IEC 62232:2022-10(en)

IEC 62232

Edition 3.0 2022-10

INTERNATIONAL
STANDARD

rbq/q/ colour

inside

N\
Deternfination of RF field strength, power de sQ?and SAR in the vicinity of base
stationp for the purpose of evaluating humkt&xposure

2



https://iecnorm.com/api/?name=4ac7e25f91470bae24040b624a8b8129

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

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 from
either IEC or IEC's member National Committee in the country of the requester. If you have any questions about IEC
copyright or have an enquiry about obtaining additional rights to this publication, please contact the address below or

IEC Secretariat

your local IEC member National Committee for further information.

Tel.: +41 22 919 02 11

3, rue de Varembé info@iec.ch
CH-1211 Geneva 20 www.iec.ch
Switzerland

About the IEC

The Interndtional Electrotechnical Commission (TEC) is the Teading global organization that prepares anf publishes
Internationgl Standards for all electrical, electronic and related technologies.

About IEC publications

The technidal content of IEC publications is kept under constant review by the IEC. Please makessure’that ypu have the
latest editiop, a corrigendum or an amendment might have been published.

IEC publications search - webstore.iec.ch/advsearchform IEC Products & Services Portal -products.iec.ch

The advancgd search enables to find IEC publications by a Discover our powerful search_éngine and read freely all the
variety of | criteria (reference number, text, technical publications previews. With a subscription you willjalways have
committee, |..). It also gives information on projects, replaced  access to up to date content tailored to your needk.

and withdrayvn publications.

IEC Just Published - webstore.iec.ch/justpublished

Electropedia - www.electropedia.org

The world's leading online dictionary on electrptechnology,

Stay up to dlate on all new IEC publications. Just Published  ¢ontaining nfore'than 22 300 terminological entrigs in English

details all ngw publications released. Available online andonce  and French) with equivalent terms in 19 additiong| languages.

a month by ¢mail. Also known' as the International Electrotechnica| Vocabulary
(IEV)online.

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

If you wish t¢ give us your feedback on this publication or need

further assigtance, please contact the Customer Service

Centre: salgs@iec.ch.



mailto:info@iec.ch
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://iecnorm.com/api/?name=4ac7e25f91470bae24040b624a8b8129

IEC 62232

Edition 3.0 2022-10

INTERNATIONAL
STANDARD

colour
inside

Deternjination of RF field strength, power density and SAR in the vicinity of
base stations for the purpose of evaluating<himan exposure

INTERNATIONAL
ELECTROTECHNICAL
COMMISSION

ICS 13.280; 17.240 ISBN 978-2-8322-5778-4

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

® Registered trademark of the International Electrotechnical Commission


https://iecnorm.com/api/?name=4ac7e25f91470bae24040b624a8b8129

-2- IEC 62232:2022 © IEC 2022

CONTENTS

O ] T I PP 16
INTRODUGCTION ..ttt et e e e e et e e et et e et e et e et e et e e eanns 18
1 1o o 1= S P 19
2 NOrmMative referENCES ... e 20
3 Terms and definitioNs ... 21
4 Symbols and abbreviated termMS .. ... 36
4.1 Physical qUaNntities .. ... 36
4.2 LO70] 0 =3 - o | £ PP 36
4.3 Abbreviated terms ... ... e b 36
5 How| to use this document....... ..o e e 39
5.1 Quick start guide.........coiiiiiii et 39
5.2 RF evaluation purpose categories........cccovviiiiiiiiiiii e i e 42
5.3 Implementation case studies ... b 42

6 Evaluation processes for product compliance, product installation compliance and
in-sifu RF exposure assessments ..o S b 42
6.1 Evaluation process for product compliance ..............ab i b 42
6.1. GeNEral oo e 42
6.1.2 Establishing compliance boundaries ...... {2 i 42
6.1.3 Iso-surface compliance boundary definition .............ccooooiiiii e, 43
6.1.4 Simple compliance boundaries ......c..ovoiiiiiiii e 43
6.1.9 Methods for establishing the compliance boundary ..................o b, 45
6.1.4 L0 o ToT=T o = 1] a1 4V PPN S 49
6.1.7T Reporting for product compliance ...........coooiiiiiiiiiiiiie e 49
6.2 Evaluation process used forsproduct installation compliance ......................f......... 50
6.2. (C 7= a1 Y o S PPN URTP 50
6.2.2 General evaluationjprocedure for product installations........................f.. 50

6.2. Product installation compliance based on the actual maximum

transmitted-power or EIRP ... 52
6.2.4 Product installation data collection..............oooiii 55
6.2.% Simplified product installation evaluation process ...........ccoooviio b 56
6.2.4 Asseéssment area selection ..o 59
6.2.7 MeasuUremMents ... ..o b 60
6.2. ComMPULAtIONS ..o b 62
6.2.1 Upeertatrty—rrrreeeeeeeeeee e 62
6.2.10 Reporting for product installation compliance..............o.ooiii 63
6.3 In-situ RF exposure evaluation or assessment proCessS .......cocvvvviiiiiiiiiiiiiineennenns 64
6.3.1 LT o= = | P 64
6.3.2 IN-SitU MEaSUremMENt PrOCESS .. it 64
6.3.3 St ANAIYSIS ..t 65
6.3.4 Case A evaluation ... 66
6.3.5 Case B evaluation ... 66
6.3.6 UNCEIAINTY Lot 67
6.3.7 L= 0T 4 o Vo PN 67
6.4 AVEraging PrOCEAUIES ... cuuii ittt e et e et et e et e en e enaes 67
6.4.1 Spatial aVeraging.....ccuoiieii e 67
6.4.2 L L=T= V=T = To 1 o T PSPPI 68

7  Determining the evaluation method...........cii 68


https://iecnorm.com/api/?name=4ac7e25f91470bae24040b624a8b8129

IEC 62232:2022 © |[EC 2022 -3-

7.1

7.2
7.2.1
7.2.2

7.2.3

(@ RV 7= VA 1=
Process to determine the evaluation method............cooiiiiii e
GNBIAL e

Establishing the evaluation points in relation to the source-environment
= o = S

Exposure metric seleCtion ... ...

8 Evaluation MeEethOAS .. ..o e

8.1
8.2
8.2.1
8.2.2

LT =Y o =T - ¥ S
Measurement Methods ... ...
LY o= = | P
RFE field strength and power density measurements

8.2.
8.3
8.4
8.4.
8.4.2
8.4.1
8.5
8.6
9 Unce

SAR MeEasUrEmMENtS ......oouiiiiiiiiieie e e e b
Computation methods ..o D e e
Methods for assessment based on actual maximum approach ...« ....... b

General requirements ..........cooooiiiiiiiiiiie e O

Actual transmitted power or EIRP monitoring............... (o

Actual transmitted power or EIRP control..............c A\ o
Methods for the assessment of RF exposure to multiplessources ...............f.........
Methods for establishing the BS transmitted power oEIRP ... b
FAINTY . Z Y e

1O RePPIING oo S e

10.1

10.2

10.3
Annex A

General requIrements .......cooveeieiiiiee AT e
Report format......oo e N T b
Opinions and interpretations ..........¢d i
informative) Source-environmentplane and guidance on the evaluation

[0 [=T A Lo I (1 [T 3 1) o 1 N DU

A1
A
A1.p
A1

A2

A.3
A3
A3.

T

A3.3

Guidance on the source-environment plane ...........cccccoviviiiiiiiiieieiiieee e,
GeNEral .o NN e b
Source-environment plane example .......cooveiiiiiiiiiiiiiiciie b,
ST o101 ot Yo o 3 PRSPPI PP

Select between ;eomputation or measurement approaches ...............o.oo b

Select measurement method. ...
SeleCtion Stages ... b

Selecting between RF field strength, power density and SAR
measurement approaches........ccoooiviiiiiiiiii e

Selecting between broadband and frequency selective measurement . |.........

A.3.4
A.4
A.5
A.5.1
A.5.2
A.5.3
Annex B (

B.1

B.2
B.2.1
B.2.2

B.3
B.3.1

Selecting RF field strength measurement procedures ............cooooiiiiiiiian...
Select computation Method ...
Additional considerations ... .. ..o

S]] 0] o L1 4SRN

Evaluation method ranking ..o

Applying multiple methods for RF exposure evaluation ..............................
normative) Evaluation methods............cooviiiiiiii i

L@ Y=Y Y= PP
LT a1 = PP
Coordinate systems and reference points ...........cooviiiiiiiii
VAITADIES e
RF exposure evaluation prinCiples ...
Simple calculation of RF field strength and power density...............c..oooeenni.


https://iecnorm.com/api/?name=4ac7e25f91470bae24040b624a8b8129

-4 - IEC 62232:2022 © IEC 2022

B.3.2 Measurement of RF field strength and power density..............ccoeeiiiinnn.. 102
B.3.3 Spatial averaging .. ... 104
B.3.4 TIME AVEIAGING ettt et 107
B.3.5 Comparing measured and computed values..............cooeiiiiiii i, 109
B.3.6 Personal RF MONItOrs ... e 109
B.4 RF field strength and power density measurements .............ccccoeiiiiiiiiiineneene, 109
B.4.1 Applicability of RF field strength and power density measurements ............. 109
B.4.2 In-situ RF exposure measurements .......ccooiiiiiiiiiii i 109
B.4.3 Laboratory based RF field strength and power density measurements......... 121
B.4.4 RF field strength and power density measurement uncertainty..................... 131
B.5 SAR MeasremMens e ——————————— e 136
B.5.1 Overview of SAR measurements...........cooooiiiiiiiiiiiiiiiiieeee@ bt 136
B.5.2 SAR measurement requirements ...........cooceeeiiiiiiiiiiieiieee e 136
B.5.8 SAR measurement description...........ccoeveieiiiiiiiiniinene L St 138
B.5.4 SAR measurement uncertainty...........ccooooiiiiiinnn LT 143
B.6 Basic computation methods ..o O 146
B.6.1 General ... e b 146
B.6.2 Basic computation formulas for RF field strengthcorpower density
evaluation........coocooiiii O 146
B.6.3 Basic whole-body SAR and peak spatial-average SAR evaluation
formulas .......oooeiiiiii Y b 153
B.6.4 Basic compliance boundary assessment.method for BS using paraboli¢
dish antennas ... S e 160
B.6.p Basic compliance boundary assessment method for intentionally
radiating Cables ... b 163
B.7 Advanced computation methods s ..o b 164
B.7. LT 1= = | PP SR 164
B.7.2 Synthetic model and ray tracing algorithms...............cooooiii e, 164
B.7.3 Full wave RF expestire computation ..o e 171
B.7.4 Full wave SAR ecomputation ...........ccoooviiiiiiiiieeeeeeeeee e b 180
B.8 Extrapolation from:the evaluated values to the maximum or actual values .|....... 185
B.8.1 Extrapolation method...........cooi e e 185
B.8.2 Extrapolation to maximum in-situ RF field strength or power density
using-broadband measurements ............coooiiiiiii b 187
B.8.8 Extrapolation to maximum in-situ RF field strength / power density using
frequency or code selective measurements ... 187
B.8.4 Influence of traffic in real operating network ... b 188
B.8.5 Extrapolation for massive MIMO and beamforming BS..............ccoooiiiinni. 189
B.8.6 Maximum exposure extrapolation with dynamic spectrum sharing (DSS) ..... 191
B.9 Guidance for implementing the actual maximum approach........................oonl. 192
B.9.1 BS actual EIRP evaluation assumptions ... 192
B.9.2 Technology duty-cycle factor description ..........cccooiiiiiiiiiiiii e, 193
B.9.3 CDF evaluation using modelling studies ..........ccccooiiiiiiiiiiii e, 195
B.9.4 CDF evaluation using measurement studies on operational BS sites ........... 196
B.9.5 Actual transmitted power or EIRP monitoring counters.............cccooeviieinnnn.e. 198
B.9.6 Configurations with multiple transmitters..............oooi i, 198
B.10 Transmitted power or EIRP evaluation ..., 200
B.10.1 LY o= = | 200
B.10.2 Measurement of the transmitted power in conducted mode.......................... 200
B.10.3 Measurement of the transmitted power in OTA conditions................cccoenee. 201


https://iecnorm.com/api/?name=4ac7e25f91470bae24040b624a8b8129

IEC 62232:2022 © |[EC 2022 -5-

B.10.4 Measurement of the EIRP in OTA and laboratory conditions ........................
B.10.5 Measurement of the EIRP in OTA and in-situ conditions ..............................

Annex C (informative) Guidelines for the validation of power or EIRP control features
and monitoring counter(s) related to the actual maximum approach .................cociiiis

C.1 OV BV W . e e e e
C.2 Guidelines for validating control feature(s) and monitoring counters....................
C.3 Validation of power or EIRP monitoring counter in laboratory conditions .............

C.3.1 Validation of power or EIRP monitoring counter in conducted mode —
1ESt PrOCEAUIE ..o

C.3.2 Validation of power or EIRP monitoring counter in OTA mode - test
0o Yo=Y o [ U1 = 3

C.3.B Validation of control feature(s) in laboratory conditions....................&. J..oeo
C.3.¢4 Validation of control features using in-situ measurements...........&. 4o
C4 Validation test report.......ccooiiiiiiiii e e b b
C.5 Case studies ..o S
C.5.1 Case study A — In-situ validation.............cooooo O b
cC5p Case study B — In-situ validation..........c...cooviiiin @ T e,
C.5.B Case study C — In-situ validation ............ccoooii a8 .
Annex D |[(informative) Rationale supporting simplified product installation criteria.....|.......

D.1 LT 1=T - | T R PSUPRPRTUTN PR
D.2 ClassS E2 .o S
D.3 Class E10 ... AN e
D.4 Class ET00 .oueeiiiiiei e et eh e
D.5 Class Et oo R e

D.6 Simplified formulas for millimetre-wave antennas using massive MIMO or
beam steering ... A e

Annex E [informative) Technology-spedific exposure evaluation guidance ................}.......

E.1 Overview to guidance on specific technologies .........ccocooivviiiiiiiii
E.2 Summary of technologysspecific information ............c..cooi
E.3 Guidance on spectrum analyser settings .........cccoeiiiiiiiiiiiiiiciee
E.3.| Overview af'spectrum analyser settings.........ccooooviiiiiii b
E.3.2 Detectionalgorithms ........ ..o b
E.3.38 Resolution bandwidth and channel power processing ..........ccccceeeeeeeeiifoeennn.
E.3.4 Integration per Service .........ooiiiiiiiiiii b
E.4 Stable transmitted power signals ...........coooiiiiiiii e,
EA4.| TDMA/FDMA teChNOlOgY .. cceuiiiiiiiiiiiiiiiee e b
E.4.2 WCDMATOMTS TECANOTOTY ----cvnvmenrenmenamnamsmnsmnemnamnaenammammnmmnsmnamnaenamneeneennens
E.4.3 OFDM t8CNNO0IOQY ..t
E.5 WCDMA measurement and calibration using a code domain analyser.................
E.5.1 WCDMA measurements — General..........coooiiiiiiiiiiiiieee e
E.5.2 WCDMA decoder characteristics ..o
E.5.3 CalibratioN ..
E.6 Wi-Fi MEaSUrEMENTS ..o e
E.6.1 LY o= = |
E.6.2 Integration time for reproducible measurements ..............ccoeiiiiiiiiieeeen
E.6.3 Channel 0CcUPatioN ... ..o
E.6.4 Some CONSIAEratioNS .....iiuiiie e
E.6.5 Measurement configuration and steps..........coiviiiiiiii
E.6.6 Influence of the application layers....... ..o



https://iecnorm.com/api/?name=4ac7e25f91470bae24040b624a8b8129

-6 - IEC 62232:2022 © IEC 2022

E.6.7 POWET CONTIOL ..o e 247
E.7 I I 0 == E Y 0 =Y o 1Y o) £ 248
E.71 L Y V= 248
E.7.2 LTE transSmiSSiON MOAES.....cuuiiiiiiiiiie e 248
E.7.3 LTE-FDD frame StruCture ... ..o 249
E.7.4 LTE-TDD frame StrUCTUIe ... ....iiiii e 250
E.7.5 Maximum LTE exposure evaluation ... 252
E.7.6 Instantaneous LTE exposure evaluation .............ccoooiiiiiiiiiic i, 257
E.7.7 MIMO multiplexing of LTE BS ..o 258
E.8 NR BS MeEaSUIrEMENTS ... oo e 258
E.8.1 7= 2= - ¥ 258
E.8.2 Maximum NR exposure evaluation.............ccoooiiiii s e 258
E.9 Establishing compliance boundaries using numerical simulations of MIMO

array antennas emitting correlated waveforms ............c..ccoo @ 268
E.o. GeNEral ..o Y e 268

E.Q.P Field combining near base stations for correlated exposure with the
purpose of establishing compliance boundaries ....... ... b 268

E.9.B Numerical simulations of MIMO array antennas with{densely packed
COIUMNS et e e e e e ae e e e e e 269
E.9.4 Numerical simulations of large MIMO array attennas .............c.ccocoooe e, 270
E.10 | Massive MIMO antennas..........coooieiiiiiiiie e N e 270
E.10.1 OVEIVIBW oot et ettt e e e e e e e e e e abae e 270
E.1(.2 Deterministic conservative approach ... ..o e 270
E.10.3 Statistical conservative approachy s ..o 270
E.14.4 Example approaches ... e e 271

Annex F [informative) Guidelines for the asseéssment of BS compliance with ICNIRP-

2020 bridf exposure lImits ... ... e e 288
F.1 LT =Y 1= = T PP SER 288
F.2 Brief eXposure limits /o . b 288
F.3 Implications of brief exposure limits on signal modulation and TDD duty

o3]S PPN BN 290
F.4 Implications of brief exposure limits on the actual maximum approach.......}....... 290

Annex G|(informative)NUncertainty .........coooiiiii 294
G.1 BackgroUnd. ... ...c..iiii b 294
G.2 Requirement to estimate uncertainty ..o 294
G.3 How/to estimate uncertainty ... b 295
G4 Guidance on ||nr~nrfninf\ll and-assessment-SChe M e S rrrrrrrrrrrrr———————————————" e+ + + . . . 295

G.4.1 LY o =T = 295
G.4.2 Overview of assessment SChemMes ... ... 295
G.4.3 Examples of assessment SChemMes ...........oouiiiiiiiiiiiiii e 296
G444 Assessment schemes and compliance probabilities ...l 299
G.5 GUIdanCe ON UNCEITAINTY ... e 301
G.5.1 L Y V= 301
G.5.2 Measurement uncertainty and confidence levels...............coooiiiiiiiiininne. 302
G.6 Applying uncertainty for compliance assessments..........cc.coovviiiiii e 303
G.7 Example influence quantities for field measurements ... 304
G.7.1 L= a1 =Y PPN 304
G.7.2 Calibration uncertainty of measurement antenna or field probe.................... 304
G.7.3 Frequency response of the measurement antenna or field probe ................. 304

G.7.4 Isotropy of the measurement antenna or field probe ..., 306


https://iecnorm.com/api/?name=4ac7e25f91470bae24040b624a8b8129

IEC 62232:2022 © |[EC 2022 —-7-

G.7.5 Frequency response of the spectrum analyser..............coooeeiiiiiiiiiiieneene, 306
G.7.6 Temperature response of a broadband field probe...............ccool 306
G.7.7 Linearity deviation of a broadband field probe..............o 307
G.7.8 Mismatch uncertainty ..o 307
G.7.9 Deviation of the experimental source from numerical source........................ 307
G.7.10 Meter fluctuation uncertainty for time-varying signals..............c.ccoooeeiininnnn. 307
G.7.11 Uncertainty due to power variation in the RF source .............co.coiviiinin. 308
G.7.12 Uncertainty due to field gradients .........ccoooiiiiiiiii e 308
G.7.13 Mutual coupling between measurement antenna or isotropic probe and
o] o 1= St 309
G.7.14 Uncertainty due to field scattering from the surveyor's body ........................ 310
G.7.15 Measurement deViCe........cccveiuiiiiiiiiiiiiieiieeieeeeee e b 312
G.7.16  Fields out of measurementrange..........cc.ocoeveiiiiiiniiinn A 312
G.7/7 N0 =T S UPRN SRR 313
G.7./18 Integration time ... e b 313
G.7.119 Power chain.......oooi e G 313
G.7.p0 Positioning system..........cooooiiiiiiiii s e e 313
G.7.p1 Matching between probe and the EUT ..........c... . SO 313
G.7.p2 Drifts in output power of the EUT, probe, tempetature, and humidity...|....... 313
G.7.p3 Perturbation by the environment...............o 313
G.8 Example influence quantities for RF field strength computations by ray
tracing or full wave methods ... S e 314
G.8. LCT=Y a1 =Y PPN BN 314
G.8.p SYSIEM L R b 314
G.8.8 Technique uncertainties....... oo e e 315
G.8.p Environmental uncertainties, .........c..ooiiiii i e 315
G.9 Influence quantities for SAR*measurements ..o e 316
G.of LCT=Y a1 Y o PPN BN 316
Gop PoOSt-proCessing . e b 316
G.9.B =L I o o o 1= P SRR 316
G.o4p EUT POSItIONMING «.ueeniiiieieee e e e h e 317
G.9.pb Phantomishell uncertainty.........co.oooiii b 318
G.9.p SAR-~correction depending on target liquid permittivity and conductivity....... 318
G.oJf Liquid permittivity and conductivity measurements..............ccooeiviiic . 319
G.9.B Liquid temperature.........cooeiiii i b 319
G.10 | Influence quantities for SAR calculations ... 319
G.11 “SPATIAl @VETAGING --n crremmeeen e ema s ees e e e e e 319
G.11.1 L= a1 =Y PPN 319
G.11.2  Small-scale fading variations ..o 320
G.11.3 Error on the estimation of local average power density .............cccoeeeiennnnnnn. 321
G.11.4 Characterization of environment statistical properties...................l. 322
G.11.5  Characterization of different spatial averaging schemes ............................. 322
G.12 Influence of human body on measurements of the electric RF field strength........ 327
G.121 Simulations of the influence of human body on measurements based on
the method of moments (surface equivalence principle)........c.ccociiiiiiiiit. 327
G.12.2 Comparison with measuremMents ...........coouvviiiiiiiiiie e 329
G.12.3 (O 70 o] 1113 Lo 1< S 330
Annex H (informative) Guidance on comparing evaluated parameters with a limit value...... 331

H.1 (O Y VAT TN 331


https://iecnorm.com/api/?name=4ac7e25f91470bae24040b624a8b8129

-8 - IEC 62232:2022 © IEC 2022

H.2 Information recommended to compare evaluated value against limit value.......... 331
H.3 Performing a limit comparison at a given confidence level.............c...cocoiiis 331
H.4 Performing a limit comparison using a process-based assessment scheme ........ 332
(710 1o = Yo 2 V28 S 333
Figure 1 — Quick start guide to the evaluation process ...........cooivuiiiiiiiiii 40
Figure 2 — Example of iso-surface compliance boundary.............ooooiiiiiiiiii e 43
Figure 3 — Example of cylindrical and half-pipe compliance boundaries ...............ccccceiiinani. 44
Figure 4 — Example of box shaped compliance boundary .........cc.cooiiiiiiiiiiiiii i, 45
Figure 5 — Example of truncated box shaped compliance boundary ....................o.oceoeeneennnen. 45
Figure 6 + Example illustrating the linear scaling procedure...........ccocoivviiiiinccmi g o, 46
Figure 7 + Example of massive MIMO antenna and corresponding beams and envelope
= L 0= o 1= PR i PSPPI PP 48
Figure 8 + Example of compliance boundary shape for BS antennas with.beam
Steering f oo G 48
Figure 9 + Example of dish antenna compliance boundary ............e 5 o b, 49
Figure 1 — Flowchart describing the product installation evaluation process.............}......... 51
Figure 11 — Example of a CDF curve representing the normalized actual transmitted
POWET OF|EIRP . e D e e e b 53
Figure 12 — Flow chart for product installation compliance based on the actual
maximun} transmitted power or EIRP threshold(s)... &0 b 55
Figure 13 — Simplified compliance assessment pro¢ess using installation classes .....|......... 56
Figure 14 — Example of DI within a square-shaped assessment domain boundary
(ADB) with dimension LADR «««-xooeeeerreeeeniindniiiiiii b 60
Figure 18 — In-situ RF exposure evaluation or assessment process flow chart...........}......... 65
Figure 18 — Source-environment plane concept .......cccoovviiiiiiiiiiiiiieeeeeeeeeeee b, 69
Figure 11 — Flow chart of the measurement methods ... b 72
Figure 18 — Flow chart of the'relevant computation methods..............cooco b, 75
Figure 19 — Example of segments used for monitoring and control of BS using mMIMQ
Lo o T=F= T g T Y (== o o Vo PPN ST 77
Figure A1 — Example*source-environment plane regions near a base station antenna
Lo o T T o 1Y N P PRPPRPNN SR 83
Figure AJ2 — Example source-environment plane regions near a roof-top antenna that
has a nafrow vertical (elevation plane) beamwidth (not to scale)...........ccooeovinin b, 84
Figure A.3 — Geometry of an antenna with largest linear dimension Lgff and largest
€N AIMENSION L --eeeeeeeerrmnnneeeeeee e e e e e oo e et e e e e e e e e e ettt e e e e e e e e e eeeaaaaaenss 85
Figure A.4 — Maximum path difference for an antenna with largest linear dimension L .......... 89
Figure B.1 — Cartesian, cylindrical and spherical coordinate systems relative to the BS
antenna (view from the rear panel) ... 97
Figure B.2 — Typical RF exposure assesSSmMeNnt CaSE .........couiiiuiiiiiiiiiiii e 99
Figure B.3 — Reflection due to the presence of a ground plane ................ccoooiiiiiiiiineenne . 100

Figure B.4 — Reflections due to the presence of internal walls of the housing and
surrounding asphalt and soil configuring a base station installed underground.................... 101

Figure B.5 — General representation of RF field strength or power density
LT ST U ] f =Y 0 0= o € P 102

Figure B.6 — Practical examples of measurement equipment installation............................. 103


https://iecnorm.com/api/?name=4ac7e25f91470bae24040b624a8b8129

IEC 62232:2022 © |[EC 2022 -9-

Figure B.7 — Spatial averaging schemes relative to walking or standing surface and in
the vertical plane oriented to offer maximum area in the direction of the source being

EVAlUAT A . e 105
Figure B.8 — Spatial averaging relative to spatial-peak field strength point height ............... 107
Figure B.9 — Evaluation 10CatioNS ... 119
Figure B.10 — Relationship of separation of remote radio source and evaluation area to

separation of evaluation POINES ... 120
Figure B.11 — Outline of the surface scanning methodology ..........ccooviiiiiiiiiiiii e, 123
Figure B.12 — Block diagram of the antenna measurement system.............c..ooiiiiinnnnn. 124

Figure B.13 — Minimum radius constraint, where a denotes the minimum radius of a

sphere’ entred at the reference pninfy that encompasses 1 Bl T e rrerrrrrrrr e e e e 125
Figure BJ14 — Maximum angular sampling spacing constraint ................ccocoooec .. 125
Figure B|15 — Outline of the volume/surface scanning methodology................Cl7 . 128
Figure B|16 — Block diagram of typical near-field EUT measurement system/..........}....... 129
Figure BJ17 — Examples of positioning of the EUT relative to the relevant,phantom ... |....... 136
Figure BJ18 — Phantom liquid volume and measurement volume used for whole-body

SAR medsurements with the box-shaped phantoms.................... 8 b 143
Figure BJ19 — Reference frame employed for cylindrical formulas for RF field strength
computatfion at a point P (left), and on a line perpendicular to’boresight (right) ..........J....... 147
Figure BJ20 — Views illustrating the three valid zones for{field strength computation

around @i @NtENNA .....c.uieiii e B et e e e 149
Figure BJ21 — Enclosed cylinder around collinear array antennas, with and without
electricalfdowntilt ... ..o N T e e 150
Figure BJ22 — Spherical formulas reference results............coocooviiiiiiiiniinii b 153
Figure BJ23 — Cylindrical formulas reference results ...........oocooiiiiiiiiniii b 153
Figure BJ24 — Directions for which SAR\estimation expressions are provided..............}....... 154
Figure BJ25 — Description of SAR.estimation formulas physical parameters ................}....... 155
Figure BJ26 — Flow chart for the simplified assessment of RF compliance boundary in

the line df sight of a parabolic.dish antenna ... 162
Figure BJ27 — Radiating,cable geometry ... 163
Figure BJ28 — Synthetic. model and ray tracing algorithms geometry and parameters . |....... 167
Figure BJ29 — Line.4 far-field positions for synthetic model and ray tracing validation

1) €= T 0] o] L= PRSP SUR 169
Figure BJ30-~.Antenna parameters for synthetic model and ray tracing algorithms

validation BXample ... 170
Figure B.31 — Generic 900 MHz BS antenna with nine dipole radiators ...................cc.oeeenl. 177
Figure B.32 — Line 1, 2 and 3 near-field positions for full wave and ray tracing

172211 = 140 o 178
Figure B.33 — Generic 1 800 MHz BS antenna with five slot radiators ................................ 179
Figure B.34 — BS antenna placed in front of a multi-layered lossy cylinder.......................... 185
Figure B.35 — Time variation over 24 h of the exposure induced by NR, GSM and FM,

each normalized to the mean value........ ..o 189
Figure B.36— Generic structure of a base station transmitted RF signal frame..................... 194
Figure B.37 — Example of setup for the direct power level measurement for BS

equipped with direct access conducted output ports........cocooeiiiiiii i, 201

Figure C.1 — Example of a laboratory test setup for validation of an actual power
control feature intended for use with @ 5G BS ... 210


https://iecnorm.com/api/?name=4ac7e25f91470bae24040b624a8b8129

-10 - IEC 62232:2022 © IEC 2022

Figure C.2 — Example of a test setup for validation of an actual power control feature
implemented in @ 5G BS ... s 213

Figure C.3 — Ground based in-situ validation setup .................... 216

Figure C.4 — In-situ validation measurement setup near the general public compliance
boundary in front of the 5G massive MIMO antenna (bore sight position)............................ 217

Figure C.5 — Comparison between measured time-averaged EMF and power control
feature (5G counter data) for the ground-based measurements.............c.ccoeeieiiiiiiiiineieennn, 218

Figure C.6 — Measured exposure adaptation in time expressed as a percentage of
ICNIRP limits [1], [2] for the measurements near the general public compliance
DO UNANY . 218

Figure C.7 — Overview of the measurement Site...........cooiiiiiiiiiiiii e 220

Figure CJ8 — Ground view of the validation site and measurement setup, located 60
from the PG BS, inthe line of sight ..o O 221

Figure CJ]9 — Power transmitted by the massive MIMO antenna (top trace), channel
power (ChP) measurements (middle trace) and transmitted resource block§s*(RBs)

(bottom tface) ..ocve O M b 221
Figure CJ10 — Overview of the test platform ... T 223
Figure CJ11 — Example of synthetic model simulation of the testar€a........................}....... 223
Figure CJ12 — Examples of traffic load profiles ..o O e 223
Figure CJ13 — Example of testing in different segments inthe'testarea ..................... )., 224
Figure CJ14 — Results of the monitoring validation and-baseline test in phase 1.........}....... 225
Figure CJ15 — Example of power density measureménts and power density derived

frOM COUNEEIS...uiiii e e 225
Figure CJ16 — Measured power density and power density derived from counters ......|....... 226
Figure CJ17 — Comparisons of both counterscand measurements...........c..ccooeev fo 226

Figure DJ1 — Measured ER as a function_of distance for a BS (G = 5 dBi,
f=2 100[{MHz) transmitting with an EIRP of 2 W (installation class E2) and 10 W

(installation Class E10) ... e et e e e e e e e e ab e 227
Figure DJ2 — Minimum installation“height as a function of transmitting power
correspohding to installation. €lass E10 .......cooiiiii i e 228

Figure DJ3 — Compliancg-distance in the main lobe as a function of EIRP established [in
accordanlce with the far-field formula corresponding to installation class E100...........|....... 229

Figure DJ4 — Minimuim installation height as a function of transmitting power
correspohding tolinstallation class E100 ..o e 230

Figure D)5 — Averaged power density at ground level for various installation
configure]tions of equipment with 100 W EIRP (installation class E100).............cc.cooo e, 231

Figure D.6 — Compliance distance in the main lobe CD, as a function of EIRP
established in accordance with the far-field formula corresponding to installation

ClaS S Bt e 232
Figure D.7 — Minimum installation height &, as a function of EIRP corresponding to
INStallation Class Bt ... s 232
Figure D.8 — Power density distribution in watts per square metre in a vertical cut

plane for an 8 x 8 antenna array at 28 GHz (grid step of 10 cm) .....cooiiiiiiiiiii, 233
Figure D.9 — Power density distribution in watts per square metre in a vertical cut

plane for an 8 x 8 antenna array at 39 GHz (grid step of 10 cm) .......coviiiiiiiiiiii, 233
Figure E.1 — Spectral occupancy for GMSK ... 237
Figure E.2 — Spectral occupancy for CDMA ... 238
Figure E.3 — Channel allocation for a WCDMA signal..........cocooiiiiiiiiiiii e 241

Figure E.4 — Example of Wi-Fi frames ... ..o 244


https://iecnorm.com/api/?name=4ac7e25f91470bae24040b624a8b8129

IEC 62232:2022 © |[EC 2022 -1 -

Figure E.5 — Channel occupation versus the integration time for IEEE 802.11b

SEANAAIA .o 245
Figure E.6 — Channel occupation versus nominal throughput rate for IEEE 802.11b/g

153 2= 1 o F= T o < 246
Figure E.7 — Wi-Fi spectrum trace snapshot..........cooiiiiiiii e 246
Figure E.8 — Frame structure of transmission signal for LTE-FDD downlink ........................ 250
Figure E.9 — Frame structure LTE-TDD type 2 (for 5 ms switch-point periodicity) ................ 251
Figure E.10 — Frame structure of transmission signal for LTE-TDD ..........ccccoviiiiiiiiiiiniinnennn. 251
Figure E.11 — LTE-TDD PBCH measurement eXample .........ccoooiiiiiiiiiici e 254
Figure E.12 — Example of VBW setting for LTE-FDD and LTE-TDD to avoid

O] a Yo LY =TS 1 [ =40 PPN BTN 255
Figure EJ13 — Examples of received waves from LTE-FDD downlink signals using.a

spectrum( analyser using zero span mMode ........ccooeiveeiiiiiiiieiineiiieieeeeeeen G 256
Figure E|14 — LTE-TDD PBCH measurement example spectrum analyser using zero

£ o 2= T T 2 0 X [ PP N S 257
Figure E|15 — Example of VBW setting for NR to avoid underestimation-....................}....... 261

Figure EJ16 — Examples of measurement accuracy results according to the ratio of
VBW and RBW for NR SCS 30 kHz and 1 MHz RBW using various' SA types (A to D) |....... 261

Figure E|17 — Waterfall reconstruction plot of a 1 s long measurement trace of an NR
signal with subcarrier spacing (SCS) 30 kHz (along one component of the electric field).....262

Figure EJ18 — Example of NR signal frame measured on. SA with SSB signal above

B S0 o I (o F= L - ) . PSSP SR 262
Figure EJ19 — Example of NR signal frame measured on SA with SSB signal below or|

equal to PDSCH (data) ....c.oouiiiiii e cd e T b 263
Figure EJ20 — Time gating of SS burst signal.........cooiiiiii 264
Figure EJ21 — Representation of the channel bandwidth (CBW) ...........ccoooiiiiiinin e, 264
Figure EJ22 — An example for one port"CSI-RS beam design ..........cc.ccevviviieiiiieennn e 267
Figure EJ23 — Plan view representation of statistical conservative model ...................}....... 273
Figure EJ24 — Binomial cumulative probability function for N = 24, PR = 0,125...........}....... 281
Figure EJ25 — Binomial cumulative probability function for N= 18, PR =2/7...............}....... 281
Figure EJ26 — Binomialkcumulative probability function for N = 100, PR=0,125........|....... 285
Figure EJ27 — Binothial cumulative probability function for N= 82, PR =2/7...............}....... 285
Figure F.j1 — Limits for brief exposure (¢ < 360 s), seeTable F.1, divided by the
correspohding-time interval t and normalized with the value obtained for ¢ up to 360 sf....... 289
Figure F.2—Fpr—mmes-a-funetion-efthe-puise-duration-assuming-a-whote-bedy

averaging time Of 30 MiN ... 293
Figure F.3 — FpPR min as a function of the pulse duration assuming an averaging time

Lo 1 T 0 1o 293
Figure G.1 — Examples of general assessment schemes...................oon. 297
Figure G.2 — Target uncertainty SCheme OVErvieW............cooiiiiiiiiiiiiic e 298

Figure G.3 — Probability of the true value being above (respectively below) the
evaluated value depending on the confidence level assuming a normal distribution ............ 302

Figure G.4 — Plot of the calibration factors for £ (not E2) provided from an example
calibration report for an electric field probe ..o 305

Figure G.5 — Computational model used for the variational analysis of reflected RF
fields from the front Of @ SUINVEYOr ... 311

Figure G.6 — EUT positioning equipment and different positioning errors ............................ 317


https://iecnorm.com/api/?name=4ac7e25f91470bae24040b624a8b8129

-12 - IEC 62232:2022 © IEC 2022

Figure G.7 — Physical model of small-scale fading variations .............ccocoiiiiiiiiinineineenn. 320
Figure G.8 — Example of E-field strength variations in line of sight of an antenna

operating at 2,2 GHz. ... e 320
Figure G.9 — Error at 95 % on average power estimation ..............ccoiiiiiiiiiii 321
Figure G.10 — 343 measurement points building a cube (centre) and different

templates consisting of a different number of positions ..........ccooiiiiiiiiiii 323
Figure G.11 — Moving a template (Line 3) through the cube ..., 324
Figure G.12 — Standard deviations for GSM 900, DCS 1800 and UMTS ..........ccoiiiiiiiiinnenn. 326
Figure G.13 — Simulation arrangement..... ..o 328
Figure G.14 — Body iNfIUBNCE .. ...coe e 328
Figure GJ15 — Simulation arrangement...........ccooooiiiiiiiiiieeee Ol b 329
Table 1 4 Quick start guide evaluation steps........ccoocoveiiiiiiiiiiini L Ot 41
Table 2 4 Example of product installation classes where a simplified evaluation

process is applicable (based on ICNIRP general public limits [1] and [ZP.7..ccveeeei foennis 57
Table 3 4 Exposure metrics validity for evaluation points in each selrce region.........|......... 71
Table 4 4 Requirements for RF field strength and power densityxmeasurements........|......... 73
Table 5 4 Whole-body SAR exclusions based on RF power levels............cooooeeiiii e, 73
Table 6 4 Requirements for SAR measurements........... 2o, 74
Table 7 4 Applicability of computation methods for source-environment regions of

o U =Tt I e PP PPRPTRPRTTPRI SURPTN 75
Table 8 4 Requirements for computation methodsS.:............ccooiiiiiiii 75
Table A.1 — Definition of SOUIrCe regions...... o8 i e 86
Table A.2 — Default source region boundaries...........ccoeeviiiiiiiiiiiiiniieeeeee e, 86
Table A.3 — Source region boundaries for antennas with maximum dimension less thgn

2,5 2 e e e 87
Table A.4 — Source region boundaries for linear/planar antenna arrays with a maximum
dimensioh greater than or equal'to 2,5 4 ..o b 87
Table A.% — Source region _boundaries for equiphase radiation aperture (e.g. dish)

antennag| with maximumreflector dimension much greater than a wavelength ...........[......... 88
Table A.§ — Sourceregion boundaries for radiating cables..............ccoooiii e, 88
Table A.T — Far-field distance » measured in metres as a function of angle f.............}......... 90
Table A.§ — Guidance on selecting between computation and measurement

F= 0] o] Ko T= L] o 1=~ PP SURPS 91
Table A.9 — Guidance on selecting between broadband and frequency selective

aT=T= T = 0 01T oL PP 92
Table A.10 — Guidance on selecting RF field strength measurement procedures................... 93
Table A.11 — Guidance on selecting computation methods...........ccooooiiiiii 94
Table A.12 — Guidance on specific evaluation method ranking.............co.ooin . 95
Table B.1 — Dimension variables ... ... 97
Table B.2 — RF pOWEr Variables . ..o e 97
Table B.3 — Antenna variables ... ... 98
Table B.4 — Exposure metric variables ... ... 98
Table B.5 — Broadband measurement system minimum requirements .................c.coooveiinnns 111

Table B.6 — Frequency selective measurement system minimum requirements ................... 112


https://iecnorm.com/api/?name=4ac7e25f91470bae24040b624a8b8129

IEC 62232:2022 © |[EC 2022 -13 -

Table B.7 — Example template for estimating the expanded uncertainty of an in-situ RF
field strength measurement that used a frequency selective equipment .......................coeell

Table B.8 — Example template for estimating the expanded uncertainty of an in-situ RF
field strength measurement that used a broadband equipment..................

Table B.9 — Example template for estimating the expanded uncertainty of a laboratory-
based RF field strength or power density measurement using the surface scanning
L T=11{ 3 o To 1 PP PPPPRPRR

Table B.10 — Example template for estimating the expanded uncertainty of a
laboratory-based RF field strength or power density measurement using the volume
SCANNING ME RO ..o e e e

Table B.11 — Numerical reference SAR values for reference dipoles and flat phantom —

A” Value aranaoronalioad 0 o £ o d_oaownar af-41 \AL
PO o OO NZC U TO O TOTWOT U POWCT T OT T VV s rrrrrrrrrrrrrrrrrrrrrrsssssrrrrrrrrrreifprennnns

Table B.12 — Phantom liquid volume and measurement volume used for whole-body
SAR medsurements [61], [77] couoeeneiiiiiiiee e N b

Table B.13 — Correction factor to compensate for a possible bias in the obtained
general gublic whole-body SAR when assessed using the large box-shapéed-phantom
for child ¢xposure configurations [72]........cooiiiiii e G e

Table B.14 — Measurement uncertainty evaluation template for EUT{whole-body SAR
test 144

Table B.15 — Measurement uncertainty evaluation template for(whole-body SAR
system VAIAation ... ..o e b

Table B.16 — Definition of boundaries for selecting the zene of computation ..............|.......
Table B.17 — Input parameters for cylindrical and spherical formulas validation .........|.......
Table B.18 — Applicability of SAR estimation formuas .................coooiiiiin e,
Table B.19 — Calculation of A(f, d)......oeeuieiiie et e b
Table B.20 — Antenna parameters for SARestimation formulas verification ...............}.......
Table B.21 — Verification data for SARsestimation formulas — front........................... ]
Table B.22 — Verification data for SAR estimation formulas — axial and back .............}.......

Table B.23 — Example template for estimating the expanded uncertainty of a syntheti
model and ray tracing RF field strength computation...................coooi b

Table B.24 — Synthetic model and ray tracing power density reference results...........|.......

Table B.25 — Exampleitemplate for estimating the expanded uncertainty of a full wavg
RF field gtrength / power density computation............cooooiiiiiiif

Table B.26 — Validation 1 full wave field reference results..........cccoooiviiiiiiiiiiiiiniboenn,
Table B.27 —(Validation 2 full wave field reference results...........ccoooiiiiiiiiiiiiiiiinboenn.

Table B.28'="Example template for estimating the expanded uncertainty of a full wavd
SAR COMPUIATION <. e

Table B.29 — Validation reference SAR results for computation method ..............................

Table B.30 — Relevant parameters for performing RF exposure modelling studies of a
massive MIMO site Or Site CIUSTEr ..o

Table B.31 — Measurement campaign parameters for performing RF exposure
assessment of a massive MIMO site or site cluster ...

Table B.32 — Power combination factors applicable to the normalized actual
transmitted power CDF in case of combination of multiple independent identical
AN S M O S . e

Table B.33 — Power combination factors applicable to two independent transmitters
with @ ratio p in amplitude ...

Table C.1 — Relative difference between the measured averaged transmitted power
and actual power counter value for systems that allow direct power level
(gT=F= VT =T 0 0 1= oL PP PP


https://iecnorm.com/api/?name=4ac7e25f91470bae24040b624a8b8129

- 14 - IEC 62232:2022 © IEC 2022

Table C.2 — Correlation between the configured maximum power level and the level
reported by actual power counters for BS that allow direct power level measurements........ 205

Table C.3 — Correlation between the configured time-averaged load levels and the
actual power counter value for systems that allow direct power level measurements........... 205

Table C.4 — Relative difference between the configured maximum power, measured
averaged transmitted power, and actual power counters for systems that do not
support direct power level MeasuremMeEnts .. ..o 206

Table C.5 — Correlation between the configured power level and the level reported by
power counters for BS that do not support direct power level measurements ...................... 207

Table C.6 — Correlation between time linearity of the configured maximum power level
and the level reported by actual power counters for BS that do not support direct power

level megsgremets——— 209
Table E.1 — Technology specific information ..............ccoooiiiiiiiii L O 234
Table E.2 — Example of spectrum analyser settings for an integration per service™....|....... 239
Table E.3 — Example constant power components for specific TDMA/FDMA

teChNOlO@IES ... M b 240
Table E.4 — WCDMA decoder characteristics .........c.cooovviviiiiniiiiiiie e e e 242
Table E.% — Signal configurations............ccccoociiiiiiiiiiiii S0, 242
Table E.§ — WCDMA generator setting for power linearity .......00% oo 243
Table E.f — WCDMA generator setting for decoder calibration.............c...cooco b 243
Table E.§ — WCDMA generator setting for reflection coefficient measurement ...........}....... 244
Table E.9 — Uplink-downlink configurations............. 505 e, 252
Table E.10 — Theoretical extrapolation factor, NG, based on frame structure given in

BGPP TY 36.104 [21] e iii i B et et e e e e e e een e 253
Table E.11 — Fgyy for each combination of\BS channel bandwidth and SSB subcarrie

spacing ((SCS) for sub-6 GHz signals .sfl. i, 259
Table E.12 — Fgyy for each combination of BS channel bandwidth and SSB subcarrie

spacing (([SCS) for mm-wave SigRalS........cc.oiiiiiiiiiii e b 260
Table E.{13 — List of variablesiin‘the case study ...........ccooiiiiiiiiii e, 284

Table F.1 — Brief exposure_limits for the general public integrated over intervals of
between 0 min and 6 min-as specified by ICNIRP-2020 [1] ....oevieiiiiiiiiiiieeeieieeeee e 289

Table F.3 — Minimum*pR, FPR min. for which compliance with the time-averaged
whole-body limits ICNIRP-2020 [1] inherently ensures compliance with the brief

exposurg limitsspecified by ICNIRP-2020 [1]..ccuieniiniiiiiiice e b, 293
Table G.] <=Determining target uncertainty ..o 298
Table G.2 — Monte Carlo simulation of 10 000 trials, both surveyor and auditor using

DSt S IM At .. e e 300
Table G.3 — Monte Carlo simulation of 10 000 trials, both surveyor and auditor using

target uncertainty Of 4 dB ... 300
Table G.4 — Monte Carlo simulation of 10 000 trials where surveyor uses upper

95 % Cl and auditor uses lower 95 % Cl ... 301
Table G.5 — Guidance on minimum separation distances for some dipole lengths such

that the uncertainty does not exceed 5 % or 10 % in a measurementof E............ccoecieennnen. 309

Table G.6 — Guidance on minimum separation distances for some loop diameters such
that the uncertainty does not exceed 5 % or 10 % in a measurement of H ...........cc.ccieennnen. 309

Table G.7 — Example minimum separation conditions for selected dipole lengths for
TO 0 UNCEIAINTY IN E ettt e e e e et et e e e eneees 310

Table G.8 — Standard estimates of dB variation for the perturbations in front of a
surveyor due to body reflected fields as described in Figure G.5............coiiii. 312


https://iecnorm.com/api/?name=4ac7e25f91470bae24040b624a8b8129

IEC 62232:2022 © |[EC 2022 - 15—

Table G.9 — Standard uncertainty (u) estimates for £ and H due to body reflections
from the surveyor for common radio services derived from estimates provided in

Al BB i 312
Table G.10 — Maximum sensitivity coefficients for liquid permittivity and conductivity

over the frequency range 300 MHZ t0 6 GHZ..........oiiiiiii e 319
Table G.11 — Uncertainty at 95 % for different fading models...........c..cooiii s 322
Table G.12 — Correlation coefficients for GSM 900 and DCS 1800 ........c.coceeviiiiiiiiiininiinnnnees 325
Table G.13 — Variations of the standard deviations for the GSM 900, DCS 1800 and

UMTS freqUeNCY DandS . ... oo e 326
Table G.14 — Examples of total uncertainty calculation ... 327
Table G.15 aximum-simulated-error due to > influence of a human-body ¢ =
measurement values of an omnidirectional probe............c.coooiiiiiiiiiiin O 329

Table G.]6 — Measured influence of a human body on omnidirectional probe
MEASUIEIMENTS ...ttt et ee e e ooy Cannens



https://iecnorm.com/api/?name=4ac7e25f91470bae24040b624a8b8129

1)

2)

3)

4)

5)

6)

7)

8)

9)

- 16 - IEC 62232:2022 ©

INTERNATIONAL ELECTROTECHNICAL COMMISSION

IEC 2022

DETERMINATION OF RF FIELD STRENGTH, POWER DENSITY

AND SAR IN THE VICINITY OF BASE STATIONS FOR
THE PURPOSE OF EVALUATING HUMAN EXPOSURE
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INTRODUCTION

This document addresses the evaluation of RF field strength, power density and specific
absorption rate (SAR) levels in the vicinity of base stations (BS), also called products or
equipment under test (EUT), intentionally radiating in the radio frequency (RF) range 110 MHz
to 300 GHz in accordance with the scope, see Clause 1. It does not address the evaluation of
current density.

