation surface is a sub-region of
the virtual phantom. If the evaluation surface is the full virtual phantom, then expanding the measurement region
will not change the location of the psPD.

The second check is to ensure that that the field reconstruction is not impacted by the
measurement region size and therefore has no influence on the psPD result. This can be
tested by checking convergence of the two psPD results. Calculate a second psPD value
using a subset of values from the existing measured data (e.g. having all results from edges
of the measurement region removed). The difference between these two psPD values shall
be within the uncertainty of the measurement area truncation (7R, see 8.4.15). If the
reconstruction technique is not used, this second check can be omitted;

If either of these checks fails, expand the measurement region and go back to step b).
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