RF exposure evaluation methods to be used for product compliance, product installation
compliance and in-situ RF exposure assessments are specified in this document. Exposure
limits are not specified in this document. The entity conducting RF exposure assessments refers
to the set of exposure limits applicable where exposure takes place. Examples of applicable

exposur mits—considered—in—this—doctment—are pluv;dcd —the B;b:;uylaphy, for example

ICNIRP-32020 [1], ICNIRP-1998 [2], IEEE Std C95.1™-2019 [3] and Safety Code 6-[4]

NOTE In this document, "ICNIRP" used without "-1998 or "-2020" applies to both [1] and [2].

This docyment is based on IEC 62232:2017 leveraging guidelines and lessons learneq from the
implementation guide IEC TR 62669:2019 [5]. In particular, it specifigs\how to implgment the
actual maximum approach.

Clause 2| Clause 3 and Clause 4 address normative referencesst{erms and definitions,|[symbols,
and abbrgviated terms, respectively.

Clause 5|provides advice on how to use this document;. including a quick-start guide.

Clause 6|describes the three main application areas of this document: RF exposure evaluation
methods |for product compliance, product installation compliance, and in-situ RF pxposure
assessments. It includes the key requiremenis*for assessing RF exposure based on using the
actual mpximum approach. It also includes”simplified criteria for putting BS into gperation.
Further details are provided in Annex C~Annex D and Annex E.

Clause 7 provides guidelines on<hew to select the evaluation method. Further dg¢tails are
provided|in Annex A.

Clause 8|specifies the RF(exposure evaluation methods to be used and refers to furthger details
in Annex|B, Annex C, Ahnex F and Annex H.

Clause 9|addresses(the estimation of uncertainty and refers to Annex G and Annex H for further
details.

Clause 1pdescribes reporting requirements for the evaluation or assessment.

Annexes and the bibliography are referenced extensively to provide useful clarifications or
guidance.

Additional guidance can be found in IEC TR 62669:2019 [5], which includes a set of case
studies providing practical examples of the application of this document.
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DETERMINATION OF RF FIELD STRENGTH, POWER DENSITY
AND SAR IN THE VICINITY OF BASE STATIONS FOR
THE PURPOSE OF EVALUATING HUMAN EXPOSURE

1 Scope

This document provides methods for the determination of RF field strength, power density and
specific absorption rate (SAR) in the vicinity of base stations (BS) for the purpose of evaluating
human exposure

This docdiment:

a) consiflers intentionally radiating BS which transmit on one or more antennas using one or
more [frequencies in the range 110 MHz to 300 GHz;

b) consiflers the impact of ambient sources on RF exposure at least in‘the 100 kHz to[300 GHz
frequéncy range;

c) specifies the methods to be used for RF exposure evaluation“*for compliance asgessment
appligations, namely:

1) prpoduct compliance — determination of compliance boundary information for a BS
product before it is placed on the market;

2) prpduct installation compliance — determination of the total RF exposure |levels in
adcessible areas from a BS product and othéer relevant sources before the product is put
info operation;

3) intsitu RF exposure assessment — measurement of in-situ RF exposure leve¢ls in the
viginity of a BS installation after the\product has been taken into operation;

d) specifies how to perform RF exposure’assessment based on the actual maximum gpproach;

e) descrjbes several RF field strength, power density, and SAR measurement and corputation
methgdologies with guidance_on their applicability to address both the in-situ evaluation of
installed BS and laboratory-based evaluations;

f) descrjbes how surveyaors establish their specific evaluation procedures appropriate for their
evaluption purpose;

g) provides guidance-on how to report, interpret and compare results from different ejvaluation
methgdologies-and, where the evaluation purpose requires it, determine a justified decision
againgt a limit-value;

h) provides methods for the RF exposure assessment of BS using time-varying bean]-steering
technplegies such as new radio (NR) BS using massive multiple input multiple output
(MIMO).

NOTE 1 Practical implementation case studies are provided as examples in the companion Technical Report
IEC TR 62669:2019 [5].

NOTE 2 Although the current BS product types have been specified to operate up to 200 GHz (see, for example,
[6] and [7]), the upper frequency of 300 GHz is consistent with applicable exposure limits.

NOTE 3 The lower frequency considered for ambient sources, 100 kHz, is derived from ICNIRP-1998 [2] and
ICNIRP-2020 [1]. However, some applicable exposure guidelines require ambient fields to be evaluated as low as
3 kHz, e.g. Safety Code 6 [4] and IEEE Std C95.1-2019 [3].

NOTE 4 Specification of appropriate RF exposure mitigation measures such as signage, access control, and training
are beyond the scope of this document. It is possible to refer to the applicable regulations or recommended practices
on these topics.

NOTE 5 While this document is based on the current international consensus about the best engineering practice
for assessing the compliance of RF exposure with the applicable exposure limits, it is possible that national regulatory
agencies specify different requirements. The entity conducting an RF exposure assessment needs to be aware of
the applicable regulations.
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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, Human exposure to radio frequency fields from hand-held and body-
mounted wireless communication devices — Human models, instrumentation, and procedures:
Measurement procedure for the assessment of specific absorption rate of human exposure to
radio frequency fields from hand-held and body-worn wireless communication devices
(Frequency range of 4 MHz to 10 GHz)

IEC 622(09-3, Measurement procedure for the assessment of specific absorption rate/pf human
exposureg to radio frequency fields from hand-held and body-mounted wireless-communication
devices + Part 3: Vector measurement-based systems (Frequency range of 6Q0'MHz o 6 GHz)

IEC 62311, Assessment of electronic and electrical equipment related ,to human exposure
restrictiops for electromagnetic fields (0 Hz — 300 GHz)

IEC 62479, Assessment of the compliance of low power electronic and electrical appafatus with
the basic|restrictions related to human exposure to electromagnetic fields (10 MHz — B00 GHz)

IEC/IEEH 62704-1, Determining the peak spatial-average  specific absorption rate (SAR) in the
human blody from wireless communications devices;»"30 MHz to 6 GHz — Part 1] General
requiremgnts for using the finite difference time-domain (FDTD) method for SAR calclilations

IEC/IEEH 62704-2, Determining the peak spatial-average specific absorption rate (SAR) in the
human blody from wireless communicationS;devices, 30 MHz to 6 GHz — Part 2] Specific
requirements for finite difference time domain (FDTD) modelling of exposure from vehicle
mounted|antennas

IEC/IEEH 62704-3, Determining the peak spatial-average specific absorption rate (SAR) in the
human blody from wireless communications devices, 30 MHz to 6 GHz — Part 3] Specific
requiremgnts for using the finite difference time domain (FDTD) method for SAR calcuations of
mobile phones

IEC/IEEH 62704-4,,Recommended practise for determining the Peak Spatial Averagge Specific
Absorptign Rate (SAR) in the human body from wireless communications devices, 30 MHz —
6 GHz: Qeneral-requirements for using the Finite-Element Method (FEM) for SAR calculations
and spetific\requirements for modelling vehicle-mounted antennas and personal| wireless
devices

IEC/IEEE 63195-1, Measurement procedure for the assessment of power density of human
exposure to radio frequency fields from wireless devices operating in close proximity to the
head and body — Frequency range of 6 GHz to 300 GHz

IEC/IEEE 63195-2, Determining the power density of the electromagnetic field associated with
human exposure to wireless devices operating in close proximity to the head and body using
computational techniques, 6 GHz to 300 GHz
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3 Terms and definitions

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

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

addresse

S:

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

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

3.1

absorbed energy density

Uab
temporal

Note 1 to e

where
S is th

is tH

ab

1

iy is tH

3.2
absorbe
Pp
RF powe

Note 1 to €

where
E(x,y,2)
o(x,,z)

3.3
absorbe

integration of the absorbed power density, S, between time ¢4, and ¢,

htry: Given by the following equation from ICNIRP-2020 [1]:

i
Uab = Lz Sab (t)dt

1

e absorbed power density;
e start time of the assessment;

e stop time of the assessment.

il power
r dissipated in a volume V'

htry: Given by

Py = IV o(x, y,z)[E(x,y,z)]2 dav

s the RMS value'of the electric field strength in the absorbing material at the point (x,y,z) in vol
s the elegtricrconductivity of the absorbing material at the point (x,y,z) in siemens per metre.

. power density

Sab

spatial average over an area 4 of the power dissipated per unit of body surface

Note 1 to e

ntry: Given by the following equation derived from ICNIRP-2020 [1]

s = mel[5] o

is the real part of the complex Poynting vector §;

is the integral variable vector with its direction normal to 4;

is the averaging area.

per metre;
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3.4

actual

<transmitted power or EIRP or exposure> time-average of the transmitted power or EIRP or
exposure from the equipment under test (EUT) in operation using the actual averaging time

3.5
actual averaging time
T,

avg_act
time duration used for the averaging of the transmitted power or EIRP or exposure when
implementing the actual maximum approach

3.6

actual maximum
<transmi{ted power or EIRP or exposure> maximum of the actual transmitted power of EIRP or
exposurg| from the EUT during a given period (e.g. week or month)

3.7
actual mpximum approach
evaluatioh of RF exposure taking into account the actual maximum thereof

3.8
actual mpximum threshold
<actual transmitted power or EIRP> upper limiting value during base station (BS) opIration of
the actugl transmitted power or EIRP configured by theh)EUT, for example using transmitted
power or|EIRP control features and tools implemented:in‘the EUT

3.9
ambient ffield
background electromagnetic field in the frequency range from at least 100 kHz to 300 GHz other
than the emissions from the EUT in the frequency range 110 MHz to 300 GHz

Note 1 to gntry: Some applicable exposure /guidelines require ambient fields to be considered as low as 3 kHz,
e.g. Safety|Code 6 [4] and IEEE Std C95.1:2019 [3].

3.10
ambient [source
transmitter generating ambient fields

3.11
antenna ffactor
ratio of the electtomagnetic field strength incident upon an antenna to the voltage (V) that is
produced acfoss a specified impedance (e.g. 50 Q) terminating the line connection of the
antenna

3.12

assessment

undertaking of an evaluation of RF exposure from an EUT in order to arrive at a judgement
about comparison with the applicable exposure limits

3.13

assessment configuration

set of parameters which together represent the base station (BS) configuration to be assessed
in accordance with the evaluation purpose, e.g. for conformity assessment

3.14

assessment domain boundary

ADB

surface surrounding the EUT outside of which the total exposure ratio (TER) is lower than 0,05
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Note 1 to entry: Itis possible that applicable regulations consider exposure ratio (ER) lower than 0,05 to be relevant
(e.g. 0,01 of the measured TER).

3.15
assessment scheme
synopsis of the assessment process

EXAMPLE Measurements compared to limit value considering uncertainty.

3.16

auditor

person(s) having the appropriate level of expertise and responsible for planning, executing and
reporting on the evaluation of RF field strength, power density or SAR levels and responsible
for the verification of RF exposure compliance

Note 1 to eptry: The auditor can be a member of the regulatory agency or a third-party RF safetycconsultant. As an
example, ajcompany could audit the compliance of their own facility, or a second RF safety consuitant fcould audit
the results jof an initial survey.

3.17
average transmitted power
time-avefraged transmitted power

Pavg
rate of transmitted energy transfer expressed in watts

Note 1 to eptry: Given by

where

t is tHe start time of the observation in seeonds;

1

t is the stop time of the observation incfseconds;

2
P(¢) is the instantaneous transmitted({power in watts.

3.18
averaginlg time
T,

avg
time duration specified' in the applicable exposure limit guidelines over which exposure is
averaged

Note 1 to éntryl Depending on the applicable exposure limits, T,avg can take different values for Idcalized RF

exposure ( "avg_|oca|) or whole-body exposure (Tavg_wb); see, for example, [1].

3.19

base station

product

equipment under test

BS

EUT

equipment, permanently or temporarily installed, including the radio transmitter and associated
antenna(s) as used in wireless telecommunications networks

EXAMPLE Base stations for mobile communications, radio-relays, wireless local area network access points, base
stations for cordless telephony, etc. that are not normally used in close proximity (i.e. within 20 cm) to the human
body.

Note 1 to entry: Examples of wireless telecommunications networks include those used in mobile
telecommunication systems in accordance with ITU-R M.1224-1 [8], wireless local area networks, public safety
networks and fixed wireless systems (including radio-relay systems, point-to-point communication and point-to-
multipoint communication in accordance with ITU-R F.592-4 [9] and ITU-R F.1339-1 [10]).
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Note 2 to entry: In the context of this document, radar transmitters, TV and radio broadcast equipment are not
considered to be base station equipment.

3.20

basic restriction

exposure limit value specified in terms of an internal electromagnetic quantity in the body, such
as specific absorption rate (SAR), arising from exposure to incident external electromagnetic
fields

Note 1 to entry: More detailed rationale and definitions are provided in the applicable exposure guidelines; see, for
example ICNIRP-2020 [1], ICNIRP-1998 [2], IEEE Std C95.1-2019 [3] and Safety Code 6 [4]. It is possible that
alternative terms for basic restriction are used, such as dosimetric reference limit (DRL) specified in IEEE Std C95.1-
2019 [3].

3.21
broadcaLt control channel
BCCH
logical brpadcast channel used by the base station in a GSM network to send.infermatjon about
the identity of the network

3.22
broadcat/t EIRP envelope
EIRP enpelope considering the configured broadcast beam, patterns and the cpnfigured
maximumn transmitted power

3.23
broadcast radiation pattern envelope
configurgd envelope radiation pattern considering the.broadcast beam patterns

3.24
broadcast signal
stable reference signal used in a base station (BS) to transmit synchronization signals and not
subject tp time variation due to user _equipment (UE) traffic, comprising physical Qroadcast
channel (PBCH) for 5G or reference.signal (RS) for 4G LTE

3.25

carrier
in a modplated signal, the~spectral component of a modulated signal having the frequency of
the perioflical carrier prior;to6 modulation

Note 1 to eptry: Carriériis’ often used as an equivalent to channel.

[SOURCE: IEC<60050-702:1992, 702-06-06 [11]]

3.26
channel
section of RF spectrum with a given frequency and bandwidth used for the transmission of a
signal

Note 1 to entry: Carrier is often used as an equivalent to channel.

Note 2 to entry: Subcarrier or specific channel, e.g. physical broadcast channel (PBCH), can be used to represent
a section of a channel.

3.27

collinear array antenna

antenna consisting of a linear array of radiating elements, usually dipoles, with their axes lying
in a straight line
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3.28

compliance boundary

cB

surface of arbitrary shape defining a volume outside of which the applicable exposure limit is
not exceeded

3.29

compliance distance

CD

distance from the EUT antenna to the compliance boundary for a stated direction and set of
transmission conditions

Note 1 to entry: In the absence of a stated direction, the compliance distance is the maximum distance from the
EUT antenpa to the compliance boundary.

3.30
configured envelope radiation pattern
non-physjical radiation pattern obtained by taking, for each azimuth and elevation direftion, the
maximum performance among the set of the radiation patterns of the“base station| antenna
configurdd during operation

3.31
configurpd maximum
<transmifted power or EIRP> RMS maximum of the <transmitted power or EIRP> |value as
configurgd in the network manager of the base station

Note 1 to eptry: This does not include the technology duty-cycle\factor.

3.32
control Boundary
set of logations which together specify whére human access to a compliance bolindary is
restricteq by either warnings or physical controls

3.33
cumulative distribution function
CDF
<of a rea|-value random variable X evaluated at x> probability that X takes a value leds than or
equal to }

3.34
directivity
D
<of an arjtenna) in a given direction> ratio of the radiation intensity produced by an aptenna in
a given djregtion to the value of the radiation intensities averaged across all directiong in space

Note 1 to entry: If no direction is specified, the direction of maximum radiation intensity from the given antenna is
implied.

Note 2 to entry: The directivity is independent of antenna losses and equal to the absolute gain in the same direction
if the antenna has no internal losses.

Note 3 to entry: The ratio can also be expressed in decibels: dBi for decibels relative to an isotropic radiator, or
dBd for decibels relative to a half-wave dipole having a gain of 2,15 dBi.

3.35
dish antenna
parabolic antenna usually used for radio-relays or point-to-point communications

Note 1 to entry: See more in ITU-R F.592-4 [9] and ITU-R F.1339-1 [10].
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3.36

domain of investigation

DI

volume within the assessment domain boundary (ADB) where there is access and where an
RF exposure evaluation or assessment is performed

Note 1 to entry: Access in this context refers to any part of the body being within the ADB under normal conditions.

3.37

dynamic range

<of an exposure metric> difference, over a given period of time, between maximum and
minimum values of an exposure metric, expressed in decibels

Note 1 to eptry: In some cases, the dynamic range can be expressed as an interval.

3.38
electric field strength
E-field strength

E
vector fiefld quantity £ which exerts on any charged particle at rest a forcg ¥ equal to the product
of E and the electric charge Q of the particle:

F=0Q E
[SOURCE: IEC 60050-121:1998, 121-11-18 [12]]

3.39
equivalent isotropic radiated power
EIRP
product df the radio frequency input power intoran antenna and the absolute gain of thg antenna
in a given direction relative to an isotropic radiator

[SOURCE: IEC 60050-712:2021, 712-02-51 [13], modified — In the term, "isotropically"|has been
replaced|by "isotropic"; in the definition, "power supplied by a radio transmitter to" has been
replaced |by "radio frequency input'power into" and "relative to an isotropic radiator" has been
added.]

3.40
evaluation
<of an eX{posure metric> process of determining a value of an exposure metric

3.41

evaluatign{configuration
set of pwmmed in the

evaluation

3.42

evaluation location

specific physical location at which a single parameter value or multiple field parameter values
have been measured or computed

Note 1 to entry: In the case of spatial averaging, this is the reference location specified in the spatial averaging
scheme.

3.43

evaluation purpose

reason for performing the RF exposure evaluation, such as product compliance, product
installation compliance, or in-situ evaluation
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3.44

exposure limit

exposure limit value

maximum value of an electromagnetic quantity a person can be exposed to from time-varying
electric, magnetic, and electromagnetic fields, that is specified by the applicable RF exposure
guidelines in terms of basic restrictions and reference levels including, when applicable,
frequency dependency, spatial averaging and time averaging

Note 1 to entry: Exposure limits are not specified in this document. The entity conducting the RF exposure
assessment needs to be aware of the applicable exposure guidelines. Examples of applicable exposure limits
considered in this document are provided in the bibliography, for example ICNIRP-2020 [1], ICNIRP-1998 [2], IEEE
Std C95.1-2019 [3] and Safety Code 6 [4].

3.45
exposurt metric
electromagnetic quantity used for specifying exposure limit values

Note 1 to eptry: More detailed rationale and definition is provided in IEEE Std C95.3™-2021 [14].

3.46
exposure ratio
ER
ratio of tHe exposure metric and the applicable exposure limit, both\expressed in terms|of power

2 2
EXAMPLE | ER = » ER =max [ E j [ H ] , Wwhere S, E; - and H,  are the applicable limits.

Siim lim Hijim,

Note 1 to ¢ntry: The exposure ratio can also be expressed as a percentage of the applicable exppsure limit,
i.e. ER % q ER (dimensionless) x 100 %.

3.47
frequendy response
<of a prope> curve representing the variations, with respect to frequency, of the indicated level
of the exposure metric of a probe

3.48
full buffgr
base statjon traffic model with’ one or multiple user equipments (UEs) in a cell characterized by
a constanmt number of cannected UEs and the buffers of the UE related data flows continuously
having an unlimited amount of data to transmit

Note 1 to eptry: Derived from [15].

3.49
full wav
<method> computational method to solve the Maxwell's equations for electromagnetic waves
numerically without any initial physical approximations being made

3.50

gain

G

ratio of the radiation intensity produced by a given antenna in a given direction to the radiation
intensity that would be obtained if the power accepted by the antenna were radiated equally in
all directions

Note 1 to entry: If no direction is specified, the direction of maximum radiation intensity from the given antenna is
implied.

Note 2 to entry: When the absolute gain is expressed in decibels, the notation dBi is recommended by the
International Telecommunication Union as a unit symbol.
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general public

GP

all persons not classified as worker

3.52

in-situ RF exposure evaluation
determination of in-situ RF exposure levels in the vicinity of a base station installation during

operation

3.53
incident
Uinc

energy density

temporal

Note 1 to e

where

S is the

t is the

1

t is the

2

Note 2 to 4
power deng

3.54

intended
reasonab
applicabl
including

3.55
licensed
LAA
variant o

3.56

linearity
<of a cu
function

integration of the power density, S, between time ¢, and ¢,

htry: Given by the following equation derived from ICNIRP-2020 [1]:

U, :J.:ZS(t)dt

inc
1

power density;
start time of the assessment;

stop time of the assessment.
ntry: In the context of this document, "power density" S is used in this definition instead

ity" introduced in ICNIRP-2020 [1].

use
ly foreseeable use of a base station for the purpose intended, over its full

a)
-

installation and operation jinstructions

assisted access

LTE used wijthwunlicensed frequency band

ve>\ deviation from a straight line of a curve representing an output quar

bf "incident

range of

functions, in accordance *with the instructions provided by the mandfacturer,

tity as a

pf\an”input quantity

3.57

localized RF exposure
value of RF exposure averaged over a small area or volume or mass as specified by applicable
RF exposure guidelines

3.58

local SAR
SAR averaged within a local region based on a specific averaging mass

3.59

lower detection limit

minimum

quantifiable response of an item of measuring equipment
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3.60

magnetic field strength

H-field strength

H

vector quantity obtained at a given point by subtracting the magnetization M from the magnetic
flux density B divided by the permeability of free space ug:

B
H=—"-M

Ho

Note 1 to entry: In a vacuum, the magnetic field strength is at all points equal to the magnetic flux density divided

by the permeabhility of free space:

Note 2 to entry: The rotation of the magnetic field strength is the total of the conduction and displacement current
density J:

rot H = J;

Note 3 to entry: The magnetic flux density B is sometimes called.“magnetic field", risking confusign with the
magnetic fipld strength H.

[SOURCE: IEC 60050-121:1998, 121-11-56 [12]]

3.61
massive|MIMO

massive|multiple-input, multiple-output
mMIMO
multi-antgnna technique, characterized by a large number of antennas (typically abgve eight)
to allow| beamforming and beam-steering in addition to MIMO techniques improving
communigation performance, capacity and coverage

Note 1 to eptry: More details gh™massive MIMO techniques can be found in [16].

3.62
massive|MIMO antenna
antenna pised with a BS implementing massive MIMO techniques

Note 1 to eptry: “~The term "massive MIMO antenna" is often used in this document with the same meanipg as time-
varying begmsstéering antenna.

3.63
maximum transmitted power

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

Note 1 to entry: This applies either to the rated or configured power.

3.64

measurement drift

power drift

gradual deviation over time from a reproducible reading of the measured value
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3.65

measurement system

equipment used for measuring exposure metrics which can include probes, antennas, meters,
amplifiers, chambers, stands, and associated components

3.66

multiple-input, multiple-output

MIMO

technique used to increase the communication throughput by using transmission of two or more
different data streams on two or more different antennas, using the same resources in both
frequency and time, separated only by the use of different reference signals, and to be received
by two or more antennas

3.67
network management system
NMS
system providing a package of end-user functions with the responsibility fer fhe management
of a netwjork, mainly as supported by the element managers but also involving direct access to
the netwgrk elements in a mobile network

3.68
network jperformance tool
tool for tgking active measurements of the maximum achievable’bandwidth on an IP rletwork

3.69
new radijo
NR
5G mobile network technology as specified by the 3rd Generation Partnership Project (3GPP)

Note 1 to eptry: See, for example, 3GPP 38.104 [1Z]40or the specification of NR base stations.

3.70
peak antenna gain
Gp
maximun} value of the gain considering all radiating directions
3.7
peak spdtial-average. SAR

psSAR
maximum SAR ayeraged within a local region based on a specific averaging mass

Note 1 to eptry: \_A specific averaging mass can be, for example, any 1 g or 10 g of tissue in the shape ¢f a cube.

N t 2t + - L tht &l it 4 SADR L 4 4.0. AY otk + 4 oSADR
ote 2 to entryp—t-this—deeument—thetermspsSARAover—gortH0gand-theterms—gSAR

used interchanéeably.

¢—+8'g SAR are

att

3.72

physical broadcast channel

PBCH

transmission channel that is used to transfer information to all user equipments (UEs) that are
operating in a radio coverage area

Note 1 to entry: See 3GPP TS 36.211 [18] for LTE and 3GPP TS 38.211 [19] for NR.

3.73

physical downlink control channel

PDCCH

channel that carries scheduling assignments and other control information

Note 1 to entry: See 3GPP TS 36.211 [18] for LTE and 3GPP TS 38.211 [19] for NR.
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3.74

physical downlink shared channel
PDSCH

downlink data channel for users

Note 1 to entry: See 3GPP TS 36.211 [18] for LTE and 3GPP TS 38.211 [19] for NR.

Note 2 to entry: A physical resource block thus consists of 7 x 12 resource elements, corresponding to
the time domain and 180 kHz in the frequency domain.

one slot in

Note 3 to entry: In NR technology, different number of symbols and subcarriers are possible. (from 3GPP TS 38.211

[19D).
3.75

plane waveequivatentpower demnsity

power density equal in magnitude to the power density of a plane wave

3.76
point of jnvestigation
Pol
location ¢f the maximum RF exposure when performing a slow scan_over a measuren
at a height of 1,5 m above the walking or standing surface

3.77
power combination factor

multiplicgtion factor that is applied to the power reductiof) factor in cases where a cor
of multiplle independent signals exists

3.78
power dTnsity

<of an eJectromagnetic wave> power passing through a surface normal to the dif
propagatlon of energy of an electromagnetic wave divided by the area of the surface

3.79
power reduction factor

Fpr

factor applied to the productiof the configured maximum transmitted power or EIRH
technology duty-cycle factohin order to obtain the actual maximum transmitted power
or the acfual maximum power or EIRP threshold, when a control feature is implement

Note 1 to entry: The. power reduction factor can be obtained from statistical analysis (cumulative
function) of the actual transmitted power or EIRP relative to the configured maximum.

Note 2 to eptry: \When applied to EIRP, the power reduction factor includes variations in both the transm
and the anfenna‘gain.

hent area

nhbination

ection of

and the
or EIRP,
ed

distribution

itted power

3.80
probe isotropy

degree to which the response of an electric field or magnetic field probe is independent of the

polarization and direction of propagation of the incident wave

3.81
product compliance

determination of compliance boundary information for a BS product before it is placed on the

market

3.82
product envelope radiation pattern

envelope radiation pattern considering all beam patterns configurable on a BS product
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installation compliance

determination that the total RF exposure in accessible areas from a BS product and other
relevant sources is in compliance with applicable limits before the product is put into operation,
for its first use or after an upgrade impacting its emission parameters

Note 1 to e

3.84

ntry: Emission parameters include transmitted power or frequency, gain, tilt and azimuth.

radiation intensity
RF power radiated per solid angle

3.85

rated maximum

<of the tr
declared

3.86

reference level

exposure
externally
to measu
in compli

Note 1 to e
example I1Q

3.87

relevant
RF sourd
RF expos

Note 1 to
(e.g. 0,01 d

Note 2 to ¢

3.88
resource
RB

<LTE sys
normal c
subcarrig

Note 1 to ¢

ansmitted power or EIRP> RMS maximum of the transmitted power or EIRP
by the manufacturer when placing the product on the market

limit value specified in terms of an incident electromagnetic quantity

applied electric field strength, magnetic field strength or{power density, that
re or calculate than the underlying basic restrictions, and‘that when respecte
bnce with these basic restrictions

htry: More detailed rationale and definitions are provided.in the applicable exposure guidelin
NIRP-2020 [1], ICNIRP-1998 [2], IEEE Std C95.1-2019\[3] and Safety Code 6 [4].

source
e with an ER equal to or greater than 0,05 to be considered when perfo
ure assessment

entry: It is possible that applicablevregulations consider ER criteria lower than 0,05 to
f the measured TER).

htry: Not to be confused with.source of interest.

block

tem> seriesiof N = 6 (in the case of extended cyclic prefix) or N = 7 (in the
clic prefix) consecutive OFDM symbols in the time domain and N = 12 co
rs in the-frequency domain in an LTE system

htrys” Derived from 3GPP TS 36.211 [18] (LTE).

value as

such as
is easier
d, results

Es; see, for

rming an

e relevant

case of a
nsecutive

3.89

resource block

RB

<NR system> series of N = 12 consecutive subcarriers in the frequency domain in an NR system

Note 1 to e

3.90

ntry: Derived from 3GPP TS 38.211 [19] (NR).

resource element

RE

OFDM symbol transmitted in the resource grid of an LTE or NR system

Note 1 to e

ntry: Derived from 3GPP TS 36.211 [18] and 3GPP TS 38.211 [19].
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3.91
RF field strength
electric field strength and/or magnetic field strength from an RF source

3.92

segment

<of a BS sector or a BS cell> solid angle in front of a BS sector or a BS cell described by an
azimuth aperture range (delimited by an initial angle ¢; and a final angle ¢,,4) and elevation

aperture range (delimited by an initial angle Hj and a final angle 6)j+1)

3.93

source

RF sourge

electroni¢ equipment intentionally transmitting an RF signal

Note 1 to eptry: Electronic equipment supporting wireless power transfer can be considered(an RF soujfce.

3.94
source-gnvironment plane
method tp identify the evaluation regions to be considered in thelevaluation point [selection
based onl environmental complexity and distance from the source

3.95
source df interest
RF sourde with an ER equal to or greater than -40.dB*(or 0,000 1) to be considefed when
performirg in-situ measurements for presenting RF exposure measurement results even if they
are well helow the exposure limits

Note 1 to eptry: Not to be confused with relevant source:

Note 2 to eptry: The ER threshold can be adjusted~depending on the applicable regulation.

3.96
source rggion
spatial vglume surrounding an antenna, divided into three regions in accordance with tihe impact
the field ¢haracteristics haveton-the evaluation of the RF field strength, power density or SAR

Note 1 to gntry There are twojSource regions near the antenna, called source region | and source region Il, and
one at a lafger distance, called source region Ill. These source regions can be referred to as the reactivgd near-field,
the radiativle near-field, . and‘the far-field, respectively.

3.97
spatial e:lveraging scheme

method Used to perform spatial averaging of RF exposure

3.98

spatial-peak

<electric field, magnetic field, SAR or power density> non-spatially averaged peak value of the
electric field, magnetic field, SAR or power density

3.99

specific absorption rate

SAR

time derivative of the incremental electromagnetic energy (dW) absorbed by (dissipated in) an
incremental mass (dm) contained in a volume element (dV) of given mass density (p)

SAR:i dw)_d [ dw
dr \ dm dr \ pdV



https://iecnorm.com/api/?name=4ac7e25f91470bae24040b624a8b8129

- 34 - IEC 62232:2022 © IEC 2022

Note 1 to entry: SAR can be obtained using the following equation:

o-FE
SAR =

where

SAR s the specific absorption rate in watts per kilogram (W kg™');

E is the RMS value of the electric field strength in the tissue in volt per metre;
o is the electric conductivity of the tissue in siemens per metre;
p is the density of the tissue in kilograms per cubic metre.

Note 2 to entry: The time derivative of energy absorbed is equivalent to absorbed power as specified in 3.1.

3.100
specific energy absorption
SEA
incremer]}al electromagnetic energy (d) absorbed by (dissipated in) an ingremental mass (dm)
contained in a volume element (dV) of given mass density (p)

Sga . AW _ dw
dm  pdV

3.101
sub-carrjer
<OFDM>|one of a large number of closely spaced or‘overlapping orthogonal narrow-blandwidth
data signfals within an OFDM channel

Note 1 to eptry: Derived from 3GPP TS 36.211 [18] and 3GPP TS 38.211 [19].

3.102
sub-carrfer spacing
<OFDM>|frequency separation between OFDM sub-carriers

Note 1 to eptry: Derived from 3GPP TS 36.211 [18] and 3GPP TS 38.211 [19].

3.103
surveyol
person or persons-having the appropriate level of expertise and responsible for planning,
executing and reporting on the evaluation of RF field strength, power density or SAR [evels

3.104
technoldgy duty-cycle factor

Frpe
ratio of the time that a transmitter transmits over a specified period

Note 1 to entry: For frequency division duplex (FDD) systems, the technology duty-cycle factor is 1.

3.105

time-averaged

<transmitted power or EIRP or exposure> average value of the transmitted power or EIRP or
exposure over a relevant time period

3.106

traffic EIRP envelope

EIRP envelope considering the configured traffic beam patterns and the configured maximum
transmitted power
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3.107

traffic radiation pattern envelope
configured envelope radiation pattern considering the traffic beam patterns

3.108
traffic si

gnal

downlink signal used by a BS to transmit user's traffic data and subject to time variation due to

traffic an

d spatial variation in case of beamforming

Note 1 to entry: In mobile radio technologies using active antenna systems (AAS), broadcast signals
signals can be transmitted on different beams, having different radiation patterns. Broadcast signals can be
transmitted on a single beam, whose radiation pattern does not change in time, or on a finite set of beams, whose
patterns do not change in time, swept perlodlcally Traffic signals are transmitted on a complex comblnatlon of beams

depending

3.109
transmit

Prx

instantaneous total power transmitted by a base station under test during the transn

period

3.110

upper ddtection limit
maximum quantifiable response of a measuring equipment

3.111

user equipment

UE

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

3.112

whole-bgody RF exposure

RF expo
averagin

3.113
worker

adult wh@ is generally expoesed to RF fields under known conditions and is trained to

A-the-aRterhra-s—-beamfermira—tHe lementation—soeh-ae—a+ i-of-beam If“nn\ nnnnnn baamforn

and traffic

SO RgGHRPT + a5—g+ —et+geh—o S

led power

bure averaged over the wholevbody, at a reference location identified in th
) scheme

+qing (EBB).

hitter ON

e spatial

be aware

ers.

of potent|al risks related.to RF exposure and to take appropriate precautions

Note 1 to eptry: It.i§ possible that applicable regulations consider a different definition for worker and uge the term
"RF workerf'.

Note 2 to eptfys, It is possible that applicable regulations consider occupational exposure limits for work
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Symbol Quantity Unit Dimensions
a Attenuation coefficient reciprocal metre m~1
Magnetic flux density tesla T,Vsm2

ch Specific heat capacity joule per kilogram per kelvin ~ J kg=1 K1
E Electric field strength volt per metre V. m-~1

f Frequency hertz oL

H Magnetic field strength ampere per metre A m!

J Current density ampere per square metre AmP

T Temperature kelvin K

& Permittivity farad per metre Fm!

A Wavelength metre m

u Permeability henry per metre H m1!

P Power watts w

S Power density watts.per square metre W mT2

Q Resistance ohm V A~

p Mass density Kilogram per cubic metre kg m[3

o Electric conductivity siemens per metre Sm1
NOTE 1 In this document, temperature is quantified in degrees Celsius, as specified by: T (°C) = T (K)  273,16.
NOTE 2 Annex A and Clause B.2 specify additional symbols and variables used in this document.
4.2 Cdnstants

Symbol Physical constant Magnitude

c Speed of light in vacuum 2,997 9 x 108 m s~1

1o Impedance of free space 376,730 3 Q (approximately 120% Q)

&g Rermittivity of free space 8,854 188 x 10~ 12 F m~1

Ho Permeability of free space 4 x 1077 H m~1

4.3 Abbreviated terms

Abbreviation

Term

2G/3G/4G/5G generations of mobile radio technology
4K HD ultra-high definition

AAS active antenna system

ADB assessment domain boundary

AMPS advanced mobile phone system

BCCH broadcast control channel

BS base station

CB compliance boundary
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Abbreviation
CD

CDD
CDF
CDMA
CF
ChP
Co-pol
Cl

Term
compliance distance

cyclic delay diversity
cumulative distribution function
code division multiple access
correction factor

channel power

co-polarization

confidence interval

CP
CPICH
CRS
CSI-RS
CTRL
Cw
DAB
DCI
DECT
DI

DL
DMRS
DPCH
DRL
DSS
E-field
EBB

eMBB
EIRP
EM
EMF

CycCIic prefix
common pilot channel

cell-specific reference signal

channel state information — reference signal
control

continuous wave

digital audio broadcasting

downlink control information

digital enhanced cordless telecommunications
domain of investigation

downlink

demodulation reference signal

dedicated physical channel

dosimetric reference limit

dynamic spectrum sharing

electric field

eigen-based. beamforming or eigen-beamforming or eigen-value

beamforming

enhanced mobile broadband

equivalent isotropic radiated power or equivalent isotropically radiate

electromagnetic

based

d power

electromagnetic fields (includes electric, magnetic and electromagnetic

fields)

ER
EUT
FCC
FDD
FDMA
FDTD
FEM
FIT
FM
GoB
GP

exposure ratio

equipment under test

federal communications commission
frequency division duplex
frequency division multiple access
finite difference time domain

finite element method

finite integration technique
frequency modulation

grid of beam

general public or general population
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Abbreviation
GSCN
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Term
global synchronization channel number

GSM global system for mobile communications (originally Groupe Spécial Mobile)
H-field magnetic field

HD high definition

HPBW half-power beamwidth

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

ISM industrial, scientific and medical

LAA licensed assisted access

LoS line of sight

LTE long term evolution

MAC media access control

MIMO multiple-input, multiple output

mMIMO massive MIMO

MoM method of moments

NLoS non line of sight

NM network manager

NMT nordic mobile telephone

NR new radio (5G)

NR-ARHCN NR absolute radio frequency channel number
OFDM orthogonal frequency division multiplexing
P-SS primary synchronization,signal

PA power amplifier

PBCH physical broadcast channel

PDCCH physical downlink control channel

PDSCH physicaldownlink shared channel

PML perfectly’ matched layer

Pol peint of investigation

PRACH physical random access channel

PRB physical resource block

RAT radhoaeeessteehnrology 26364 6Go+56)
RB resource block

RBW resolution bandwidth

RE resource element

RF radio frequency

RMS root mean square

RRC radio resource control

RS reference signal

Rx receiving

S-SS secondary synchronization signal

SEA specific energy absorption

SA spectrum analyser

IEC 62232:2022 © IEC 2022
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Abbreviation Term

SAR specific absorption rate

sd standard deviation

SSB synchronization signal block

TCP transmission control protocol

TDC technology duty-cycle

TDD time division duplex

TDMA time division multiple access

TER total exposure ratio

TETRA terrestrial trunked radio

™ transmission mode

TRP total radiated power

TS transmission scheme

UDP user datagram protocol

UE user equipment

UL uplink

UMTS universal mobile telecommunications system

USDC United States digital cellular

VBW video bandwidth

WCDMA wideband code division multiple access

Wi-Fi®2 wireless fidelity

WIMAX worldwide interoperability foar microwave access

X-pol cross-polarization
5 How|to use this document
5.1 Quick start guide
Given the different evaluation methods of determining human exposure from EMF, fand their
inherent complexities,\this document contains a significant amount of technical detail. While
such detgil is necéssary, care has been taken to layer the presentation of information, with
content broadly separated into process, detail, and additional information. The quick sfart guide
outlined in Figure 1 and Table 1 provides an overview of the evaluation process.

Figure 1 'etttines—the—evatus o vith—tF vatratorn—step e Table 1.
This sequence involves determining the evaluation purpose, method(s) of evaluation,
extrapolation, spatial averaging, time averaging and multiple frequency summation as
appropriate. The uncertainty and reporting stages complete the evaluation process. A report
template is specified in 10.2, and worked case studies are introduced in 5.3.

2 Wi-Fi® is a trademark of the Wi-Fi Alliance. This information is given for the convenience of users of this document
and does not constitute an endorsement by IEC. While officially the term does not have a specific definition, it is
typically used to describe Wireless Local Area Networks such as IEEE 802.11b/g/n/ac.
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Determine the evaluation purpose (5.2)
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Product compliance Product installation compliance In-situ RF exposure assessment
(6.1) (6.2) (6.3)
General Low power General Actual Simplified Site Case A Case B
(6.1.1) exemption (6.2.2) maximum process analysis evaluation evaluation
(6.1.1) approach (6.2.5) (6.3.3) (6.3.4) (6.3.5)
(6.2.3)
Clause 10 Clause 10
Determine the evaluation method (7.2)
A 4 th ol ( Q.’)) L. = {ﬂ $l (QI’})
25
RF field strength SAR Basic Advanced
and powler density (8.2.3) (B.6) (By7)
(82.2)
In-situ Laboratory Local Whole - Spherical Cylindrical SAR Synthetiici / I;'uII -wave  Hull-wave
(B.4.2) (B.4.3) SAR body SAR (B.3.1) (B.6.2.5) Estimation maodel| & E,H S SAR
(B.5.3.3) (B.5.3.4) and (B.6.3) ray trac. (B.7.3) (B.7.4)
(B.6.2.4) L(B.7.2)
J I JC

- Spatial averaging ( 6.4.1 and B.3.3)

- Time averaging ( 6.4.2 and B.3.4)

- RF exposure to multiple sources (8.5 and B.4.2.6)
-> Extrapolation (6.3.5.2 and B.8)

- Specific formulas for parabolic dish antennas

Y

Uncertaintg&se 9)

Repq’m\(g)(CIause 10)

-> Actual maximum approach (6.2.3, 8.4, B.9, B.10 and Anne&) O,\

@and radiating cables (B.6.5)

Figure 1 — Quick start guide to the evaluation process

IEC



https://iecnorm.com/api/?name=4ac7e25f91470bae24040b624a8b8129

IEC 62232:2022 © |[EC 2022

41 -

Table 1 — Quick start guide evaluation steps

Stage Evaluation steps Action
Determine Determine the purpose of the evaluation: Confirm purpose of
evaluation evaluation
purpose — product compliance
(5.2) — product installation compliance, or

— in-situ RF exposure evaluation

RF exposure

Determine the applicable process to be used for the chosen

Run the evaluation

evaluation evaluation purpose. process
process
(Clause 6)
Determingd Defermine 1t a simplified evaluation process is applicable. Select evaluaiiorl method
evaluatior Otherwise, select either a measurement or computation
method evaluation method, or both if required. Evaluation methods are
ranked, and in general a higher-ranked method takes
(7.1) precedence. However, lower ranking evaluations are valid within
their applicability and can be more practical to implement,
depending on cost, feasibility, and resource availability.
Measurenent Determine applicable measurement procedures: Select relevant
L measurement prqcedures
(8.2) — laboratory or in-situ measurement if applicable
— SAR, RF field strength (broadband or narrowband)
measurements or power density
Computatjon Determine applicable computation methods. For exaniple, a Select relevant
simple peak RF field strength evaluation, which is,conservative, computation prodedures if
(8.3) can be used. Even though higher-ranking evaluation methods applicable
shall take precedence, they depend on the detailed information
about the source and environment, as well,as' the availability of
software packages capable of modelling'such complexities.
Assessment Determine if an assessment is based-on the actual maximum Select the implementation
based onthe transmitted power or EIRP. Determine if tools for monitoring method based or] the
actual and/or control tools are requirediand how they are implemented actual maximum ppproach
maximum in accordance with specifications for monitoring counter in 8.4.2
approach|(8.4) and for control features in 8:4.3 and validation methods using
8.6, Annex B.10 and Annex C.
Extrapolation Determine if extrapolation is required. Where the test Determine extragolation
configuration differs from the required final evaluation factor and apply Jo results
(B.8) configuration, . amextrapolation factor is required to adjust
evaluated results (RF field strength, power density or SAR).
Summatign Determine.if the evaluation requires summation of combined Sum test results |f
exposure.'Summation of combined RF field strength, power required
(8.5) density-or SAR value is required either when a single source
emits RF fields on multiple frequency bands or when evaluating
RFfields from multiple sources.
Uncertainfy Any measurement or computation can only approximate the Determine uncerfainty and
exposure metric within the uncertainty tolerance, and so a complete the undertainty
(Clause 9 qudlll.il.dl.ivﬁ S LALCTTITTIT UI’ uIIbUILdiIILy ib |equi|cd. l.diJiU W;IUII dppiibdble
Reporting The final report describes the results of the evaluation, provides | Prepare the final report
technical details to allow for repeatability, and interprets the
(Clause 10) results by comparison with the applicable RF exposure limit, if

required.
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5.2 RF evaluation purpose categories

This document specifies the three main categories of RF exposure evaluation purpose as
follows.

a) Product compliance: determination of compliance boundary information for a BS product
before it is placed on the market, see 6.1.

b) Product installation compliance: determination of the total RF exposure levels in accessible
areas from a BS product and the resulting compliance boundary information, i.e. compliance
distance(s), if any, on the BS installation site taking into account contributions from other
relevant sources before the product is put into operation, see 6.2.

c) In-situ RF exposure assessment: measurement of RF exposure levels in the vicinity of a BS

installation-afterthe product-has been-installed and-is operating-see 6.3
g ™ 7

Clause 7|provides guidelines on how to select the evaluation method.

5.3 Implementation case studies

IEC TR 42669 [5], contains implementation case studies of typical BS sites to illugstrate RF
exposure| evaluation or assessments for the most common types of BS deployed in mpbile and
wireless hetworks, such as small cells, street cells, macro base<stations, and parabolic dish
antennas| used for wireless transmission or mobile backhaul. The lessons learned ffom each
case stufly lead to recommendations about RF assessment-topics to be considgred in a
subsequegnt revision of this document. The methodologiesafid approaches described|in [5] are
useful fo the assessment of early NR BS introduced foriconsumer trials or deploymepts.

The implg¢mentation case studies in [5] are provided for guidance only and are not a gubstitute
for a thorjough understanding of the requirements~0f this document.

6 Evalluation processes for product'compliance, product installation
compliance and in-situ RF exposure assessments

6.1 Evialuation process for product compliance
6.1.1 General

A manufacturer is typically’required to provide RF exposure information, including| relevant
complianpe boundaries .(exclusion zones), to the end user of the product. The cgmpliance
boundary (CB) shallbe'established for the applicable RF exposure limits using RF field|strength,
power dgnsity or SAR assessment methods in accordance with 6.1.2 to 6.1.5. IEC 62479
specifies|low _pewer exemption criteria. In circumstances where IEC 62479 is applicable, no
compliange boundary is required when a product complies with IEC 62479.

NOTE 1 In this document, the term manufacturer refers to the legal entity intending to place a BS product on the
market.

Compliance boundary information is normally determined for one or several selected typical
configurations at the rated maximum power and, when relevant, for one or several actual
maximum power or EIRP levels, see 6.1.5.1, and assuming free space conditions. Parameters
that determine a configuration are, for example, frequency band, bandwidth, access technology,
duplexing, antenna, feeder, and information about configurable beams (gain, horizontal
beamwidth, vertical beamwidth, EIRP, etc.) for antennas using beamforming.

NOTE 2 Establishing compliance boundaries can be one of a range of requirements or methods that relate to
product compliance.

6.1.2 Establishing compliance boundaries

The criteria specified in Table 3 and Clause 8 shall be used to select the exposure metric.
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Depending on the frequency range, SAR or power density measurements are the most
appropriate evaluation method to determine the compliance boundary for small stand-alone BS
and multi-element BS antennas. For SAR measurements, the largest dimension of the antenna
shall be less than or equal to 1,5 m, see 8.2.2 and Clause B.5. Examples of this type of
equipment include medium range, local area, or home BS; see 3GPP TS 25.104 [20], 3GPP TS
36.104 [21]. Alternatively, SAR can be calculated using estimation formulas or using advanced
computational methods, see B.6.3 and B.7.4, respectively.

For all BS products, in particular wide area and medium range BS, see 3GPP TS 25.104 [20],
3GPP TS 36.104 [21], RF field strength or power density evaluations are applicable. Either
laboratory measurements or computations can be used, see B.4.3, Clause B.6 and Clause B.7.

6.1.3 so-surface compliance boundary definition

The mos{ accurate (smallest) compliance boundary is obtained as an iso-surface. [Fhe 3D iso-
surface bloundary is described by the locations around the antenna where exposure just equals
the applitable RF exposure limit value, see Figure 2.

In this cajse the shape of the compliance boundary shall be accurately(described, e.g| in terms
of a mathematical function z = f{(x,y).

IEC
Figure 2='Example of iso-surface compliance boundary

6.1.4 Simple compliance boundaries

The iso-gurface.compliance boundary specified in 6.1.3 can be enclosed in simpler shaped
volumes |deseribed by a set of compliance distances (CD) to provide more conjservative
compliange/boundaries. Valid compliance boundary shapes are not limited to these ekamples.

In Figure 3 a), b) and c), circular cylindrical, elliptical cylindrical and half-pipe compliance
boundaries, respectively, are illustrated for a sector coverage antenna and a colinear
omnidirectional antenna.
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boundary

Figure 3 — Example of cylindrical and half-pipe compliance boundaries

bliance boundary for the sector coverage antenna js described in terms of (

r coverage antenna the distances CD; and CD, shall be determined so
tioned iso-surface is completely inscribed\ by the cylinder. In a similar

ce boundary for the horizontally omnidirectional antenna is described in ternj
D, 2> @nd the length and radius of the antenna.

bscript " CD*’a" indicates that the distaneg is measured from the EUT antenna boundary. Oth
can also be taken, for example from‘the centre of the panel. In this case, the subscript " C
a is also used. See more about antenna reference point in B.2.1.

Ehaped compliance boundary shown in Figure 4 can be used for directional §
ble a panel antenna.qn this case the boundary is described in terms of CDy, CL

D a» @and the dimensions of the antenna.

o take intofaccount the horizontal beamwidth of the antenna, the box shap
with 45%¢ut plane on the edges near the panel antenna. The truncated bo
ce boundary is described in Figure 5, which includes the truncation distan

0 the parameters of the box shaped compliance boundary, see Figure 4.

z
CD,
NG CDy, S
" cpg x
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Methods for establishing the compliance boundary

General

a) Top view

CDya

IEC

Figure 4 — Example of box shaped ¢compliance boundary

CDya

@b}

b) Side view

IEC

The compliance boundary shall be established in accordance with 6.1.5.2 to 6.1.5.8 using
evaluation methods specified in Clause 8 and Annex B.

The compliance boundary shall be evaluated for:

a) the rated maximum power or EIRP, see 8.6; and

b) one or more actual maximum transmitted power or EIRP value(s) using a power reduction
factor if the equipment that is put on the market is able to implement the actual maximum
approach specified in 6.2.3, 8.4 and Clause B.9.
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6.1.5.2 Establishing compliance boundary using RF field strength or power density
measurements

Compliance boundaries specified in 6.1.4 shall be generated by measuring the RF field strength
in suitable directions with respect to the transmitting antenna (e.g. front, back, side, and above
and below). Then the obtained RF field strength shall be compared with the applicable RF
exposure limits (RF field strength or power density), see B.4.3. Scaling is applicable as
specified in 6.1.5.3.

6.1.5.3 Establishing compliance boundary using SAR measurements

Compliance boundaries specified in 6.1.4 shall be generated by measuring SAR for suitable
antenna orientations as a function of distance using the measurement procedure in Clause B.5
and by cppmparing the results with the applicable exposure nmits. compliance distgnces for
different power levels shall be obtained by use of linear scaling of the SAR versus sgparation
distance purve as illustrated in Figure 6.

= ¢ - Prsasurea =1 M
iy Pﬁ.lia-'f‘ﬂ =4

10

SARyqq (W/kg)

01

0 25 N50 75 100 125 150 175 200
Separation distance (mm)
IEC

NOTE Scagling to determine‘\the compliance distance at a power level of 4 W, when the SAR measurefnents were
performed jat a power level'of 1 W for a peak spatial-average SAR (psSAR) exposure limit of 2 W kg™' over an
averaging fnass of 10 g.

Figure 6 — Example illustrating the linear scaling procedure

The scaled SAR values are computed from the measured values by multiplying the measured
values with the ratio between the scaled and the measured power levels. The compliance
distance is then obtained from the figure by determining where the scaled SAR curve intersects
with the pertinent SAR limit value.

6.1.5.4 Establishing compliance boundary using cylindrical and spherical formulas

The power density or RF field strength shall be calculated in a region surrounding the BS
antenna using the basic computation methods specified in B.3.1 and Clause B.6. Based on this
evaluation, compliance boundaries in the form of various solids as described in 6.1.4 (cylinder
or box) can be determined.

Alternatively, the advanced computation methods described in Clause B.7 can be used to obtain
an iso-surface compliance boundary by using the applicable RF exposure limit as the iso-
surface value. Simpler and more conservative compliance boundaries can be obtained by
inscribing the obtained iso-surface within various solids as discussed in 6.1.4.
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6.1.5.5 Establishing compliance boundary using full wave analysis

Provided that an accurate numerical model has been created following the procedure in B.7.3
and B.7.4, the RF field strength, power density or the SAR from the BS antenna shall be
calculated. An iso-surface compliance boundary can then be obtained in a post-processing step
by using the applicable RF exposure limit as the iso-surface value. Simpler and more
conservative compliance boundaries can be obtained by inscribing the obtained iso-surface in
various solids as discussed in 6.1.4.

6.1.5.6 Establishing compliance boundary using SAR estimation formulas

Cylindrical compliance boundaries, see Figure 3, shall be generated for sector coverage and
horizontally omnidirectional antennas by using the SAR estimation formulas of B.6.3 and
applicablg antenna
are valid|from 300 MHz to 5 OOO MHz, their applicability for the back and axialcdirgctions is
limited to| the frequency range between 600 MHz and 2 700 MHz.

For sectgr coverage antennas, the diameter of the cylinder is determined by the compliance
distanceg in the front and back directions together with the antenna thickness, see |Figure 3.
For omnldirectional antennas, the radius of the cylinder is determined by the main beam
compliange distance and the radius of the antenna. The height of the cylinder is objained by
first multiplying the axial compliance distance with a factor of 2 (above and below antgnna) and
then adding the length of the antenna.

When implementing SAR estimation formulas for box)shaped and truncated box shaped
compliange boundaries, the SAR formulas specified innB.6.3 shall be used.

6.1.5.7 Establishing the compliance boundary of massive MIMO or beam stegring
antennas

For BS products equipped with array antennas intended for massive MIMO or beanq steering
applicatigns, the assessment of the preaduct compliance boundary shall consider all relevant
beam ga|n patterns G(¢,0) that are configurable on the BS product, including main Jeam and
secondarly or grating lobes, and all'electric tilt angles. An example of massive MIMQ antenna
and corrgsponding beams and envelope patterns are shown in Figure 7.

A box-shpaped or truncated box-shaped compliance boundary shall be used for this type of BS
product gs described in(Figure 8.

The assdgssment ofithe product compliance boundary shall be performed using any applicable
method dpecified.in 8.3 and Clause B.6 such as the simple spherical formula (B.1) or more
advanceqd computational methods such as the synthetic model and ray-tracing ajgorithms
described .in B 7.1 or the embedded pattern approach descrlbed in E 9 3. Such advanced
methods lincreasse = . C en-thg far-field
formula is appI|ed The actual maximum approach speC|f|ed in 6 2 3 and 8 4 can be considered.

When using a far-field approach, the BS product compliance boundary can be assessed based
on the product envelope radiation pattern. If different beam gain patterns are used for traffic
and broadcast signals, both these shall be considered in the compliance boundary assessment,
and both shall use the appropriate transmitted power split between the traffic and broadcast
signals. For 5G NR, the broadcast signal contribution to the RF EMF exposure can be neglected
since the fraction of the power is negligible compared to that from traffic signals.

If only the peak antenna gain Gp is known, the analytical method to estimate the compliance
boundary for large array antennas described in B.3.1.3 is applicable.
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IEC

b) 3D beam patterns within the envelope

XXKXXXXXXXXX

IEC

IEC

R) Massive MIMO antenna c) 3D envelope pattgr\ﬁ\%ludmg all possible |beams

<<

Figure 7 — Example of masswe{% O antenna
and corresponding beams and'Q(\ elope patterns

D,

CD,

CDgra

IEC IEC

a) Top view b) Side view

Figure 8 — Example of compliance boundary shape
for BS antennas with beam steering
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6.1.5.8

Establishing compliance boundaries for parabolic dish antennas

The compliance boundary is a cylinder, and the compliance distance shall be established using
the formula specified in B.6.4. The cylindrical compliance boundary parameters are described

in Figure 9.
CDlos
—
Line-of-sight
— — — ] — — — — — — ] — — — — — — ’ X
dOUt
Compliance boundary
Parabolicdish antenna
Mast
IEC
Figure 9 — Example of dish antenna compliance boundary

6.1.6 Uncertainty

Uncertainty analysis shall be performed in accordance with Clause 9.

6.1.7

Reporting shall be performed in accordance with Clause 10. The RF exposure as
report used for product compliance shall contain at least the following.

a) Desciiption of the EUT:

1)

2)

Reporting for product compliance

ngdme, identifying refefience (e.g. serial number), mobile technologies and list o
fr¢quency bands;

reJevant, one;ermore actual maximum transmitted power or EIRP value(s) usin
reduction factor if the equipment that is put on the market is able to implement
maximumyapproach specified in 6.2.3 and 8.4;

bessment

F transmit

a power
e actual

fof each transmit-frequency band, the rated transmitted power or EIRP a&d, when

for each’transmit frequency band, antenna characteristics (gain, horizontal and vertical
bgamwidth, total EIRP) or information about RF parameters (gain, horizontal befamwidth,

vertical beamwidth, EIRP, product envelope radiation pattern) for BS antennas using

beamforming;
if the product is used with external antennas, a detailed description of at least o

ne typical

configuration 3, including antenna system (transmission lines, filters, diplexers,

connectors, splitters, combiners, etc.).

3 Actual product installation parameters are reported according to 6.2.10.
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b) Description of the evaluation method and the exposure metric (SAR, S, E or H), the rationale
for this choice, see Clause 7, and the relevant technical information required for repeatability
and documentation of the validity of the method, including the following:

1) for measurements:

i) probe(s) and measurement instrument(s) used, including characteristics, calibration
details, and probe correction factors;

ii) results of a system validation check;
iii) test setup and measurement conditions (ambient temperature, etc.);
2) for calculations:
i) name and software version of the calculation/simulation tool (if applicable);

i) Tnherent Tmitations of the calculation/simulation tool (e.g. frequency range,
near-field/far-field, etc.);

3) uncertainty analysis.
c) Desciiption of the compliance boundary:

1) cdmpliance boundary shape, see 6.1.4 and 6.1.5;

2) cgmpliance distance(s) for the relevant range of RF transmijt(powers, frequengy bands,
tephnologies and applicable exposure limits.

d) Desciiption of monitoring and/or control tools, if applicable.
e) Desciiption of installation guidelines for the EUT, where\relevant.

6.2 Evaluation process used for product installation compliance
6.2.1 General

Before a|BS product is put into operation, a_network operator needs to evaluate thg total RF
exposure| levels in accessible areas from a.BS product and the resulting compliance poundary
informatipn, i.e. compliance distance(s), if*any, on the BS installation site taking intq account
contributions from other relevant sourees. These evaluations are performed to yerify RF
exposurel compliance with the applicable RF exposure limits and regulations. Inside the domain
of investigation (DI), see 6.2.6, gontributions from other relevant sources and possible effects
of the enyironment shall be considered, including but not limited to collecting charactgristics of
the ambi¢nt fields according to B.4.2.6.

NOTE In 6.2, the term "network operator" refers to the legal entity intending to put a BS product into operation.

The RF exposure devels from the BS product and other relevant sources, and the|resulting
compliange distance(s), if any, shall be determined using:

a) either the‘configured maximum power; or

b) the a fanl ot thenohald nowanar Ar CIDD Ao onanifind 10 8 9 2 And O 4
Croor—Totr oo CoTrToTa P oW eT— o= oo op oMt OO0 Tara—o~

The assessment of RF exposure levels shall be performed using measurements, see B.4.2, or
computations, see Clause B.6. Contributions from multiple sources shall be determined using
summation formulas, see 8.5.

6.2.2 General evaluation procedure for product installations

Where a new product is installed, the procedure described in Figure 10 shall be used to evaluate
the RF exposure levels in accessible areas from the BS and the resulting compliance
distance(s), if any, on the BS installation site taking into account other RF sources in the vicinity.
This procedure also applies when significant changes are made to the configured parameters
of an installed BS.
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In order to allow for accurate and efficient evaluations, different methods are possible. This
depends on the characteristics of the product installation. In some specific cases, a simplified
evaluation process of the product installation is possible without the necessity of conducting

measurements or computations. Such a simplified evaluation process is specified in 6.2.5.

Obtain EUT installation
information
(6.2.3 and 6.2.4)

Yes

Is a simplified evaluation
process applicable?

(6.2.5)

Does a DI exist?

(6.2.6)

Yes — Measurements

Yes~ Cemputations

v

Conduct general TER
measurements
(6.2.7.3)

TER < 0,05
(6.2.7.2)

v

Conduct exposure
computations
(6.2.8)

Conduct comprehensive measurements of
product ER
(Extrapolate ‘to maximum or actual
maximum condition)
(6.2.7.3)

Product ER < 0,05

No

v

Determine contributions
from other relevant RF
sources
(6.2.7.4 measurements,
6.2.8 computations)

A

EUT installation Yes
below applicable
exposure limits

\ A 4

Review evaluation method
No and/or EUT installation
p| characteristics and repeat
the evaluation

IEC

NOTE It is possible that applicable regulations consider different TER or ER criteria (e.g. 0,01 instead of 0,05).

Figure 10 — Flowchart describing the product installation evaluation process
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6.2.3 Product installation compliance based on the actual maximum transmitted
power or EIRP

6.2.3.1 General requirements

The actual transmitted power of a BS during operation is generally less than the product of the
configured maximum power and the technology duty-cycle factor (Fypc), see IEC TR 62669 [5]
and [22], [23], [24], [25], [26], [27], [28], [29], [30], [31], [32], [33], [34]). Using the actual
maximum transmitted power or EIRP approach for compliance assessments avoids an
unrealistic overestimation of exposure.

When the actual maximum approach is implemented, the operator (or the legal entity intending
to put the product into operation) shall verify that either the actual maximum power threshold(s),
P,., or the actual maximum EIRP threshold(s), EIRP,(¢,0), is/are not exceedgqd during
operatior| using 8.4.2 and 8.4.3. This applies to a BS sector, cell or segment(s) for] massive
MIMO operation, see Figure 19. When the actual maximum power threshold(s) far P, or
EIRP,.(¢,0) are used instead of the configured maximum power to evaluate_RF expopure, this
shall be clearly identified and documented in the product installation compliance ejvaluation
report, sge 6.2.10.

6.2.3.2 Detailed process
6.2.3.2.1 General

Product |nstallation compliance based on the actual maximum transmitted power|or EIRP
threshold shall be implemented in two phases. Phase)t (6.2.3.2.2) applies before putting the
BS into gperation or when any significant changes_are made to the configured parameters of
the BS. Rhase 2 (6.2.3.2.3) applies when the BS¢s-in operation, see 6.2.3.2.2.

The implg¢mentation process for product installation compliance based on the actual mmaximum
approacH is shown in Figure 12.

6.2.3.2.2 Phase 1 — before putting the BS into operation or when any signifidant
changes are made to the configured parameters of the BS

Step 1 (6}2.3.2.2 a)) and step'\2 (6.2.3.2.2 b)) are based on a methodology using the ciimulative
distributipn function (CDF) of the linear values of actual transmitted power or EIRP (j.e. in W,
not dBm]. If the CDF_is_not available or known, the network operator shall move fo step 3
(6.2.3.2.2 ¢)).

a) Step [| — Evaluate the CDF

The rletwork® operator evaluates the CDF of the actual transmitted power or EIRF of a BS
sectof~cell or segment(s) from one or a combination of the following approaches:

1) from measurements on a single BS sector, cell or segment(s) with a similar configuration
and environment, see 8.4, Clause B.9 and examples in 13.3 of IEC TR 62669:2019 [5];

2) from measurements on a representative sample of BS sites deployed by the network
operator with similar configurations and environments;

3) from computational models of either the BS itself or BS sites with similar configurations
and environments, see 8.4, Clause B.9 and examples in 13.2 of IEC TR 62669:2019 [5];

4) from measurements on the BS itself (per sector, cell or segment) in pre-operation (e.g.
using simulated traffic).

NOTE When a new technology is in its infancy and measurement data is limited, computational models can be
an appropriate approach for evaluating the CDF.


https://iecnorm.com/api/?name=4ac7e25f91470bae24040b624a8b8129

IEC 62232:2022 © |[EC 2022 - 53 -

b)

c)

Step 2 — Select the percentile applicable to identify the actual maximum threshold, the
network operator selects the percentile (e.g. 95th percentile) of the CDF, see Figure 11,
applicable to identify the actual maximum power or EIRP threshold(s) to be used in the RF
exposure evaluation and can be configured on the BS based on the following hierarchy:

1) use the percentile as specified in the applicable regulation;
2) otherwise, use a percentile that is deemed appropriate by the network operator.

This percentile is used to determine an appropriate threshold. It does not suggest that the
actual transmitted power or EIRP exceeds that threshold for some percentage of the time.
As detailed in step 4 (Phase 1 6.2.3.2.2 d)) and step 5 (Phase 2 6.2.3.2.3 a)), actions are
taken to ensure that this threshold, once determined and implemented, is not exceeded
during BS operation.

-

1,2

1,0

0.8

0,6

Percentile

0.4

0,2

o o ——

0,0

=

4 0.8 0,8 1,0

Maormalized actual transmitted power or EIRP

IEC

NOTE | The horizontal axis is normalized to the configured maximum transmitted power or EIRP multiplied by
the technology duty-cycle factor (Fig)-

Figurex®l! — Example of a CDF curve representing
the-normalized actual transmitted power or EIRP

Step B — Determine the actual maximum transmitted power or EIRP threshold(s)
For each BS sector, cell or segment, the network operator shall either:

1) dgterniine the actual maximum transmitted power or EIRP threshold(s) from the
pgrcentile of the CDF selected in step 2 (6.2.3.2.2 b)), or

2) if the CDF is not known or available prior t0 the BS being in operation, use the actual
transmitted power or EIRP threshold(s) determined to obtain the given compliance
boundary at a site.

Exposure in accessible areas in the vicinity of the BS, see 6.2.1, shall remain less than or
equal to the applicable exposure limits when the control feature is activated using configured
actual maximum transmitted power or EIRP threshold(s), or when such thresholds are
monitored during operation.

Before putting the BS into operation or if any significant changes are made to the configured
parameters which result in an increase of the RF exposure levels, the network operator shall
re-evaluate the RF compliance boundary based on the resulting actual maximum transmitted
power or EIRP threshold(s) as determined in step 3 (6.2.3.2.2 ¢). The network operator
records and reports the updated assessment parameters, results and CDF(s) (if applicable).
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d) Step 4 — Set the BS configured power and power reduction parameters

The network operator shall set the BS configured power and, if applicable, the power
reduction parameters per sector, cell or segment such that the actual transmitted power or
EIRP does not exceed the actual maximum transmitted power or EIRP threshold(s) specified
in Step 3 (6.2.3.2.2 c¢) during operation.

6.2.3.2.3

Phase 2 — when the BS is in operation

There are two steps applicable to implement the actual maximum approach when the BS is in
operation.

a) Step 5 — Monitor and/or control the actual transmitted power or EIRP

Whe
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The n
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oper
depe
NOTE

necesg
regulaf

When
netwd

they have been validated in accordance with Annex Cl
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b) Step
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comp
powe
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ding on applicable regulation (e.g. every 7 days).

1 It is possible that logging of the actual transmitted power, EIRP afd other BS operati
ary to demonstrate the implementation of the actual maximum appréach’ is required by the
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Figure 12 — Flow chart for product installation compliance based
on the actual maximum transmitted power‘or EIRP threshold(s)
6.2.4 Product installation data collection
a) The fpllowing information shall be obtained for'the product installation:
1) cdnfigured maximum transmitted power for each transmit frequency band of |the base
station as installed;

2) ar

tenna characteristics (gain, *therizontal and vertical beamwidth) for each| transmit

fré¢quency band, total EIRP, and a detailed description of the configuration of|the base

st
cdq
Si
th
3) in
st
4) in
th
or

5) ar

ation in its operational ghvifonment, including antenna system (feeders, cohnectors,
mbiners, etc.). If the, product installation compliance has been assessed (lising the
mplified evaluation_process as specified in 6.2.5, then all parameters used tp identify
b installation clagsyin Table 2 shall be included;

ormation abqut-the segment grid applied on the BS site with massive MIMQ| or beam
bering antefinas;

ormation ‘about the applicable power reduction factor(s) per sector, cell or segment if
e product installation compliance is based on the actual maximum transmitted power
EIRP/specified in 6.2.3 and 8.4;

whaor
T

P

b) When evaluations supporting extrapolation to maximum traffic are performed, see
Clause B.8, the following information is required:

1) the reference name (e.g. BCCH, CPICH, PDCCH, RS, SSB, CSI-RS) and
frequency/bandwidth of any component of the whole signal which is to be used as a
reference for extrapolation;

2) the ratio between the component power or EIRP level and the maximum power or EIRP

of

the configuration to be extrapolated;

3) for example, the following information shall be used for GSM, WCDMA, LTE and NR BS:

i)
i)

GSM: centre frequency of the broadcast channel (BCCH) and maximum number of
carriers (channels);

WCDMA: common pilot channel (CPICH) frequency and power level relative to total
power;


https://iecnorm.com/api/?name=4ac7e25f91470bae24040b624a8b8129

- 56 — IEC 62232:2022 © IEC 2022

iii) LTE: centre frequency of the EUT used channels and bandwidth, where the used

channels include the CRS channel(s) and the boosting factor for the CRS, s

ee E.7.5;

iv) NR: centre frequency of the EUT used channels and bandwidth, where the used
channels include the SSB (i.e. PSS, SSS, PBCH and PBCH-DMRS) and CSI-RS

channel(s) and the boosting factor for the SSB, see E.8.2.

6.2.5 Simplified product installation evaluation process

A simplified product

installation process applies when no detailed measurements or

computations are required to establish product installation compliance. The simplified
evaluation process is based on easily accessible characteristics of the installation configuration,
such as transmitted power or EIRP, see 8.6, direction of the main lobe, compliance boundary,
see 6.1, and installation positions of the transmitters/antennas with respect to accessible areas

for the pn

For the in
the BS eq
antenna

Product i
IEC 6247

For prodiicts having an antenna directivity greater than or equal to 30 dBi (e.g. para

antenna)
the comgp
maintain
unusable

A simplified installation evaluation process_wutilizing the product installation class
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The inst4d
general g
those cla
same sitq
of all cd
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oduct and other relevant sources when applicable.

hplementation of the simplified evaluation process, product specifications pr
uipment and/or antenna manufacturer(s) shall be used; in particulartransmit
jain, and compliance distance(s) evaluated in accordance with 621:

nstallation evaluation is not required if the product transmitted power com
9, or if the product compliance distance(s) are zero.

product installation evaluation is not required provided that there is no acce
liance distance(s), see B.6.4. For such products, the antenna is usually in

d based on applicable exposure limits, see Figure 13.

llation classes described in Table 2 can be used when assessing compliz
ublic ICNIRP-based exposure limits, see [1] and [2]. The rationales used to
5ses are presented in Annex D. If there are multiple equipment items colloca
as the product, the EIRP criteria described in Table 2 apply to the sum of El}
llocated equipmenty*The EIRP values referenced in Table 2 correspon

ting the actual®maximum approach specified in 6.2.3 and 8.4.
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Figure 13 — Simplified compliance assessment process
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Table 2 - Example of product installation classes where a simplified
evaluation process is applicable (based on ICNIRP general public limits [1] and [2])

Instal. | EIRP? EIRP Product installation criteria
class (W) (dBm)

EO n/a n/a The product complies with IEC 62479 or the product compliance distance(s) are zero.
No specific requirement for product installation.

E2 <2 <33 The product is installed in accordance with instructions from the manufacturer and/or
entity putting into operation. Compliance with the exposure limits is generally obtained at
zero distance or within a few centimetres.

E10 <10 <40 The product is installed in accordance with instructions from the manufacturer and/or
entity putting into operation and the lowest radiating part of the antenna(s) is at a
minimum height of 2,2 m above the walking or standing surface accessible by the
gereratpubtic:

E100 <pnoo <50 The product is installed in accordance with instructions from the manufaéturéf and/or
entity putting into operation and:
a) the lowest radiating part of the antenna(s) is at a minimum height of 2,5 n] above the
walking or standing surface accessible by the general public!
b) the minimum distance to areas accessible to the general public in the maip lobe
direction is CD,, °, and
c) there is no pre-existing RF source with EIRP aboves10 W installed within & distance
of 5 x CD_ metres in the main lobe direction (ag determined by considerirlg the half
power beam width) and within CD_ metres jin ather directions.
CD,, is the compliance distance in the main{obe assessed in accordance with 6.1. If
CD,, is not available, a value of 2 m can be used or 1 m if all product transmi
frequencies are greater than or equal to\' 500 MHz.°
E+ > 100 > 50 The product is installed in accordance with instructions from the manufacturef and/or

entity putting into operation and:
a) the lowest radiating part.ofithe antenna(s) is at a minimum height of #  mptres above
the walking or standing‘urface accessible by the general public,
b) the minimum distance to areas accessible to the general public in the maip lobe
direction is CDy bmetres, and

c) there is no‘pre-existing RF source with EIRP greater than 100 W installed|within a
distance'of)6 x CD, metres in the main lobe direction and within CD, | mefres in

otherdirections.

CD, isythe compliance distance in the main lobe assessed in accordance with 6.1 and
~\_/ . . . . d
h\.is)given by Equation (1), Equation (2), Equation (3), and Equation (4).

EIRP trgnsmitted by/the.installed antenna(s) including all active bands.

CDm is flso descfibed as CDf or CDr in 6.1.4. For E10, the installation height is derived from the SAR estimation

formula|provided-in B.6.3 and realistic antenna configurations. For E100, the installation height is derived from
the SAR estimation formula provided in B.6.3 and realistic antenna configurations and CD_ values of 1 m and 2 m

are deriyed\from the classical spherical formula (Equation (B.7)) using a ground reflection factor of 0] For E+, &
and CD_, specified in Equation (1), Equation (2) or Equation (3) are derived from the classical spherical formula
(Equation (B.7)) using a ground reflection factor of 1. For E+ in the millimetre frequency range, & and CD

specified in Equation (4) are derived from the synthetic model method (Equation (B.54)) using a metallic ground
reflection, see B.7.1 and Clause D.6.

When such condition is not fulfilled, the installation is still compliant if the sum of the EIRP values of the EUT and
nearby sources is less than 100 W. If the total EIRP is greater than 100 W then the EUT is still compliant if it is
installed at a minimum height of 2 metres above the walking or standing surface accessible by the general public

and at a minimum distance from areas accessible to the general public in the main lobe direction of CD_ metres,
where i and CD,_ are obtained using Equation (1), Equation (2), Equation (3) or Equation (4) for the sum of the
EIRP including those of nearby sources.

When this condition is not fulfilled, the installation is still exempted from evaluations if the EUT is installed at a
minimum height of 7 metres above the walking or standing surface accessible by the general public and at a

minimum distance from areas accessible to the general public in the main lobe direction of CD_ metres, where /|
and CD_ are obtained using Equation (1), Equation (2), Equation (3) or Equation (4) for the sum of the EIRP
values including those of nearby sources.
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The frequency dependent Equation (1), Equation (2), and Equation (3) are applicable for
calculation of the minimum installation height 4., and the compliance distance in the main lobe

CD,, described in Table 2. These equations were introduced in [35] and amended in [36] for

millimetre wave frequencies. To be conservative, f'shall be chosen to correspond with the lowest
exposure limit of all frequency bands of the EUT.

Equation (1) applies for frequencies between 100 MHz and 400 MHz:

Equation

Equation

where

f
Y

sl

a

5. [ERP-4
2n EIRP

and CD,, =

=max
fim [EIRP 21

[2 oy SN 11295 Bl3q5)
T

(2) applies for frequencies between 400 MHz and 2 000 MHz:

2+\/200xEIRP-AS|

fom andcD,, - jzoo;ElRP
‘T
2+ /zoofxﬂ sin(a +1,129x Abyqg)
-7

hyy = max

(3) applies for frequencies between 2 00@/MHz and 300 000 MHz (i.e. 300 ¢

,, [EIRP- 4y
10m and CD,, - [EIRP
EIRP 101

107

hy = max
2+

sin(a +1,129 x Ay yg)

s the frequengy of operation of the BS in MHz;
s the side{obe suppression value specified in a linear scale;

s the 'downtilt in radians (both electrical and mechanical);

AO3q4p

bHZ):

s.the vertical half power beamwidth in radians.

(2)

(3)

Alternatively, in accordance with [36] and Clause D.6, for BS using massive MIMO or beam
steering antennas operating between 10 000 MHz and 300 000 MHz (i.e. 300 GHz) Equation (4)

applies:

2+ E”ZF;'Asl EIRP
hp = max T and CD, =, |——
EIRP . 40n
2+ Sln(a+1,129xA63dB)
65n

where symbols are the same as in Equation (3).


https://iecnorm.com/api/?name=4ac7e25f91470bae24040b624a8b8129

IEC 62232:2022 © |[EC 2022 - 59 -

NOTE For BS installed at 2,5 m above the walking or standing surface accessible by the general public, 4 and
CD,, values in Equation (4) remain unchanged when considering ground reflections, see Clause D.6.

6.2.6 Assessment area selection

The domain of investigation (DI) represents the volume where an exposure evaluation and
assessment shall be performed. The DI is the part of the assessment domain boundary (ADB)
of the equipment under test (EUT) where there is access. Access in this context refers to any
part of the body being within the ADB under normal conditions.

NOTE Outside the ADB the product is not a relevant source, and an evaluation is not needed.

If the product compliance boundary, as specified in 6.1, is available, the ADB length L,pg (in
metres) i the malm beam direction shatt be five times the compiiance distance. Alterpatively:

a) for a pingle band antenna, the simplified expression provided in Equation (5)\¢an be used
for ADB length. It is based on the free-space formula (Equation (B.7)-and pfovides a
consgrvative estimation of the ADB in the shape of a box (Figure 14).

EIRP EIRP
LADB = = 173 X (5)
0,05 X 47'[ . S”m S”m

wherg S);, is the applicable power density exposure limit (W m=2).

b) for myiltiband antennas having more than one active'band, the ADB length can be galculated
using|Equation (6).

EIRP,

LADB = 1,3X (6)

~ Siim,i

wherg EIRP; is the EIRP of the product in band i and Sy, ; is the applicable powgr density
expogure limit (W m=2)-for band i.
The dimgnsions of the AADB, if determined using Equation (5) or Equation (6), ane largely
overestimated in the vertical direction of the antenna. Therefore, the following ruleq shall be
applied:
1) Accegs regions placed i, metres or more below the antenna mounting height (measured
from {he centre point of the antenna) shall not be considered as part of the ADB, |where 7,
is given by Equation (7) 4

hb = maX(LADB -tana X 3,5) (7)

where a is the antenna downtilt (mechanical and electrical) in radians.

For fixed beam antennas, if « is unknown it can be assumed to equal =n/15 radians (12°),
which is a realistic maximum downtilt chosen to obtain a conservative result. The number
3,5 m was also chosen to correspond to a realistic maximum £, for an antenna without

4 The first term in brackets corresponds to the height of the ADB given by the main beam for down-tilted antennas.
The second term takes into consideration that for small tilt angles, the ADB in the vertical direction might be given
by the antenna side lobe (or by the extension of the main lobe in the vertical plane). Since the maximum side
lobe amplitude and direction might be difficult to estimate, a minimum height of 3,5 m is conservatively chosen.
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downtilt. For massive MIMO or beam-steering antennas, a corresponds to the maximum
downtilt (including mechanical downtilt) among the available beams considering the
configured beam-steering range of the BS product in the elevation plane.

2) General public access regions placed 3,5 m or more above the antenna mounting height
(measured from the centre point of the antenna) shall not be considered as part of the ADB.

Equation (5) and Equation (6) are applicable for down-tilted antennas. If the antenna is tilted
upwards the values shall be reversed. For BS product installations able to steer the beam above
the horizon, h, as provided by Equation (7) applies both below and above the antenna
installation height. In addition, for rooftop or wall installations, regions within the building on
which the antenna is mounted shall be excluded from the ADB if the antenna main beam is
pointing away from the building?®.

Based on observations of the product installation, the environment, and experience gajned from
RF exposure evaluations of similar sites, the DI can be restricted to the poinfs)of maximum
exposurg.

Where g¢neral public access to the ADB is restricted, there is no DI and)therefore the product
installatign is compliant for general public access.

ADB

A DI Antenna ADB

Antenna / /
. »/ 35 m I N
AoB b ol
hy
Lo N 1%
v B Laps
1EC h " IEC

a) Top view b) Side view

NOTE Thé¢ ADB is oriented in-accordance with the antenna direction.

Figure 14 — Example of DI within a square-shaped
assessment domain boundary (ADB) with dimension L,pg

6.2.7 Measurements

6.2.7.1 General

RF field strength measurements by means of frequency selective or broadband equipment or
both can be used to evaluate the product installation. The measurement system(s) and the post
processing shall, at a minimum cover the frequency range envisioned by the evaluation from
100 kHz to 6 GHz and up to 300 GHz if required. Measurement equipment shall be chosen and
operated in accordance with B.4.2.

Measurement contributions from multiple sources shall be summed in accordance with 8.5 in
order to assess the total exposure ratio (TER).

5 Transmission in these directions corresponds to the side lobe of the antenna. In addition, the attenuation due to
the walls, roof, etc can reduce the power density by 10 dB to 20 dB or more.
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6.2.7.2 General TER measurements

General TER evaluation consists of measurements over the whole DI of the total RF field
strength or power density over the entire frequency range of the product and any relevant
sources that are external to the product. Broadband equipment is suitable for this type of
measurement. Frequency selective equipment can be used provided that the RF field strength
is integrated over the entire relevant frequency range.

During general TER evaluation, measurements shall be taken in accordance with B.4.2.5 over
the whole DI.

The BS installation is assessed to be compliant without further investigation if the maximum

time avergmmmmwuwthmasurement
equipment does not have a shaped frequency response, the lowest electric fieldcstrength or

power dgnsity exposure limit values in the frequency range used by the entire BS installation
shall be ¢ised to calculate TER.

NOTE It is possible that applicable regulations consider a different measured TER ¢riteftion (e.g. 0,01 of the
measured TER).

Otherwisg, a comprehensive TER measurement shall be performed,in‘accordance with 6.2.7.3.

6.2.7.3 Comprehensive product ER measurement

The comprehensive product ER measurement shall be penfermed at the location(s) of maximum
TER idertified in the general TER evaluation. It takes.into account time averaging in the same
way as T|[ER. It is performed in order to obtain a conservative estimate of the TER when the
product i$ transmitting at configured maximum power.

The comprehensive product ER measurementshall be performed using broadband or ffequency
selective| measurement equipment that_is~“in compliance with the requirements|and the
measurement procedures specified in B4.2.

For comprehensive measurements,-the extrapolation procedure as described in Clause B.8
shall be ppplied and spatial averaging shall follow 6.4. Where the product ER obtajned with
comprehgnsive measurements s less than 0,05 no further evaluation is required| and the
product installation is assessed to be compliant.

NOTE It i$ possible that.applicable regulations consider a different ER criterion (e.g. 0,01).
6.2.7.4 Exposure contribution of ambient sources

Ambient sources shall be identified in accordance with the description in 7.2 and in 8]5.

For evaluations where the extrapolation of the RF field strength to the maximum power has
been obtained by means of broadband measurements in accordance with B.8.2, the contribution
from ambient sources is implicitly evaluated. No additional measurements need to be performed.

Sources that are not relevant can be excluded.

If the operating bands of nearby ambient sources are known, the ER contribution of each source
can be determined. This can be done using frequency selective equipment by integrating the
RF field strength over the corresponding band. When this information is not directly available,
it can be retrieved by inspection of the significant spectrum peaks measured by the frequency
selective equipment.

For time variant signals, the RF field strength from relevant source contributions shall be scaled
to maximum power, see Clause B.8, or actual maximum power or EIRP when the equipment is
able to implement the approach specified in 6.2.3 and 8.4. If the extrapolation factors are
unknown the power density for each of the relevant bands shall be measured. Such
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measurement should occur during high-traffic hours, using a max-hold trace for a time until the
equipment reading stabilizes. However, additional uncertainty associated with not actually
scaling to maximum power should be appropriately accounted for in the uncertainty evaluation,
see Clause 9.

6.2.8 Computations

Various computational methods can be used to evaluate the level of exposure within the DI,
see Clause B.6. An overview of the applicability of the methods is provided in Table 7.

The transmitted power of the BS shall conservatively be assumed as equal to the maximum
power or the actual maximum power if the BS is implementing the actual maximum approach
specified i i i ithi e DI shall
be included in the evaluation. The effect of environmental reflectors and scattererg shall be
considerg¢d where relevant, in accordance with B.4.2.6. In areas with environmental feflectors
a modifidd free space approach can be applied. In this case the ER is first overestimated by
using thg ER estimated in free space, and this free space estimate is then ‘multiplied by a
compenspting factor. Alternatively, the effect of reflecting objects shall) be includ¢d in the
uncertainty budget.

Reflectiops can be modelled using calculation tools, such as ray tracing, see B.7.1. F¢r ground
reflections, a multiplication factor of 2,56 (for power density) or %,6"(for E-field strength) can be
applied tp free space computed values as recommended iy [37]. These multiplicatign factors
do not glways apply to reflections from rooftop sites¢ Other site-specific powel density
multiplicgtion factors can be used where more detailed information is available. In ggneral, an
accurate [estimation of these reflection factors requiresiinformation on site topography|including
material |parameters of nearby structures, frequéncy, transmission bandwidth &and field
polarization.

A reflectihg structure can be excluded from the' RF exposure computations if one or mere of the
following|conditions apply.

e The reflecting structure is not within line of sight from both the evaluation point and|the radio
sourcg.

e The deometry of the reflector, evaluation point and radio source is such that the|reflected
ray is|directed away from.the evaluation point.

e The maximum projected dimension of the reflecting structure in the directign of the
evaluption point istless than L, ,, from Equation (8)

d
LImax = z (8)

where
d is the distance from the radio source to the structure;
2 is the wavelength of the considered radio source.

NOTE A structure can be considered a reflector at a given frequency but not necessarily at other frequencies.
6.2.9 Uncertainty

Uncertainty analysis shall be performed in accordance with Clause 9.

The target expanded uncertainty is less than or equal to 4 dB, which is considered industry best
practice. The expanded uncertainty for the RF exposure evaluation used for the product
installation compliance assessment shall not exceed 6 dB. Under this condition, the evaluation
result shall be compared directly to the exposure limit. However, the entity performing the
uncertainty analysis also needs to be aware of the applicable regulation.
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6.2.10 Reporting for product installation compliance

Reporting shall be performed in accordance with Clause 10. The RF exposure evaluation report
used for product installation compliance shall contain at least the following.
a) Description of the product:

1) name, identifying reference (e.g. serial number), wireless technologies, and list of
transmit frequency bands;

2) for each transmit frequency band, either the configured maximum power or the actual
maximum threshold value if the BS is implementing the actual maximum approach
specified in 6.2.3 and 8.4;

3) for each transmit frequency band, antenna characteristics (gain, horizontal and vertical

steering
ra ge EIRP, configured envelope radiation pattern broadcast and/orAraffic |radiation
pdttern enveIope whatever represents the maximum exposure for the installed BS) for
arnjtennas using beamforming, and, if the product is used with external anfennas, a
dgtailed description of at least one typical configuration, including antenng system
(thansmission lines, filters, diplexers, connectors, splitters, combiners, etc.);

4) if the product installation compliance has been assessed using’the simplified eyvaluation
prpcess as specified in 6.2.5, then all parameters used to ‘identify the installafion class
in|Table 2, see 6.2.5, shall be included.

b) Desctiption of installation configuration for the product] including installation height, etc.

c) Implementation of the simplified product installation.evaluation method (rationale, putcome)
if appficable.

d) If thg simplified product installation evaluation is not applicable, additional [technical
informpation required for repeatability and for documentation of the validity of the method are
requied. This shall include a description ofithe evaluation method and the exposure metrics
(TER] S, E or H), the rationale for the choice, see 7.1, as well as:

1) dgscription of the domain of investigation, relevant sources and scatterers;
2) spatial averaging method used;
3) fof measurements:

~

probe(s) and measurement instrument(s) used, including characteridtics and
calibration details,

ii)] testing conditions (temperature, etc.);
4) fof calculations:
i) | name=and version of the software simulation tool (if applicable),

ii)] ealetlation and simulation parameters used;

5) vatidity of measurementandfor catcutatiomresutts;
6) uncertainty analysis.

e) Description of the monitoring counters and/or control tools as well as CDF report(s) used as
part of the actual maximum approach if applicable.

f) Description of the applicable compliance distance(s) and general public access restrictions,
if any, and guidelines on how to comply with occupational limits during installation,
maintenance and repair of the product.

The documentation can cover several base stations with similar technical specifications and
environmental conditions.
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6.3 In-situ RF exposure evaluation or assessment process
6.3.1 General
In-situ measurements are performed for multiple objectives, such as:

a) to determine if the RF exposure levels from the EUT and ambient sources are in compliance
with applicable regulations or exposure limits, as observed or extrapolated to maximum or
actual maximum levels; or

b) to obtain the RF exposure levels for use when presenting results even if they are well below
the applicable exposure limits.

Accomplishing these objectives with in-situ measurements requires broadband (Case A) and/or
frequencysetective{Case By evatuatiomCase A evatuationm strattbeperformed=asspecified in
6.3.4 to [provide an evaluation of total in-situ RF exposure levels from all soufces and
frequencies "as observed" without spectrum differentiation. Case B evaluatioh [shall be
performef as specified in 6.3.5 to provide a detailed evaluation of in-situ RF, exposufe levels.
Case B dvaluation is used when determining the contributions of relevantrsoudrces of sources
of interedt to TER or when performing extrapolation.

Case A and Case B evaluations can be combined, for example, if\the outcome of § Case A
evaluatioh is to be compared with the applicable regulations ar*exposure limits, se¢ Case A
in 6.3.4.

6.3.2 n-situ measurement process

The procgdure described in Figure 15 shall be usedde)evaluate or assess in-situ RF gxposure.

The procgss shall start by performing a site analysis to identify all relevant fixed enjitting RF
source infstallations in the surrounding area jintaccordance with 6.3.3. The in-situ RF pxposure
evaluatiop shall be performed in the measufement area, see 7.2.2, using the selected pxposure
metric, see 7.2.3, measurement type ((Case A or Case B) and measurement telchniques
specified|in B.4.2 to meet the measurement objectives. In selecting measurement ftype, the
measurement equipment and the posi‘processing shall cover the RF emissions from all sources
identified by the site analysis. Finally, uncertainty and reporting shall be completed as|specified
in 6.3.6 gdnd 6.3.7, respectively



https://iecnorm.com/api/?name=4ac7e25f91470bae24040b624a8b8129

IEC 62232:2022 © |[EC 2022 - 65—

p
In-situ measurement ]

-

Source determination

and site analysis
(6.3.3)

Measurement type
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A 4

Case A:
Broadband evaluation

Case B:
Comprehensive evaluation with

(6.3.4) frequency selective equipment
(6.3.5)
Broadband measurements
(B.4.2.3)
b4
Case A/ Case B Yes Frequercy selective

combination criteria apply measurements

(6.3.4) (B.4.2.4)

Extrapolation No No

applicable ?
(B.8.2)
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(B.8.3)
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Extrapolation Extrapolation
(B.8) (6.3.5.2and B.8)

A4 \ 4
Uncertainty (6.3.6 and Clause 9)

Reporting (6.3.7 and Clause 10)

IEC

Figure 15 - In-situ RF exposure evaluation
or assessment process flow chart

6.3.3 Bite’analysis

During the site analysis, the surveyor shall:

a) select the measurement area;
b) identify the position of the EUT with respect to the measurement area, if applicable;
c) check for and document ambient sources according to B.4.2.6;

d) select the exposure metric and the appropriate measurement equipment(s) to cover the
frequency range applicable to the EUT and ambient sources.

If the EUT or ambient sources are using beam steering, the purpose of the Case A evaluation
remains to provide a global evaluation of in-situ RF exposure levels from all sources and
frequencies together "as observed". As all RF sources are not always steering the RF energy
towards the evaluation location, it is recommended to have, at a minimum, a UE connected with
the EUT using the method described in B.4.2.5.4.
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Additional guidelines are provided in Clause 7 and Annex A.

6.3.4 Case A evaluation

Case A corresponds to an exposure evaluation on one measurement area using broadband
equipment in compliance with 8.2.2. and B.4.2.3 and consistent with the objective as described
in 6.3.1.

The measurement system(s) shall cover the frequency range of the RF emissions from the EUT
and all relevant ambient sources between at least 100 kHz and 300 GHz as determined by the
site analysis. Additional requirements are specified in B.4.2.2.

A Case A—ev attor—sha Sta bv—performine—a—stow—sear—over—the—me asHremen
height off 1,5 m above the walking or standing surface in order to find the logcatipn of the
maximum RF exposure, i.e. the point of investigation (Pol). At this evaluation location | if spatial
averaging is required, measurements at different heights shall be performed in order {o assess
| averaged value as specified in 6.4.1. If time averaging is required, it| shall be
implemented as specified in 6.4.2.

It is recojmmended to complement a Case A evaluation with a Case\B evaluation, se¢ 6.3.5, if
the following criteria apply:

a) the olitcome of a Case A is above the applicable regulations or exposure limits at {he Pol in
order|to perform the detailed calculation of the TER taking into account all contribputors; or

b) the oltcome of a Case A at the Pol is intended.to*be extrapolated, compared| with the
appligable regulations or exposure limits, and thesmeasured power density is aboye a fixed
value|of 100 mW m~2 (or equivalent E-field strength or H-field strength) or above|a certain
threslhold derived from the applicable exposure limit (e.g. 50 % of the limit expfessed in
powef).

Extrapoldtion using a broadband probe is hot recommended and shall only be perfornfed under
the conditions specified in B.8.2.

6.3.5 Case B evaluation
6.3.5.1 Measurement protocol

Case B |corresponds to)a comprehensive exposure evaluation with frequency [selective
equipment, including.identification of relevant sources, see 6.2.1, or sources of interest, and
extrapolgtion of exposure to configured maximum transmitted power or EIRP or to the actual
maximum poweror EIRP if required.

The measurément shall be performed using frequency selective equipment as specified in 8.2.2
and B.4.2A4Case B measurementsstattbeperformedatagivernrtocatiom,egthe Potidentified
in Case A evaluation, see 6.3.4. The TER shall be evaluated in accordance with 8.5.

The evaluation shall begin at the Pol with a comprehensive frequency scan covering at minimum
the frequencies of ambient signals documented in the site analysis, see 6.3.3. The outcome of
the comprehensive frequency scan shall be used to identify any source of interest frequencies
for which spatially averaged, see 6.4.1, or sweeping, see B.4.2.5.2, measurements, shall be
performed. If no source of interest is identified, the two highest measured RF sources shall be
measured.

Frequency selective measurements shall be performed at all points required for the
implementation of spatial averaging or sweeping method. Depending on the objective of the in-
situ evaluation or assessment, either the raw measurement results or the extrapolated
measurement result, in accordance with 6.3.5.2, shall be provided.
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6.3.5.2 Extrapolation of the configured maximum or actual maximum RF exposure

If the aim is to evaluate the maximum RF exposure conditions taking into account traffic,
transmitted power and beam steering (e.g. massive MIMO) variations, then the evaluation result
data shall be extrapolated. Extrapolation shall apply only to sources of interest, see 6.3.5.1.

Extrapolation shall be performed from measurement of stable (i.e. time independent) reference
signal(s) or channel(s) as specified in B.8.3 and Annex E. In the context of this document,
stable means that the RF source reference signal or channel variability is +10 %. Other
recommendations can be found in system specifications (e.g. 3GPP 38.104 [17] for NR).

The extrapolation factor shall be evaluated as specified in Clause B.8 based on

a) either the configured maximum transmitted power or EIRP, or
b) the agtual maximum transmitted power or EIRP value(s) configured in the BS, if the actual
maximum approach is implemented as specified in 6.2.3 and 8.4.

6.3.6 Uncertainty

Uncertainty analysis shall be performed in accordance with Clause 9:

The targgt expanded uncertainty is less than or equal to 4 dB, which is considered indystry best
practice.|The expanded uncertainty for RF exposure evaluation used in in-situ RF pxposure
assessment shall not exceed 6 dB. Under this condition, the gvaluation result shall be qompared
directly t¢ the exposure limit. However, the entity performing’the uncertainty analysis also needs
to be aware of the applicable regulation.

6.3.7 Reporting

Reporting shall be performed in accordance wjth Clause 10. The in-situ RF exposure ejvaluation
or assesgment report shall contain at a miaimum:

a) a dedcription of the measurement_site, including the relevant sources and the points or
locatipns where measurements-have been performed;

b) the e¢nvironmental conditions, time and date, name of entity responsible| for the
measpurement;

c) the asurement protecol used, including spatial averaging, time averaging, method used
to deal with beam forming systems, etc.;

d) the prlobe(s) andmeasurement instrument(s) used, including characteristics and chplibration
detailp and probe correction factors;

e) the mleastrement results and all information necessary for the interpretation of the in-situ
RF eXposure evaluation or assessment (e.g. instantaneous, extrapolation, etc.);

f) if extrapolation is used, a description of the extrapolation method and rationale for the
extrapolation factor(s);

g) the uncertainty analysis.
6.4 Averaging procedures
6.4.1 Spatial averaging

Where spatial averaging of RF field strength or power density is required (e.g. 6.3 related to
in-situ RF exposure assessment), it shall be performed in accordance with the specifications in
B.3.3 and with a minimum of three measurement points as shown in Figure B.7. However,
depending on the location and accuracy required, the number of measurement points to be
averaged can be increased using B.3.3.2 specifications.

Spatial-peak RF field strength or power density shall also be considered, see Table 3, if
required by the applicable RF exposure limits.
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The spatial-averaging procedure applicable to SAR evaluation is described in Clause B.5.

6.4.2 Time averaging

Factors that contribute to time variation include changing propagation conditions, variations of
the transmitted power due to traffic load, transmission from the base station in multiple beam
directions using beamforming (e.g. massive MIMO), variations due to power control, or
transmitter duty-cycle.

Where time averaging is applicable for exposure assessment, it shall be implemented as
specified in B.3.4 and Clause B.9. The averaging time Tavg is specified in the applicable

regulation or exposure limits.

When implementing the actual maximum approach, the actual averaging time T, 44 shall be

used for the implementation of monitoring counters and control features as specified ipn 8.4 and

Clause Bl9. T,,4 act is generally equal to T,,,. However, lower values)are acceptable.

Nevertheless, the entity implementing the actual maximum approach alsomeeds to belaware of
the appli¢able regulations.

7 Detgrmining the evaluation method

71 OVerview

Once the|purpose of the evaluation has been chosen, see'5.2, the next step is to detefmine the
evaluation method including the evaluation points;Jambient fields and other dethils. The
evaluation method shall be selected consideringzthe exposure metrics, see 7.2.3] and the
applicability of the evaluation methods, see Clause 8 and Table 3. More than one ejvaluation
method gan be valid.

If specifi¢ evaluation methods are specified in Clause 6, these shall be used. Othernwise, the
process in 7.2 shall be followed. The.entity determining the evaluation method also negds to be
aware of [the applicable regulatory requirements.

Evaluatign method determination examples can be found in the worked case study examples of
IEC TR 62669 [5].

7.2 Prpcess to determine the evaluation method
7.21 General

Prior to ¢onducting an evaluation, the surveyor shall determine the evaluation configuration
following|the“tasks described below.

a) Establish the evaluation points in relation to the source-environment plane, see 7.2.2.
b) Establish the appropriate exposure metric, see 7.2.3.

c) Select computation or measurement approach, see Annex A.

d) Establish if ambient fields need to be considered.

e) Where the evaluation purpose is to determine the combined field from all sources at a given
location, ambient fields shall be evaluated, see B.4.2.6. The surveyor shall identify all fixed
permanently installed RF sources as specified in 6.3.3 and B.4.2.6.

f) Ambient sources can be identified through visual inspection, consultation of available user
databases, information from the site owner, as well as broadband or frequency selective
measurements.

g) The evaluation shall be performed in accordance with the specifications in 6.2.7.4 or 6.3.2.
h) Additional considerations to consider can be found in Clause A.5.


https://iecnorm.com/api/?name=4ac7e25f91470bae24040b624a8b8129

IEC 62232:2022 © |[EC 2022 - 69 -

The evaluation method is chosen based on the determined evaluation configuration and
guidance provided in Clause 8 and Annex B.

7.2.2 Establishing the evaluation points in relation to the source-environment plane
7.2.21 General

The source-environment plane describes the regions to be considered in the evaluation point
selection; based on environmental complexity and distance from the source.

7.2.2.2 Source-environment plane definition

The source-environment plane is a tool developed to categorize the regions around an antenna
based 01 environmental complexity and distance from the antenna. Influenced by|both the
scattering environment and the distance separating the antenna from the evaluation/point, the
source-efvironment classification impacts the evaluation method.

For more| detail on the environmental regions, see Annex A.

The source-environment plane consists of nine evaluation regions. ;The "x-axis" r@presents
increasing distance from a source located at the coordinate-system origin. Thg "y-axis"
represenfs increasing scattering effects contributing to totalfields at observatioh points,
see Figufe 16.

Source — environment plane
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2 In this document, if a * replaces the environment region character, this means any environment region (i.e. 0, 1
or M) applies. If a * replaces the source region character, it means any source region (i.e. I, Il or Ill) applies.

Figure 16 — Source-environment plane concept
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7.2.2.3 Definitions of source regions

Source region | constitutes the reactive near-field of the source, see A.1.3.
Source region |l constitutes the radiating near-field of the source, see A.1.3.
Source region |ll constitutes the far-field of the source, see A.1.3.

7.2.2.4 Definitions of environment regions

Definitions of the environment regions are based on the proximity to, or effects from, scattering
objects; such scattering objects can be in the V|C|n|ty of the source, in the vicinity of the
evaluatiop—pein h and the
evaluatioh point.

In envirohment region 0 there is an unobstructed path between the source antenng and the
evaluatioh point. Also, the levels from any reflections are small enough notito”affect materially
the evalulated level, within the uncertainty of the evaluation.

In environment region 1 there is an unobstructed path between the /source antenng and the
evaluatioh point and there is just one dominant reflector, e.g. the ground. Other reflecfors meet
the envirpbnment region 0 criteria.

In envirohment region M there is obstruction between the“source antenna and the eyvaluation
point and/or there are two or more reflectors.

Examples are provided in A.1.2.

7.2.2.5 Establish where evaluation points are on the source-environment plahe

Determing in which source-environmentplane regions the evaluation points lie, see Clause A.1.

7.2.3 Exposure metric selection

Exposurg metrics shall be selected in accordance with the applicable exposure glidelines.
Table 3 describes the exposure metrics (RF field strength, power density and SAR) validity and
classificdtion based on where the evaluation point lies in the source-environmept plane,
see 7.2.4, the availability of assessment methodologies as described in this document and the
applicable RF exposure limit. The method with the lowest exposure metric class takes
precederice.
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Table 3 — Exposure metrics validity for evaluation points in each source region

Exposure Exposure metrics validity
metric (Measured/computed)?
class Source region | Source region Il Source region lll
1 SAR up to 6 GHz? and power density above 6 GHz®4
2 Electric field strength and Electric field strength, or magnetic field strength, or plane wave
magnetic field strength®9, equivalent power density®f
or power density®ef

The exposure metric can be expressed as a value or exposure ratio.

Some international exposure standards or guidelines provide basic restrictions in terms of SAR also at
frequ ncies-higherthan 6 GHz (e g-whole-bodyv SAR limits-are-applicable upn- 10300 GHz in-accordance with
d \ ~ 7 rr L

ICNIRP-2020 [1]). However, SAR measurement procedures described in this document are limited to 6 GHz.

¢ Wherqg the applicable exposure limits include a time-averaging period, a relevant time-avefaged g¢valuation
has a higher validity than a non-time-averaged evaluation.

Some|international exposure standards provide basic restrictions above 6 GHz in terms“of absored power
density. This metric is currently not addressed by IEC 62232. Therefore, (fincident) powedr density
(i.e. rg¢ference levels), is identified in this table as the class 1 exposure metric above6 GHz, see al$o 8.1.

¢ The rg¢active power components are not negligible in source region |, so,both electric field str¢gngth and
magnégtic field strength need to be evaluated, see Clause A.1. For certainfrequencies, exposure ptandards
provide reference levels only in terms of power density. In source region ‘l, power density shall be dptermined
based|on the assessment of both the electric and magnetic fields. Some exposure standards restrict the validity
of power density to source region Il and source region Ill.

f The vhlidity of spatial averaging depends on the applicable eXposure limit in accordance with thfee cases
(here ppecified for RF field strength but also applicable to power density):

Caseli) The applicable exposure limits include differentspatial-peak and spatially-averaged RF field
strength limits (both conditions to be met): In¢this case, the spatially-averaged RF field 4trength is
more appropriate than the spatial-peak \RF-field strength when comparing with the|spatially-
averaged limit. However, in the condition when the RF field strength is uniform on the pveraging
surface, spatial averaging might be redundant, and the spatial-peak value can be congervatively
used for direct comparison with both\limits. The spatially-averaged RF field strength shall not be
compared with the spatial-peak limit:

Caselii) The applicable exposure limits include a single limit addressing both spatial-peak and| spatially-
averaged evaluations: In this Case, the spatial-peak RF field strength is more appropriatg than the
spatially-averaged RF field\strength.

Caseliii) The applicable exposure limits include only spatial-averaged values over different |areas for
localized and whple-body exposure, respectively. In this case, as described in i), the|spatially-
averaged RF field\strength is more appropriate than the spatial-peak, but averaging| might be
redundant when-the RF field strength is deemed uniform on the averaging surface.

8 Evaluation:methods

8.1 Gqgneral

Clause 8 provides an overview of the evaluation methods to measure or compute RF field
strength, power density, SAR, transmitted power or EIRP. The details are provided in
corresponding annexes. Each method description includes the applicability and constraints
within which it shall be employed, the information required to implement the method, and advice
relating to the uncertainty of the evaluation.

The evaluation method is selected in accordance with Clause 7. For additional information,
clarification or justification of the evaluation methods, refer to annexes and external references.
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Procedures and methods described in this document are used to demonstrate compliance with
the applicable exposure guidelines, including the most recent revisions published by
ICNIRP-2020 [1] and IEEE Std C95.1-2019 [3]. Such guidelines have introduced new basic
restrictions above 6 GHz based on the absorbed/epithelial power density and, for
ICNIRP-2020 [1], whole-body SAR for localized and whole-body exposure. While
absorbed/epithelial power density is not addressed in this document and whole-body SAR
measurement techniques are specified only up to 6 GHz, assessment methodologies valid up
to 300 GHz are provided in this document based on evaluation of the (incident) power density
and can be used to demonstrate compliance above 6 GHz by means of the reference levels.

Considerations about brief exposure limits specified in ICNIRP-2020 [1] are provided in Annex F.

When de i\/ing RE field efrnngfh qnnnfifine from power Hnneihjl’ attention should be pa|d that
far-field gonditions are valid.

8.2 Mgasurement methods
8.2.1 General

The releyant measurement methods are displayed in Figure 17. This process is an gxpansion
of the mgasurement block from Figure 1.

Figure 1 — Meastirements
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RF field strength & power density SAR
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Figure 17 — Flow chart of the measurement methods

8.2.2 RF field strength and power density measurements

RF field strength and power density measurements are applicable in the source-environment
plane regions and operating regions described in 7.1 and Table 3, see 7.2.3. The requirements
listed in Table 4 shall be applied depending on the evaluation process, i.e. product compliance,
product installation compliance or in-situ RF exposure assessment.
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Due to space limitations, laboratory based (electric and magnetic) RF field strength and power
density measurement procedures are generally applicable to low power equipment,
e.g. equipment with a compliance distance lower than 1 m.

For in-situ measurements, frequency selective measurement equipment is recommended in
situations where more than one signal or frequency is present.

NOTE Probes can be mounted on drones for performing measurements in inaccessible areas or in areas where the
levels can exceed the exposure limits. General implementation guidelines are provided in IEC TR 62669 [5].

Table 4 — Requirements for RF field strength and power density measurements

Normative subclause Title
B.4.2 In-situ RF exposure measurements
B.4.3 Laboratory based RF field strength and power density
measurements
B.3.3 Spatial averaging
B.3.4 Time averaging
B.4.4 RF field strength and power density’measurement
uncertainty

8.2.3 SAR measurements

The SAR measurement procedures are generally. applicable for small stgnd-alone
equipment/devices and multi-element base station “antennas shorter than or equal o 1,5 m,
whether the BS is installed indoor, outdoor or underground (e.g. in a man-hole). The| distance
between the phantom and the outer surface of the-radiating structure (antenna) shall ngt exceed
1 000 mm. While SAR limits for whole-body~exposure might be relevant up to 300 GHz in
ICNIRP-2020 [1], SAR measurement procedures specified in this document are applficable in
the frequency range 300 MHz to 6 GHz,

In the freguency range relevant toswhole-body SAR limits, it is not necessary to perfoqm whole-
body SAR evaluation if the maximum transmitted power of the product is less than the values
specified|in Table 5.

Table 5 — Whole-body SAR exclusions based on RF power levels

Exposure‘condition Maximum transmitted RF power (W)

General public expoasure. General public whole-body SAR limit [W kg™'] x 12,5 [kg]

General public ‘exposure. Lowest part of
the produptiantenna installed 2,2 m or
more above Tevel realistically accessible General public whole-body SAR Timit [W kg™ '] x 46 [kg]
by the general public. Access denied to
children due to antenna installation height.

Worker's exposure. Occupational whole-body SAR limit [W kg™"] x 46 [kg]

NOTE 1 The product installation point is measured from the lowest part of the antenna above an area realistically
accessible to the general public. The height of 2,2 m is derived from class E10, see Table 2.

NOTE 2 The whole-body SAR exclusion power levels have been derived based on the following assumptions:
(1) all of the power emitted from the antenna is absorbed in the body, (2) children below the age of 4 do not have
access to the antenna at a distance of less than 20 cm and (3) the body masses for a 4-year-old child (12,5 kg)
and a 16-year-old worker (46 kg) have been derived from body weight statistics published by WHO [38] and US
National Center for Health [39], see B.5.3.4.
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SAR measurements (local or whole-body) shall be performed using the measurement
equipment specified in Clause B.5. More specifically:

a) for local SAR measurements, the protocol specified in B.5.3.3 shall be used;

b) for whole-body SAR measurements, the protocol specified in B.5.3.4 shall be used.

SAR measurements shall be performed in accordance with the requirements specified in

Clause B

.5, in particular the requirements listed in Table 6.

Table 6 — Requirements for SAR measurements
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Figure 1 — Computation
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Figure 18 — Flow chart of the relevant computation"methods
Table 7 — Applicability of computation methods
for source-environment regions<f Figure 16
Applicable methods? (see.B.3.1, Clause B.6 and Clause B.7 )
Environment region
Source region | Source regions Il and Il
M 1. Full wave — RF field strength 1. Synthetic model and ray tracipg
algorithms
2. Full wave — SAR or power density g
2. Full wave — RF field strength
3. Full wave — SAR or power depsity
1 1. Full wave—(RF field strength 1. Spherical and/or cylindrical fqrmulas
2. Full wave~ SAR or power density 2. Synthetic model and ray tracipg
algorithms
3. Full wave — RF field strength
4. Full wave — SAR or power defsity
0 1. SAR estimation formulas 1. SAR estimation formulas
2. Full wave — RF field strength 2. Spherical and/or cylindrical fgrmulas
3. Full wave — SAR or power density 3. Synthetic model and ray tracipg
algorithms
4 Eullaaavao RE fiold ctranath
* J
5. Full wave — SAR or power density

a

Methods are listed in order of recommendation based on the practicality of implementation. As a general
principle, however, in the event of dispute methods based on basic restrictions always take precedence over
reference level-based methods.

Table 8 — Requirements for computation methods

Normative subclause

Title

B.3.1 Calculation of RF field strength and power density
B.6 Basic computation methods
B.7 Advanced computation methods
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8.4 Methods for assessment based on actual maximum approach
8.4.1 General requirements

The compliance method specified in 6.2.3 relies on the implementation of tools developed by
manufacturers based on BS counters to monitor P, or EIRP_(¢,0) in accordance with 8.4.2
and features to control that P, or EIRP_(p,0) values remain below the configured threshold(s)
in accordance with 8.4.3.

The assigned actual maximum threshold(s) for P, or EIRP,.(¢,0) is/are set by the network

operator (or the legal entity intending to put the product into operation) and shall be clearly
identified and documented |n the comphance evaluat|on report When choosmg the time-
averaging—pe maximum
approacH needs to be aware of the apphcable |nternat|onal guidelines or natlonal regulations.
The timetaveraging period shall be reported.

Guidancg for the validation of power or EIRP monitoring counters andfeontrol fefatures is
provided|in Annex C.

NOTE 1 While EIRP is also affected when controlling the transmitted power, EIRP(¢,0) is mainly usgd in 8.4 to
identify mgthods where the transmitted power is controlled in by varying azimuth ¢ and/or elevation |6 direction
considering the antenna gain G(¢,9).

NOTE 2 The exposure assessment methodologies described in this decdment are implemented in fixgd locations
in order to|assess compliance at fixed locations. Actual exposure of-a\person moving outside of a BS fompliance
boundary i$ expected to remain below the exposure limit. Further.research is ongoing to support such|case study
analysis.

8.4.2 Actual transmitted power or EIRP monitoring

When implementing the compliance approachgs specified in 6.2.3, actual transmitted|power or
EIRP mohitoring is used to provide statistical analysis of the actual values and contrpl P, or

EIRP,.(4,0) such that the threshold values specified in 8.4.3 are not exceeded during pperation.

Mobile n¢twork management systems (NMS) provide counters at fixed counter reporting time
intervals fepresenting the performance and operation of the system. Such counters can be used
to monitqr P, or EIRP (@, 6) and to verify that the values are maintained below the actual

maximum threshold(s). Such counters are generally based on the processing of the BS
baseband system parameters. Examples of relevant counters are provided in B.9.5.

P can be
elevation

relevant

The duration of the monitoring period used to assess the CDF of the counters shall represent
accurately the variability of operations, e.g. considering load variations within a day or a week
or other seasonal effects in touristic areas, etc.
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Figure 19 — Example of segments used for mohnitoring
and control of BS using mMIMO or beam steering

Actual transmitted power or EIRP control

blementing the compliance approaches specified in 6.2.3, actual transmitted
trol is implemented such that the threshold value(s) configured for each c
of the BS is not exceeded during operation.

control the actual transmitted powerlor EIRP include, but are not limited to,
the BS scheduled resources (e.g»*LTE RB) so that the actual transmitted

EIRP remains below the configured threshold(s), see for example [40].
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In the case of BS with beam steering, because of traffic variation and the spatial distribution of
the served users, see e.g. [31], [32], [33], [34], EIRP,.(¢,0) might be smaller than the set

threshold without the need to affect the scheduling decisions of the BS.

Controlling the time-averaged transmitted power distribution in any direction might be
impractical. Thresholds of the time-averaged transmitted power or EIRP might be configured

per segment, i.e. using a range of angles in azimuth ¢, < ¢ < ¢;,, and elevation 0, < 6 < 6,

see

+17

Figure 19. In this case, the upper bound for EIRP_.(¢,6) within the segment is given by the
product of the maximum antenna gain in the segment and the corresponding power threshold.
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8.5 Methods for the assessment of RF exposure to multiple sources

RF exposure assessment that considers multiple sources is required under the following
circumstances:

a) when the BS emits RF fields on multiple carrier frequencies and/or on multiple frequency
bands;

b) when evaluating RF fields from multiple sources including ambient sources, see B.4.2.6.

For such evaluation, the physical quantity representative of the RF exposure is the total
exposure ratio (TER) as specified in Equation (9). In the context of this document, the physical
quantities used for the ER; are expressed in terms of the ratio of SAR, power density, E-field

strength squared, or H-field strength squared to the corresponding exposure limit. The TER
shall incEde contributions from all relevant sources including contributions frem all the

transmitters of the BS (for evaluation purposes specified in 6.1, 6.2 and 6.3).‘and ambient

sources flor evaluation purposes (6.2 and 6.3).

N
TER =) ER, (9)
i=1
where
ER; is|the exposure ratio for the source i;
N is|the total number of sources considered in the assessment.

TER sholild be calculated for localized and whole-body exposure separately. The syimmation
formulas|are derived from the applicable regulation or exposure limits. Exposure tq multiple
sources is deemed to comply with the applicable exposure limits if the TER is less than or equal
to 1. Equfation (10), Equation (11) and_Equation (12) provide examples based on intgrnational
exposure| guidelines.

For basid restrictions derived from’ICNIRP-1998 [2], the TERgR is specified by Equatfon (10).

10 GHz 300 GHz
SAR: S

TERgr = . —ot+ 2. —- (10)
i=100 kHz SAR, j>10 GHz SL

SAR. is the SAR caused by exposure at frequency i;

SAR| is the SAR basic restriction;

S. is the power density at frequency j;

SL is the power density basic restriction.

The values of SARs and power densities in the above formula can be for the whole body or part

of the body. Local SARs should be summed together; whole-body SARs should be summed
together. Partial-body exposure levels should not be summed with whole-body exposure levels.

For basic restrictions derived from ICNIRP-2020 [1], the TERgR is specified by Equation (11).
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6 GHz

TERgr =
i=100 kHz

SAR,
SAR, (11)

where

SAR; is the SAR caused by exposure at frequency i;
SAR| is the SAR basic restriction.

NOTE 1 ICNIRP-2020 introduced basic restrictions above 6 GHz based on absorbed power density for localized RF
exposure and SAR for whole-body exposure. However, absorbed power density is not addressed in this document
and wholejody SAR measurement techniques are specified only up to 6 GHz, see 8.1. Therefore, Eduation (11)
corresponds to the part of ICNIRP-2020 basic restriction summation formula that is applicable in this dgcument for
basic restrigtions. Summation formulas up to 300 GHz are provided in this document based on evaluation gf reference
levels.

For refergnce levels derived from ICNIRP-2020 [1], the TER (for sourcesegion Il arld source
region Ill) is defined by Equation (12). ICNIRP-1998 [2] has a very similar equation with a
frequency split at 1 MHz instead of 30 MHz.

30 MHz 2 2| (300 GHz
i= z ; : Jj>30 MHz

where

E; is|the electric field strength at frequeney i;

E| ;  is|the electric field reference level at frequency i;

H, is|the magnetic field strength at frequency i;

H, ; is|the magnetic field refetence level at frequency i;

SJ- is|the power density-at\frequency j;

SL is|the power density reference level.

The valugs of RF field strength and power density in the above formula can be for the whole
body or part of bady. Partial-body quantities should be summed together; whole body quantities
should b¢ summed together. Partial body should not be summed with total body.

The TERlcanbe-derivedfrom-the
levels as well as basic restrictions.

eference

Other examples of summation formulas are provided in IEC 62311.

NOTE 2 Correlated fields are rarely encountered from separate antennas on mobile communications.
IEC TR 62630 [41] provides general information about summation principles for correlated or uncorrelated (in time)
sources.

8.6 Methods for establishing the BS transmitted power or EIRP
The BS RF transmitted power or EIRP can be established:

a) by using manufacturer's data, in which case the uncertainty shall be assessed using the
tolerance stated by the manufacturer; or

b) by direct measurement, in which case the uncertainty shall be the uncertainty of the
measurement combined with the manufacturer's stated tolerance; or
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c) by using the actual maximum approach as specified in 6.2.3, 8.4 and Clause B.9.

When performing direct measurements, it is recommended to follow the procedures specified
by international standardization bodies, such as 3GPP TS 38.141-1 [42] and 3GPP
TS 38.141-2 [43] for NR, or standards required for product certification, such as EN 301 908
series, see [44], [45], [46], [47], [48]), so that the measured values are consistent with BS
transmitted power or EIRP parameters used in manufacturer's data. Complementary information
about the measurement methods and setups is provided in Clause B.10.

A lower value can be used if there is justification based on a detailed knowledge of the
constraints on specific measurement system parameters.

9 Uncertainmty

Uncertainty shall be estimated for every reported measured and calculated RF field [strength,
power dgnsity or SAR evaluation. It shall take into account specific requirements spgcified in
Annex B |for each evaluation method. Annex G provides general information and additional
guidance| on how to estimate uncertainty can be found in JCGM 100:2008 [49]. |Although
JCGM 1(0:2008 [49] is concerned with measurement uncertainty, the*same concepis can be
extended to computational uncertainty.

The expgnded uncertainty for the evaluation should be below.the target values spegcified for
each method in 6.2.9, 6.3.6 and Annex B which representiindustry best practice. It|shall not
exceed the maximum values specified in 6.2.9, 6.3.6 and“Annex B. Under this condition, the
evaluation result shall be compared directly to the\ exposure limit. However, the entity
performirng the uncertainty analysis also needs to beraware of the applicable regulatfons. See
additionaf information and guidelines in Annex H,

Where there is a requirement for the assessment to be performed at maximum operating power
or a set gower level, variations due to product transmitted power or EIRP control shoyld not be
considergd when evaluating the expandeéd uncertainty.

Where tHe extrapolation factor is*known, additional uncertainty is not required, see|Annex B
and for irfformation about RF power variations for different technologies see Annex E

Where an extrapolation factor is unknown, additional uncertainty for scaling to maximym power
shall be appropriately accounted for in the uncertainty evaluation.

The totall combined-uncertainty is based on a mathematical model which specifies| how the
influence| quantities are added, see Clause G.3. A simple multiplicative model, expregsed as a

linear sefies(of dB variation terms, is generally appropriate as provided in Tablg B.7 and
Table BE[ Alternatively, the total combined uncertainty can be determined by clombining
uncertainties expressed In percent for assessments. The use or mixe and finear units

shall be avoided when determining the combined uncertainty.

The issue of conversion between linear and log units has been examined in [50] in addition to
its effect on the uncertainty evaluation from a mathematical point of view. The approach used
in [50] can be implemented to each particular case of uncertainty evaluation by using logarithmic
expression. The chosen unit can affect the uncertainty evaluation results, and it can result in
an overestimation or underestimation of the uncertainty.

10 Reporting

10.1 General requirements

The results of each evaluation or assessment carried out, and all information necessary for
their interpretation, shall be reported accurately, clearly, unambiguously, and objectively.
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All the information needed for performing repeatable evaluations or assessment giving results
within the required calibration and uncertainty limits shall be recorded. More detailed
requirements are provided in Clause 6 for each evaluation type.

Further guidelines on the evaluation or assessment report can be found in ISO/IEC 17025 [51].

10.2 Re

port format

The format shall be designed to accommodate each type of evaluation or assessment performed
whilst being as concise as is consistent with clarity. Depending on the applicable regulations,
the report should indicate if it has been prepared by a laboratory under accreditation. Example
reports are presented as case studies in IEC TR 62669 [5].

The repo

identi
identi

d) then
e) ades

f) the dIte(s) of the evaluation;

g) thea
h) the rg
i) wherg
1) fo

th

al]

2) we

j) thee
descr|

k) thee
spect

) meas

t itself should consist of, but not be limited to, the following items:

ication such that the page is recognized as a part of the test report, an
ication of the end of the test report;

me and address of the client;
cription of the item(s) evaluated;

plicable standards and regulations;
gions or locations at which the evaluation or assessment was performed;
relevant, conditions that can influence evaluated data:

- exterior or interior surveys, a-description/photograph of the environment, il
e proximity of antennas_to;absorbing, scattering, or re-radiating structure
ove, in front, or beneath the surface;

pather conditions, and unusual or uncontrollable human movement in the sur

bing the evaluation method);

fum suryeys, plots, or tabulations of RF field strength versus frequency;

Lrement equipment and/or simulation software used:

1) Ii5|ts of measurement equipment and/or simulation software;

me and address of the laboratory or entity performing the evaluation or assessment,

rent from

page an
i a clear

ustrating
5 located

Vvey area,

aluation methods employed (either explicitly described or by referencing the document

aluation results with, where appropriate, the units of measurement — for exgmple, for

2) measurement antenna/probe used (its height, orientation information, antenna factor/
gain, type, and frequency range);

3) cable attenuation between the measurement antenna/probe and associated equipment,
unless it is included in the antenna factor/gain;

4) all gains or losses of measurement system components — amplifiers, attenuators, power
splitters, filters, etc.;

5) any internal attenuator setting;

6) frequency or frequencies being measured;

7) bandwidth used for the evaluation;

8) detector functions selected and characteristics — for example, time constants, channel
decoding;

9) post detector filter characteristics such as bandwidth;

10)type of output — for example, log, linear, and characteristics (for example, range);


https://iecnorm.com/api/?name=4ac7e25f91470bae24040b624a8b8129

- 82— IEC 62232:2022 © IEC 2022

11) signal and noise levels measured;
12) confirmation of traceable calibration;

m) the name(s), function(s) and signature(s) or equivalent identification of person(s) performing
the evaluation and authorizing the evaluation report;

n) where relevant, a statement to the effect that the results relate only to the items tested;

o) where relevant, a statement to the effect that the evaluation takes into consideration the
intended use or foreseeable use of the BS;

p) uncertainty analysis;
q) opinions and interpretations.

10.3 Opinions and interpretations

When opjnions and interpretations are included, the report shall record the basis|upjon which
these haye been made. Opinions and interpretations shall be clearly markedhas suich in the
evaluatioh or assessment report.

If opinions and interpretations are included in the report, it should consjstof, but not e limited
to, the following:

a) wherg appropriate, an opinion on the statement of compliance of the results with limit
requifements;

b) fulfilment of contractual requirements;

c) recoanendations on how to use the results;

d) guidahce to be used for improvements.
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Annex A
(informative)

Source-environment plane and guidance
on the evaluation method selection

A.1 Guidance on the source-environment plane

A.1.1 General

Complementary information and examples are provided in A.1.2 and A.1.3 for different types of
antennarj and antenna iInstallations In order to tacilitate the understanding of thg source-
environmlent plane and of the source-region boundaries specified in Clause 7.

A.1.2 Source-environment plane example

An example of the application of the source-environment plane applied”to a typigal tower
installatign is depicted in Figure A.1. The elevation view of a BS antenna mounted op a tower
or on a wall is shown.

L é\ 4 III:-“ i i

Figure A.1 — Example source-environment plane regions
near a base station antenna on a tower

Depending on frequency and dimensions, the source regions progress from region | to Ill. In
Figure A.1, the environment regions are classified as follows.

a) In the majority area of the main beam (coloured radials), where reflections are irrelevant,
environment region 0 is applicable.

b) Outside the main beam, there is a single reflector (off the face of the building), therefore
environment region 1 is applicable.

c) Along the rooftop, where a significant reflector (the roof-top itself) is located, environment
region 1 is applicable.

d) The environment where the beam has penetrated the building and there are multiple
reflectors from internal walls and other structures is designated environment region M.
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e) The areas below and behind the antenna where the antenna is obscured (by the tower
structure and/or headframe) and these elements reflect/reradiate RF fields are both
designated environment region M.

In line-of-sight (LoS) to the antenna and above the antenna there is an area where roof-top
reflections are not relevant and so environment region 0 applies.

Another example is shown in Figure A.2 for a roof-top installation.
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Figufe A.2 — Example source-environment plane regions near a roof-top antgnna
that has a narrow vertical (elevation plane) beamwidth (not to scale)

A.1.3 Source regions
A.1.3.1 General

The spacg surrounding an)antenna is conventionally divided into two principal regions:|one near
the anterina called the\near-field region and one at a larger distance called the far-fie|d region.
The neartfield region-is usually subdivided into the reactive and the radiating near-fielq regions.
Typically| the far-field region is the region of the field of the antenna where the andular field
distributipn is~essentially independent of the distance from a specified point in thel antenna
region. Thé-reactive near-field region is the portion of the near-field region immediately
surrounding-the antennawherein the reactive fi i

Antenna field regions are often described in textbooks in terms of:

a) reactive/radiating near-field boundary. This can be described in a number of ways: where
the reactive and radiating fields have the same magnitude is one approach, another is where
the radiating fields dominate by a given amount;

b) far-field, which can be described based on how far from the antenna it is possible to
accurately evaluate the directivity as would be observed from a long way away from the
antenna.

A.1.3.2 Source definition and antenna geometry

Subclause A.1.3.2 describes the source regions which should be used. The antenna type,
antenna geometry and evaluation point are all factors which influence the source region.
Boundary definitions for intentionally radiating cables (also known as "leaky feeders"), reflectors
and default source region are also presented.
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Prior to categorizing the evaluation source regions, some fundamental antenna geometry
variables need to be listed. Figure A.3 presents the geometry of an antenna configuration.

In Annex

Lend

Lt

\\_\I -

Figure A.3 — Geometry of an antenna with
largest linear dimension L and largest end dimension L 4

A, the following variables are used:
s the distance from the centre point on the major axis of the antenna (the ofi
point P, specifically:

s the minimum distance from the antenha centre point to the boundary
source region |l and source region lll;

s the minimum distance from(the surface of the antenna to the boundary
source region | and source region ll;
s the minimum distance,from the surface of the antenna to the boundary
source region Il andysource region llI;

Hescribes a surfacetin accordance with Table A.4 considering Ly, q4;

Hescribes a surface in accordance with Table A.4 considering Lgg;

s the wavelength measured in metres;
s theangle between the main axis (along the largest linear dimension) of thg

source region Ill boundary);

gin) to a

between

s the minimum distance from the sufface of the antenna to a point P, specifically:

between

between

antenna

and ‘the line from the origin of the antenna to a point (e.g. on the source rejgion Il to

is the maximum end dimension measured in metres orthogonal to the front face (the

chassis depth) of the antenna;

is the maximum dimension measured in metres between two points on the front face

of the antenna.

Table A.1 specifies the source regions.
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Table A.1 — Definition of source regions

Source region | Source region Il Source region Il

0<d<d d<d<dy or dy =d <>

d=d and r <7,

In region |, reactive power Radiating near-field region. Far-field conditions. In Region Ill,
components are consequential. The the antenna pattern in the product
power density oscillates and, documentation is applicable.

depending on the evaluation
location, lower values might be
obtained closer to the antenna in
contrast to higher values further
away

Where digtances d,, 4, and r, are specified in Table A.2, Table A.3, Table A.4, Table A.5, in agcordance with
antenna classification:

+ Default source region boundaries — see Table A.2.
* Antennas with maximum dimension less than 2,5 1 — see Table A.3.

+ Linear[planar antenna arrays of small elements aligned linearly, normally along awertical axis, and|with more
elemefpts on the vertical axis than horizontally and with the maximum dimension greater thgn 2,51 —
see Tgble A.4.

+ Equiphase radiating apertures (e.g. parabolic dish antenna) with maximum, dimension >> 1 — see Taple A.5.

* Radiafing cables — see Table A.6.

NOTE S¢me evaluation methods described in this document speCifyvadditional constraints defining where the
method cgn be employed. The evaluation zones can therefore differ from the source regions.

The defallt source region boundaries, see Table*A.2, should be used when there is gny doubt
as to the|classification of the source antenna: For common antenna classifications (antennas
and radiating cables), Table A.3, Table A\4, Table A.5, and Table A.6 provide examples of
source rggion boundaries.

NOTE WHere similar regions are specified\in Annex B, the definitions in Annex B apply.

TableA.2 — Default source region boundaries

Sourcp region | to source,region Il boundary? Source region Il to source region lll boundary?
A
27 5xA
d| = max Leff d||| =max| 5x Leff
2
Loses> 0,6 x Logt
4xA J L A

NOTE The distance limits of the default source regions are smaller than those proposed in textbooks covering
exact descriptions of antennas. The textbook distance limits were reduced based on not noticeably influencing the
uncertainty of the RF field strength evaluation [37].

28 These distance limits of the regions are applicable generally. Antennas exist for which these limits
are conservative, for example for source region I, /2 or less is applicable even if L _ or Lzeﬁ/(4>< 2) are larger.

However, unless these cases are included in Annex A, sustainable proof is required.
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Table A.3 — Source region boundaries for antennas

with maximum dimension less than 2,5 4

Source region | to
source region Il boundary?

Source region Il to source region Ill boundary

d|=i/27[

sphere radius r,,, centred at the middle of the antenna:

1,6x 1 for Lyt <0,3x4
Iy =
" lsxLy,  for 03xA< Ly <25%x4

In [53], the source region Il to source region Ill boundary surface is a

a8 Measurements of either E or H are acceptable at distances down to A/2x from the surface of the antenna by

consid
obtain

bd closer to the antenna in contrast to higher values further away.

Es can be

Table A.4 — Source region boundaries for linear/planar antenna‘arrays
with a maximum dimension greater than or equal to2,5 4

Sourcle region | to

end’

1,6 x4 Lopg <0,3x 4
dend: 5><Lend O,SX;LSLend <2,5Xj.
2
2x L
% Loy > 25% 2

sourge region Il Source region Il to source region/lll boundary
bqundary?
The source region |l to source region Ill bodndary is specified by an examihation of
two surfaces surrounding the antenna evaluated from functions of L s and L4
A large surface described by r, centréd on the middle of the antenna:
2><Lei‘f2 02 Legs A
r=""72-sin“ f+—1|cos f|- -~
4 2 32
from which the corresponding distance, d_to the surface of the antenna cap be
determined:
dy =r|sing|
df=212n A smaller surface described by 4 considering the end dimensions of thg antenna:

(d ]
d||| ax
end

a8 Measurements of either E or H are acceptable at distances down to A/2x from the surface of the antenna by
considering (a) the increase in uncertainty, see A.1.3.3.1, and (b) that lower power density values can be
obtained closer to the antenna in contrast to higher values further away.
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Table A.5 — Source region boundaries for equiphase radiation aperture (e.g. dish)
antennas with maximum reflector dimension much greater than a wavelength

Source region | to source region Il boundary

Source region Il to source region lll boundary

Within the

Outside th
reached?:

main beam before the first null is reached:

2
eff

4 x A

L

e main beam and after the first null is = J)

77w
a’I = max
Leff

a8  Qutsid
distan
A.1.3.3
values

e the main beam and after the first null is reached, measurements of either E (©or, H are acg
es down to A/2n from the surface of the antenna by considering (a) the increase in uncer
.1, and (b) that lower power density values can be obtained closer to the antenna in contras|
further away.

eptable at
ainty, see
to higher

Table A.6 — Source region boundaries forradiating cables

Sourd

e region | to source region Il boundary Sourcesregion Il to source region Il boyndary

d,, is nopusefully definable since radiating ca

d=112n lengths are typically tens to hundreds of metr
much greater than the evaluation point distan
the radiating structure

ple

s, thus
Ce from

NOTE R

diating cables are also known as leaky feeders.

A.1.3.3

A.1.3.3.1

Various d
small ele
of the re

geometry.

Consider,

Boundary between source regions for BS antennas with small eleme
e.g. dipoles/slots/loops

Boundary between source region | and source region Il

riteria can be used for determining the source region boundaries for BS ante
ments. The.boundary between source regions | and |l is directly related to the
hctive neat-field. In turn, the reactive near-field region is a function of the

ngithe region within which the maximum RF field strength can be found

nts,

hnas with
influence
antenna

A is the

approprie

te value Tor d,.

Considering the requirement to measure both electric field strength and magnetic field strength

(or SAR),

the following apply.

a) For dipole type antennas, prevalent in many BS antenna designs, an analysis was
performed in IEC 62311 based on the analytical expressions for fields radiated by a short
linear element. By calculating the ratio of the total power density to the radiated power
density for a few simple array antennas, as well as for a single dipole element, it was found
that the effective maximum difference between the total and the radiated power density
would be 10 %, 0,4 dB, or less for distances larger than a quarter of a wavelength.

b) In [54], [55] the measurement error is stated to be less than 1 dB for a distance of /4.

c) In[56], both local SAR and whole-body SAR are given as a function of distance for a number
of scenarios with different RBS antennas showing the gradual transition between different
field regions.
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Provided the increased uncertainty is considered, measurement of either electric field strength
or magnetic field strength at distances larger than or equal to 2/4 from the surface of the antenna
is acceptable.

A.1.3.3.2 Boundary between source region Il and source region lll for maximum
antenna dimension L 2 2,5 1 and elements in a linear configuration

The criteria for determining the source region Il and Il boundaries for BS antennas with small
elements is discussed here. Far-field conditions can be said to apply when the maximum phase
error (phase difference between fields emanating from the centre and the edge of the antenna)
is smaller than =/8 [57]. Translated to distance this corresponds to a path difference of /16
between the observation point and the current sources in the extremities of the antenna array.

Consider|the general configuration of Figure A.4 with an antenna of length L and amejvaluation
at point . The path length represented by x is constant for all » > x and helps describe the far-
field direg¢tivity. The 1/16 constraint therefore applies to the difference in path lengths|between
paths r-x[and .

IEC

Key
L antenng array total length

| array pflojected length at obsefvation point P

Figure|A.4 — Maximumjpath difference for an antenna with largest linear dimension L

From gegmetry and<{[58], Equation (A.1) is obtained.

L 2
x=—lcosp| and n2:r2+§ _r-Llcos f] (A.1)
For constraint »4 = (r-x) = 4/16, leads to Equation (A.2):
r:ﬁsinzﬁ—iquikos B (A.2)
A 32 2

For the special case of = 90°(main beam), and ignoring the term A/32, this simplifies to the
often quoted » = 2 x L2 / ). However, note that for other values of 5, Equation (A.1) and
Equation (A.2) give smaller far-field distances, e.g. see Table A.7.
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Table A.7 — Far-field distance r measured in metres as a function of angle g

B

10° 30° 60° 90°

120°

150°

170°

r

1,8 m 7,5m 20,5 m 26,7 m

20,5 m

7,5m

1,8 m

NOTE This is for the case where L =2 m and 1 = 0,3 m (i.e. 1 GHz).

A.1.3.4

Source regions for equiphase radiating aperture (e.g. parabolic dish)

antennas

A.1.3.4 describes the criteria for determining the source region boundaries for equiphase
radiating apertures. This class of antennas includes parabolic dish _antennas where, when
in the main beam, a significant cross-sectional area of reflector is reflgcting the
radiated gnergy from the feed source into a narrow beam.

observe

Within the main beam, apply the criteria when the oscillation of the power dénsity

increasing distance as shown by ETSI TR 102 457 [59], and as used in FICC OET B

[37]. Addjtional discussion is provided in [60].

Outside l’h

apply an

A2 S

Table A.¢

methodo

If measu
selected

so the source regions can be based on Table A.2.

provides guidance on selecting between
ogies based on a number of practical cansiderations.

then the next step is Clause A.4.

blect between computation or measurement approaches

computation

and mea

rement is selected, then the next'step is Clause A.3. Otherwise, if comp

stops for
Lilletin 65

e main beam and after the first null is reached, the "eduiphase" conditions do not

surement

Itation is
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Table A.8 — Guidance on selecting between
computation and measurement approaches

Computation Measurements
versus
(B.3.1, Clause B.6 and Clause B.7) (B.3.2, Clause B.4 and Clause B.5)
Unable to access area to be evaluated. For <
example, due to safety considerations or due to
not having right of access by building / land
owner.
> Insufficient information available to perform
computation.
Requirement is to present a comprehensive <
field visudlization.
> Requirement is to cover specific-limitgd
routes/locations e.g. access)raodte, nominated
locations.
Client requires measurement.
ﬁ q
Client requires computation. PR
Requiremnt includes an evaluation in
locations where, or at times when, the BS is -
not radiat|ng (e.g. prior to construction).
> Requirement is for a physical demonsjration to
interested people.

NOTE The arrow presents which column is suggestéd considering the applicability of the cases descriped in the
cells.

A.3 Select measurement method

A.3.1 Selection stages

Determin[‘ the measurement method in the following stages:

a) determine if SAR, RF field strength or power density measurement is appropriate, see A.3.2;

b) select eithier-broadband or frequency selective measurement approach, see A.3.3

c) determige which measurement procedures are applicable, see A.3.4.

A.3.2 Selecting between RF field strength, power density and SAR measurement
approaches

*

For any in-situ measurement, and in environment regions *-1 and *-M (* means | or Il or Ill,
see 7.2.2.2), RF field strength and power density measurement are applicable within their
applicable frequency range.

For laboratory measurements in source-environment plane regions |-0 and I1-0, see 7.2.2.2,
either RF field strength or power density, see Clause B.4 or SAR measurement, see Clause B.5
can be selected. Within the applicable frequency range SAR measurement is recommended for
region I-0 and where the key consideration is in obtaining the most accurate results for example,
to determine the smallest volume that needs to be enclosed within a compliance boundary. RF
field strength or power density measurement can be selected where it is simpler to implement
or at those frequencies for which SAR is not applicable.

NOTE 1 Generally, the spatial-peak RF field strength relates closely to the local SAR [61].
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NOTE 2 Some international exposure standards prevent the utilization of reference levels at some frequencies
when in very close proximity to the source (e.g. within 4/2x)

A.3.3 Selecting between broadband and frequency selective measurement

Determine if broadband or frequency selective measurement is appropriate in accordance with
Table A.9.

Table A.9 — Guidance on selecting between
broadband and frequency selective measurement

param

initial

selec

measurenfient can provide a simple means to
indicate the total field and requires care that in
certain cifjcumstances the results are correctly
interpretef and presented:

e no frgquency discrimination required;

e precije knowledge/control of evaluation

eters;

e as inflicative evaluation — for example, an

scan to find the peak field using a

broadband probe can be followed by a more
detailled measurement using a frequency

ive equipment.

Broadband Frequency selective
versus
(see B.4.2.3) (see B.4.2.4)
Indication| of total field: A broadband —P Indication of total field: Frequency selgctive

measurement is required when frequépcy
discrimination is required, for exampldg:

e to evaluate constantgspart of transmitted
signal for extrapolation,'see Clause B.8;

e to evaluate frequency weighting for
exposure ratio.

Comparispn with a limit:

Where thd
below the

Where the
and eithe
without e

measuren

RF field strengths are significantly
applicable RF exposure limit.

BS is the single dominant source
as an "as observed" evaluation
trapolation is required; or, the output

power of fhe BS is controlled during the

ent.

Comparison with a limit: Identifying ar|d
evaluating single and multi-frequency [signals
for comparison with a limit.

Where extrapolation is required from 3 constant
level part of the signal in the presencq of other
signals.

!

Limit exceedance: In case of any doult, or
when the purpose is to confirm that a |imit has
been exceeded, the frequency selectiye
method is recommended.

!

Signal discrimination: A frequency selpctive
method is essential for evaluating indiyvidual
frequency bands or signal types. This|includes
identifying ambient fields for either indlusion or
exclusion from final processing and rejporting of
results.

ﬁ

Low level fields: Identifying and measyiring
signals in low RF field strength enviropments

PPTIH oo
tE-g—puoreatreas,:

NOTE 1

the cells.

The term "frequency selective" is used rather than "narrow band" to imply the ability to discriminate

between frequencies. The term "broadband" is used when a wide spectrum range is measured simultaneously
without frequency discrimination. Measurement equipment which can indicate the RF field strength from a logical
channel (e.g. using a channel decoder) is also deemed to be "frequency selective".

NOTE 2 The arrow presents which column is suggested considering the applicability of the cases described in
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A.3.4 Selecting RF field strength measurement procedures

Select appropriate measurement procedures in accordance with Table A.10.

Table A.10 — Guidance on selecting
RF field strength measurement procedures

Measurement procedure

Guidance on selection

Handheld — Fixed evaluation location
(see B.4.2.5.1)

Convenient and time efficient method to identify field
specific evaluation locations of interest.

s at

Handheld — Sweeping a surface to identify the
Pol (see 6.3.4) or a volume to determine a RF
field strength or power density value of interest

Convenient and time efficient method to identify loca
where a specific RF field strength level is observed.

tion
For

example, this procedure is useful for establishing a control

and/or its|location (see B.4.2.5.2)

boundary.

Convenient and time efficient method to identify spa
RF field strength in a volume. For example, ¢his/prod
useful in public areas to demonstrate low/RF field st
or to establish locations where more pretise evaluat
required when comparing with a limit value.

ial-peak
edure is
engths,
on is

Tripod — (see B.4.2.5.3)

Where one or more of the following are important:

*+  measurements at fixed or’nominated points in sp
required;

« monitoring of fields over long time periods;

* minimizing influéhce of body during measuremen.

ace are

t

Automatefl scanning — (see B.4.3.3.2.1)

Where the RF field strength is being evaluated in laj
conditions.

oratory

Spatial aeraging — (see 6.4.1 and B.3.3)

Where a spatially-averaged value is required. For ex
for comparison with the exposure limits or to establis
representative average RF field strength over the ar
human body in complex field conditions (environmen
regions 1 and M).

ample,
ha

ba of a
t

Time avelaging — (see 6.4.2 and B.3.4)

To establish time-averaged RF field strength. For ex
for information purposes, or to establish value for m
representative comparison with limit value specified
average over time or to determine the actual maximy
field strength.

bmple,
re

As an

m RF

A.4 Select computation method

Select agpropriate computation procedures in accordance with Table A.11.
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Table A.11 — Guidance on selecting computation methods

Basic computation methods

Advanced computation methods

versus

(see B.3.1 and Clause B.6) (see Clause B.7)
Where the main requirement is simplicity of Where the main requirement is to obtain the
evaluation. most accurate results for example to determine
Minimal source or environment information <) the smallest volume that needs to be enclosed

required/available.

within a compliance boundary.

Where the required source and environment
information is available.

!

!

Basic|- Cylindrical-spherical formulas

Simple figld — better suited to source regions Il
and Ill.

Select thg cylindrical-spherical formulas for a
quick and|simple power density evaluation.

The calcujations are easy to perform without
the complexity/expense of advanced
calculatiops, but at the expense of accuracy,
i.e. the sifple cylindrical-spherical formulas
usually repult in quick but over-conservative
power defsity evaluations.

Bagic — SAR estimation formulas

Simple SAR - better suited to source regions |
and Il.

Select thgd SAR estimation method for quick
and simple SAR evaluation. The SAR
estimation method is faster than the more
advanced|methods at the price of being
somewhal more conservative.

When it cpmes to establishing compliance
boundarigs, the method is probably producing
boundarigs enclosing a smaller volume
compared with techniques based on power
density eyaluations.

Advanced - Synthetic model and-raly tracing

Advanced field — Well suited for-aceurpte
power density evaluations in source rggions Il
and IIl.

The algorithm is relatively’easy to implement
and verify, alternatively, ommercial spftware
packages exist. When,an implementatjon /
software packag€'is available, this mdthod can
be very powerful in’ producing quick, accurate
and visually infofmative power densit
evaluations.for simple or complex BS pites.

Advanced - Full wave RF field stfength

Advanced field — Well suited for very gccurate
power density evaluations in source rggions |
and Il

Very complex and time consuming to
implement and verify these algorithms|, but a
good number of commercial software packages
are available. Even with these softwa
packages available, the user should b
proficient with the use of such packages and
the time in setting up and verifying ac¢urate
antenna models should not be undereptimated.
However, the power density results oljtained
with such an evaluation are very accufate in
both source regions | and II.

Advanced - Full wave SAR

Advanced SAR — Well suited for very fccurate
SAR evaluations in source regions | apd Il.

Very complex and time consuming to
implement and verify these algorithms| but a

good number of commercial software packages
are available.

Even with these software packages a\ailable,
the-usershould-be-proficient-with-the-lise of

such packages and the time in setting up and
verifying accurate antenna AND human
phantom models should not be underestimated.
However, the obtained SAR results are the
most accurate and authoritative evaluation
possible for source regions | and II.

NOTE The twin-headed arrow presents which column is suggested based on the most applicable cell description.
Having determined basic or advanced approach, the relevant advanced/basic down arrow indicates the set of
methods described in this document. The description that best matches the specific task required guides the

selection of the specific method.
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A.5 Additional considerations

A.5.1

Simplicity

In general, the simplest evaluation method which satisfies the evaluation purpose should be
selected. For example, a simple peak RF field strength evaluation, which is conservative, can
be used with care to demonstrate compliance.

NOTE Compared to simple evaluations, more complex evaluations are likely to be able to assess compliance with
an applicable exposure limit closer to the BS antenna. For example, a SAR evaluation might confirm the smallest

volumes ar

A.5.2

Where th

ranking gvaluation method should take precedence; subject to both being applicab

ound an antenna wherein limits can be exceeded.

Evaluation method ranking

Ie results of one evaluation are being compared with a second evaluation,.thg

highest-
e for the

specific gvaluation purpose and conditions. The highest-ranking evaluation method With valid

applicabi
methods

ity is the reference method for that exposure metric. Table A.12 ranks the €
included in this document.

Table A.12 — Guidance on specific evaluation method ranking

valuation

Evaluation exposure metric Evaluation method ranking-(1 is highest-rank)

(g$ee 7.2.3) 1 2 3 4

(whole-b

SAR Measurement Full wave SAR/estimation
dy and localized) (localized) formulas

Power de

strength; magnetic field selective measurement? Cy|

hsity; electric field Frequency Broadband Full wave Ray tracing Sp

Istrength measurement fq

herical /
indrical
rmulas

@ Under

measu

interprgtation/extrapolation, see Clause B.8, broadband measurements are suitable. Otherwise,

very limited evaluation conditions wherg,“all relevant information is known to enablé

ements can result in a systematic overestimation of the RF field strength and are ranked 6.

accurate
broadband

A.5.3

More tha

The methods can be employed sequentially or concurrently provided there is a demd
applicable exposure limit value is not exceeded, see Annex H. The applicable

that the

evaluation method_ providing the smallest compliance boundary around the antenn

selected.

NOTE Fo

station ant¢nna,is likely to provide the smallest compliance boundary.

Applying multiple methods for RF exposure evaluation

h one evaluation-method can be used to evaluate RF exposure near a BS

example, a SAR measurement around a micro cell antenna or a SAR modelling around a

antenna.
nstration

B can be

arger base
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Annex B
(normative)

Evaluation methods

B.1 Overview

Annex B specifies the evaluation methods that shall be used to measure or compute RF field
strength, power density or SAR as required in Clause 6, Clause 7 and Clause 8. Each method
description includes the applicability constraints within which it shall be employed, the
information required to implement the method and how to characterize the uncertainty of the

evaluatiop-
B.2 Gegneral
B.2.1 Coordinate systems and reference points

In theory], the reference point or origin "O" of the coordinate systeém corresponds f

antenna
For prac
external
or origin

bhase centre and coincides with the centre of an antennals far-field radiatio
Lical reasons, where there is a clearly identified BS ahienna (e.g. desktop

ntenna or where the BS antenna has exposed radiating elements), the referg
O" of the coordinate system shall be either the centre of the back or the fror

o the BS
N sphere.
unit with
nce point
t surface

in case of panel antennas, the centre of the antenna in.case of omnidirectional antenngs or any

characte

with inteqnal antenna) where there is no external indication of antenna position, the
point shall be on the surface of the enclosure.

The assgssment report shall include a desgckiption of the BS reference point, see 6.1
and 6.3.7.

In accordance with the evaluation.method, coordinates for BS antennas can be des
Cartesian, cylindrical or spherical,coordinate systems in accordance with Figure B.1

common

with the 7

cutting t
Therefor
direction

NOTE Th
manufactu

istic point (e.g. bottom of the radome). For BS\with built in antennas (e.g. de

case of panel antennas, the back or front antenna panel coincides with the (y(

Ie antenna panelin the middle with x-axis normal to the antenna front
, in the absence’ of beam tilting, the boresight of the antenna coincides with
and the sphierical coordinates ¢ = 0 (azimuth) and 8 = 0 (elevation).

rE spherical coordinate system is harmonized with common practice adopted by network op
rs andyantenna manufacturers, see for example [62].

bktop box
eference

7,6.2.10

cribed in
. For the
Dz) plane,

-axis being directed-up in the vertical direction. The (xOy) plane is the horizontal plane

surface.
the (Ox)

brators, BS
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P(x,y,2)

97—

P(r.,z,0)

IEC

a) [Cartesian: P(x, y, z)

B.2.2

Table B.1

documentation. If N, is not available, it can be determined from the antenna

Figure B.1 — Cartesian, cylindrical and spherical coordinate systems
relative to the BS antenna (view from therear panel)

Variables

b) Cylindrical: P(r, z, ¢)

IEC

c)~Spherical: P(r, ¢, ¢)

specifies the dimension variables. Table B.2 specifies the variables relating to the
RF powef. Table B.3 describes the antenna variables that can be obtained from manufacturer's

size and

wavelendth in accordance with B.6.3.5. Table B.4 describes the exposure metric variables.
Table B.17— Dimension variables
Variable Default Description
Unit
d. m Distance ‘between points identified by the subscript xx
T m Radius from point of origin, where subscript xx is used to identify the end point
L., m Dimension of an antenna, phantom, measurement area or other object, where qubscript
xx is used to describe the specific case.
CD m Compliance distance
Table B.2 — RF power variables
Variable Unit Description Notes
PorP,, w Time-averaged P is also commonly expressed in dBm. For simplicity, P can be
transmitted power, used in the text or formulas instead of P,avg provided this is clear
see 3.17 and consistent with the method and purpose of the assessment.
EIRPM w equivalent isotropic This is product of the input power P and the antenna gain GM in

radiated power,
see 3.39

under evaluation.

EIRP,,

direction specified in spherical coordinates at the frequency

is also commonly expressed in dBm.
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Table B.3 — Antenna variables

Variable Unit Description
D Linear ratio Peak directivity of the antenna at the frequency under evaluation.
) . Directivity of antenna in direction specified in spherical coordinates at the
D , Linear ratio ,
¢ frequency under evaluation.
G Linear ratio Peak antenna gain at the frequency under evaluation.
G,, Linear ratio Antenna gain in direction specified in spherical coordinates at the frequency
& under evaluation.
. . Gain of the maximum side lobe in the vertical gain pattern at the frequency
Gide lobe Linear ratio <
under evaluation.
A¢3d Radians Azimuth HPB\W ot thg frnqunnny under avaluation
AG, Radians Vertical HPBW at the frequency under evaluation.
. Electrical downtilt angle of the antenna main beam from_x-y plane gt the
y Radians . . it . L
frequency of evaluation. Down is positive and up is negative.
N, Integer number | The number of antenna elements at the frequency(of evaluation.
Table B.4 — Exposure metric variables
Variable Unit Description Notes
Plane wave equivalent power density value “|{ Time averaging to address modulgtion and
N W m™2 over the longer period of either the pulses or to be consistent with relevant P
modulation or the pulse waveforms or Pyuq
5 W m-2 Spatially-averaged plane wave equjvalent Spatial averaging defined by spat|al
m power density averaging scheme
RMS electric field strength overthe longer | Time averaging to address modulgtion and
E V m~' | period of either the modulation or the pulse | pulses or to be consistent with relevant P
waveforms or Payg
— vV m-! Spatially-averaged RMS electric field Spatial averaging defined by spat|al
2 m strength averaging scheme
RMS magnetic'field strength over the Time averaging to address modulftion and
H Am! longer period’of either the modulation or pulses or to be consistent with relevant P
the pulsetwaveforms or Payg
— Am-! Spatially-averaged RMS magnetic field Spatial averaging defined by spat|al
H m strength averaging scheme
. ) Time averaging to address modulftion and
SAR,, W kg™ Specific absorption rate averaged over the | ,jses or to be consistent with relevant P
w whole-body or P
avg
) . ) Time averaging to address modulftion and
SAR,, Wokg™! Peak spatial-average specific absorption pulses or to be consistent with relevant P
9 rate in 10 g LD
T Tavg
) . ) Time averaging to address modulation and
SAR, W kg~ Peak spatial-average specific absorption pulses or to be consistent with relevant P
9 ratein 1g or P
avg
B.3 RF exposure evaluation principles
B.3.1 Simple calculation of RF field strength and power density
B.3.1.1 Mast mounted BS

A typical RF exposure assessment case is shown in Figure B.2.
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BS antenna

Ground
IEC

Figure B.2 — Typical RF exposure assessment case

As a first] estimate, the spatially-averaged and spatial-peak equivalent-power densitigs can be
evaluated using the simple spherical formulas described in Equation (B.1) or Equat|on (B.2).
Variableq specified in B.2.2 are used.

_PGyy

! (B.1)

4n.-r

_EIRPG)

5 2

(B.2)

4r-r

The assdciated RMS electric field strength £ and magnetic field strength H can be ¢valuated
using Equation (B.3) and Equation\(B.4):

2 2
= E zE— and H:£ (B.3)
120n 377 Mo

E=J30><P'G¢,‘9 (B4)

7

The resulting distance of the compliance distance (CD) in this direction can be evaluated using
Equation (B.5) or Equation (B.6).

P-G, EIRP
co= | —2" orcD= i
4r- S"m 4r- S"m

(B.5)

B0xP-G 30<EIRP
cp=Y""" 09 G cp N 00 (B.6)
Ejim Ejm
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Main assumptions for using Equation (B.1) through Equation (B.6):

a) Domain of application: source regions Il and Ill.
b) When applied in region Il it might lead to an overestimate of RF exposure.

c) For the estimate of S, E or H to be conservative, P and G, , values shall be the upper bounds
of the uncertainty.

d) Reflecting surfaces/objects, a ground plane and mounting structures are not allowed in the
general direction of the evaluation point if Equation (B.4) through Equation (B.7) are to be
used.

B.3.1.2 Impact of reflective ground plane

If a refledting ground plane is present and is Tikely o impact RF exposure (e.g. see Fidure B.3),
the classjcal spherical formula in Equation (B.7) can be used:

P-G,,
S =(1+| P - —2 (B.7)
dn-r

where |7 is the reflection coefficient of the reflector, e.g. ground’plane, and other varipbles are
specified|in B.2.2.

BS antenna

Reflection

T Y T T VA T T G Ve

Partially reflective ground plane

IEC

Figure B.3 — Reflection due to the presence of a ground plane

If the reflection coefficient |/]is known, it can be used in Equation (B.7). Otherwise, the
following reflection coefficient values can be used:

a) |I1= 1 for the theoretical highest RF field strength scenario of a perfectly conducting ground
plane (e.g. flat metallic roof); or

b) |7] = 0,6 for typical [37] ground reflection conditions.

NOTE Propagation conditions other than ground reflection can also be considered in the evaluation of power
density, see [63] and [64].

The exposure evaluation report shall report values and methodology used to determine the
reflection coefficient.
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B.3.1.3

Simple calculations with massive MIMO antennas

The simple and classical spherical formulas can be used for compliance evaluation of massive
MIMO and beamforming antennas, see for example [65]. In this case, the radiation pattern
envelope G, , can be used in Equation (B.1), Equation (B.2), and Equation (B.4) through

Equation

(B.7).

As described in [66], if only the peak antenna gain G, is known, an overestimation of the

radiation pattern envelope for massive MIMO antennas can be calculated using Equation (B.8)
assuming the boresight direction is ¢ = 0 and 6 = 0, see B.2.1. Within the beam-steering range:

G, =G, -COoS@-cosd

(B.8)

Outside the beam-steering range, using a flat value corresponding to the minimum gain within
the beant-steering range provides a conservative estimate.

NOTE 1 Tjhe simple and classical spherical formulas provide a value of S representing the best estimate
level for thg "technique uncertainty". The upper 95 % confidence level is +3,5 dB on/the S determined by th

equation in|

[67] that fully describes the method to determine the three-dimensjonal gain pattern and the

uncertainti¢s used for the range of antennas evaluated in the reported study

NOTE 2 A
overestima

B.3.1.4

ion of the spatially-averaged power density S and spatialépeak power density S.

BS installed underground

As a spqcial case, when a base station installed underground forms a service arg

confidence
e simplified
associated

pplication of the classical spherical formula is also possible, in source region Il but can fesult in an

a on the

ground (see, for example, Figure B.4), usei‘also Equation (B.7). In this case, feflection
coefficient |7] is generally larger than in the“case of Figure B.3, because multiple re¢flections
due to the presence of internal wallscof the housing and surrounding asphalts and soils

configuri

g the base station can be assumed. The reflection coefficient in this cas

obtained [by comparing the calculated value obtained using Equation (B.7) with the 1

value of
computa

e actual base station or the detailed computation values using full wave RF
ion B.7.3. As an example, in the case of housing under the conditions show

the refledtion coefficient | ]=%1,45 [68] in the frequency range of 0,7 GHz to 4,6 GHz

NOTE Th
approximat
internal sp
the base s

e top cover of the housing is constructed of fibre reinforced plastic with diameter and t

ce of height@pproximately 800 mm to 1 100 mm and of width and depth 600 mm. The road s
ation has.a three-layer structure and is composed of asphalt, crushed stone, and soil frg

Dielectric donstants of the concrete of the housing and the structures of the road were considered fron]
condition [§8].

e can be
heasured
Exposure
N in note,

ickness of

ely 600 mm and; 50 mm, respectively. The housing in the underground is constructed of conciete with an

urrounding
m the top.
dry to wet

SAR measurements, See Clause B.o, are also possibie Tor such type of BS Instaltatio

Ground plane

Direct

Reflection
s

Top cover
Underground _
(asphalts, soils, etc.) Housing
Antenna

IEC

Figure B.4 — Reflections due to the presence of internal walls of the housing and
surrounding asphalt and soil configuring a base station installed underground


https://iecnorm.com/api/?name=4ac7e25f91470bae24040b624a8b8129

-102 - IEC 62232:2022 © IEC 2022

B.3.2 Measurement of RF field strength and power density

Figure B.5 shows a general representation of RF field strength or power density measurement.
Figure B.6 shows practical examples of measurement equipment installation.

BS antenna
Goe
/feCtpa(h
g
L Sm ()
m 7 Medstrément
Z Reflection 7 A eduipment

Partially reflective ground plane
IEC

Figure B.5 — General representation of RF field strength
or power density measurements
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Measured power density

- 103 -

Measurement probe

Broadband
measurement
equipment

.

Probe antenna holder

(e.g. tripod)

Measured power density

Probe.abtenna holder
(e.g. tripod)

Probe antenna holder
(e.g. tripod)

b) Frequency selective equipment

T~ IEC
a) Broadband equipment
Measurement probe
Frequency
selettive
Measured power density measdrement
equipment

IEC

Measurement probe

Spectrum analyser (SA)

Psn IEC

c) Spectrum analyser (SA)

Figure B.6 — Practical examples of measurement equipment installation

Measurements shall be performed as specified in Clause B.4. Broadband and frequency
selective equipment provide direct reading of the RF field strength or power density, including
ground reflections or multipath propagation. When using a spectrum analyser, the relation
between the measured power and the antenna transmitted power, assuming free space
conditions is given by the Friis formula, see Equation (B.9) and Equation (B.10). The relation
between the power density and the power measured by the SA is provided in Equation (B.9).
Ground reflections or multipath propagation can also be considered as specified in B.3.1.2.


https://iecnorm.com/api/?name=4ac7e25f91470bae24040b624a8b8129

B.3.3
B.3.3.1

- 104 — IEC 62232:2022 ©

1 2
Psp = Fgs - GBs - Opa “ ¢ .(4714”}

12 _ 4TE'PSA

PSA:Sm'_'Gma'ac or Sm—
4n 12.6...a
ma C

s the RF power measured by the SA:

IEC 2022

(B.9)

(B.10)

s the BS transmitted power;

s the measured power density;

s the measurement cable attenuation;

s the gain of the measurement antenna;

s the gain of the BS;

s the wavelength of the RF signal;

s the distance between the BS antenna and the méasurement probe.
Spatial averaging

General

Evaluating the maximum RF field strength atta point can demonstrate compliance

whole-bo,
the maxi

dy average and localized limits. However, in a non-plane wave RF field, ¢

exposurel limit can overestimate the whoele-body RF exposure. Spatially averaging the

strength

br power density in regions;that a body occupies provides a better represe

the wholg-body human exposure-

Spatial a
as descri

The appl
field stre
localized

eraging implementation depends on the applicable RF exposure limit and re
bed in 6.4.1.
icable whole=body exposure guidelines can specify limits for spatially-ave

RF ,exposure limits are not exceeded, see for example [1], [2], [3], [4]. V

exposure ratio-for the spatially-averaged field corresponds more accurately with the wh
exposure ratio, it does not necessarily suffice to demonstrate compliance with the

limits.

with both
bmparing

mum RF field strength or power density evaluated at a single point with the RF

RF field
ntation of

gulations

aged RF

hgth ovér)the space occupied by the body of the exposed individual, as lonpg as the

Vhilst the
ole-body

localized

Spatial averaging shall be performed:

a) using a line or cross-sectional area that represents the volume occupied by a body around
the evaluation location according to spatial averaging schemes described in B.3.3.2; and,

b) using

the spatial averaging formulas specified in B.3.3.3.

The spatial distribution of the field at the position of a body depends on propagation conditions
including reflections from objects in the environment [69], [70]. In case of exposure to multiple
sources, multiple spatial averaging schemes, orientations and evaluation points can be applied
around the evaluation location.

Information about the spatial averaging scheme(s), see B.3.3.2, employed for RF exposure

evaluatio

n shall be provided in the RF exposure evaluation report, see Clause 10.
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B.3.3.2 Spatial averaging scheme

Spatial averaging consists of evaluating the RF field strength or power density at Ny

measurement points representing human exposure. Measurement points are those surrounding
the evaluation location and located above the walking or standing surface. The spatial
averaging scheme described in Figure B.7 provides examples for selecting the Np measurement
points. In cases of doubt or to resolve disputes, the reference spatial averaging method for
whole-body exposure is the spatial average over nine points, see Figure B.7.

NOTE It is possible that the applicable regulations specify alternative spatial averaging schemes.

Reference spatial average Alternative spatial average measurements

measurements !
i | |
| 1 1 I |
9 point 6 point 3 point Tall 9 point 20/point Moving
10 €r'spacing average
2,0lm PY O0Om
[ ]
1,75 m )
=0 0 _@
1,7 m ® o © ® Y N o
g 15 ¢
y= m
5 [
2 [ ]
2
5 ([
c
= 1125m o * °
s 1im o @ @ ® ® Py
o <« 04m—» o
g 0,2m
o 02m ¢
3 ‘ )
s Key 05 o
S ~M e e @ [
o ] Measurement / cemputation point hame ®
T
0,175 m ®
0,175 m d2
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Figure B.7 > Spatial averaging schemes relative to walking
or standing surface and in the vertical plane oriented to offer
maximum area in the direction of the source being evaluated
The orientation-of the plane used for the reference method shall be based on the foreseeable
exposurg| conditions at the evaluation location. For example, when evaluating exgosure of
pedestrignsdrom a single source, the plane of the spatial averaging scheme should be vertical,
including the evaluation tocation and orlented perpendicufar to the direction of the source.

Depending on the applicable limits, spatial averaging of power density over smaller planar
surfaces (e.g. 4 cm2) might be relevant to accurately assess localized RF exposure when in
close proximity to the EUT. IEC/IEEE 63195-1 provides guidance on averaging schemes
relevant for localized power density at frequencies above 6 GHz. For separation distances from
the EUT larger than 20 cm, the field distribution is typically nearly uniform over such small
surfaces and localized power density is generally well approximated by the spatial-peak
value [71]. More information on the applicability of spatial averaging is provided in Table 3,
see 7.2.3.

Where spatial-peak RF exposure is relevant for the applicable RF exposure limits, the maximum
RF field strength or power density at any of the measurement points shall also be considered,
see Table 3.
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The schemes shown in Figure B.7 are useful for evaluating RF field strength for determining
human exposure in typical positions of the body (e.g. floor standing). In some circumstances
where, for example, exposures occur whilst at elevated heights (e.g. on a ladder or other
support structure), exposure evaluation shall be done for a realistic position of the body and
foot support which provides maximum exposure (e.g. position the evaluation location in the
main beam of the transmitting antenna).

As a special case, when a base station installed underground forms a service area on the
ground, see B.3.1.4, it is possible that the exposure level is large at a height close to the ground
surface. In such cases, the schemes shown in Figure B.7 can underestimate the exposure,
assuming a relatively short person such as a child. It is possible to adapt the 20-point 10 cm
spacing scheme in Figure B.7 to an N-point 10 cm spacing scheme, with the maximum height
(0,1 x N m) being that of a small child and the evaluation location being at the centre. For
example [ the height used in the evaluation can be set to 0,96 m [72] for consistency with the
small box shaped phantom in B.5.2.2.1, corresponding to N = 10, or 0,7 m, corresppnding to
N =7, copsidering the average height of a one-year-old child [68].

B.3.3.3 Spatial averaging formulas

The spafially-averaged value of the RF field strength or power density at each ejvaluation
location is determined using Equation (B.11):

(B.11)

E is the spatially averaged electric*field strength at the evaluation location;

E. is the RMS value of the electric field strength at the i-th measurement point;

H is the spatially averaged magnetic field strength at the evaluation location;
H is the RMS value of the 'magnetic field strength at the i-th measurement point;

is the total number-6f measurement points for each evaluation location;

is the spatially averaged plane wave equivalent power density at the evaluation|location;

el

; is the ptane wave equivalent power density at the i-th measurement point.

When u mao—a froauenecyvy calactivia maonacuramant nraha Ar A ocnactriim analvd er SA
SHg—a— e gqueroy—Sete ety S—HeaSurer e it—prope—o—a—Spettrurit—araTyS y

Equation (B.11) shall be implemented separately for each frequency band.

Clause G.11 contains informative direction on the error related to spatial averaging.
Determination of error, statistical parameters, characterization of different spatial averaging
schemes and environment are all discussed.

In some situations, the spatial distribution is dominated by the direct field from the antenna
(e.g. source-environment region *-0) or in combination with a ground reflected wave (e.g. in
open areas). ldeally, the spatially averaged field value should be determined from many
evaluation points to obtain information on the variation in RF field strength.
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In a cluttered environment, the distribution is influenced by multiple reflections and diffraction
and can create a highly non-uniform field distribution. A theoretical analysis in [69], based on
the statistics of small-scale fading (random variations of the field around a local mean), provides
some guidance on determining the uncertainty in the estimation of the spatial-average field from
a limited set of spatial measurements.

B.3.3.4 Averaging around the spatial-peak field point

The method is shown in Figure B.8. The spatially averaged RF field strength or power density
is determined by first scanning between 0,5 m and 1,75 m above walking or standing surface
to find the spatial-peak RF field strength or power density value in the region. The peak and
two additional measurements at points one wavelength vertically above and below are
combined to determine the spatially averaged RF field strength or power density. This method
is not specific to a typical or "standard” height adult human and it weights the resulf towards
the spatigal-peak RF field strength value.

175 cm
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1

1
= —+

'
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Figure B.8 — Spatial averaging relative to
spatial-peak-'field strength point height

B.3.4 Time averaging
B.3.4.1 Applicability of'time averaging

Time averaging is applicable where the RF field strength varies over time. Changing
propagatlon conditiens, variations of the transmitted power due to traffic variations, power
control, dr duty-cycle due to transmitter operation, are all scenarios where time averdging can
be applied.

The applicable exposure standard or regulation generally specify the approprigte time-
averaging period. Different time averaging periods can provide useful information but shall not
be used for comparison with the applicable exposure limits.

Time averaging can be employed for push-to-talk (PTT) systems, where the BS transmits only
when the user keys up the transmitter during simplex, or half-duplex, communication. When
time averaging is implemented, duty-cycle data shall be considered as a subsequent correction
if required for the evaluation purpose.

Time averaging is relevant for the implementation of the actual maximum approach as specified
in 6.2.3, 8.4 and Clause B.9.
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B.3.4.2 Time averaging measurement method

The following steps shall be performed.

a) Determine when to perform the measurement; for example, conduct the evaluation during
the highest RF field strength conditions — i.e. under maximum traffic conditions.

b)
c)

d)

B.3.4.3 Guidance on addressing time variation of signals in measurement

NOTE 1 Data logging over an extended period (day/week) can be useful in determining when to perform the
time-averaged evaluation.

Specify the averaging time, for example, in accordance with the relevant exposure standard.

Specify the evaluation location; for example, use the sweep method, see B.4.2.5.2, to
establish the location of spatial-peak RF field strength.

Perform the evaluation

NOTE R Such measurements can be performed with portable data logging equipment adapted to th¢ averaging
time rejated to the applicable exposure limits. These can provide a "sliding" average (i.e. the jastantarleous value
of the pverage over a period of time ending at the present time and starting at the appropriate avefaging time

before|the present).

a) The fpllowing shall be considered when interpreting measuremeftdata or defining the time

b)

at whjch the measurement is performed.

1)

2)

3)

Infoperation and depending on the technology, the BS output power is likely {o vary in
time. Typically, the radiated power varies in accordance with overall traffic carried —
offen with a dependency on time of day, whetheryit/is a working day or vacgtion, etc.
There can be short-term variations in output power as traffic changes minute y minute
and power control operates on shorter timescales. These variations can |ntroduce
urjcertainty into sequential measurements performed at different locations. Ljong-term
vdriations in RF field strength depend on\ traffic and are not determined during short-
tefm measurement activities.

If the evaluation purpose is to measure the highest RF field strength, then short-term
measurements should be made @at times when communications traffic is heaviest, for
ejample during a weekday evening rush hour when there is maximum human activity in
the area around the BS. Héwever, measurements of a stable reference signal, also
cdlled synchronization signal, can be made at any time. Extrapolation of exposure in
agcordance with the configured maximum or actual maximum is specified in Clause B.8
and examples are provided in Annex E.

Af evaluation locatjons removed from the RF source, changes in propagation|path can
infroduce fading.

Since| measurements are normally made at different locations in a time sequence] the field
variafjons in‘time and space tend to mix in the measurement result. This mixing is generally
acceptable ,for spatially-time-averaged measurements. However, one of the |following

apprdachies can be employed to separate the spatial and temporal variations.

1)

2)

3)

4)

5)

Repeat measurements at evaluation locations and examine the difference between
repetitions as a function of time.

Fix a measurement antenna or isotropic probe at one location and observe how the
readings change in time to isolate the temporal variation and handle as an influence
factor (combined BS output power and propagation path time variations) in the
uncertainty analysis.

Use a fixed measurement antenna or isotropic probe as a reference to correct the
readings of a second measurement antenna or isotropic probe at the evaluation points.

Measure a stable reference signal from the EUT, see Annex E and use communications
traffic data to determine the combined RF field strength for all signals as a function of
time. Stable reference signal measurements can be made at any time. However, even
the reference signal is subject to fluctuation due to changes in the propagation path.

Measure a stable reference signal from the EUT, see Annex E, over time to isolate the
uncertainty influence factor of changes in propagation path over time from changes in
BS output power.
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B.3.5 Comparing measured and computed values

Comparison of measured and computed values is generally performed for validation purpose,
see for example Annex C. Measured and computed values shall be based on the evaluation
methods described in Annex B taking into account both measurement and computational
uncertainties.

B.3.6 Personal RF monitors

Personal RF monitors are generally small portable handheld or body worn units that can be
used by workers as safety equipment to identify potentially hazardous RF sources in their
workplace. These units enable workers to move freely through areas of varying and unknown
RF field strengths with the expectation that the equipment provides some form of warning before

the RFe1_l_fI1—ci_FI1_V_6I_FI1_Wl_r—I'R'Fposure 0 the USer exceeds tne applicable threshold. A variety of persona monitors
are available. They cater for a range of frequency bands, exposure standardss| detector

polarities|, field characteristics, and accuracy specifications.

Personal|RF monitors should not be used for RF exposure compliance assessment as|specified
in Clausg 6 for a number of reasons; not least of which is the interaction”between the user's

body and relative position of the unit and its effect on the indicated expesure level.

Personal| RF monitors can trigger the need for further investigations to be carried|out by a

trained slirveyor using calibrated RF survey equipment.

B.4 RF field strength and power density measurements

B.4.1 Applicability of RF field strength and-power density measurements

RF field ptrength and power density measurements are applicable in all source-enyironment
plane regions, see Annex A, in accordance-with the criteria specified in Table 3. Frequency
selective[measurements are recommended where there is more than a single frequencly present,

see Tabl¢ A.9.

B.4.2 In-situ RF exposure measurements

B.4.2.1 General requirements

B.4.2 is generally applicable to both RF field strength and power density measurements. The

following|checks shall:be performed.

a)
b)

c)

g)

The measurement equipment shall meet the requirements of B.4.2.2.

Determine.as many of the known characteristics of the sources of the RF fields aq possible
and estimate their likely propagation characteristics.

Estimate the expected RF field strength using the basic computation methods in Clause B.6.
Verify that out-of-band and/or strong ambient signals do not create spurious responses in
the measurement equipment.

NOTE 1 Co-band sources located adjacent to the EUT, or low frequency fields from high-tension power lines,
can affect (especially broadband) instruments.
Establish if the reading is caused by the measurement equipment noise;

Determine the optimum measurement equipment settings.

NOTE 2 See Clause E.3, the measurement equipment manufacturers' specifications, and measurement
equipment manufacturers' guidelines.

Where a shaped frequency response broadband equipment is used, check that its
summation algorithm and frequency calibration are consistent with the requirements of the
relevant standard.
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If more than one measurement antenna or isotropic probe is required to cover a specified
frequency range, then the TER shall be determined in accordance with 8.5 and the RF field
strength shall be determined using Equation (B.12):

N N N
E=|>E? or H=|> H? or S=YS; (B.12)
i=1 i=1 i=1

E is the electric field strength at the measurement point;

where

E a—th RAMS ol aof_th lacteio fiaold ctranath o~ oo d b, bk o n-urement
i O T IO vargc— o OIc- CTo oo e Ta— S CTguT moasSurcU— oy oo ot rhoa

Antenna or isotropic probe at the measurement point;

H s the magnetic field strength at the measurement point;

H. |s the RMS value of the magnetic field strength measured by the-j*th meagurement
Antenna or isotropic probe at the measurement point;

s the number of measurement antennas and isotropic probes;
S s the plane wave equivalent power density at the measurément point;

S s the plane wave equivalent power density measared by the i-th meapurement
Antenna or isotropic probe at the measurement poiit.

NOTE B For broadband measurement equipment, the above summation can result in a |systematic
overesfimation of the RF field strength if the measurements have overlapping frequencies. This can|be avoided
by usirlg frequency selective measurements.

influence of the body on the measurement.\Handheld measurements can be used to get a
preliminary survey of the area in orderf/to select the measurement points. Refer to the
manufacturer's specifications for the minimum distance between the measurement|probe tip
and the body of the surveyor as well:as any reflecting object. For handheld measyrements,
the uncertainty due to the scattering of the RF field by the surveyor's body|shall be
minimized by:

Consjder the location of the source and RF propagation path during surveys to miriiemize the

1) haqglding the probe or antenna away from the surveyor's body (a separation of at least
50 cm should be maintained between the measurement antenna or isotropic probe and
the surveyor's body);

2) pqinting the probe towards the source;

3) ernsuring that the surveyor's body is not along the direct line of propagation befween the
squrce ahd-the measurement probe (either in front of or behind);

The yncertainty due to mutual coupling between measurement antenna or isotropic probe
and physical objects (e.g. walls, floor, ceiling, furniture and other objects) |shall be
considered:

1) measurements at separation distances down to 20 cm are acceptable dependent on the
measurement frequency and measurement equipment. But when separation distances
are less than 50 cm, this influence on the measurement uncertainty shall be included in
Table B.7 and Table B.8, see B.4.4;

2) where the size of the receiving elements of the measurement antenna or isotropic probe
do not exceed a dimension of 0,4 m, and where a separation distance greater than or
equal to 50 cm is maintained, the influence on measurement uncertainty need not be
considered.

The uncertainty due to high gradients in the RF field strength (e.g. quasi-static near-field)
in proximity to RF radiators or re-radiators shall be considered if the minimum separation
distance between the measurement antenna or isotropic probe and RF radiators or re-
radiators is less than three times the largest dimension of the measurement antenna or
isotropic probe.
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[) In a complex field, local minima and maxima occur within a relatively small area. Factors
as shadowing, reflection and diffraction, together with the radiation pattern
characteristics of transmitting antennas, can be involved. The effects of fast fading,
however, can be estimated and accounted for by spatial sampling and averaging (described

such

in 6.4

)

For additional information see, for example, [73].

B.4.2.2

In-situ measurement equipment requirements

Equipment used for in-situ measurement shall be calibrated at multiple frequencies to achieve
the declared uncertainty of the equipment over the measurement frequency range, including
lower and upper band extremities. This is achieved either as a whole system or by calibration

of all the
several s

Where s

Individual parts of the sysiem. For signals wWith high crest factors or compin
gnals, additional calibration can be necessary to assess uncertainty.

becific demodulation capabilities are used, measurement equipmeént shal

calibrated for the parameters of interest (e.g. for WCDMA the CPICH signal and signa

ratio, sedg

Table B.f
system U
requirem

Annex E).
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Table B.6 — Frequency selective measurement system minimum requirements

Parameters Requirements
Frequency response e +1,5dB (from 600 MHz to 6 GHz)
e +3 dB (for the frequencies to be measured < 600 MHz and > 6 GHz)
Lower detection level @ e 44 dB below the lowest value specified in the applicable exposure limits or
regulation in the frequency range covering the EUT and ambient sources,
see B.4.2.6

e Signal-to-noise ratio of at least 10 dB in the measurement bandwidth

Dynamic range > 60 dB
Linearity +1,5 dB
Prgbe isotropy ? e <2dB (<900 MHz)

e <3 dB (from 900 MHz to 3 GHz)
e <5dB (>3 GHz)

a8 This dllows to determine contributions of sources of interest (i.e. 40 dB range considering an ER ¢f 0,0001)
includ|ng a 4 dB margin corresponding to the target uncertainty, see 6.3.6. This corresponds to a powfer density
of 0,0B mW m™2, E-field strength of 0,17 V m~! or H-field strength of 0,46 mA m=! considering the general
publiclexposure limits in ICNIRP-2020 [1], ICNIRP-1998 [2] or IEEE Std C95.1-2019 [3]. This also cofresponds
to a power density of 0,05 mW m™2, E-field strength of 0,14 V m™' or H-field strength of 0,37 mA m™’
considering general public exposure limits in Safety Code 6 [4].

b Probep and measurement antennas with isotropic response are recommended. Single-axis (e.g. dipole) and
directjonal measurement antennas are permitted provided that thedqneasurements are post processed to obtain
the tofal RF field strength (equivalent to a measurement with an\isotropic probe or measurement antenna).

B.4.2.3 Broadband in-situ measurements
B.4.2.3.1 Applicability of broadband. in-situ measurements

Broadband measurements provide the sum of all signals over the frequency range of {he probe
without distinguishing the contribution_of different frequencies (whether from the EUJ or from
ambient $ources). These can be anlinstantaneous or time-averaged RF field strength|value.

The metHod provides an informative environmental RF field strength reading as obseryed at the
time of measurement and¢syadequate for monitoring the RF field.

A broadbpnd measuremént is suitable for determining overall levels in the environment and can
be helpful in determining if a more comprehensive measurement using the frequency|selective
method, see B.4.2.4.2, is required.

Extrapol3dtiofizusing a broadband probe is not recommended and shall only be perfornmled under

the conditions—specified T B872:

B.4.2.3.2 Broadband in-situ measurement method

Broadband in-situ measurements require an isotropic broadband survey equipment that has
measurement and frequency ranges adequate to measure the RF field strength estimated
during the site analysis, see 6.3.3, and fulfils the requirements in B.4.2.2.

To provide a direct read-out expressed in terms of the relevant total exposure ratio,
see B.4.2.3.3.2, the frequency response of the probe shall either be flat over the required
frequency range (Table B.5) or be frequency dependent to match the relevant frequency
dependent exposure limit.

To evaluate the highest RF field strength or the RF field strength at discrete points in a region,
a search shall be performed using the handheld sweep method, see B.4.2.5.2, or tripod
procedure, see B.4.2.5.3.
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If required, spatial averaging of the field can be performed, see 6.4.1 and B.3.3).

The evaluation shall investigate temporal variations in the field; either to obtain a stable
indication of the RF field strength or to fulfil averaging time requirements required by the
applicable exposure limits used for compliance assessment, see B.3.4.3.

B.4.2.3.3 Interpreting measurements over multiple frequency bands
B.4.2.3.3.1 Flat frequency response probe

If signals are being radiated over multiple frequency bands (e.g. 900 MHz and 1 800 MHz) and
the probe is capable of operating accurately over the aggregate signal band then the lowest
applicable_exposure limit for the frequencies present shall be used to determine the combined
exposureg| ratio expressed as a fraction/percentage of the applicable RF exposure limif.

The use|of the lowest exposure limit can lead to an over estimation of exposur

. As an
alternativle, it is recommended to implement frequency selective measurements, see B.4.2.4.

4

B.4.2.3.3.2 Shaped frequency response probe

The meagurement equipment sums the individual measurement levéls at the frequencjes of the
various gdources and presents the result in the form of an exposure ratio, for exanmple as a
percentage of the applicable limit.

B.4.2.4 Frequency selective in-situ measurements
B.4.2.4.1 Applicability of frequency selective in-situ measurements

These te¢hniques employ spectrum analysis or, channel decoding to isolate and identify the BS
source and ambient frequencies. The method shall be used:
a) to dispriminate signals at different frequencies;

b) when]ambient fields are comparable to, or likely to exceed, the level of the BS solrce;

c) when| information is needed ,t0 enable the precise extrapolation from the evaluation
configuration to the assessment configuration;

d) in cage of in-situ RF exposure assessment, when the power density level is abovg a given
threshold, for example,; 700 mW m~2, as described in 6.3.

B.4.2.4.2 Frequency selective in-situ measurement method

When us|ng frequéency selective equipment, it shall cover the frequency range of the gignals to
be evaluated| see Annex E. Measurement over a wide range of frequencies can in some cases
require moré-than one measurement antenna.

The RF field strength measurement shall consider contributions from all directions/polarizations.
An isotropic antenna is best suited to this. Other antennas can be used in accordance with the
following provisions.

a) Single-axis (e.g. dipole) can be used to obtain the total RF field strength by positioning the
probe in three orthogonal directions and summing the individual measured results.

b) A directional measurement antenna or probe can be used to separate contributions from
different directions (not source region |). These contributions shall be summed to determine
the total RF field strength. However, this value provides an overestimation of the true level.

c) A directional antenna can be used for the handheld sweep method provided it is oriented to
read the maximum RF field strength value.

Correlation between results obtained using isotropic and non-isotropic antennas can be
influenced by the presence of strong multi-path signals.
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An initial broad-spectrum scan shall be performed to identify signals to be considered for
subsequent analysis. For these signals (e.g. high level), the measurement resolution shall be
increased by centring on the signal frequency and performing a specific measurement of each
signal.

Each of the relevant frequency bands to be investigated shall be analysed to determine the
optimum settings for the selective meter. The resolution bandwidth setting shall take into
account the BS signal types and, when appropriate, ambient fields. Annex E provides
technology-specific information useful for determining selective meter settings.

Additional processing is required for the measurement of time-varying signals; for example,
when a commumcatlon systems output power is a functlon of the number of act|ve users.
Tempora S ;

RF field
with the
varying sfjgnals.

To evaluate the highest RF field strength or the RF field strength at discrete points in|a region,
perform & search using a handheld RF field strength measurement pfocédure, see B.4.2.5.2,
or tripod RF field strength measurement procedure, see B.4,2.5.3. Additionally, spatial
averaging of the field can be performed, see 6.4.1 and B.3.3.

To obtain an estimate of the maximum possible level, extrapolation of the result|shall be
performef if required, see Clause B.8. This post-processing is required to determing a time-
independent maximum possible RF field strength that in turn can be used to [establish
compliange boundaries around antennas.

B.4.2.5 In-situ measurement procedures

B.4.2.5.1 Determining the RF field strength or power density at fixed evaluafion
points of interest

Measurements shall be made using.atmeasurement system whose response is calibrpted as a
function ¢f frequency. If a non-isotropic measurement antenna is used, it shall be ofiented to
read the maximum value (when performing a search for a maximum RF field strength|or power
density vhlue and/or its location).

In the cage of single axis-probe or measurement antenna, it shall be rotated to obtain|the three
orthogongl components' of the field and the measurement result summed (root sum sjguare) to
obtain the total REfield strength or power density. Since the measurements are performed in
different [time _intefvals, time-varying fields can lead to an additional uncertainty on the
assessment of the total field level.

B.4.2.5. Sweeping a volume to determine a RF field strength or power density
value of interest and/or its location

The handheld sweep method shall be used in-situ to:

e determine the locations with the maximum RF field strength or power density value of
interest within the measurement area, see 6.3; or

NOTE 1 The handheld sweep method can be used to determine the point of investigation (Pol, see 6.3.4) or
locations for subsequent investigation using spatial averaging techniques.

e determine the maximum RF field strength or power density value in a region without
requiring information about the location.

NOTE 2 In the case of an uncluttered environment, the maximum RF field strength or power density from a
single source is likely to be found in the main beam of the antenna.
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The measurement antenna (or isotropic probe) shall be moved smoothly throughout the region
avoiding proximity to objects. Measurements shall be performed at and around a height of 1,5 m
above the walking or standing surface within the measurement area. The measurement antenna
(or isotropic probe) shall be moved vertically (up to 2 m) and horizontally throughout the region
under test while observing the equipment display in order capture any maxima. Careful
sweeping is necessary around the location where the value of interest is expected.

When using a frequency selective equipment:

a) the RMS detector shall be selected;
b) the frequency scan time of the spectrum analyser shall be considered,;

c) the sweep shall be stopped at dwell points to record any maxima;

d) a full frequency scan of the entire range of interest shall be completed at eachrdwell point
to identify peaks and their respective levels;

e) the frequency span shall be chosen according to Clause E.3 so as to provide an|accurate
evaluption of the RMS value of the signal.

NOTE 3 I{is possible that frequencies need to be separated into various groups (bands) to identify the levels of
emissions from these individual bands.

B.4.2.5. In-situ measurements using tripod-supported instrument/antenna

The meapurement equipment and general methodology spé€cified in B.4.2.4 are applicable to
the tripod method; however, influences of the surveyor's bady are reduced. A support/mounting
system that is non- or minimally perturbing to the field.shall be used to hold the meagurement
antenna ¢r isotropic probe in position during measurements. (e.g. wooden tripod)

A scan of the region under investigation using the\handheld sweep method, see B.4.2)5.2, shall
be performed to determine the locations of significant RF field strength levels and limift the size
of the inyestigative volume. An area/volume around these locations shall be selected and
divided ipto a suitable measurement grid' to enable a finer investigation of the fljeld. The
resolution of such a grid shall be suitable to distinguish all field gradients and capturg all field
peaks.

The dimensions of the measurement antenna or isotropic probe determine the|smallest
resolution applicable for thesmeasurement grid.

B.4.2.5. In-situ measurements with emulated BS load profiles

B.4.2.5.4.1 General

An apprdach(to perform in-situ measurements without detailed information about the EUT is
outlined pbelow. This approach yields RF exposure results for different BS loading conditions
and is parti i rized by

extremely low traffic (e.g. when a new technology is deployed). The approach uses a UE to
generate different BS loads. The UE shall be placed so that the BS serving beam(s) are directed
towards the evaluation location. If the measurement's objective is to evaluate more than one
BS, the procedure should be repeated with the UE connected to the other BS of interest.

The following measurement setups should be configured to represent three different types of
BS load profiles (also called utilization scenarios):

a) Non-specific BS load profile: Time averaged measurement (e.g. 6 min) without any traffic
serving the UE located close to the evaluation location.

b) Typical BS load profile: Time averaged measurement (e.g. 6 min) while streaming a video
(e.g. 4K HD), livestreaming TV, or downloading a file (e.g. 1 GB data file) on a UE close to
the evaluation location so that it remains in the same beam.
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High BS load profile: Time averaged measurement (e.g. 6 min) while a continuous high bit
rate data stream (e.g. UDP downlink transfer) is transmitted in the downlink direction
towards a UE close to the evaluation location. If continuous downlink traffic cannot be
generated for the entire time-averaging period (e.g. 6 min), reduce the time-averaging
period to a more suitable window (e.g. 1 min) such that only RF exposure due to downlink
traffic is measured. Multiple UEs can be placed in the same position to load the BS if one
single UE is deemed insufficient.

Measurements are performed using a UE, a spectrum analyser and suitable antenna probe.
The measurement equipment should meet the requirements specified in B.4.2.2. When multi-
bands are being assessed at the same location, the UE should be capable of locking onto each
frequency band such that the appropriate base station sector gets loaded with traffic. In the
absence of BS counters, the spectrum analyser should be used to confirm the increase in traffic

Ioading acrossthe flcquc‘llby bard 'Ucillg assessed:

For BS using beamforming, the presence of multiple spatially separated UEs impactthe ability

to direct p single maximum gain traffic beam towards the point of RF exposuremea

urement.

Without the availability of BS counters, see B.9.5, or antenna pattern information, the presence
of other YEs in the area is not known and therefore the generation of maximum expogure from

beamforming should be performed on a best effort basis.

For TDD|systems, it is important to minimize the impact of uplink-traffic on the measured RF
exposure. This can be achieved by utilizing a UDP downlink transfer or placing the UE away
from the [measurement equipment. A distance of 1,5 m is.deemed sufficient when uging UDP
downlink[transmission because of the limited uplink emissions from the UE. When measuring
exposure] from a BS in line-of-sight (LoS), shorter distances can be considered provided that

the upli

k signal contribution on the measuremehtois negligible compared to the overall

measurement uncertainty. If it is not possible to (place the UE away from the mea
probe, then absorbing material can be placed *between the probe and the UE to reg
impact ofl the UE on the measurement probe.When using a directional probe, if its a
pointed gway from the UE, the impact of uplink exposure is deemed to be negligib
distance.| Measurement techniques (e.g-~E.8.2.1.3) or equipment able to discern bet
uplink and downlink contributions do net'require any specific consideration on the s

surement
duce the
perture is
e at any
Wween the
bparation

between the probe and the UE.

B.4.2.5.

The proc

.2 Measurement with high BS load profile

dure to measure_the RF exposure for a high BS load profile is outlined below. These

a) ldentify the BS-earrier centre frequency
b) Identify thesBS applicable channel bandwidth
c) Configufe the spectrum analyser to measure the fuII BS carrier; if measurenments are

d)

ysuring in
a sub-band might be necessary if the UE cannot support wideband operation (e.g. NR allows
UE to only operate in a sub-part of the bandwidth). In other cases, sub-band measurements
allow to overcome possible limitations in the spectrum analyser (e.g. in terms of maximum
resolution bandwidth).

Configure the high BS load scenario using an appropriate network performance tool (for
example using iPerf 6 tool utilizing a UDP downlink transfer).

Measure the channel power using the spectrum analyser — set the channel markers to either
side of the BS carrier.

iPerf is the name of a tool supplied under BSD License (see https://iperf.fr/contact.php#authors). This information
is given for the convenience of users of this document and does not constitute an endorsement by IEC of the
product named. Equivalent tools can be used if they can be shown to accomplish the same tasks and lead to the
same results.
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f) In the case of a DSS signal, ensure that both technologies are tested according to B.8.6, or
choose the technology that ensures the maximum configuration;

g) Incase of a TDD signal, when the measurement technique does not allow to separate uplink
and downlink exposure contributions, place the UE at least 1,5 m away from the probe as
described in B.4.2.5.4.1 so that the UL contribution from the UE can be neglected.

h) The measurement duration depends on the measurement scenario. For the high BS load
scenario, it is unlikely that the high-level signal remains stable for the full averaging time
Tavg period (e.g. 6 min). Therefore, it is possible to use a lower time-averaging period, such

as 1 min or 2 min, provided that the level averaged over the lower time-averaging period
remains stable within +10 % for the duration of the measurement. For other BS load
scenarios, the duration of the measurement shall be 7, or more.

g

surement

For high-{capacity BS being evaluated under the high BS load scenario, care should|be taken
to select pn appropriate download setup in order to reach the maximum BS lead. Results should
be compared with realistic expectations for the site type. The test conditions should be feported.

B.4.2.6 Guidance on determining ambient fields
B.4.2.6.1 Overview

The levellof RF ambient fields shall be evaluated in locations‘within the domain of invgstigation
(DI) where people can be exposed to RF fields from the<€€UT. The ambient fields fron} relevant
sources fhall be expressed as total exposure ratio using the summation formulas |specified
in 8.5.

B.4.2.6.2 Ambient radio source identification

Ambient fields from relevant sources shall ‘b€ identified through visual inspection, consultation
of availalble user databases (public or.site owner), information from the site owner, 3s well as
broadband (B.4.2.3) or frequency selective (B.4.2.4) measurements.

Categorize the RF sources as either being "collocated" or "remote" from the BS. Collocated RF
sources gre those located ofthe same antenna support, for example mast, rooftop|or within
the same| transmitter compound or room as the BS. All other sources are "remote".

When evaluating the.'exposure ratio from the EUT combined with the ambient figlds, it is
acceptabje to reduce the number of signals requiring precise evaluation by gpecifying
approprigte significance criteria.

B.4.2.6.3 Selecting ambient field evaluation locations

B.4.2.6.3.1 Collocated sources

The ambient field level from these sources is likely to vary considerably over the evaluation
area near the BS. The ambient field shall be evaluated at all locations where the BS fields are
evaluated.

B.4.2.6.3.2 Remote sources

For RF fields from sources located at some distance from the BS, it is expected that there is
little variation in RF field strength over the evaluation area arising from the source antenna
directivity or small variations in distance from the source to the farthest evaluation location.
There are, however, likely to be significant variations in RF field strength as a result of
propagation affects, e.g. scattering and fading.

For the set of radio sources to be considered, a point shall be chosen that is clear of clutter as
near as possible to the area of evaluation (e.g. on roof-top and/or in area of evaluation away
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from local clutter), or for calculation purposes at a point above the area of evaluation where
free space propagation can be assumed.

a) This location should be used for evaluation of the ambient field if it is representative for all
radio sources based on the following, see B.4.2.6.4:

1) the distance from the ambient evaluation location to any BS evaluation location is less
than 40 times the distance to the ambient source, see B.4.2.6.4.2;

2) the ambient source is not highly directional.

b) For any radio sources not completely covered by this "master" evaluation location, select
additional evaluation locations such that criteria in B.4.2.6.4.3 are met, for example:

1) between the source and the area of evaluation; or

2) additional evaluation locations In the clear, including the nearest pomnt on ihg area of
eValuation to the source.

B.4.2.6.3.3 Description

Evaluate|the RF field strength for each ambient BS source in accordance with the evaluation
protocol ¢stablished in 6.3. For other RF sources, evaluate the RF field-stfength in acpordance
with the appropriate international standards, e.g. IEC 62311.

B.4.2.6. Proof of non-collocated source evaluation location selection criterjia
B.4.2.6.4.1 Principles

A minimum number of evaluation locations shall be selected when establishing maximpum case
exposureg ratios for ambient radio sources remote from’'the evaluation location.

The RF|field strength determined at an _evaluation location is deemed to fepresent
conservatively the maximum exposure ratio’for a radio source over an area descriped by a
circle of fadius Jr provided:
a) the SIIected evaluation location is.substantially clear of local clutter;
b) thev

c) any variation in directivity,of the radio source antenna based on free-space propagfation can
be igJored in the area_ eontaining the evaluation locations.

riation of the exposurecratio is less than 5 % due to the difference in path length;

B.4.2.6.4.2 Estahlish criteria for separation of source evaluation locations

considering distance to radio source

The distgnce bhetween two evaluation locations should be based on a 5 % change in gxposure
ratio deriyed fram the simple spherical formula, see Equation (B.1).

The power density 5, from the remote source is given by Equation (B.13):

§=4 (B.13)

where

r is the distance to the remote source;

A is a constant when there is no significant change in directivity over the area being assessed
(e.g. within 3 dB).

NOTE The value of 4 depends on the unit for » (e.g. m or km).
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Consider Figure B.9, moving a small distance Jr towards the source (most critical condition)

then the power density S is increasing by 45 such that Equation (B.14) gives:

S+0S = 4 3
(r —or)
-t ¥ >
% L

Remote r E { E o

radio . )
source point point
Nnearﬁ Nfarﬁ

Figure B.9 — Evaluation locations

For a 5 % increase in S over distance Jr gives Equation (B.15):

S +6S8

=105

Using Equation (B.13) and Equation (B.14) in Equation (B.15) yields Equation (B.16):

2

- =105
(r —fir)2

The ratio| X required is given:by Equation (B.17)

Substituting Tor X In Equation (B.T6) and solving gives X = 41,49,

(B.14)

(B.15)

(B.16)

(B.17)

For a real world (and probably cluttered) environment, the power density S decays with a power
factor in Equation (B.13) greater than 2. For two evaluation locations oriented in any other
direction, S changes more slowly with 6r. Therefore, a factor of 40 is appropriate for simplicity —
i.e. provided the radio source is at a distance 40 times the distance between evaluation points,

a single evaluation is all that is required.
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B.4.2.6.4.3 Establish criteria for separation of source evaluation locations

considering distance to radio source

Now consider Figure B.10 for two evaluation locations at constant r but varying direction ¢
relative to the radio source.

For a solrce at a distance 40 times the separation between two evaluation locationg

by Equat

and

Evaluation
points
r A
& 4% EUT
emote 7 \%
radio
source

Figure B.10 — Relationship of separation of remote radio source
and evaluation area to separation of evaluationpoints

on (B.18) and Equation (B.19):
r=40xdr
g —2xtan /2 440
40 x or

Such a value is small enough to be disregarded except for highly directional (horizont

antenna
variation
evaluatio

EXAMPLE

sources deployed at the higher microwave frequencies. In those cases, t
is likely~to.be dominant and the maximum gain condition applicable for th
h shouldbe used.

1

is given

(B.18)

(B.19)

| pattern)
e clutter
e area of

In an area of evaluation 15 m by 20 m, the maximum distance, d, between any two points is:

d=+15%2 4202 =25 m

For a radio source to be evaluated based on a single evaluation location, it shall be a distance of at least » from the
area of evaluation, where

r=40x25=1000 m

EXAMPLE 2

For a selected evaluation location 2 km from the nearest ambient radio source under investigation, an evaluation is
valid for the parts of an area under evaluation extending to a distance 4 from the evaluation location:

_ 2000 o
40
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B.4.3 Laboratory based RF field strength and power density measurements
B.4.3.1 General

The methods and requirements are applicable for direct or indirect measurements of the E-field
strength, H-field strength, or power density from base stations operating in the entire frequency
range covered by this document (110 MHz to 300 GHz), in the near-field as well as in the
far-field region.

B.4.3.2 Requirements

B.4.3.2.1 General requirements

The mea UIUIIIUIIt OyOtUIII fUI UVG:UGt;IIu Rr flU:d OtlUllyth U1 PUVVUI dUIIOIt_y t_yplucl”y A% )ﬂSlStS Of
electroni¢ measurement equipment, field probe(s), a scanning system, an EUF 'hdlder and
necessary post-processing software. Power density and RF field strength meaSuréments are
performefd in free space in the absence of the body.

E-field strength, H-field strength, or power density can be measured directly at the evaluation
points or|otherwise obtained by means of field reconstruction techniqués, based on [scanning
of the fie|d in a suitable measurement region.

In sourcejregion | of the EUT there is no simple relationship between E-field strength and H-field
strength.|Therefore, both fields shall be determined either by measuring them separately or by
calculatirjg one field from the amplitude and phase of the‘other field. Within source fegions Il
and Il the plane-wave equivalent approximation can be used.

B.4.3.2.2 EUT configuration for RF field strength and power density measur¢ments

If the EUT is a BS with integrated antenna(s),lit shall use its internal transmitter(s), tHe normal
power supply, and the original antenna(s). Altérnatively, a signal generator or a synthesizer and
amplifier [can replace the transmitter that-supplies power to the antenna input, provided that this
does not change EUT performance, including transmitted power and power density dis}ributions,
or that the impact of power density @ssessment uncertainty is properly evaluated and remains
acceptabje. However, the entity(performing the EUT configuration also needs to be [aware of
applicable regulations. In any case the BS shall be configured in accordance |with the
specificafions provided by the manufacturer, and the output power and frequency {channel)
shall be ¢ontrolled by usingJan internal test programme or an appropriate external equipment.

If the BS|is intended,for use with external antenna(s), the same requirements apply, but the BS
can be replaced with a transmitter providing the same RF output power to the antenna qonnector
and freqyency«asthe BS under evaluation. The entity performing the EUT configurgtion also
needs to|be.aware of applicable regulations.

The appropriate operating modes of the EUT (e.g. modulation, source coding, channel
bandwidth, etc.) shall be selected for testing taking into consideration different output power
levels, such that maximum RF field strength or power density is assessed. When standardized
conformance test models exist (e.g. 3GPP E-TM 3.1 for LTE) these shall be used for testing
and the test model corresponding to the maximum RF output power condition shall be selected.
If the EUT is tested in a lower power configuration, scaling shall be performed to obtain RF field
strength or power density corresponding to the maximum output power level. A continuous wave
(CW) signal can be used provided that the power is adjusted to produce a conservative result.

RF field strength and power density shall be measured at the centre frequency. If the bandwidth
of the transmit frequency band for the EUT exceeds 5 % of the centre frequency, measurements
at the lower and upper frequencies shall also be performed. If the EUT can operate with different
channel bandwidths, the bandwidth leading to the maximum transmitted power shall be selected.
If the EUT is tested in a lower power configuration, scaling to the maximum power shall be
performed.
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B.4.3.2.3 Measurement requirements
The following requirements shall be addressed.

a) REF field strength or power density shall be selected according to Table 3 and measured in
different directions and distances in accordance with 6.1.5.2 to determine the compliance
boundaries.

b) If whole-body spatial averaging is to be applied, the spatial averaging schemes in B.3.3.2
shall be used. Guidance on averaging over smaller planar surfaces (e.g. 4 cm2) is provided
in IEC/IEEE 63195-1.

c) REF field strength measurements in source region | shall be based on the magnitudes of both
E-field strength and H-field strength.

d) Powef density measurement in source region | shall be based on evaluatioj of both
amplifude and phases of the E-field strength and H-field strength componentst

e) Field [reconstruction can be used to derive one field from the other field (i el deriye H-field
strength from E-field strength, or vice versa). Field reconstruction methodologigs for the
powef density are documented in IEC/IEEE 63195-1.

f) If thg plane-wave equivalent approximation is applicable (source region Il |and Ill),
measprement of the magnitude only of one field (£ or H) can be used to determirle the RF
field gtrength of the other field and power density.

g) For EUTs with multiple antennas or multiple transmitters, (With single or multiple gntennas)
transmitting simultaneously, the RF field strengths or pewer densities shall be combined in
accordance with 8.5.

h) The gxpanded uncertainty with a confidence interval of 95 % shall not exceed 2 dB for the
amplifude of the RF field strength and for power'density. If the uncertainty is larger than
2 dB [the difference shall be added to the evaluation result before comparison| with the
appligable exposure limit in accordance with the procedure in IEC 62311. If th¢ relative
uncertainty is less than 2 dB, then the measured value shall be compared directly with the
appligable limit.

i) The rpquired spatial resolution depends on the field characteristics and the measurement
methgdology. For instance, for systems based on field reconstruction, the meagurement
samp|ing interval shall be /set in accordance with the specifications of thg system
manufacturer. Examples of 'sampling requirements applicable for a spherical |scanning
systen employing field reeconstruction is provided in B.4.3.3.2. RF field strength [or power
density shall be measured or reconstructed in a number of points allowing f@r spatial
averaging in accordance with B.3.3. If the compliance boundary is determined without
apply|ng spatial @veraging, the spatial resolution of RF field strength or powefr density
(measgured direCtly or reconstructed) shall be good enough to resolve the peak value in the
direction of interest with respect to the EUT (e.g. front, back, side, and above/belgw).

B.4.3.3 Methods based on field reconstruction at the evaluation points

B.4.3.3.1 General

RF field strength or power density shall be reconstructed at the evaluation points based on
techniques to transform the fields back or forward. Measurements of field amplitude, phase and
polarization shall be made at points on a surface surrounding the EUT. This establishes the
parameters to model a set of isotropic sources on the surface that is producing the same field
as the EUT at the evaluation location. The scanned surface shall contain all the relevant energy
that is radiated from the EUT. The parameters of this set of isotropic radiators are then used to
calculate the field or power density at the evaluation points.

A summary of the main steps is given in Figure B.11.
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Start

Determine scanning surface and required sampling distance,
set up test equipment

Measure phase, amplitude, and polarization of EUT signals over a surface surrounding the EUT

Establish characteristics of equivalent isotropic-radiators on surface of radius R, and
determine E/H at point of investigation scaled for appropriate EUT power level(s)

Methods
planar, cy
the uncer
a spheric
IEC/IEEH
for plana

B.4.3.3.2

B.4.3.3.2,

The surfq
mounted

the ability
as those

Review uncertainty

Return field at point of investigation

Figure B.11 — Outline of the surface'scanning methodology

to perform surface scanning could be,sbut are not limited to, far-field, comp4g
lindrical, or spherical near-field provided the methodology is accurately desc

IEC

ct range,
ribed and

tainty is quantified. For simplicity;.the specifications in B.4.3.3 are provided assuming

Al measurement surface. Generalizations to other measurement surfaces are
63195-1 as well as IEEE Std*1720™-2012 [74] provide information and requ
 and cylindrical scanning.

Measurement equipment and test environment
1 General.description

ce scanning-consists of an EUT mounted on an azimuthal positioner and the
on a suppert structure at distance R,,o,5 from the EUT. This method generally

possible.
irements

probe(s)
requires
hms such

to measure the phase of the signal. Alternatively, field reconstruction algorit
descriped in IEC/IEEE 63195-1 shall be used to derive the phase from ampli

measure
structure

énts. Detection shall consist of either one probe moved mechanically

ude only
long the
levation

scan of the electromagnetic fields. Alternatively, the EUT can be moved to different elevation
angles by means of an additional elevation positioner.

An example of an antenna measurement system is provided in Figure B.12 which includes the

following

equipment:

a) anechoic chamber, or semi-anechoic chamber, or suitable test site;

b) probe(s) (antenna(s));

c) support structure for probe(s);

d) supporting structure for the EUT;

e) vector-receiver;

f) synthesizer and amplifier(s);

g) probe positioning system or probe array controller system;
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h) EUT positioning system.

The computer controlling the measurement equipment shall be placed so as not to influence
the measurements. The test shall be performed using probe antennas providing electric or
magnetic field measurements. The probe antennas shall be accurately positioned to measure
the field distribution in a spherical surface around the EUT. The measurement shall be carried
out with a minimum of reflections from the environment in order to simulate free space
conditions. For measurement systems which do not make use of a reference antenna to acquire
phase information, a vector network analyser is needed to generate the source signal as well
as serving as the receiver.

| xO
-
Amplifier P°§L§'§P§r Probe positioning system | | Vector -receiver
A A Y Y

I
synthesizer

Data acquisition
and PC control

IEC

Figure B.12 — Block diagram of the antenna measurement system

B.4.3.3.2.2 Positioning, orientation, and sampling requirements of the scanning
equipment

The measurement system shall be able to scan a spherical surface of radius R, With radial

accuracy within 10 % of the minimum distance between the measurement point and the closest
point to the EUT and not more than 50 % of the wavelength. The angular position accuracy
shall be of 0,5°.

The distance between the EUT reference point at the origin of rotation and the measurement
probe(s) shall be the greater of the distance required such that the probes and measurement
equipment are operating within their calibrated level range for the power specifications of the
EUT, see Figure B.13.

The sampling criterion requires a maximum angular spacing of the measurement points of 1/2
over the sphere circumscribing the EUT with radius R, The angles 3¢ (azimuth) and &6

(elevation) between adjacent measurements shall comply with the constraints of Figure B.14.


https://iecnorm.com/api/?name=4ac7e25f91470bae24040b624a8b8129

IEC 62232:2022 © |[EC 2022 - 125 -

Rmin Rmin

IEC IEC

Whena>2,Rmin=a+2 Whenas,l,Rmin=2x,1

Figdlire B.13 — Minimum radius constraint, where « denotes the minimum radius
of a sphere, centred at the reference point, that encompasses the EUT

<~
2xR

meas

50 <

 2x Reas

Figure B,14 - Maximum angular sampling spacing constraint

B.4.3.3.2.3 Measurement probe

The prolle or probe array shall be designed and dimensioned such as not to disturb the

electromagnetic’ fields generated by the EUT. The probe(s) gain shall be calibratgd with a
measureEent uncertainty less than 1,0 dB. The probe shall be able to provide ofthogonal
polarizati = . ; an with a

probe rotated by 90° could detect the cross-polar values.

B.4.3.3.2.4 Supporting structure of the EUT

The antenna shall be mounted on a dielectric holder fixed on the positioning system. The holder
shall be made of low conductivity and low relative permittivity material(s): tan 6 < 0,05 and
g <1,2.

Alternatively, the antenna can be mounted on a metallic mast, if this is the normal operating
situation of the antenna. If the mounting situation differs from a free-space equivalent, this shall
be documented in the measurement results.

The antenna shall be mounted so that the reference point (0, 0, 0) is in the centre of the sphere.
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B.4.3.3.2.5 Test site

The level of perturbation due to reflections and/or noise shall not exceed -17 dB of the
applicable RF field strength or power density limit for any measurement. Additional information
is provided in B.4.3.4.2.5. Ambient temperature shall be in the range of 10 °C to 30 °C and shall
not vary by more than 5 °C during the test.

B.4.3.3.3 Measurement protocol

a) Basic test configuration

The basic test configuration corresponds to an initial angle ¢ = ¢4 (azimuth). The angular

scan 0 (elevation) shall start at one of the edges of the circular path and be incremented by
a value d6. The angular scan in elevation shall be performed along the whole circular path.
At eqch 60, =0,_4 + 0 position of the probe(s), the received or emitted signal|shall be

recorled. The basic test configuration should be repeated for each azimuthalinerement Jgp.

b) Pre-tgst procedure

Check if the detection probe(s) can accept the power levels radiated dyring the
measpjrements. Calibrate the electric and/or magnetic probe(s)-‘in.“gain. Altefnatively,
confinm that the absolute values of the electromagnetic fields~can be derived [from the

measprement data over the whole sphere.

At the frequency or frequencies used for measurements determine values of d¢, |9, ax, 99,

0

min’

U R where

max? meas
oq is the azimuthal increment;

?hax 1S the maximum azimuth angle value;

04 is the elevation increment;
O4in s the lower edge angle of the gircular elevation path;
O4ax s the upper edge angle of the circular elevation path;

R is the radius of the scan“in elevation.

meas

Confitrm that the total contribution” of interferences and reflected signals is less than =17 dB

below the incident signal.
c) Test procedure

1)
2)
3)

4)
5)
6)
7)

8)

9)

Confirm proper gperation of the probe(s), measurement system and equipment.
Mpunt the EUT.\in the measurement configuration.

Configure(the EUT for optimum output power, at the desired frequency angd for the
dgsired-operating modes.

Pasition” (or configure) the probe(s) at the initial evaluation location.

Ne data.

Measure and acquire the electromagnetic fields distribution.

The EUT or the probe(s) are moved incrementally in azimuth with Ay angle step around
a vertical axis that corresponds also to a symmetry axis for the sphere to be scanned.

Repeat the electromagnetic fields measurement until ¢;

imin = 1)

= Pmax (With ¢, = ¢,_4 + d¢, with

After measurements, perform again a final elevation scan at the reference azimuth
position and compare the data with the initial elevation scan. Verify that the final values
at the maximum levels are within 5 % of the initial values (influence of the drift due to
surrounding equipment and environment).

10)If the drift is greater than 5 % of power density or square of RF field strength (either

positive or negative), it shall be considered as a systematic offset rather than an
uncertainty. The reconstructed RF field strength or power density shall therefore be
compensated adding the absolute drift value.
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B.4.3.3.4
B.4.3.3.4

Post-processing

A General

The electromagnetic field values shall be obtained by applying a post-processing technique on
the set of measured data. Power density is determined from the calculation of the Poynting

vector or

B.4.3.3.4

by plane-wave equivalent approximation in accordance with B.4.3.2.1.

.2 Determining electromagnetic field values outside or inside the s
surface

canned

The measured tangential electromagnetic field shall be mapped on a spherical vector-wave
expansion consisting of a sum of TE and TM wave functions. The number of modes to consider

in the exy

no signifi

ansion shall be at least N = %a +10. Modes of higher order are evanescent

cant contribution for distances larger than R,,,;,. Therefore, a zone of @xelus

and have

on exists

in the viginity of the antenna where the expansion cannot be performed. Fhis‘corredponds to
the regiop with significant contributions from reactive field components.

B.4.3.3.4.3 Scaling measurements to a given input power

The meagured electric and magnetic fields, denoted E_ and H,, respectively, are obta|ned for a
given input power P,. As the fields are proportional to the square root of the input ppwer, the
RF field| strength levels at the desired transmitted~power P shall be obtained from
Equation|(B.20):

B.4.3.4
B.4.3.4.1

Direct md
a volume
the ampli
phase r
retrieve f{
in Figure

bty [T oo, [
o o

Measurements based.on direct measurements at the evaluation poin

General

(B.20)

S

asurements of electric fields, magnetic fields and power density shall be mgde within

or at a surface.corresponding to the evaluation points. Within source region

| (A.1.3),

ude and phase of the field shall be measured to evaluate power density. Altefnatively,
rieval algorithms such as those described in IEC/IEEE 63195-1 shall bg used to
he phase from amplitude only measurements. A summary of the main stepg is given

B.15:
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Start

Set up measurement equipment and test environment

Verify measurement equipment is calibrated in its operational environment

Measure electric and magnetic field strength values

Post-process results

Review uncertainty

IEC
Figure B.15 — Outline of the volume/surface scanhing methodology

B.4.3.4.2 Measurement equipment and test environment
B.4.3.4.2.1 General description

The volume/surface scanning equipment consists.ef an isotropic probe and a structufe to hold
the EUT and the probe allowing a 3D movementrelative to each other.

The folloywing equipment should be used:

a) anechoic chamber or suitable testtsite;

b) electric and/or magnetic isotropic probe;

c) supporting structure for isotropic probe;

d) suppgrting structure fofthe EUT;

e) synthesizer and amplifier(s);

f) isotropic probe¢asitioning system or probe array controller system;
g) EUT positioning system;

h) receiyer,-or.other measurement equipment.

A computer IS generally used to control the measurement equipment. The test equipment shall
be placed so as not to influence the measurements. A typical near-field EUT measurement
system configuration is shown in Figure B.16.
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Figure B.16 — Block diagram of typical near-field EUT measurement system

B.4.3.4.2.2 Scanning equipment

The posiffioning system holding the EUT and the'isotropic probe shall be able to scan a
volume/spurface of the test environment. The' sampling of the specified volume/s
achieved|through the relative displacements/ translation, and rotation, between the
supporting the probe and the EUT. The measurements shall be carried out as a set of
cylindricdl, spherical, or planar surfaces:

The accufacy of the probe tip positioning over the measurement area shall be less thar
to £0,5 cn. The resolution at which the measurement system is able to sample the
strengthd shall be 1/2 or leSs\ Cylindrical, Cartesian, or spherical coordinate systemn
used as iflustrated in B.2: 1

B.4.3.4.2.3 Measurement equipment

The meagurement equipment shall be composed of the isotropic probe and the mea
device. The isoétropic probe shall be designed and dimensioned such as not to di

specified
urface is
structure
scans on

or equal
RF field
s can be

surement
sturb the
have a

electromagnetic fields generated by the EUT. The measurement equipment shal

measurement range compatible with the RF power levels used in the test and the
fields at the evaluation location.

Where E-field strength measurement equipment is used, the lower detection limit shall

resulting

be lower

than 3V m~! and the upper detection limit shall be higher than 200 V m~!. Where H-field
strength measurement equipment is used, the lower detection limit shall be lower than

0,03 A m~1 and the upper detection limit shall be higher than 0,6 A m~1.

B.4.3.4.2.4 Supporting structure for the EUT

The antenna shall be mounted on a dielectric holder fixed on the positioning system. The holder

shall be made of low conductivity and low relative permittivity material(s): tan ¢ <
e <1,2.

0,05 and
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Alternatively, the antenna can be mounted at a metallic support, if this is the normal operating
situation of the antenna. If the mounting situation differs from a free-space equivalent, this shall
be documented in the measurement results.

B.4.3.4.2.5 Test site

The test site shall be evaluated in order to minimize the level of perturbation due to reflections
or ambient noise which shall not exceed —17 dB of the incident field at any evaluation location.

This can be achieved using an anechoic chamber (shielded room covered inside by absorbing
material). If an outdoor measurement system is used, ground reflections can be reduced by
elevation the probe and the EUT above the ground, using impermeable absorbers, ferrites or
diffraction_fence. Absorbing materials can be placed in the direction of the main reflegtion area
[75], [76]} Noise ratio can be reduced by avoiding external source frequencies or making tests
with higher signal levels or filtering.

Ambient femperature shall be in the range of 10 °C to 30 °C and shall notyvary by more than
+5 °C dufing the test.

B.4.3.4.3 Measurement protocol
a) Mounf the EUT in the measurement configuration.

b) Configure the EUT for optimum output power, at the desired frequency and for thg desired
operdting modes.

c) Perform an initial E-field strength or H-field strength.measurement at the referenc¢ position
P, clgse to the antenna (but at a distance largerithan 1/2) and store the data for the power
drift gheck.

d) Perfofm 3D scanning around the EUT, in accordance with the general requirgments to
acquife the electromagnetic fields distribution.

e) As afinal step in the test, repeat the E-field strength or H-field strength measuremegnt at the
refergnce position P,. If the field value deviates more than 5 % from the initial vajues then

the power chain shall be checked; and the test repeated.
B.4.3.4.4 Post-processing

E-field sfrength and H-field strength at evaluation points are obtained directly [from the
measurement and/or_ by interpolation between measurement points. Power dgnsity is
determingd from the\‘calculation of the Poynting vector or by plane-wave elquivalent
approximfation in accordance with B.4.3.2.1.

B.4.3.5 System performance check

The meadsttrement OyOtUIII strat—be—ratidated by pclfunll;lly meastrements—orm—a——calibrated
reference antenna, e.g. a half-wave dipole, in accordance with the procedures described in
B.4.3.3 and B.4.3.4. Electric field strength or magnetic field strength (depending on the probe)
shall be compared in the far-field to the reference field given by the far-field Equation (B.21):

p=3OLPG oy E VPG (B.21)
r no 69xr

where

P is the input power of the reference antenna, in watts;

G is the gain in the main beam of the reference antenna;

r is the distance between the probe and the reference antenna, in metres;
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ng is the

free space impedance.

The error on the performance checking shall be below £1 dB.

B.4.4
B.4.4.1

Guidance on uncertainty

RF field strength and power density measurement uncertainty

In-situ RF measurement uncertainty

is applicable to both RF field strength and power density

measurements. The sources of uncertainty identified in Table B.7 or Table B.8 shall be
considered in three categories:

a) measurement equipment;

b) meas

c) sourc

The mea
in Table
the corre

The mea
See unce

Where pr

Lrement methodology; and
e and environment.

urement equipment uncertainty shall be in accordance with performance reqy

sponding uncertainty is given in Clause G.7.
surement methodology uncertainty shall be quantified.
rtainty requirements in 6.3 and Clause 9.

actical, the uncertainty of the source and environment factors (e.g. rain, open

environmlental clutter) should be quantified. If source’/and environment factors are ¢

quantify,

they shall at least be described in the report, see Clause 10.

irements

B.5 and Table B.6. A description of relevant influence quantitie's| and how to assess

windows,
ifficult to
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Table B.7 — Example template for estimating the expanded uncertainty of an
in-situ RF field strength measurement that used a frequency selective equipment

Source of uncertainty . '?mt." Uncertainty - Sens. Standard Corr. 2 2
X . Unit | distrib. or Divisor . c*u
(influence quantity) t . coeff. | uncertainty | fact.
ype semi span
a S c u=als CF
Measurement equipment
Calibration of the meter dB normal 1,96 1
(or spectrum analyser)
Calibration of the dB normal 1,96 1
antenna factor
Cal|brat|_on of the cable dB normal 1,96 1
attenuatign
Combined frequency
response [of the dB rect. \3 1
meter/caljle/antenna
Combined linearity
deviation pf the dB rect. \3 1
meter/caljle/antenna
Isotropy df the antenna dB rect. \3 1
Combined temperature
and humidlity response dB rect. \3 1
of meter/dable/antenna
Mismatch|between U-
antenna gnd meter/ dB V2 1
shape
spectrum [analyser
Methodollogy
Probe pogition in high
field gradlents dB rect. V3 1
Field scaltterlng from dB rect. 3 1
surveyor'g body
Mutual coupling
between rne_asurer_nent dB rect. V3 1
antenna dr isotropic
probe and object
Meter reafing error of .
fluctuating signals dB triang. V6 1
Source aphd environment
Variation |n the power of
the RF source from the dB rect. \3 1
nominal Igvel
Field refldctions from
movable lprge objects
near the qourcé during dB rect. V3 1
measurenent
Scattering-fromrrearby
objects and the ground dB rect. V3 1
N
Combined correction factor, CF, = ZCE N/A
i=1
Combined standard uncertainty, u, =
Coverage factor for required (e.g. 95 %) confidence interval, k
Expanded uncertainty, U =k - u,

NOTE 1 The value of divisor & for normal probability distribution is for 95 % confidence.
NOTE 2 See Annex E for guidance on the variables in this table.

NOTE 3 This table is under the assumption that the logarithmic expression of the measured quantities can be
similarly treated to that of the linear expression in view of statistical properties.
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Table B.8 — Example template for estimating the expanded uncertainty of an
in-situ RF field strength measurement that used a broadband equipment

Source of uncertainty . I':‘rot_). Uncertainty Lo Sens. Standard Corr. 2 2
X . Unit | distrib. or Divisor . c“u
(influence quantity) t . coeff. uncertainty fact
ype semi span
a ) c u=ald CF
Measurement equipment
Calibration of field probe dB normal 1,96 1
Erequency response of dB rect. V3 1
field probe
Isotropy of the field dB rect. V3 1
probe
Temperatpre response of
the field grobe dB rect. V3 1
Linearity ¢fleviation of the
field probge de rect. V3 1
Methodology
Meter reafing error of .
fluctuating signals dB triang. V6 1
Field refllectlons from dB rect. V3 1
surveyor'g body
F"robe pogition in high dB rect. V3 1
field gradfents
Mutual copupling between
measuren ent antenna or dB rect. V3 1
isotropic probe and
object
Source aphd environment
Variation |n the power of
the RF source from the dB rect. V3 1
nominal Igvel
Scattering from nearby
objects and the ground dB r_e). V3 1
Field refldctions from
movable lprge objects dB rect. V3 1
near the qJource

N
Combined correction-fdctor, CF, = ZCE N/A
i=1

N
Combined standard uncertainty, u, = A Z(c[2 ‘u
i1

2

)

Coverage factor for required (e.g. 95 %) confidence interval,

Expanded uncertainty, U =k - u,

NOTE 1 The value of divisor & for normal probability distribution is for 95 % confidence.
NOTE 2 See Annex E for guidance on the variables in this table.

NOTE 3 This table is under the assumption that the logarithmic expression of the measured quantities can be
similarly treated to that of the linear expression in view of statistical properties.
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B.4.4.2 Laboratory measurement uncertainty
B.4.4.2.1 Uncertainty for the surface scanning method

The sources of uncertainty identified in Table B.9 shall be considered in four categories:
measurement equipment, mechanical constraints, physical parameters, and post-processing. A
description of relevant influence quantities and how to assess the corresponding uncertainty is
given in Annex G. Additional guidelines are provided in IEC/IEEE 63195-1.

After post-processing, the expanded uncertainty shall not exceed 30 %.

Table B.9 — Example template for estimating the expanded uncertainty
of a laboratory-based RF field strength or power density measurement

using the surface scanning method
Source gf uncertainty . I?rok.). Uncertainty - Sens. Standard Corr. 2 2
X r Unit | distrib. or Divisor . ccu
(influenjce quantity) . coeff. | uncertainty fact.
type semi span
a S c u Ta/d CF
Measurerment equipment
gﬁal;)beratlm of field % normal 1,96 1
Isotropy df field probe % rect. V3 1
Linearity ¢leviation of o
the field grobe o rect. V3 1
Measurenment device % normal 96 1
Noise % normal 1,96 1
Integratiop time % normal 1,96 1
Power chin % normal 1,96 1
Mechanicpl constraints
Positioninlg system % rect. V3 1
gllnadtcgw_lg between probe % rebt V3 1
Physical parameters
Drifts in output power of
the EUT, femperature % rect. V3 1
and humidlity
Perturbation by the o
environment o rect. V3 L
Post-pro¢essing
Contribution of post- o
processing Yo rect. V3 L
N
Combined correction factor, CF, = ) CF, N/A
i=1
N
Combined standard uncertainty, u, = Z(sz ulz)
i=1
Coverage factor for required (e.g. 95 %) confidence interval, k
Expanded uncertainty, U =k - u,

NOTE 1 The value of divisor & for normal probability distribution is for 95 % confidence.

NOTE 2 See Annex E for guidance on the variables in this table.
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B.4.4.2.2 Uncertainty for surface or volume scans

The sources of uncertainty identified in Table B.10 shall be considered in three categories:
measurement equipment, mechanical constraints, and physical parameters. A description of
relevant influence quantities and how to assess the corresponding uncertainty is given
in Annex G. Additional guidelines are provided in IEC/IEEE 63195-1.

After post-processing, the expanded uncertainty shall not exceed 30 %.

Table B.10 — Example template for estimating the expanded uncertainty
of a laboratory-based RF field strength or power density measurement
using the volume scanning method

. Prob. Uncertainty
Sc.)urce of uncerta.lnty Unit | distrib. or Divisor Sens. Standa.rd Cort, 22
(influenge quantity) t . coeff. | uncertainty fact.
ype semi span
a ) c u=ald CF
Measurement equipment
Calibratioh of field % normal 1,96 1
probe
Isotropy df field probe % rect. \3 1
Linearity ¢leviation of o
the field grobe A rect. V3 (
Fields ouf of o
measurement range o rect. V3 !
Measurenpent device % normal 1,96 1
Noise % normal 1,96 1
Integratiop time % normal 1,96 1
Power chain % normal 1,96 1
Mechanidal constraints
Positioninlg system % rect. \3 1
Matching petween o
probe and EUT % rect, V3 1
Physical parameters
Drifts in output power
of the EUT, o
temperatdre and b rect. V3 1
humidity
Perturbation by the o
environment o rect. V3 1
Post-pro¢essing
Contrlbqtlon of\post- % rect. 3 1
processing
N
Combined correction factor, CF, = ) CF, N/A
i=1
N
Combined standard uncertainty, u = Z(‘}Z u/z)
i=1
Coverage factor for required (e.g. 95 %) confidence interval,
Expanded uncertainty, U =k - u,

NOTE 1 The value of divisor & for normal probability distribution is for 95 % confidence.

NOTE 2 See Annex E for guidance on the variables in this table.
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B.5 SAR measurements

B.5.1 Overview of SAR measurements

The methods described in B.5.2 to B.5.4 are applicable for both maximum peak spatial-average
SAR (psSAR) and whole-body average SAR. They are based on and make reference to
IEC/IEEE 62209-1528 and IEC 62209-3.

B.5.2 SAR measurement requirements
B.5.2.1 General requirements

The SAR measurement system is composed of a flat phantom shell filled with tissue-equivalent
medium, [an EUT holder, one or multiple scalar probes and/or vector probes and ¢lectronic
measurement equipment. The SAR measurement system can be a scanning systém,6f an array
system. General specifications and requirements on all of these components as,well as on the
measurement environment as specified in IEC/IEEE 62209-1528 or IEC 62209-3 shalllbe used.

B.5.2.2 Phantom selection
B.5.2.2.1 General
Three different phantoms can be used for SAR measurements{see Figure B.17:

a) a flatlelliptical phantom as specified in IEC/IEEE 62209-1528;

b) a flat|box-shaped phantom with lateral dimensions of 1,54 m x 0,339 m [61], [71]. In this
document, this phantom is referred to as the largé-box-shaped phantom;

c) a flal box-shaped phantom with lateral dimensions of 0,96 m x 0,233 m [72]. In this
document, this phantom is referred to as the small box-shaped phantom.

For maximum peak spatial-average SAR (psSAR) measurements, all three phantoms [specified
above can be used.

Elliptical phantom Large-box-shaped phantom Small box-shaped phantom

—

—

B:17 — Examples of positioning of the EUT relative to the relevant phﬂntom

For whole-body SAR measurements related to occupational exposure, the large box-shaped
phantom shall be the preferred choice. However, the small box-shaped phantom and the
elliptical phantom can be used to determine the absorbed power if the broadside of the EUT
can be circumscribed by the lateral dimensions of the phantoms. In addition, the uncertainty
introduced, compared with using the preferred phantom, shall be assessed. For this case the
absorbed power shall be normalized with the mass of an adult in accordance with 8.2.3 and
B.5.3.4.
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When general public exposure is considered, it is necessary to distinguish between two possible
exposure configurations.

e For products that are placed arbitrarily in homes, offices and other places, the exposure
evaluations shall be performed assuming potential exposure of all members of the general
public, including children. The small box-shaped phantom should be chosen, but
measurements in a small volume of the large phantom can also be used if the obtained
measurement results are corrected as specified in B.5.3.4. However, the flat elliptical
phantom can be used to determine the absorbed power if the broadside of the EUT is
circumscribed by the ellipse and if the uncertainty introduced (compared with using the
preferred phantom) is assessed. For this case the absorbed power shall be normalized with
the mass of a child in accordance with 8.2.3 and B.5.3.4.

10,2 mm | as specified in I|EC/IEEE 62209-1528 and IEC62209-3; however, | external
strengthgning fins of a maximum height (thickness) of 3 mm can be used provideq that the
effect on| the local SAR is less than 5 %. When the phantom is filled with tissue-equivalent
medium at the required depth, the sagging shall be less than 2 mm from true flat.

NOTE Th¢ effect of strengthening fins on local SAR is something that is verified by the phantom manufafturer. One
way to do fhis is to compare the result obtained with extérnal strengthening fins with results obtained using the
elliptical fl3t phantom in IEC/IEEE 62209-1528 or IEC 62209-3. Another way is to use simulations us|ng generic
dipole sources to assess the effect in the near-field and the plane wave incidence to address effects for far-field
exposure.

The depth of the tissue-equivalent medium during the measurements shall be at leagt 0,15 m
from the [shell-medium interface. Incaccordance with IEC/IEEE 62209-1528, medium| depth of
less than| 0,15 m can be used only\if it is demonstrated (e.g. using numerical simulatfons) that
the effecf on peak spatial average SAR is less than 1 % under all conditions. If it is more than
1 % but |ess than 3 %, uncertainty for the maximum value from the demonstration| shall be
added to(the uncertainty budget.

B.5.2.2.2 EUT eonfiguration for SAR measurement

If the EU|T is a_ BS’ with integrated antenna(s), it shall use its internal transmitter, the normal
power supply, and the original antenna(s). The BS shall be configured in accordance with the
specificafions provided by the manufacturer, and the output power and frequency {channel)

shall be ¢ontroted ueilly anitermat-test programme—of by applupliatc exterrat Uqu;pll ent.

If the BS is intended for use with external antenna(s), the same requirements apply, but the BS
can be replaced with any transmitter providing the same antenna input power and frequency as
the BS under evaluation.

The appropriate operating modes of the EUT (e.g. modulation, source coding, channel
bandwidth, etc.) shall be selected for testing taking into consideration different output power
levels, such that the maximum SAR is assessed. When standardized conformance test models
exist (e.g. 3GPP E-TM 3.1 for LTE) these shall be used for testing and the test model
corresponding to the maximum RF output power condition shall be selected. If the EUT is tested
in a lower power configuration, scaling shall be performed to obtain SAR corresponding to the
maximum output power level. A continuous wave (CW) signal can be used provided that the
average power is adjusted to produce a conservative result.
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SAR shall be measured at the centre frequency. If the width of the transmit frequency band for
the EUT exceeds 5 % of the centre frequency, measurements at the lower and upper
frequencies shall also be performed. If the EUT can operate with different channel bandwidths,
the bandwidth leading to the maximum transmitted power shall be selected. If the EUT is tested
in a lower power configuration, scaling to the maximum power shall be performed. If the EUT
can be configured to transmit in the entire transmit band, separate measurements for low, mid
and high frequencies are not required.

B.5.2.2.3 SAR measurement requirements
The following requirements shall be addressed.

a) Maximum peak spatial-average SAR (psSAR) and/or whole-body SAR shall be considered.

b) If the|EUT is capable of simultaneous transmission (multiple bands, multiple technologies,
MIMQ, etc.), contributions shall be evaluated and combined using the formulas [specified
in 8.5 and taking into consideration IEC/IEEE 62209-1528 and IEC 62209-3. For MIMO
antennas emitting correlated waveforms and for a test separation distarice‘less than 5 cm
and with the distance between adjacent antennas larger than half a free-space wajelength,
the SAR distributions from adjacent antennas have little or no overlap,.and the varied phase
of exgitation has little impact on the maximum peak spatial-average“SAR (psSAR). In such
case,|the combined exposure should be evaluated by selection-of the highest gssessed
maximum standalone SAR value or by exciting all antennas simultaneously condidering a
fixed phase combination [78].

c) To defermine the maximum SAR, the evaluation shall be'performed with the antenpa, or the
side of the EUT where the antenna is located, facing the phantom. The antenng or EUT
shall [be positioned so as to obtain the highest possible SAR, which for many $ituations
impligs that the antenna's main lobe direction shall be orthogonal to the phanton] surface,
see ekamples in Figure B.17. For whole-bodyRF exposure, it can be necessary tolalign the
phanfom with the antenna in the same relationship/orientation as in the actual installation
to acqount for proper RF coupling.

d) For Idcal SAR measurements, small adjustments of the EUT position can be made¢ in order
to avoid that an antenna element iS.positioned close to an edge of the phantom. [The EUT
positipning shall be documented-in-the test report. If the EUT is equal to or largei than the
measurement area supportediby the phantom, the EUT shall be shifted Hased on
IEC/IEEE 62209-1528 or IE€62209-3 such that multiple scans can be combined to
encormpass at least the projection of the EUT over the flat phantom.

e) To edtablish the compliance boundary, testing shall be performed at different sgparation
distances up to 1 Q00“mm from the phantom to determine the compliance distancg, i.e. the
distance at whiehithe SAR value is below the appropriate SAR limit for the asgessment
configuration/Measurements in a number of positions can be necessary, see guidance on
compliance-boundary assessment in 6.1.2.

Compliaricé<boundaries for different power levels can be obtained by linear scaling pf a SAR

- L. b o4 .2
Versus separatomnmarstance curve, See 0. 1.0.0.

B.5.3 SAR measurement description
B.5.3.1 General method

The SAR assessment protocol described below is applicable to both local SAR, see B.5.3.3,
and whole-body SAR, see B.5.3.4.

a) Step 1: For each transmitter and transmit band used by the EUT, measure at least the centre
frequency at zero distance between the EUT antenna and the phantom shell.

b) Step 2: For each transmitter and transmit band used by the EUT, the frequency that provides
the highest SAR value shall be used to measure the SAR at additional separation distances
until the SAR is below the exposure limit; the maximum separation distance to be used for
tests shall take into account the combined SAR, see B.5.2.2.3 b).
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c)

d)

Step 3: Establish the separation distance at which the combined SAR is below the exposure
limit, see B.5.2.2.3 b).

Step 4: Position the EUT antenna at the established separation distance and measure SAR
for lower, centre and upper frequency of each band in order to verify that the combined SAR
is below the exposure limit based on B.5.2.2.3 b). If necessary, repeat at larger separation
distances until the measured value is below the applicable SAR limits. When SAR
assessment is performed on multiple surfaces of the EUT/antenna, these measurements
shall be made on all surfaces required in 7.2.4.1 of IEC/IEEE 62209-1528:2020 or 7.1.7 of
IEC 62209-3:2019 at the centre frequency (default) or the frequency with highest
transmitted power (if measured). Measurements on the remaining two frequencies are
performed only on the surface with highest SAR among all measured surfaces. If the
bandwidth of a transmit frequency band does not exceed 5 % of its centre frequency,
meas

IEC/IEEH 62209-1528 and IEC 62209-3 specify local SAR measurement procedures for

wireless fFommunication devices (EUT) used in close proximity to the human body.

erefore,

IEC/IEEH 62209-1528 and IEC 62209-3 are not relevant in their entirety for the local and whole-
body SAR measurements relating to base stations. General specifications cgncerning
measurement preparation are applicable for both local and whole-body ,SAR measprements
with one fexception. It is only for local SAR that a correction of the measured result is required
due to de¢viations of complex permittivity from the target values /\Whole-body SAR has been
found to pe less sensitive to this deviation [79], and as a consequerice, the effect Shj:l instead

be incluged in the uncertainty budget, see G.9.5. Parts (of the fast SAR ev

luations,

measurement procedure, and post-processing are only applicable for local SAR assg¢ssments

(evident from its context).

B.5.3.2 System check and system validation

System dheck shall be performed using referenee 'dipoles in accordance with 7.2.1 ahd A.2 of
IEC/IEEH 62209-1528:2020, taking into account the numerical reference SAR valueg listed in
columns |3, 4, 5 and 6 of Table B.11, which is extracted from |IEC/IEEE 62209-1528:2020,
Table 23| Alternatively, system check- shall be performed using reference antgnnas in

accordance with 7.1.3 and D.3 of IEC, 62209-3:2019.

The system check shall be pefformed using the same tissue-equivalent medium as in the
compliante test and at a chosen fixed frequency that is within £10 % or £100 MKz of the
compliange test mid-band ffequency, whichever is greater. The system check is succegssful if it
satisfies | the criteria specified in A.2.5 of I|EC/IEEE 62209-1528:2020 or pP.3.4 of

IEC 622(9-3:2019.

System vyalidation)shall be performed using reference dipoles in accordance with A.3 of
IEC/IEEH 62209-1528:2020 or D.4 of IEC 62209-3:2019, taking into account the npumerical
referencg SAR/values listed in columns 3, 4, and 7 of Table B.11. The difference between the
measured values and the target values given in Table B.11 shall be less than the g¢xpanded
uncertainty for the system validation using the template described in Table B.15 for whole-body
SAR system validation.
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Table B.11 — Numerical reference SAR values for reference dipoles
and flat phantom — All values are normalized to a forward power of 1 W

Phantom Local SAR I;?Z?JlrfsaﬁeR
Frequency _sheII 1gSAR | 10 g SAR at(:g(r)fvaece (y=2cm Whole-body SAR?P
thickness feedpoint) offset fl.'om
feedpoint)
MHz mm Wkg' | Wkg™! W kg™! W kg™* W kg™*
300 2,0 2,85 1,94 4,14 2,00 0,073 /0,021 /0,073
450 2,0 4,58 3,06 6,75 2,98 0,073 /0,021 /0,074
750 2,0 8,49 5,55 12,6 4,59 0,070/ 0,020/ 0,070
835 2,0 9,56 6,22 14,1 4,90 0,069 /0,019 /0J068
900 2,0 10,9 6,99 16,4 5,40 0,068 / 0,049(/0J068
1450 2,0 29,0 16,0 50,2 6,50 0,068,, 0,019/ 0J068
1800 2,0 38,4 20,1 69,5 6,80 0,0647°0,017 / 0J064
1900 2,0 39,7 20,5 72,1 6,60 0,062 /0,017 / 0062
1950 2,0 40,5 20,9 72,7 6,60 0,062 /0,017 / 0J062
2 000 2,0 41,1 21,1 74,6 6,50 0,061 /0,017 /0J061
2 450 2,0 52,4 24,0 104 7,70 0,055/ 0,015/ 0J055
2 585 2,0 55,9 24,4 119 7,90 0,052 /0,014 / 0J052
2 600 2,0 55,3 24,6 113 8,29 0,052 /0,014 / 0J052
3 000 2,0 63,8 25,7 140 9,50 0,046 / 0,013 / 0J046
3 500 2,0 67,1 25,0 169 12,1 0,039 /0,011 /0J040
3700 2,0 67,4 24,2 178 12,7 0,038/ 0,010/ 0J038
5000 2,0 77,9 22,1 305 15,1 0,028 / 0,008 / 0J028
5200 2,0 76,5 21,6 310 15,9 0,027 / 0,007 / 0J027
5 500 2,0 83,3 23,4 349 18,1 0,025/ 0,007 / 0J025
5 800 2,0 78,0 21,9 341 20,3 0,024 / 0,007 / 0J024
The mechpnical dimensions of thereference dipoles given in IEC/IEEE 62209-1528 shall be used. The values
above 3 QHz depend on the dipale spacer and detailed construction of the dipoles and can vary by ap much as
+10 %. The reasons are that/the-dipole dimensions are short with respect to arm diameter and spacer dimensions,
i.e. the numerical reference values are not generic and need to be determined for a particular configurafion.
The phantpm dimensians._given in B.5.2.2 shall be used. The values above 3 GHz depend on the dipole §pacer and
can vary by as much as*+10 %.
If the dipo|e forward power results in measured SAR values that are above the dynamic range of the prpbe, lower
powers cap be used so as not to introduce additional measurement uncertainty or damage the probe.
@ Valuedate givenasfollows: small box-shaped-phantom-/large box-shaped phantomLelliptical phadtom.

b Whole-body SAR numerical reference values listed in column 7 were obtained with the dipole oriented along

the longest dimension of the phantoms. For the small box-shaped phantom and the elliptical phantom, a mass
of 12,5 kg was used, whereas for the large box-shaped phantom a mass of 46 kg was used.

B.5.3.3 Maximum peak spatial-average SAR measurement description

For each of the measurement configurations required in B.5.2.2.2, the maximum
peak spatial-average SAR shall be evaluated in four steps.

a) Use the measurement procedures specified in 7.4 of IEC/IEEE 62209-1528:2020 or 7.3 of
IEC 62209-3:2019 to determine an initial measured peak spatial-average SAR, SAR(d),

using the relevant phantom, see B.5.2.2.
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b) Determine the correction factor, CF,(d), to be applied to take into account a possible

increase in maximum peak spatial-average SAR due to a tissue layering effect using
Equation (B.22), see IEC/IEEE 62209-1528 and [80]:

1 for d<0,2m
CR(d)=1-"  for02m <d<04m
! 0,2

2 for 0,Am<d<1m

where

d is

NOTE
maxim
to 0,4

been introduced to account for this effect.

c) If mu
deter

anten

NOTE

In the
units

d) Deter|

(B.22)

the EUT distance (m) measured from the liquid surface.
1 For EUT distances above 0,2 m, the maximum peak SAR in an actual human body‘can

bm SAR obtained from measurements in the specified flat phantom. At a distance greater th
n, the real SAR can be up to a factor of 2 higher than the phantom SAR. The correction factor

tiple antenna elements fed through the same port are partly loaded by the

na element load conditions [81] using Equation (B.23):

2 fords% and Ng >1

4X_d+E fori<d<2><ﬂ and Ng >1
TxA 7 4

1 forsd 22x 4 or Ng =1

CFy(d)=1{-

the number of elements-in the antenna array.

P For example, CF4(d) has a value of 1 for single element antennas.

interpolation function in Equation (B.23), d and 4 shall both be measured in
e.g. mm of'm).

mine maximum peak spatial-average SAR using Equation (B.24).

SARpq(d) = SAR (d)- CFy(d) - CFy(d)

exceed the
hn or equal
CF,(d) has

bhantom,

ine the correction factor, CF,(d), to account for a possible(increase in maxinpum peak
spatigl-average SAR for small phantom-antenna separations\related to effects g

f varying

(B.23)

the same

(B.24)

where

d

SAR_(d)

is the EUT distance (m) measured from the liquid surface;

19 (SAR1g) or10g (SAng);

is the uncorrected measured peak spatial-average SAR averaged over either

SARpsa(d) is the evaluated maximum peak spatial-average SAR over either 1 g (SAR1g) or
10g (SAng) in accordance with the averaging used in step a) for the

B.5.3.4

measurement configuration.

Whole-body SAR measurement description

For each of the measurement configurations required in B.5.2.2.2, the whole-body SAR
measurement is performed in two steps.
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a) Step 1: For a given separation distance from the antenna, determine the absorbed power,
P,, by measuring the electric field strength in the relevant measurement volume described
by the considered exposure configuration and used phantom, see Table B.12 and
Figure B.18. The measurement procedures in 7.4 of IEC/IEEE 62209-1528:2020 shall be
applied whenever applicable using the following grid spacing.

b)

1)

2)

3)

4)

The maximum horizontal grid spacing shall be 20 mm for frequencies below 3 GHz and
(60/f gnz) mm for frequencies of 3 GHz and greater.

The grid step in the vertical direction for a uniform spacing shall be 5 mm or less for
frequencies below 3 GHz and (10/(fgy, — 1)) mm or less but not more than 5 mm

(IEC/IEEE 62209-1528:2020) for frequencies of 3 GHz and greater.

If a variable spacing is used in the vertical direction, the maximum spacing between the
GHz s but not
mpre than 4 mm. The spacing between farther points shall increase by afctor not
ejceeding 1,5 (IEC/IEEE 62209-1528:2020). When variable spacing |[s used
eltrapolation routines shall be tested with the same spacing as useddn measurements.

T¢ reduce the time needed to perform whole-body SAR measurements, prpcedures
bgsed on measurements in one or more planes can be used in combination with various
tephniques for numerical field propagation (e.g. [82]), provided,that

i)| the procedure has been thoroughly verified, and
ii)] the uncertainty has been quantified.

Step p: Evaluate the whole-body SAR, SAR,,, using Equation (B.25).
P -CF -CF,
SAwa(d): A(d) c S(d) C 4(f) (B.25)
M
wherg

PA(d) is the absorbed power (watts) in the phantom measured at a distance d| the EUT
distance (mm) measured from the liquid surface;

M is the mass of the body measured in kilograms. For the assessment of workers
exposure or general public exposure when the lowest part of the EUT| antenna
is installedat 2,2 m or more above level realistically accessible by th¢ general
public, a‘mass of 46 kg representing adults ([61], [77]) shall be used. For the
assessment of general public exposure when the lowest part of the EUT antenna
is jastalled less than 2,2 m above level realistically accessible by th¢ general
public, a mass of 12,5 kg representing the third percentile body weight data for
afour-year old girl [39] shall be used. This mass is slightly smaller thanthe WHO
data [38] for a fifth percentile four-year-old child and leads to a conjservative

CF5(d) is a correction factor to account for a possible increase in whole-body SAR due
to a tissue layering effect [61], [77] specified by Equation (B.26).

0,8xd
+ = for d <400 mm
CRy(d)=1" " 400 ) ; (B.26)

1,8 for d >400 mm

CF4(f) is a correction factor to compensate for a possible bias in the obtained general

public whole-body SAR when assessed using the large box-shaped phantom for
child exposure configurations in accordance with Table B.13. For frequencies
between the data points provided in Table B.13, a linear interpolation shall be
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used. For other exposure configurations and phantom type combinations,

For general public (including children) exposure assessments using the large box-shaped
phantom, the smaller measurement volume shall be centred at the bottom of the phantom, see

also Table B.12.

Table B.12 — Phantom liquid volume and measurement volume
used for whole-body SAR measurements [61], [77]

Phantom liquid volume Measurement volume
Exposure Phant t 3 m3
figuration antom type m
eon AX x AY x AZ or mab AZ AX x AY xAZ ormabAZ,
Large box-shaped phantom
Occupaltional g(preferred"choﬁ’ce) 1,54 x 0,339 x 20,15 1,54 x 0,3391% 0,09
and geperal
public (fdults Small box-shaped phantom 0,96 x 0,233 x 20,15 0,96.x 07233 % 0,09
onl
) Elliptical phantom 0,19 x 20,15 0,19 x 0,0p
, Small box-shaped phantom 0,96 x 0,233 x 20,15 0,96 x 0,233 % 0,06
General|public (preferred choice)
(inclugling Large box-shaped phantom 1,54 x 0,339 x 20,15 0,96 x 0,233 ¥ 0,06
childrien)
Elliptical phantom 0,19 x 20,15 0,19 x 0,0p
NOTE 1 [Where a = 300 mm is the semi-major axis of the elliptical mgasurement area.
NOTE 2 |Where b = 200 mm is the semi-minor axis of the elliptical measurement area.
NOTE 3 |See also Figure B.18.

Table B.13 — Correction factorto compensate for a possible bias
in the obtained general public whole-body SAR when assessed
uging the large box-shaped phantom for child exposure configurations [7]2]

F’e,‘j'/l‘fz"cy 300 450 900 1 800 2600 3500 6 000
CFA 2,4 2,3 1,5 1,3 1,2 1,2 1,2

IEC

Figure B.18 — Phantom liquid volume and measurement volume
used for whole-body SAR measurements with the box-shaped phantoms

B.5.4 SAR measurement uncertainty

SAR measurement uncertainty shall be estimated using the specifications in Clause 8 of
IEC/IEEE 62209-1528:2020 or Clause 8 of IEC 62209-3:2019. For whole-body SAR, the
templates described in Table B.14 and Table B.15 shall be used. The uncertainty associated
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with many of the influence quantities listed in IEC/IEEE 62209-1528 and the way it is assessed
is applicable also for SAR measurements using the box-shaped phantoms. For some influence
quantities, such as those related to the box-shaped phantoms, the description in
IEC/IEEE 62209-1528 or IEC 62209-3 is not applicable. Details on how to assess the
uncertainty for these influence quantities is given in Clause G.9. The SAR measurement
procedure has been designed to produce results which are located on the conservative side of
the probability distribution.

The expanded uncertainty with a confidence interval of 95 % shall not exceed 30 % for peak
spatial-average and whole-body SAR. If the uncertainty is larger than 30 % the difference shall
be added to the evaluation result before comparison with the applicable exposure limit,
see Annex H.

Table B.14 — Measurement uncertainty evaluation template
for EUT whole-body SAR test
Prob. | Uncertainty
Source_ of Description distrib. or Div. Sens. Standa_rd v
unceftainty a . coeff: uncertainty)| !
type semi span
a (£ %) S c u=axcld

Probe calibration IEC/IEEE 62209-1528 N 1,96 1 o0
Isotropy IEC/IEEE 62209-1528 R \3 1 ©
Linearity IEC/IEEE 62209-1528 R \3 1 ©
Probe moqulation | e/ IEEE 62209-1528 | R V3 1 o
resp.
Detection [imits IEC/IEEE 62209-1528 R \3 1 o
Boundary gffect IEC/IEEE 62209-1528 R \3 1 e
Readout e]ectronics IEC/IEEE 62209-1528 N 1,96 1 [
Response|time IEC/IEEE 62209-1528 R V3 1 i
Integratior] time IEC/IEEE 62209-1528 R V3 1 o«
RF ambient IEC/IEEE 62209-1528 | R V3 1 o
conditions|- noise
RF ambiernt
conditions|— IEC/IEEE,62209-1528 R \3 1 ]
reflections
Probe posjtioner [EC/IEEE 62209-1528 | R V3 1 o
mech. resfrictions
Probe pos|tioning with
respect to|phantom IEC/IEEE 62209-1528 R \3 1 0
shell
Post-procdssing G-9-2 R 3 1 w
EUT holder G.9.3 N 1,96 1 M- 1
uncertainty
EUT positioning G.9.4 N 1,96 1 o
Power scaling IEC/IEEE 62209-1528 R \3 1 o0
Measurement drift IEC/IEEE 62209-1528 R \3 1 w0
Phantom shell
uncertainty G.9.5 R V3 1 w
Target liquid
permittivity and G.9.6 N 2.0 1,96 1 2.0 ©
conductivity
Liquid permittivity G9.7 N 1,96 0,34 M= 1
(meas.)
Liquid conductivity G9.7 N 1,96 0,25 M= 1
(meas.)
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Prob. | Uncertainty
Source. of Description distrib. or Div. Sens. Standa!rd
uncertainty a . coeff. uncertainty
type semi span
a (£ %) S5 c u=axcld
Liquid permittivity —
temperature G.9.8 R V3 0,34
uncertainty
Liquid conductivity —
temperature G.9.8 R V3 0,25
uncertainty
N
Combined standard uncertainty, u, = Z(clz 12)

i=1

Coverage factor for required (e.g. 95 %) confidence interval, k

Expanded|uncertainty, U =k - u,

NOTE 1

NOTE 2

2 N - nofmal; R — rectangular.

5ee Annex G for guidance on the variables in this table.

'he value of divisor § for normal probability distribution is for 95 % confidence.

Table B.15 — Measurement uncertainty evaluation template
for whole-body SAR system_validation

Prob. | Uncertainty
Source_ of Description distrib. or Div. Sens. Standa_rd
unceftainty a : coeff. uncertainty)|
type semi span
a (£ %) S5 c u=axcld
Probe calipration IEC/IEEE 62209-1528 1,96 1
Isotropy IEC/IEEE 62209-1528 V3 1
Linearity IEC/IEEE 62209-1528 R V3 1
Probe modulation IEC/IEEE 62209°1528 | R \3 1
resp.
Detection |imits IEC/IEEE)62209-1528 R V3 1
Boundary gffect IEC/IEEE 62209-1528 R V3 1
Readout e]ectronics IEC/IEEE 62209-1528 N 1,96 1
Response|time IEC/IEEE 62209-1528 R V3 1
Integratior| time IEC/IEEE 62209-1528 R \3 1
RF ambient I . = ; .
Conditions _ nOiSe ICU/TECE OZZUJ-TUZ0 N Vo 1
RF ambient
conditions — IEC/IEEE 62209-1528 R V3 1
reflections
Probe positioner IEC/IEEE 62209-1528 | R V3 1
mech. restrictions
Probe positioning with
respect to phantom IEC/IEEE 62209-1528 R \3 1
shell
Post-processing G.9.2 R \3 1
Deviation of the
experimental source IEC/IEEE 62209-1528 N 1,96 1
from numerical source
Source to liquid G.94 N 1,96 1

distance
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Prob. | Uncertainty
Source. of Description distrib. or Div. Sens. Standa_rd v,
uncertainty a . coeff. uncertainty !
type semi span
a (£ %) S c u=axcld
Measurement drift IEC/IEEE 62209-1528 R \3 1 0
Phantom shell
uncertainty G.9.5 R V3 1
Target liquid
permittivity and G.9.6 N 2,0 1,96 1 2,0 o
conductivity
Liquid permittivity G9.7 N 1,96 0,34 M= 1
(meas.)
Liquid conguctivity G9.7 N 1,96 0,25 M1
(meas.)
Liquid permittivity —
temperatufe G.9.8 R \3 0,34 w
uncertaint
Liquid confuctivity —
temperatufe G.9.8 R \3 0,25 w0
uncertaint
N
Combined|standard uncertainty, u, = Z(clz ulz)
i=1

Coverage factor for required (e.g. 95 %) confidence interval, k
Expanded|uncertainty, U =k - u,

NOTE 1 The value of divisor & for normal probability distribution is for 95 % confidence.
NOTE 2 $ee Annex G for guidance on the variables inithis table.

8 N - nofmal; R — rectangular.

B.6 Basic computation methods

B.6.1 General

The overnview and general requirements of computational methods are specified i 8.3 and
include the following:

s for the
estimation. of RF f|eld strength power density or SAR The formulas are easy to |mpIe ment and
may be 2 5 are not
required when using these formulas but there is clear gwdance on where and when these
formulas are applicable. The basic computation formulas can only be employed in limited
applications as specified in B.6.2.

B.6.2 Basic computation formulas for RF field strength or power density evaluation
B.6.2.1 Overview of spherical and cylindrical formulas

For the sector or omnidirectional linear array configurations with arbitrary polarizations widely
employed in wireless communications infrastructure, the fields in the near-field of the BS
antenna have a cylindrical character [83], [84] which gradually converts to spherical in the
far-field. Spherical or cylindrical formulas can be used to predict the fields radiated by these
linear arrays. These estimation formulas are applicable under the conditions specified in B.6.2.2,
B.6.2.4 and B.6.2.6.
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The following procedure shall be followed when performing an evaluation using the spherical

or cylindri

cal formulas.

a) Verify that the evaluation is valid considering the restrictions and limitations of the different

metho

ds.

b) Implement Equation (B.27) through Equation (B.36).
c) Validate the implementation by comparing example results to known or published results.

d) Establ

ish input parameters, see B.6.2.2.

e) Perform the field evaluation(s) using the formulas.

f) Report on the evaluation using the guidelines presented in Clause 10.

Simple s
cylindrice

The coorflinate system is described in accordance with Figure B.19.

The refe

formulas |for the spatially-averaged power density, S, and the spatial-peak power d

| formulas are provided in B.6.2.5.. .

ence frame relative to an array antenna axis employed in the analytical

are illustfated in Figure B.19.

D .

Figure

A
Antenna
[,
B
z = 0 plafe
r e
Boresight with
elegtrical downtilt y
relative to x-y plane

B.19 — Reference frame employed for cylindrical formulas for RF field s

€

Antenna

$.2.4 and
rediction
ensity, S,
z = 0 plane
Boresight with
electrical downtilt |
relative to x-y plang
\\
Cylindrical formula
field strength
averaging line
IE
trength

computation at a point P (left), and on a line perpendicular to boresight (right)

B.6.2.2

5 | auideli

Spherical formulas with different constants and cylindrical formulas can be employed for RF
field strength or power density evaluations in three zones of computation around a typical linear
antenna, see Figure B.20 and Table B.16. Reference [67] details how these formulas were
derived and how the computed values relate to the confidence level in the different zones of

computat

ion, see Figure G.2.

NOTE The uncertainty of the computation is dependent on the exact location in relation to the antenna. For improved
accuracy, in [67] four zones of computation are described with statistical analysis of extensive computational data
providing uncertainty information as tables of offsets. These can be employed to determine the values of S at specific
locations corrected for the required confidence level.
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The spherical and cylindrical formulas use the variables specified in B.2.2 and as follows, see
Figure B.1 and Figure B.19:

D is the peak antenna directivity, measured as a linear ratio, at the frequency under
evaluation. If the directivity is not known, the antenna gain can be used as a
substitute;

Gy is the antenna gain in direction specified in spherical coordinates at the frequency
under evaluation;

G, is the peak antenna gain, measured as a linear ratio, at the frequency under
evaluation;

Gside 1obe 1S the gain, measured as a linear ratio, of the maximum side lobe in the vertical gain
pdttb‘lll dt t;lb‘ flb‘qucllby uudcl UVdiudtiUll,

L is the physical antenna array length measured in metres. The indiyidual antenna
lengths for each band shall be used for antennas covering more than-one|band;

r is the radius measured in metres taken from the centre of the antenna;

ry, is the radius measured in metres along boresight of the antenna, see Figuyre B.19;

4 is the electrical downtilt angle measured in radians of the antenna main bgam from
the x-y plane (i.e. z = 0) at the frequency of evaluatioand where down i$ positive
and up is negative;

A is the wavelength measured in metres for each.band;

1)) is the azimuth angle measured in radians betwé€en the positive x-axis (i.e| antenna
boresight), see Figure B.1;

Ap3yp is the azimuth HPBW measured in radjans at the frequency under evaluafliéon.

0 is the angle measured in radians between the positive x-axis and the line formed
between the origin and the evaluation location;

AO34p is the vertical HPBW measured‘in radians at the frequency under evaluation.

B.6.2.3 Zone boundaries

Table B.16 gives the formulas.for calculating the zone boundaries applicable to the|adjusted

sphericall and cylindrical formulas, see Figure B.20 for visual representation of zongs. These

are conglistent with the dncertainty analysis described in [67]. In Figure B.20, t:Ixne three-
dimensiohal view shows_pie-slice sections of the same three zones, which are symimetrically
equivalengt around the.'z-axis. For antennas employing a mechanical downtilt, the zone
boundarigs would $be-rotated accordingly. The angular variables in B.6.2.4 and B.p.2.6 are

defined in the coordinate system of the antenna, see Figure B.1 and Figure B.19.

NOTE The spherical formula is applicable in region Il and IIl although when applied in region Il it mighf lead to an

overestimaje of'the power density.
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a) Two-dimensional view b) Threé-dimensional view

Figure B.20 - Views illustrating the three valid zones for
field strength computation around an antenna

T1b|e B.16 — Definition of boundaries for selecting the zone of computation

Evaluafion
location in Method.of Boundary restrictions
. calculation
zong:
Sector prrays:

Peak/Average 2% 2 Applicable in -n/24¢9<n/2

A 36X A< <max boresight within
Cylindrical ’ =h= A height of Omnidifectional
formulas L/2+2,5% A antenna@. arrays:

-T<@plEn
Peak/Average Applicable off-
. . 2% 2 boresight above

B }Adjusted spherical L[2+25xA<r< and below height
OrELes of the antenna?®.
Reak/Average 2 12

C Classical r > max 2
spherical formulas _L/2+25X/1_

2 In the case of electrical downtilt, the condition "in boresight within height of antenna" is defined by:
,i,,ﬂ -sin(y) < z < i,ry -sin(y) in accordance with Figure B.1 and Figure B.19.
2 ! 2

B.6.2.4 Adjusted spherical formulas

The adjusted spherical formulas can be employed inside parts of source regions Il (spatial-peak
and spatial-average RF field strength) but evaluations are limited to the zones detailed in
Figure B.20. The advantage in using the adjusted spherical formulas is to obtain conservative
but realistic RF field strength evaluations much closer to the antenna than with the classical
far-field formulas referenced above.

Another set of relatively adjusted spherical formulas that can be used in source region Il
(radiating near-field) is presented in [85] and [86], which detail the limitations of the technique.
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The adjusted spherical formulas for estimating both the spatially-averaged plane wave
equivalent power density S and spatial-peak S plane wave equivalent power density applicable
in zone B, see Figure B.20, are as follows.

a) Equation (B.27) is the adjusted spherical formula for omnidirectional arrays

2
0—y
1,2><P-G . _[AQ J
=0 with Gy =126xGgjge +Gp -2 "7 (B.27)

S(r,0)=S(r0)=
An-r lobe

b) Equation (R ’)R) is the adjusted spherical formula for sector-coverage arrays

12xP-G —[g_y]—[ o |

S e X Gy g . ) A

S I",(p,g) > S(r,(p,@) :Trz(p with Gq),g = 1,26><G|S|ge +Gp -2 3dB #3dB (B28)
: obe

NOTE 1 The adjusted spherical formulas as derived in [67] provide values, of.'S representing the bept estimate
confidencellevel for the "technique uncertainty" considering the complete computation zone B, see Figure|B.20. From
[67] the cdrresponding upper 95 % confidence level is up to +5,8 dB af, the S determined by Equatipn(B.27) or
Equation (B.28) depending on r, ¢ and 6 for the range of antennas evaltated in the reported study.

NOTE 2 .0 and G, represent models for the gain variation as fuhction of the angular variables ¢ and 4.
B.6.2.5 Cylindrical formulas
B.6.2.5.1 General

The cylindrical formula can be used to evaluate the spatial-peak and spatially-averaged power
density S| in the enclosed cylinder of a‘collinear antenna array, see Figure B.21. The gylindrical
coordinafe system specified in Clause-B.2 is appropriate for such evaluation, see Figlire B.1.

Antenna Antenna with electrical downtilt y
[}
ffffffff PN
v I’y *~—~~:\\\
( % 4?/
iiiiiiiiiiiiiii . T
)
ffffffffffffffffff e X :
(:/ L B S’. Ag <\\ =
’ B e S’, S
7777777777777777 IEC IEC

Figure B.21 — Enclosed cylinder around collinear array antennas,
with and without electrical downtilt

Limitations for applying the cylindrical formulas:

a) The electrical tilt angle, y, of the linear array shall be less than or equal to 10°. The cylindrical
formulas do not take into account the formation of grating lobes near end-fire, whose power
content typically becomes significant for electrical tilt angles greater than 10°.

b) The presence of reflecting surfaces/objects, reflecting ground planes and mounting
structures (mast, tower, wall, etc.) in the general direction of the evaluation point is not
allowed.
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B.6.2.5.2 Cylindrical estimation formulas

B.6.2.5.2.1 Spatial-average cylindrical formulas

The formulas for estimating the spatially-averaged plane wave equivalent power density S
applicable in zone A, see Figure B.20, are described in [84].

a) Omnidirectional arrays — general; Equation (B.29) applies

E(ry): Lid with rozixD-L-Coszy
5 2 2 (B.29)
2n-r,-L-cos () 1+(ry/r0)
b) Omnidirectional arrays — basic; Equation (B.30) applies
= P
S(r)=—=———+ B.30
(") =57 (B.30)
c) Sectdr-coverage arrays — general; Equation (B.31) applies
_ 3y p. o (20/Bosee y Ay 2
S(r”,(p): with" 7, =—38B . p.L.cos y (B.31)
Y ) D)
n-Apyqg -7, - L-COS (y) 1+(ry/r0)
d) Sectdr-coverage arrays — basic; Equation.(B.32) applies
s P
Y R B.32
() Apzgp -7~ L ( )
NOTE 1 Hquation (B.29) and Equation (B.31) compute the plane wave equivalent power density spatiallly-averaged
over the specified antenna lengthn2»and therefore this does not necessarily relate to the spatial averagirlg schemes
in 6.4.1 angl B.3.3.
NOTE 2 Tlhe average cylindrical formulas provide values of S representing the best estimate confidenfe level for
the "technipgue uncertainty". From [67], the corresponding upper 95 % confidence level is between +0,3 dB and
+7,5 dB (d¢pending, @n ) above the S determined by Equation (B.29) and Equation (B.31) for the range ¢f antennas
evaluated ip the reported study.
B.6.2.5.2.2 Spatial-peak cylindrical formulas

The formulas for estimating the spatial-peak plane wave equivalent power density S defined
in [84] and applicable in zone A, see Figure B.20, are as follows.

a) Omnidirectional arrays — general; Equation (B.33) applies

S(r)f r with 7 flxD-L~cosz
v) = ) > 0= Y (B.33)
m-r,-L-cos (y)‘\/1+(2ry/r0)
b) Omnidirectional arrays — basic; Equation (B.34) applies
S(r)=——— (B.34)

T - L
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; Apsgp 2
S(ry,(p): > with 75 =———-D-L-cos”y (B.35)
TApyyp 7 -L-cos? (y) 1+<2><ry/r0)
d) Sector-coverage arrays — basic; Equation (B.36) applies
(O s
S(r)=— (B.36)
Apzgg -7 L
NOTE The peak cylindrical formulas provide values of S representing the best estimate |confidence I¢vel for the
"technique juncertainty". From [67], the corresponding upper 95 % confidence level is between +0,6 dB gnd +7,2 dB
(depending|on ¢) above the S determined by Equation (B.33) and Equation (B.35) forthe range of antennaj evaluated
in the repofted study.
B.6.2.6 Validation of spherical and cylindrical formulas
B.6.2.6.1 General
The input parameters for the validation are listed in Table B.17. The correct implemeptation of
the formdilas shall be verified by checking that the\results produced by the implementation
correlate|within 1 % with the reference results indigure B.23 and Figure B.22.

Angles should be converted from degrees to/radians for the implementation of equatipns.
Tabjle B.17 — Input parameters for cylindrical and spherical formulas validation
Antenna Freq. RF Array Vertical Horizontal | Electrical Gain or Maximum
type power length HPBW HPBW downtilt directivity side lobe

gain
Omni 925 MHz 80 W. 2,158 m 8° N/A 5° 11 dBi -9 dBi
Sector 925 MHz 80.W 2,158 m 8° 84° 5° 17 dBi -3,6 dBi
B.6.2.6.2 Validation of spherical formulas
Using egchvof the implemented spherical formulas, at positions described in Figure B.22

determine S for the omnidirectional and sector-coverage antennas described in Table B.17 at
positions every 10 m from d = 10 m to 4 = 80 m along the validation line, see Figure B.22, 5 m

below the centre of the antenna and where ¢ = n/12 radians.
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Zone | Position Adjusted spherical Simple spherical
Omni Sector Omni Sector
d N N S S
(m) (MW m™2) | (mW m™2) | (mW m™2) | (mW m2)
B@ 10 14,7 52,0 6,41 22,2
20 96,3 353 7,37 26,5
ca 30 85,1 313 37,4 136
d=10m 40 57,1 210 411 150
50 38,4 141 31,4 114
A;tion line &0 26 8 98 § 223 81,1
// atz=-5m 70 19,6 72,0 15,9 57,8
“["d=80m . 80 14,8 54,5 e 42,1

28 The values of S are given for reference regardless of the applicability of the formulas,when considlering the
Table [B.16 criteria.

Figure B.22 — Spherical formulas referen¢e results

B.6.2.6.3 Validation of cylindrical formulas

For each| of the implemented cylindrical formulas, determine S and S at positions gvery 2 m

from ry 3 4 m to ry=20m along the validation, line in the main vertical bean} for the

omnidiregtional and sector-coverage antennas*“described in Table B.17 and where| ¢ = n/12
radians, see Figure B.23.

Position Omnidirectional Sector-¢overage
5 s 5 s
(m) Wm?) | (Wm?) | (Wm?) [ (Wm™?)
4 1,43 2,56 5,58 9,96
6 0,905 1,48 3,54 5,74
8 0,639 0,958 2,49 3,70
10 0,478 0,665 1,86 2,56
12 0,370 0,485 1,43 1,86
15 0,265 0,325 1,02 1,25
20 0,166 0,190 0,639 0,727
IEC

Figure B.23 — Cylindrical formulas reference results

B.6.3 Basic whole-body SAR and peak spatial-average SAR evaluation formulas
B.6.3.1 Applicability

For BS antennas where the radiating elements of the antenna lie on the same vertical axis, the
formulas in B.6.3.2 and B.6.3.3 can be used to estimate the peak spatial-average SAR and
whole-body SAR. Estimation formulas are given for three main directions: front (main beam),
axial, and back in accordance with Figure B.24.
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Figure B.24 — Directions for which SAR estimation expressions are provided

Table 7 Jummarizes recommended and permitted applications for the SAR estimation|formulas
([22], [71]) in terms of the source-environment plane regions. Further constraints on the
applicability of the estimation formulas are summarized in Table B8. The original formula from
the refergnced paper is modified, based on geometrical considerations, to take into acfount the
possible pffset of the antenna with the exposed body and to,clarify practical implementation.

Table B.18 — Applicability of SAR estimation formulas

Directions Antenna types Frequency range Estimation value Additional restfictions
of validify MHz provided
Front Directional 300 to 5 000 Upper bounds of local For local SAR, thd
(vertically and whole-body SAR phantom to antenpa
polarized and within the main beam of | separation distange, d,
cross-polarized) the antenna shall be larger thgn Max
and [0,2 m; A/2x] [77].
omnidirectional
BS antennas At least part of the
exposed body shgll be
within the main bgam of
the antenna, i.e. 4 >0
(see Figure B.25)|and
within £¢/2 of maih beam.
Back Directional 600 to 2 700 Upper bound of local N/A
(vertically. SAR in a plane behind
polarized and the antenna oriented
cress-polarized) perpendicular to the
BS ‘antennas back direction
Axial Directional 600 to 2 700 Upper bound of local N/A
(verticany SAR N a plane above
polarized and (or below) the antenna
cross-polarized) oriented perpendicular
and to the axial direction
omnidirectional
BS antennas
NOTE The frequency range is limited based on completed validation [22], [77]. Extension of the applicable
frequency range and directions of validity needs further study.

The method can be employed for multiple sources (multiple antennas operating at the same or
different frequencies), see 8.5.

B.6.3.2 SAR estimation formulas applicable to the front (main beam) direction

The variables used for the calculation of local and whole-body SAR are described in Figure B.25.


https://iecnorm.com/api/?name=4ac7e25f91470bae24040b624a8b8129

IEC 62232:2022 © |[EC 2022 - 155 —

It is assumed that the exposed body is located in front of the antenna in the main beam direction
with arbitrary vertical displacement from the main beam centre.

Upper edge of beam

e
dxTan| Yun
l‘- 2 J

— Height refofgnce

IEC

where

hg is tHe height (above reference), expressed in metres, of the base 6f the antenna;

hy is the height (above reference), expressed in metres, of thedppér edge of the antenna beam a} horizontal
distgnce d in front of the antenna element;

hy is the height (above reference), expressed in metres, of‘the lower edge of the antenna beam a} horizontal
distgnce d in front of the antenna element (minimumyvatue 0 when beam meets height reference)

he is tHe height of the feet above reference expressed in metres;

Ly is the physical antenna array length expressed-in metres;

Lg is the length of the body;

off is the effective length of the body expressed in metres (i.e. the overlap between antenna beam afpd body).

Figure B.25 — Description of SAR estimation formulas physical parametefs

The whole-body SAR andpeak spatial-averaged SAR (1 g or 10 g) shall be evaluated using
Equation|(B.37), Equation (B.38) and Equation (B.39), derived from [38], [39], [77] conhsidering
a whole-body mass’of46 kg for adults and 12,5 kg for children, see 8.2.3:

112
2
SAR,, = A(fd).— et . P L amd ) (B.37)
ChgLg Apsap La-d | (Dosgs Da-la) |
s 1
SAR;gy = 25 SAR B B.38
9 v Le Cwa/109 ( )
SAR;g = 20x SAR B~ (B.39)

Lot C:wa/ 19

where

SARyp is the whole-body SAR, evaluated for adults or children;
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is the peak spatial-averaged SAR 10 g evaluated for adults or children;

is the peak spatial-averaged SAR 1 g evaluated for adults or children;

is a coefficient specified in Table B.19;

is a coefficient that equals 0,089 m for adults and 0,06 m for children;

is the length of the body;

IEC 2022

is the closest distance expressed in metres from the antenna element to the
evaluation point. If the distance to the antenna elements is not known, d can be
taken conservatively as the distance to the antenna radome;

is the directivity of the array in the main beam (linear ratio);

CFubr10g

CFubi1g

CFubr10g

Lg shall e set to 1,54 m_for adults and 0,96 m for children for consistency with B.5.2

individua
band. L

is the effective length of the body expressed in metres (i.e. the overlap
antenna beam and body, see Figure B.25);

is the physical antenna array length expressed in metres;

between

is the horizontal half-power beamwidth of the antenna expressed’ in radians;

is the vertical half-power beamwidth of the antenna;

is a coefficient applicable to SARq;

is a coefficient applicable to SAR.

and Cwa,1g shall take the values in Equation (B:40) and Equation (B.41), res

1,5 for

CFub/og = {1 for

0,6 (for
CFWb”g - {O 3 for

300MHz < 1 <2,5 GHz
25GHz< f <5 GHz

300 MHz < f <2,5 GHz
25 GHz< f <5 GHz

antenna lengths L, for each band shall be used for antennas covering more
t shall be eyaluated using Equation (B.42), Equation (B.43) and Equation (B

Lege =max| min(hy ; ke + Lg ) —max (A_; kg ); 0]

bectively.

(B.40)

(B.41)

.2.1. The
than one
44).

(B.42)

where

hy =max{hB +Lp 5 hg +L7A+d~tan(M%H

(B.43)
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and

h = max{min{hs ' hg +é—d-tan(

2=

(B.44)

The coefficient A(f,d) shall be evaluated using Table B.19. The distance dependence behaviour
is included to describe the effect of tissue layering discussed in B.5.3.3.

Table B.19 — Calculation of A(f, d)

f A(f,d)
(MHz) (m3kg™)
(3,5+ j(1+2><d)-10 for 0,2 m < d <-0,4,m
600

©—300

(6,3+1,8><'f ).104‘ for d =Q/4 m
600

00 to 5000 45x(1+2xd)- 107 ford<0,4m
81-107 ford > 0,4 m

B.6.3.3

Peak spqtial-average SAR (1 g or 10 g) values shall be evaluated using Equation (E

Equation|(B.46), see [22]:

SAR estimation formulas applicable to the axial and back directions

P
SARyial = CF-
axial N -max(d ; 0,01)
CF P
SARpack = 7o .
10 N -max(d ;0,01)
where
CF is a coefficient that equals 0,1 for SAR4 and 0,05 for SARog;

d is:

.45) and

(B.45)

(B.46)

e in the back direction, the distance measured in metres from the antenna back plate to

the evaluation point;

e inthe axial direction, the smallest distance measured in metres from the nearest antenna
element to the evaluation point. For a conservative evaluation, the distance from the
antenna radome can be used in the axial direction;

NOTE For comparison with full wave-simulations, d is the closest distance between the phantom and either the
back plate for the back direction evaluation or the nearest antenna element for the axial direction evaluation.

N,

e

is the number of antenna elements at the frequency of evaluation.
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Using the SAR estimation formulas

The following procedure shall be followed when employing the SAR estimation formulas.

a) Verify that the evaluation is valid considering the restrictions and limitations of the method.

b) Imple

ment the formulas presented in B.6.3;

c) Validate the implementation against the results presented in B.6.3.7;

d) Establish input parameters, see B.6.3.5;

e) Perform the SAR evaluation(s) using the validated implementation.

f) Prepare the evaluation report using Clause 10 guidelines.

B.6.3.5
To apply

a) frequ
b) P, Ng

I I I for-SAR-estimation I
the SAR estimation formulas for child and adult, the following informationlis

bncy bands for all transmitters;
Apagyg, Alsgg, D, see B.2.2;

c) Lp,t

physical antenna array length for each band expressed in"metres;

d) hg, the height above local walking or standing surface reference’of the base of the

anten
e) hg, th
perso

If the nun

rounded

B.6.3.6

The SAR
of local
so as to

B.6.3.7

na expressed in metres;

e standing height above local walking or standing)surface reference of the
n expressed in metres.

hber of antenna elements is not known, Equation (B.47) shall be used, see |

Ng = LiV(0,85% 1)

o the nearest integer.

SAR estimation formulas uncertainty

estimation formulas provide a conservative estimate (using a 95 % confider

aximize the‘estimated value.

Verification of SAR estimation formulas

required:

physical

exposed

55]:

(B.47)

ce level)

nd whole-body. ‘SAR provided that the input parameters are chosen within their range

The corrd

ctness of an implpmpnfnfinn of these formulas shall he verified for the front,

ack and

axial directions as described in Figure B.24 using the antenna parameters in Table B.20 and
cases specified in Table B.21 and Table B.22. Cases in Table B.21 and Table B.22 include
validation of applicability constraints, with a "-" SAR value indicating that the test case is
outside the applicability range.
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Table B.20 — Antenna parameters for SAR estimation formulas verification

Antenna Array length Directivity? Horiz. HPBW? Vert. HPBW? Number of
no. elements
(m) (dBi) () ()
1 2 14,7 65 10,5 6
2 2 15 64 8,9 7
3 1.2 16,7 60 5,6 12
4 0,85 15,1 91 7.1 12

a

beamwidth to be expressed in radians.

The SAR estimation formulas require directivity to be expressed as a linear value, and horizontal half power

Table B.21 — Verification data for SAR estimation formulas — front
Antenna po. | Frequency | Power | Antenna | Child Fc_)ot Dist SAwaa SAnga SAR1ga
(Table B.19) base or height d
height Adult
(MHz) (W) (m) (m) (m) | Wkg™) | Wkg™) | |(Wkg™)
1 699 1 1,5 A 1,5 0,3 §1M0E-02 | 1,83E-01 | B,66E-01
1 701 1 1 C 0 1 - - -
1 701 1 1,6 C 0.2 15 - - -
1 701 1 1 C 3,2 13 - - -
1 696 1 1 C 3 13 3,25E-05 | 2,67E-03 | p,35E-03
1 701 1 1 C 0 1 - - -
2 950 1 1 A 1,1 15 | 9,53E-05 | 1,59E-03 | B,18E-03
2 950 1 1 C 1,1 15 1,41E-04 | 2,36E-03 | §#,71E-03
2 885 1 1 A 1,1 0,19 - - -
2 905 1 1 A 1,1 0,19 | 1,64E-02 - -
3 2 495 1 1 A 0 0,5 | 5,05E-03 | 2,40E-01 | B,80E-01
3 2 505 1 1 A 0 0,5 | 5,05E-03 | 3,60E-01 | P,60E-01
a8 The "{" designates a "formiula not applicable" result validating the correct implementation of agplicability
checks.
Table B:22 - Verification data for SAR estimation formulas — axial and bag¢k
Antennalno Frequency | Power Dist Axial Back
(Table B.19 d
and SAnga SAR19a SAng"I SAR19"I
Table B.20)
(MHz) (W) (m) (W kg™ (W kg™ (W kg™ (W kg™
1 699 1 0,1 - - - -
1 700 1 0,01 8,33E-01 1,67E+00 8,33E-02 1,67E-01
1 700 1 0,001 8,33E-01 1,67E+00 8,33E-02 1,67E-01
1 700 1 0,02 4,17E-01 8,33E-01 4,17E-02 8,33E-02
4 2700 1 0,1 4,17E-02 8,33E-02 4,17E-03 8,33E-03
4 2701 1 0,1 - - - -
a8 The "-" designates a "formula not applicable" result validating the correct implementation of applicability

checks.
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B.6.4 Basic compliance boundary assessment method for BS using parabolic dish
antennas

B.6.4.1 General

Dish antennas (or parabolic antennas) are generally deployed for radio-relays or point-to-point
communication systems (microwave links), which typically operate at frequencies from 1,4 GHz
up to 200 GHz and beyond. Typical point-to-point systems are characterized by a gain value
above 30 dBi, and lower emission outside the main beam.

Microwave links are installed on towers, masts, rooftops or in similar locations. The main design
criterion involves an unobstructed line-of-sight path between the transmit and receive endpoints.
If a line-of-sight path cannot be established, high diffraction losses can occur, resulting in a
non-viabllg communications patn.

Outdoor ¢inits and antennas are typically positioned in areas that are inaccessible by the general
public; this prevents human overexposure and damage to the equipment of)te the rpadio link.
This estgblishes a special condition for these systems: the radio propagation path is not
accessible to members of the general public.

The basifs of antenna physical parameters relevant for the RF €xposure evaluation of dish
antennas| can be found in ETSI TR 102 457 [59]. This technical report also reviewg far-field
analysis [principles as well as near-field evaluation based-on simulation methods and
measurements calibration. It includes measurement and catelilation results on real sysfems that
have begn used to establish the evaluation method described in B.6.4.2 and to pfovide an
estimatioph of its accuracy.

As descrjbed in 5.4 of [37], below 10 GHz (or 6~GHz depending on the applicable pxposure
limits), the power density can be used to derive a conservative value of local SAR using
Equation|(B.48).

AR .
SAR|ocal Mg <S (B.48)

where
SAR|qcai| is the local'SAR value averaged over a mass my;

mq is the'reference mass 10 g for spatial averaging (or 1 g depending on the applicable
exposure limits);

Ag is-the reference area used for spatial averaging;

S is the power density.

In this frequency range, by assuming S < S);,, refers to SAR < SAR|;,,, compliance criteria based
on Sj, can be considered as a conservative assessment based on local SAR. In other words,
compliance with reference levels is equivalent to compliance with basic restrictions.

B.6.4.2 Compliance boundary of a dish antenna

In order to assess human exposure to RF from dish antennas, the maximum power density from
these antennas is generally derived from the following parameters: transmitted power,
frequency, antenna diameter, aperture efficiency and antenna gain. The compliance boundary
parameters are described in Figure 9.

As described in [37], the compliance boundary of a dish antenna shall be evaluated in
accordance with the flowchart presented in Figure B.26, which applies to both general public
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and occupational exposure situations. The compliance boundary parameters are based on the
following assumptions.

a) Compliance touch means that exposure limits are not exceeded while touching the radome
of the equipment under test (EUT).

b) The coefficient y (0,8) relates to the 1 dB attenuation due to spatial averaging in a plane
perpendicular to the antenna main lobe at frequencies between 10 GHz and 300 GHz.

c) The compliance boundary, if not zero, is a cylinder defined by the line-of-sight (LoS) axis
and the outer diameter d,,; up to the compliance distance CD,,, see Figure 9.

NOTE Use of a cylinder as the compliance boundary does not always consider side lobes appropriately for certain
types of less-directive aperture antennas (i.e. gain less than or equal to 25 dBi), including but not limited to antennas
that employ grid reflectors as opposed to solid-surface reflectors. In this case, an alternative model potentially worth
considerind has been developed in [87].

Rectangdlar antennas used for radio-relays or point-to-point communication | systems
(microwale links) are generally patch antenna arrays rather than rectangular-hoern on reflector
antennag| as described in [88]. For such patch array antennas, the measurement or computation
methods |[such as those described in B.3.1, B.3.2, B.4, B.6 or B.7 (e.g. syhthetic modegl) should
be used.
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where
y is|a factor used for spatial averaging;
Fy is|a multiplication factor depending on the dish antenna diameter;
A is|the wavelength (m);
A4, is|the reference area used\for ‘spatial averaging;
CD,,s is|the compliance distance'in the line of sight;
d is|the diameter of the parabolic dish antenna (m), can be equal to d,, (inner diameter) orfd , (outer
dipmeter), or diagonal of a rectangular horn or reflector antenna;
G is|the antenpa’gain;
mgy is|the refefenee mass for spatial averaging — 10 g or 1 g depending on the applicable exposure|limits;
P is|the,power transmitted to the antenna;
r is [theddistance between the evaluation location and the antenna;
2
Ry is the far-field distance Ry = (see A.1.3);
S is the power density (W m~2) at distance r (m) from the antenna;
Siim is the applicable limit for power density (W m™2);
S nax is the maximum value used for the power density spatially averaged over 20 cm*<;
Eim is the applicable limit for E-field strength (V m™");
max is the maximum value used for the E-field strength (V m™");
SAR;;,, is the applicable limit for local SAR for m,.

Figure B.26 — Flow chart for the simplified assessment of
RF compliance boundary in the line of sight of a parabolic dish antenna
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B.6.5 Basic compliance boundary assessment method for intentionally radiating
cables

Figure B.27 shows the geometry of a typical intentionally radiating cable (also known as leaky
feeder), consisting of a coaxial cable whose metallic sheath or braid features regularly spaced
slots that leak out a small fraction of the RF energy guided inside the cable. Therefore, the
guided wave attenuation in the cable consists of two components: the conventional field
attenuation due to ohmic and dielectric losses in the cable materials, and the guided field
attenuation due to energy loss in the form of leaked radiation.

IEC

Figure B.27 — Radiating cable geometry

Because jof the aforementioned characteristics, radiating cables are radiating transmissgion lines
frequently employed to provide coverage in tunnels or indoors, characterized by a ffequency
dependent cable attenuation coefficient, a, see Equation (B.49):

a = ag'sop (B.49)

where

aq is the cable attenuation coefficient due to dissipation loss along the transmigsion line
(dB m~T);
is the cable attenuatiencoefficient due to radiation loss along the transmigsion line
(dB 1.

Or

Neglecting dissipative-cable attenuation and assuming that all guided field attenuatipn is due
to RF legkage, ie.‘ay = a,, allows overestimating the relative fraction of radiated RF power,
which legds toa-conservative RF field strength evaluation. Under this hypothesis, the fravelling
power defay versus distance along the transmission line (assuming that the cable is fed at z = 0)
is calculgtedtsing Equation (B.50).

P(z) = P.1o_z'(%) - p.e_“'z'[%} _ p.e_z'[4,§43} (B.50)

Therefore, the radiated power per unit length P, (W m~1) is calculated with Equation (B.51).

()= P@-Ptaz)l 0 p =P.( o J.e‘z'(4,343) (B.51)
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Since the waves emitted from radiating cables generally feature conical character, it is possible
to produce a conservative estimate of the emitted power density (W m~2) at a radial distance d
by introducing a cylindrical-type decay using Equation (B.52).

S(d,z){r (2){ : j : (mj (B.52)

n-d \4,343) 2n-d

The power density (W m~2) estimate can be made even more conservative by taking its peak,
at z = 0 using Equation (B.53).

where
S(d)

S(d,z)

a

P

Equation
disposed
Equation
distance

axis.

B.7

B.7.1

For somsd
the near

is
at
is
at
is

is

A

P-«a

Sd)y=—%
8,646 x1-d

the power density (W m~2) at radial distance d (m) from thé centre of the lea
the feed connector;

the power density (W m~2) at radial distance 4 (m) ffom the centre of the lea
a distance z (m) from the feed connector;

the frequency-dependent cable attenuationccoefficient (dB/m);
the time-averaged power (W) transmittedinto the leaky feeder.

(B.53) can be considered a conservative estimate of the exposure on
parallel to the cable axis. Since cables normally run horizontally in tunnels g

(B.53)

Ky feeder

Ky feeder

h person
r offices,

where any portion of the exposed person's body is relative to the cable lo

fdvanced computation methods

General

scenarjos-more accurate evaluation can be required, for example field eva

computafion {techniques are presented in Clause B.7, with specific guidance on h
methods | shall be employed (typically, but not necessarily, using commercially

software):

(B.53) provides a very conservative evaluation when applied at the cIosIst radial

gitudinal

uation in

field efxan antenna or SAR evaluations to the side of a BS antenna. The advanced

pbw these
available

erformed.

The subclauses on uncertainty related to each advanced computation method present the
minimum uncertainty parameters that shall be considered.

B.7.2

B.7.2.1

Synthetic model and ray tracing algorithms

Applicability of synthetic model and ray tracing algorithms

The synthetic model is used to calculate the electric field strength at an observation point using
a vector sum of a number of small "patches" of the EUT antenna treated as separate sources
[89]. The synthetic model can be used alone for free space exposure evaluation or together
with the ray tracing algorithms to take into account the environment (e.g. ground, walls).

This model is applicable in the radiating near-field and far-field regions.
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The electric field strength at an evaluation point can be obtained by a vector sum of n small
patches of the antenna, treated as separate sources as specified in Equation (B.54):

277,
\/30XP}1Gn (50!9)) j(7n+ n)
E(p,0)= e A B.54
(0.0)= 2. - (B.54)
where
r, is the distance between the observation point and reference point of patch n;
P, is the input power into patch u;
A is the relative phase of applied voltage at antenna patch #;
G,(p,0) | is the gain of patch n towards the evaluation point relative to an isotropic|antenna,
see [90];
a, is the weighting coefficient.
The patch gain G,(¢,0) can be determined in accordance with refgtences given in [89].
Various fay tracing algorithms have been developed (e.gs [65], [83], [84], [89], |91]) and
implemented in commercial computer codes, for the evaluation of RF field strength [or power
density in all directions around BS antennas.
These raly tracing algorithms are suited to evaluations in the far-field (source regiop Ill) and
radiating| near-field (source region IlI). Tablex/ summarizes recommended and permitted

applicatig

Applicability of each of these is discussed below.

a) Rayt

1) Ty

acing — one-ray

radiating near-field of one_ormore sources with no or negligible environmental

(s

ns for ray tracing methods. Typicalimplementations involve one, two or multi-rays.

pically used for evaluatiohvof RF field strength or power density in the fgr-field or

eflectors

burce-environment plane regions 111-0 and I1-0). For example towers, masts ajnd poles.

2) Can also be used in"more complex environments but a more comprehensive urcertainty
arjalysis is then required.

3) Al

ternatively,the method can be enhanced by employing a factor to account fo

grpund reflection (6.2.8), for example as done in US FCC OET Bulletin 65 [3

th

e factonis’1,6 for RF field strength (2,56 for power density) (source-environm

1141 and;Nl-1).

b) Rayt

aeing — two-ray

average
(], where
ent plane

1) Typically used for evaluation of RF field strength or power density in the far-field or
radiating near-field (source-environment plane 1I-1 and IlI-1) of one or more sources with
one environmental reflector, for example roof-top reflection or ground reflection in open
and semi-built up areas.

2) Can also be used in more complex environments but a more comprehensive uncertainty
analysis is then required.
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c) Ray tracing — multi-ray

1) Typically used for evaluation of RF field strengths or power density in the far-field or
radiating near-field of one or more sources with more than one environmental reflector
(source-environment plane regions II-M and IlI-M), for example complex roof-tops, or
complex built-up areas.

2) This method would theoretically provide more accurate results than the one-ray or
two-ray techniques, but for this to be the case very detailed and accurate information is
required on the multiple environmental objects. In practice, one-ray or two-ray methods
with appropriate uncertainty analysis taking possible multiple environmental reflectors
into account would be appropriate.

B.7.2.2 Input requirements for synthetic model and ray tracing algorithms

The input requirements for synthetic model are listed below:

r, Histance between the observation point and reference point of patch #;
P, nput power into patch #;
Y relative phase of applied voltage at antenna patch z;

G,(p,0) pain of patch n towards the evaluation point relative to anlisotropic antenna,|see [90];

a, iveighting coefficient.

The inpuf data requirements for ray tracing techniques are\listed below:

a) transmitted power;

b) RF transmission system losses;

c) antenpa gain;

d) antenha aperture;

e) antenha pattern;

f) antenna mounting height, positiontand orientation;
g) envirgnmental clutter data (ground, buildings);

h) topography.

If one or [more of the input-data values are unknown, ray tracing can still be used proyided the

uncertainty estimationtincludes additional sources of uncertainty relating to the estimated data
values.

B.7.2.3 Description of synthetic model and ray tracing algorithms

Syntheti antenna
pattern synthesis and spherical free-space wave propagation to calculate approximate field
values in the radiating near-field as well as the far-field of antennas (source-environment plane
regions II-* and IllI-*). The antenna parameters (gain, horizontal and vertical far-field radiation
pattern cuts) are typically obtained from manufacturers' published data. Technical details for
implementing ray tracing algorithms can be found in, for example, [65], [83], [84], [89], [91].

Figure B.28 shows the typical geometry and parameters to apply ray tracing with the synthetic
model where 4 to r5 represent the direct path from (e.g. [65], [83], [84], [89], [87]) the centre of

the five individual radiating elements in the array to the evaluation point and # represents the

two-ray path from the lowest element of the array reflecting from the ground to the evaluation
location.
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Ray tracing algorithms typically overestimate the RF field strength due to absorption of RF
energy in the ground, building walls and other man-made structures that are not taken into
account with basic implementations. This overestimation shall form part of the uncertainty
analysis.

Antenna

7
2
I3
Vs

Is Direct paths

1 T A e S R T PO O T O A b R T A S R B A A e S R i T

Partially reflective"ground plane

NOTE Th¢ two-ray paths 7 to r, are not shown in the figuré-but can be included in the model for a mofe accurate
computatiop.

Figure B.28 — Synthetic model and ray'tracing algorithms geometry and parameters

The following procedure shall be followed when employing ray tracing algorithms.

a) Verify that the evaluation is valid considering the restrictions and limitations of thg method.
b) Select commercial code«ornimplement algorithms.

c) Validate using pre-calCulated examples, see B.7.2.5.
d) Estalbllish input parameters, see B.7.2.2.

e) Perfofm evaluation (apply ray tracing algorithm).

f) Perform unGertainty analysis, see B.7.2.4.

g) Apply| untertainty for result interpretation, see Clause 9 and Annex G.

h) Report on evaluation, see Clause 10.
B.7.2.4 Synthetic model and ray tracing uncertainty parameters

Uncertainty factors for ray tracing fall into three categories, namely transmitter system,
modelling technique and environmental uncertainties. Table B.23 identifies the leading
uncertainty factors for these three categories. The surveyor shall understand and test for each
applicable source of uncertainty.
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Table B.23 — Example template for estimating the expanded uncertainty
of a synthetic model and ray tracing RF field strength computation

Source of uncertainty Unit Prob. Uncertainty | Divisor | Sens. Standard Corr. 2.2
distrib. or coeff. | uncertainty | fact.
type semi span
a o c u=ald CF
System
Variation in the power of
the RF transmitter from its dB rect. \3 1
nominal level
Cable/connector losses dB normal 1,96 1
Mismatch|between antenna
and its fekd dB U-shape V2 1
Ante:na fadiation pattern dB normal 1,96 1
data
Antenna positioning,
mounting|and support dB rect. V3 1
structure
Technigye uncertainties
Inherent yncertainties
associated with the
approximate numerical dB rect. V3 1
model us¢d to represent
the antenpa.
Null-filling of antenna Depends
patterns (jf applied) dB on 1
algorithm
Environnpental uncertainties
Scattering from nearby
objects apd the ground dB rect. V3 1
Uncertainfty in using
electric figld strength
evaluatiofs to estimate dB rect. V3 1
magnetic[field strength, or
vice versg
N
Combined correction factor\CF, = > CF, N/A
i=1
Combined standardvuncertainty, u_ =
Coveragelfantar for required (e g 95 %) confidence interval &

Expanded uncertainty, U =k - u,

NOTE 1
NOTE 2

the linear expression in view of the statistical properties of the measured quantity.

See Annex G for guidance on the variables in this table.

It is assumed that the logarithmic expression of the measured quantity can be treated similarly to that of

NOTE 3 The value of divisor & for normal probability distribution is for 95 % confidence.

2 The normalized radiation pattern uncertainty can be different inside the HPBW (very small); outside the main
beam (larger); and in the side lobes.
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B.7.2.5

Validation of synthetic model and ray tracing algorithms

The following provides an example for validating the correct implementation of a synthetic
model and ray tracing algorithm using the generic panel BS antenna. This antenna has nine
dipole radiators and operates in the 900 MHz band. It is highly recommended that several
examples are checked to make sure the near-field power density error does not exceed +3 dB.

a) The antenna parameters for the synthetic model and ray tracing algorithms validation are
given in Figure B.30. A point-source array model or aperture field representation shall be
extracted using these patterns.

b) The power density values shall be determined for a frequency of 925 MHz and P of 80 W
along line 1, line 2 and line 3, see Figure B.32, in the near-field of the antenna, and on
line 4, see Figure B.29, in the far-field.

c) Thed

valuep in Table B.24.

NOTE The results obtained with the synthetic model and ray tracing algorithms are compared, to resul

from a full
polarization
more when
ray tracing

If the ma

passed the example validation.

N >

NOTE Lin
antenna, a
centre of th

etermined power density values shall be compared with the reference powd

ave simulation. The results compare very well on lines 1, 2 and 4. The raytracing algorit
of the electric fields and for this reason the results very close to the antenna,on line 3, di
compared to the full wave solution. This is however expected and within the uncertainty range
algorithm.

imum deviation from the reference results is within £3 dB,the simulation pad

30t0o 100 m
15 m

I
|
|
ine 4 |
=30mto100m 4~~~ !
=0 Jj

=-15m -

e 4 represents a mast antenna configuration, where the power density is calculated 15 m
hd the @ntenna is tilted downwards by 15°. The coordinate system origin (x =0, y =0, z =
e middle' feed model element.

r density

s obtained
hm ignores
ffer slightly
of a typical

kage has

IEC

below the
D) is at the

ray tracing validation example
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a) Normalized horizontal radiation pattern (dB) for ¢ equal to 0°
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b) Normalized vertical radiation pattern (dB) for ¢ equal to 0° (full blue line)
and ¢ equal to 180°(dashed black line)

Gain = 17,0 dBi and tadome length = 2,25 m.

Spherical doordinates ¢,0 are defined in B.2.1.

NOTE 1 Tlhe\file with detailed results can be downloaded from https://www.iec.ch/tc106/supportingdocyments

NOTE 2 The detailed result file includes the normalized horizontal radiation pattern (dB) in 1° steps of ¢,0 but uses
a different coordinate system.

NOTE 3 If excitation parameters cannot be calculated for the point-source array model or aperture field
representation, the weighting coefficients for antenna patches 1 to 9 can be set to 0,582 8; 0,609 7; 0,809 0; 0,949 4;
1,000 0; 0,949 4; 0,809 0; 0,609 7; 0,582 8 respectively, with the relative phase of the applied voltage at each
antenna patch set to 0° in order to complete the validation.

Figure B.30 — Antenna parameters for synthetic model
and ray tracing algorithms validation example
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Table B.24 — Synthetic model and ray tracing

-171 -

power density reference results

Power density along
Figure B.32 line 1

Power density along
Figure B.32 line 2

Power density along
Figure B.32 line 3

Power density along
Figure B.29 line 4

Position y

N

Position x

N

Position z

N

Position y

N

(m)

(Wm™2)

(m)

(Wm™)

(m)

(W m™2)

(m)

(MW m~2)

0,5

72,8

0

41,7

0

385

30

2,33

1

41,7

0,2

39,6

0,2

261

40

48,5

1,5

25,5

0,4

34,2

0,4

205

50

105

2

131

0,6

27,1

0,6

152

60

80,7

2,5

11,1

0,8

19,8

0,8

80,1

70

45,2

3

11

1

13,3

1

179

80

22,6

3,5

10,7

1,2

8,75

1,2

7,32

90

10,7

4

9,92

1,4

5,76

1,4

1+00

4,99

B.7.3
B.7.3.1

Full wavd
regions d
evaluatio
evaluatio
methods
be creatg
can be m

Full wavs
and sour
together
the small
Table 7 s
evaluatio
(generall
geometri

Full wavs
are pernm

Full wave RF exposure computation
Full wave RF field strength / power density computation applicability

analysis techniques (e.g. methods requiring Maxwell's equations to be sol
h of RF exposure, for example for BS RF’ field strength, power density
h in source region | (the reactive nearifield of the antenna(s)) where ra
cannot be employed. An accurate and“realistic numerical model of the ante]

odelled.

methods can also be employed in the source region Il (generally radiating n

with the increase in required computational resources does not necessaril
increase in accuragy obtained in these regions, compared to ray tracing te

hs. If any of thefull wave techniques are used for analysis in the sourceg

Cal details/of\the reflector/reflectors are required to be included in the model

analysis in source regions Il and lll (generally radiating near-field or far-fielg
itted"For these scenarios the antennas, and possibly one ground plang

included

innthe full wave analysis. For more environmental reflectors (environment r

ved in all

f the evaluation space) are essentially used.when high accuracy is desirdd for the

or SAR

K tracing
na shall

d for a full wave field analysis. Multiple antennas (sources) at multiple frelquencies

lear-field)

ce region |l (generally farfiéld) but the increase in effort to create an accurgte model

warrant
hniques.

ummarizes recommended (1) and permitted (2 to 4) applications for full wave field

region |

y reactive near-field) with one or more reflectors present inside source regi¢n |, then

regions)
, can be
pgion M),

an extended uncertainty analysis is required to take these reflections into account.

B.7.3.2

Full wave RF field strength / power density computation requirement

S

Computational resources needed to carry out full wave analysis vary greatly with the complexity
and size of the structure to be analysed as well as with the analysis method that is chosen. To
be able to model an antenna and evaluate the RF field strength or power density at least the

following

data are required:

a) RF transmitted power;

b) RF transmission system losses;
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ed description of the antenna geometry;

1 However, the model can be simplified to reduce the computational cost, e.g. omit unnecessary details
which do not influence the results such as the feed network, or approximate an uneven metal plane with
variations much smaller than a wavelength with an even plane. Detail such as screws and joints can be omitted
and holes much smaller than the wavelength (1,/20 of the highest frequency), e.g. screw holes, can be closed.

Additionally, dielectric radome structures can typically be omitted in base station antenna simulations.

na element excitation;

na mounting height, position and orientation.

Additionally, for verification purposes the following manufacturer data are required:

e anten

e anten

Environm
accounte

Environm
that the 4

B.7.3.3

The main

na gain;

na pattern.

ent clutter data (ground, buildings) and topography data is required, or
d for, in the uncertainty analysis/reporting.

ent data is not required for product compliance assessment, see 6.1, if it is
ntenna is transmitting in free space.

Full wave RF field strength / power density computation description

methods to use with full wave analysis are the Method of Moments (MoM)

[94], [95]
time dom

to implement. Nonetheless, various commercial software packages (as well as num
house rgsearch codes) are available that can bé used for full wave field analys

techniqu
three me

Each of t

When pe
implemer

a) Verify
b) Selec

c) Validate 3D code against reference results, see B.7.3.6.

NOTE
d) Preps

L [96], the finite element method (FEM) [94], [96][97], [98] and the finite g
in (FDTD) method [92], [96], [98], [99], [100]~These methods are complex an

s, such as those used in commercial*software packages, are closely relat
hods mentioned above.

he three main methods has strémgths and weaknesses.

rforming full wave field-analysis, either with a commercial package or an
tation of any of the three’techniques, the following procedure shall be follow

that the evaluatjon is valid considering the restrictions and limitations of thg

t commercial cede or implement method.

This applies only to the code developer.

re-detailed antenna models and verify against measurements for evaluations

regiof "k

shall be

assumed

92], [93],
ifference
d difficult

lerous in-

s. Other
ed to the

in-house
ed.

method.

in source

e) Perform field evaluation for each antenna.

f) Study

convergence for each antenna.

g) Validate converged results against antenna specifications (each antenna).

h) Perform field calculation for all antennas.

i) Perform uncertainty analysis, see B.7.3.5.

j) Useu

ncertainty analysis for result interpretation, see Clause 9 and Annex G.

k) Prepare evaluation report, see Clause 10.
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B.7.3.4 Implementation of full wave field evaluation
B.7.3.4.1 Method of moments (MoM)

MoM is used to numerically solve integral equation formulations of Maxwell's equations. In
principle, the radiated electromagnetic fields are obtained by following a two-step procedure.

e First, structures which are represented with a mesh are replaced by equivalent currents. A
matrix is derived which represents the effect of each model element on each other model
element and the surface currents are solved.

e Secondly, these currents are integrated to obtain the electric and magnetic fields at the
evaluation points.

Metallic §tructures can be modelled accurately and efficiently using MoM. Fine strucgures with
arbitrary |orientations can also be treated easily. Another advantage is that onlyhe|radiating
antenna peeds to be discretized, i.e. the memory requirements and the solution time do not
depend dn the distance between the source and the field point. For the same’ r€ason, there is
no uncerfainty component arising from the truncation of the computationalydomain jas in the
case of FDTD and FEM. MoM is, however, not the most efficient methodifor inhomggeneous
dielectric| mediums but when hybridized with FEM it can be an effective solution. $ince the
typical B antenna's structure is physically large compared to the wavelength, and with a lot of
detail, thgse simulations can become quite memory- and time-consuming when the frequency
is high, e|g. GSM-1800 or UMTS; however, this is a general CEM-problem for these calgulations.

When using MoM the following principles shall be considered.

a) The gdge length of the elements of the model should be small enough to give|accurate
results and big enough such that realistic computational resources can be psed. To
determine if the edge lengths of the elemenis are small enough, convergence tests should
be ddgne, which is an iterative process where the mesh size is varied, and the rgsults are
comppred until the optimal mesh size-js’determined. The convergence tests should start
with ddge lengths of, for example, 1¢/5;4¢/8 and 1,/10 (with 15 the wavelength in free space),
and re¢peat until the results differ by‘less than 10 %. The edge length of the elemenits should
also e small enough to create a;mesh which resembles the geometry. This is spmetimes
called geometric convergence;

b) When meshing a detailedumodel of an antenna the mesh elements can be differing lengths:
finer {e.g. 1¢/15) where-the highest current variations are, for example close to fped pins,

and cparse (e.g. 1y/8) efsewhere, to reduce the runtime;
c) In centain casess there are other limits on the size of the mesh elements; for example, if two

metal| plates aré€.close to each other there are limitations on the maximum edge |length of
the eEIements. Another example is the limitations on the radius compared to mode] element

length of @ wire element;

d) Accurate“information concerning the excitation of each radiating element is required for
accurate full wave modelling of an antenna.

B.7.3.4.2 Finite difference time domain (FDTD)

In FDTD, Maxwell's time-dependent curl equations are solved directly by approximating the
differential equations with finite difference equivalents over a structured grid. A method called
finite integration technique (FIT) is closely related to FDTD and the instructions given here for
FDTD also apply for FIT analysis as well.

The computational lattice of FDTD consists of rectangular cells. The difference with MoM is that
the computational lattice is extended to all the regions where electric field values are desired
to be calculated. This means that the amount of memory in the computer can become a limiting
factor for evaluating fields several metres away from the antenna. In traditional FDTD the
computational mesh is rectangular in shape. This means that curved surfaces and arbitrarily
oriented objects are difficult to model accurately. Furthermore, absorbing boundary conditions
have to be applied at the lattice boundaries to simulate open space conditions.
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When FDTD method is used for field evaluation purposes, the following items shall be taken
into account.

a) Lattice cell size requirements:

Local side length of the cell should not exceed one tenth of the wavelength in that material.
Otherwise, wave propagation is not accurately simulated.

Local side length of the cell should be small enough to be able to describe the geometry of
the analysed structure. The source region shall be accurately modelled. One weakness of
FDTD is that arbitrarily oriented thin sheets usually require a very dense lattice. It is
important to be aware of the limitations of sophisticated techniques for modelling fine
details, such as conformal meshes and thin wire approximations.

b) Effectiveness of absorbing boundary conditions:

No idgal absorbing boundary exists and therefore there is always some reflection| from the
boundary. Typically, absorbing boundary conditions are based on approximate, facforization
of thg wave equation, on extrapolation of field values, or on lossy material laygrs at the
boundary. To be able to estimate the expanded uncertainty of the,'RF field| strength
evaluption, the size of the error due to reflections from the lattice) boundary|shall be
quanflfied. Usually, this means that the simulation has to be repeated with variahle lattice
sizes|and/or absorbing boundary condition parameters.

To minimize the error due to reflections from lattice boundari€s; a useful rule of|{thumb is
that tlLe reflected wave component is small where the incoming wave power density is small.
Therdfore, it is good to extend the computational lattice(especially in the directions where
the amptenna radiates most.

c) Accutllate information concerning the excitation ofieach radiating element is required for
accurpte full wave modelling of an antenna.

General requirements and recommended practice for implementing the FDTD methods can be
found in IEC/IEEE 62704-1, |EC/IEEE 62704-2, IEC/IEEE 62704-3 (below 6 GHz) and
IEC/IEEH 63195-2 (above 6 GHz).

B.7.3.4.3 Finite element method (FEM)

In FEM, the solution for field quantities is approximated with the sum of basis funcfions that
differ from zero in elements of finite size. The elements are chosen to conform to thg physical
structurefto be simulated, which enables easy and accurate modelling of interface and poundary
conditions. The mesh is_usually created using tetrahedral elements, which allows for|accurate
geometri¢al representations of arbitrary structures.

Like FDT|D, FEM(is‘also based on volume discretization. As a result, it suffers from fhe same
disadvanftage ef:lraving to discretize all the regions where field values are to be calculated.
However| whenthe points where field values are to be calculated are outside a minimum domain
(with apgrepriate absorbing boundary conditions) circumscribing the radiating structure, near
to near-fie can be employe 0se points.
The field evaluated on a surface surrounding the radiating structure can be used as a secondary
source to evaluate the field outside this surface via integral equations.

When FEM is used for field evaluation purposes, the following items shall be taken into account.

a) Mesh size and/or polynomial order of the basis functions:

Although adaptive meshing can automatically cope with the accuracy of the solution with a
minimum of number of degrees of freedom, it is recommended that the maximum size of the
element (side length of the element) be limited to achieve the required accuracy of the field
solution. The maximum size of the element in a media should be lower than a fifth or a tenth
of wavelength in that medium depending on the polynomial order of the basis functions,
second order or first order. For higher order polynomials, the size of the mesh can be
relaxed.
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b)

c)

Mesh truncation of radiating structures:

In FEM, different techniques to truncate the mesh domain and simulate outgoing waves
exist. Very rigorous and thus accurate techniques are those coupling FEM with MoM on an
arbitrary surface or coupling FEM with spherical harmonics on a sphere. The surface can
be placed close to the radiating surface, minimizing the size of the problem to be solved.
A simpler technique like Silver-Muller first order absorbing boundary condition can also be
used provided that the truncation surface is far enough away such that the incident wave is
close to normal incidence. This distance depends on the radiating structure; a minimum
distance of a half wavelength is required. The popular PML (perfectly matched layer)
introduced for FDTD has been derived for FEM with the same performance and
requirements.

Accurate information concerning the excitation of each radiating element is required for
accurgtefuttwave modetinmgof amantenmas:

General lequirements for implementing FEM methods can be found in IEC/IEEE 627044 (below

6 GHz) apd IEC/IEEE 63195-2 (above 6 GHz).

B.7.3.5 Full wave RF field strength / power density computationcuncertainty

Various parameters shall be taken into account when estimating(the expanded uncertainty
associategd with a full wave field solution. Table B.25 is an unceftainty estimation femplate,
listing unicertainty parameters that shall be considered when using full wave RF field strength

or power|density analysis.
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Table B.25 — Example template for estimating the expanded uncertainty
of a full wave RF field strength / power density computation

Prob. Uncertainty Corr.
Unit | distrib. or Divisor | Sens. | Standard 2 2

Source of uncertainty fact cu
type semi span

(influence quantity) Coeff. | uncertainty

a o c u=ald CF

System

Variation in the power
of the RF transmitter dB rect. V3 1
from its nominal level

Cable/connector losses dB normal 1,96 1

Mismatch[between
antenna gnd its feed dB | U-shape V2 1

Antenna rhodel dB normal 1,96 1

Technique uncertainties

Including pomputational
assumptigns,
limitationg, interpolation
and extrapolation

dB normal 1,96 1

Environnjental uncertainties

Scattering from nearby

objects and the ground dB rect. V3 1

Using elegtric field
strength gvaluations to

estimate fnagnetic field dB rect. V8 L
strength, pr vice versa

N
Combined correction factor, CF, = ZCE N/A
i=1

N
. . 2, 2
Combined standard uncertainty, u, = (€ Xu; )
7=1

Coverage|factor for required (e.g.495 %) confidence interval, &

Expandeq uncertainty, U = k - (i,

NOTE 1 |Numerical rounding errors are usually negligible compared to the other listed influence quantjties.

NOTE 2 |A conseryative alternative approach to estimating the standard uncertainty for antenna mismatch is to
assume a|perfect match.

NOTE 3 [See,Annex G for guidance on the variables in this table.

NOTE 4 This table is under the assumption that the logarithmic expression of the measured quantitlies can be
similarly treated to that of the linear expression in view of statistical properties.

NOTE 5 The value of divisor & for normal probability distribution is for 95 % confidence.

B.7.3.6 Validation of full wave field analyses
B.7.3.6.1 General

B.7.3.6 describes how to validate the correct implementation of full wave field analyses. Before
a newly implemented code or commercially available code is used for determining the RF field
strengths from BS antennas, it shall be validated for the antenna structure to be analysed.

If the elements of the antenna include dipoles, then validation 1, see B.7.3.6.2, shall be
performed.
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If the elements of the antenna include slot feeding structure, then validation 2, see B.7.3.6.3,
shall be performed.

If the antenna is operating above 6 GHz, then validation 3, see B.7.3.6.4, shall be performed.

Additionally, if the code also is to be used for full wave SAR evaluations, validation using B.7.4.6
shall be performed.

NOTE The mesh size is not explicitly provided for the validation examples because the optimal mesh size can differ
across different simulation packages. It is the user's responsibility to verify the chosen mesh size, by conducting
convergence tests.

B.7.3.6.2 Validation 1: Antenna with dipole radiators

Validatioph 1 shall use the following procedure.

a) Implement the simple panel BS antenna, representative of a real BS antenna, wjth dipole
radiafors and excitation parameters as presented in Figure B.31.

b) The glectric field strength values shall be determined along line 1. line 2 and lipe 3, see
Figure B.32, in the near-field of the antenna for a frequency of 900 MHz and P of 80 W.

c) The determined power density values shall be compared with‘the reference powgr density
valuep in Table B.26. If the maximum deviation from the reference results is less tan 10 %,
then the simulation package has passed the validation.

&] Dimensions
™~ [, ~Réflector length = 2,25 m
_ |\ I\ Reflector width = 0,3 m
Dipole 1 I
| [, Length of a dipole = 0,158 m
: l4 Separation of feed model elements = 0,02 m
| I, Dipole thickness = 0,001 m
'l : /; 16 Spacing between the dipole centres = 0,25 nf
N
A I l7 Spacing between the dipoles and the reflectof = 0,04 m
|
T : Excitation parameters
' Feed model Amplitude Phase
Dipole 9 ! element (relative to °)
\ maximum)
, e 1and 9 0,582 8 0
. 2and 8 0,609 7 0
Iy IA 3and7 0,809 0 0
T 4 and 6 0,949 4 0
5 1,000 0 0
—
s
IEC

NOTE 1 The coordinate system origin (x =0, y = 0, z = 0) is at the centre of the middle feed model element.

NOTE 2 The dipole array is in the centre of the reflector plate if viewed directly from the front.

Figure B.31 — Generic 900 MHz BS antenna with nine dipole radiators
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2 Line1i

(i.e. pafallel to the antenna).

b The coq

5 along the x-axis in the main beam direction;

line 2 is parallel to the y-axis;‘line 3 is parallel t

Line 3°
x=0,1m, 4
v=0m,
Line 2° -=-1,4t0 1,4 m >
- |
x=1m, |:
y=-14to1,4m I
z=0m :
|
I
)
|
}
|
I
x=0,1to4m \ '
z=0m N
y=0m

Figure B.32 - Line 1, 2 and 3 near-field positions

for full wave and ray tracing.validation

1EC

rdinate system origin (x =0, y = 0, z = 0) is at the centre of the middle feed model element.

Table B.26 — Validation 1 full wave. field reference results

Power density along Power density along Power density along

Figure B.32 line 1 Figure B.:32 line 2 Figure B.32 line 3

Position x S Positiony S Position z S

(m) (W m2) (m) (W m) (m) (W m)

0,5 65,8 0 39,4 0 338

1 39,4 10,2 37,6 +0,2 272

1,5 25 10,4 32,8 +0,4 163

2 13,4 10,6 26,3 +0,6 111
2,5 10,7 +0,8 19,6 +0,8 105

3 10,4 +1 13,6 11 129
35 10,1 1,2 9,16 1,2 3,77
4 9,44 +1,4 6,22 1,4 0,173

b the z-axis

B.7.3.6.3

Validation 2: Antenna with slot elements

Validation 2 shall use the following procedure.

a) Implement the antenna array of five slot radiators as shown in Figure B.33. The antenna is
excited with voltage sources in the centres of slots in accordance with the excitation
parameters specified in Figure B.33, at a frequency of 1 800 MHz and with P equal to 40 W.

b) The electric field strength values shall be determined along line 1, line 2 and line 3,
see Figure B.32, in the near-field of the antenna.

c) The determined power density values shall be compared with the reference power density
values in Table B.27. If the maximum deviation from the reference results is less than 10 %,

then the simulation package and surveyor have passed the validation.
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Dimensions

11 reflector/front plate length =

Slot 1 0,66 m

reflector width = 0,155 m

[, front plate width = 0,04 m
Slot 3 P

excitation [, slot centre spacing = 0,32 m

Front
view

slot length = 0,067 m

slot width = 0,002 m

slot to reflector spacing =

U,uu7 om

Slat5

Excitation parametgrs

Top
view

2 Feed Ambplitude Phase
model (relative to (°)
y element maximum)

1.and,5 0,791 7 0
2.and 4 0,878 2 0
3 1 0

IEC

NOTE 1 |The slots are in the centre of the front plate.

Figure B.33 — Generic 1 800 MHz BS*antenna with five slot radiators

Table B.27 — Validation-2 full wave field reference results

Power density along Power density along Power density along
Figure B.32 line 1 Figure B.32 line 2 Figure B.32 line 3
Position x N Position y N Position z N
(m) (Wem2) (m) (W m=2) (m) (W m=2)
0,5 146 0 90 0 688
1 90 10,2 79,7 +0,2 477
1.5 50,6 10,4 57,1 +0,4 20
2 31,1 10,6 35,5 +0,6 1,31
2,5 20,8 +0,8 20,6 +0,8 0,406
3 14,8 +1 11,8 +1 0,193
3,5 11 1,2 6,86 1,2 0,113
4 8,54 +1,4 4,1 1,4 0,073 9

B.7.3.6.4 Validation 3: Dipole radiators at 24 GHz
Validation 3 shall use the following procedure.

a) Model three 1/2-dipoles D1, D2 and D3 operating simultaneously at a frequency of 24 GHz
with different amplitudes and phase offsets as described in Annex A of
IEC/IEEE 63195-2:2022.

b) The x-, y- and z-vector components of the electric and magnetic fields shall be evaluated on
two cubical surfaces with edge lengths of 10,0 mm and 16,0 mm centred about the origin of
the reference system as described in Annex A of IEC/IEEE 63195-2:2020.
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c) The reference results at these points have been calculated using the Method of Moments
and are provided in a file in accordance with the format defined in Annex C of
IEC/IEEE 62704-4:2020. The maximum deviation of the E-field strength and H-field strength
squared amplitude shall be reported. If the maximum deviation from the reference results is
less than 10 %, then the simulation package and surveyor have passed the validation.

B.7.4 Full wave SAR computation
B.7.4.1 Applicability of full wave methods for SAR evaluation

The strength of full wave techniques is that in addition to field evaluation they can also be used
to evaluate SAR and therefore enable a comparison to be made with the relevant SAR limit.
B.7.3.1 g|ves |nformat|on on dlfferent methods and thelr appllcablllty for electromagnehc field
evaluatiop - : C o issuesdiscussec 34 shall be
considered when performlng fuII wave SAR anaIyS|s thls is because it relates to thelaccurate
numerical modelling of the antenna(s) which would serve as the source(s) for full’'wave SAR
calculatigns. There are additional points to consider for numerical SAR evaluations. These
points afe described in B.7.4. Table 7 summarizes the applications for full wave SAR
evaluatiops.

B.7.4.2 Full wave SAR computation methods requirements

In addition to the items listed in B.7.3.2, it is necessary to have a*phantom or human body model
with data on tissue dielectric parameters (permittivity apd “conductivity applicable to the
frequency under investigation) and mass density. Any ¢ohantom can be employedl for the
evaluation, however a full uncertainty analysis, see B.6.2/6; shall be performed.

B.7.4.3 Full wave SAR computation methods, description

The most commonly used method for full wave*SAR evaluation is the finite differgnce time
domain (FDTD) method ([92], [96], [98], [99]:[100]). This method can be used for modgelling the
source (BS antenna) as discussed in B.7.314.2 and is ideal for modelling of the inhomggeneous
human bjody. Both the finite element . method (FEM) ([94], [96], [97], [98]) and method of
moments| (MoM) ([92], [93], [94], [95]/-[96]), as well as hybrids of these techniques hpve been
used sudcessfully for full wave SAR analysis. Various commercial software packages (and
in-house |research codes) are available that can be used for full wave SAR analysis.

When pefrforming full waveySAR analysis, either with a commercial package or an|in-house
implementation of any of the three techniques, the following procedure shall be followed.

a) Verify that the €valuation is valid considering the restrictions and limitations of thg method.
b) Select commercial code or implement method.
c) Comiflete\source antenna validation.

d) Validé

NOTE This applies only to the code developer.

e) Prepare detailed antenna models and verify against measurements for evaluations in source
region |.

f) Prepare full model with selected phantom.

g) Perform SAR calculations.

h) Study convergence for SAR results.

i) Perform uncertainty analysis, see B.7.4.5.

j) Use uncertainty analysis for result interpretation, see Clause 9 and Annex G.
k) Prepare evaluation report, see Clause 10.
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B.7.4.4
B.7.4.4.1

Implementation of full wave SAR evaluation

General

SAR evaluations involve modelling of the BS antenna as well as the human phantom. B.7.4.4
focuses on the additional requirements for modelling the human phantom.

A human phantom is large compared to the wavelength at the frequencies considered in this
document. For this reason, all SAR evaluation simulations are memory- and time-consuming,
especially in the upper frequency band (e.g. at UMTS). Simple phantom geometry can be used.
Parts of the phantom which are not influencing the results can be omitted. Symmetry can be
used to reduce the computational resource requirements when applicable.

If the flg
correctio
local and

ns factors specified in B.5.3.3 and B.5.3.4 shall be used to determine-the
whole-body SAR.

t phantoms specified in B.5.2.2 are used in the full-wave SAR evaluj":ion, the

aximum

General lequirements and recommended practice for full wave SAR computational mefhods can

be foung
(below 6

B.7.4.4.2

a) When
to.

1) TH

gs

2) In

M

re

3) TH

er

m
C

b) When

1) Td
st

in IEC/IEEE 62704-1, IEC/IEEE 62704-2, IEC/IEEE 62704-8, IEC/IEEH
GHz) and IEC/IEEE 63195-2 (above 6 GHz).

Method of moments (MoM) and hybrid methods
performing SAR calculations using the MoM, the following guidelines shall bg

e mesh size of the phantoms shall be smaller on the face and in places W
ometry is detailed.

bM. Hybrid FEM/MoM solutions can be\a good alternative for inhomogeneous
gions.

e edge length of the dielectriestriangles used to model the phantom shall
ough to give accurate results and large enough to give a realistic runtime. S
bsh sizes for specific (situations differ depending on the simulation

bnvergence tests shall beydone with the phantom model to ascertain accurat

deciding on the mesh size of the phantom, the following principles shall be

determine if thelsurface elements of the phantom in a MoM simulation is fine
brt with three varying edge lengths, e.g. 44/5, 43/8 and 13/10, and do converge

with 4, the wavelength in free-space.

2) TH
bu
af

e dielectric triangles on the surface of the phantom can be meshed as a frac

t any dielectric triangles within the phantom have to be meshed as a fracti
propriate 4., with A, the wavelength in the phantom material.

62704-4

adhered

here the

homogeneous dielectric regions can be\ery resource consuming when simulated with

dielectric

be small
Luggested
package.
b results.

followed.

enough,
nce tests

ion of 1,
on of the

3) The tetrahedra of phantoms to be used in hybrid FEM/MoM solutions can be meshed
with bigger mesh sizes (up to 1,/4). Convergence tests to determine the optimal mesh

size shall be performed.

4) To save computational cost, the phantoms of FEM/MoM hybrid solutions can be
enclosed in an air box, which can be meshed coarser (a fraction of 4 instead of ;). This

results in fewer surface elements and therefore in smaller computational requirements.
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B.7.4.4.3 Finite difference time domain (FDTD)

When FDTD method is used for SAR evaluation purposes, the following shall be taken into
consideration.

a) When evaluating the whole-body average SAR the local side length of lattice cell shall be
smaller or equal to one tenth of the wavelength in the phantom material (4,).

b) When evaluating the maximum local SAR (1 g or 10 g), the local side length of lattice cells
in the averaging volume (giving the maximum SAR) is recommended to be smaller or equal
to one fifteenth of the wavelength in the phantom material (4,).

c) The local side length of the lattice cells in the phantom could be smaller on places of high
importance, for example where the geometry is detailed or where the highest RF field
strenjths are lKely to occur, and larger on places of [ess Importance.

B.7.4.4. Finite element method (FEM)

When pefforming SAR calculations with FEM, the following guidelines shalbbe’adhergd to.

a) The €dge length of the tetrahedra used to model the phantom shalltbe/small enough to give
accurpte results and big enough to give a realistic runtime. Suggested mesh [sizes for
specific situations differ depending on the simulation package{.Convergence test$ shall be
done with the phantom model to ascertain accurate results.

b) The mesh size of the phantoms shall be smaller on the face and on places where the
geometry is detailed.

When degiding on the mesh size of the phantom, the tetrahedra of phantoms to be usgqd in FEM
solutions|can be meshed with mesh sizes of 1,/4, 2#5 and 1,/8, with A, the wavelength in the

phantom|material. Perform convergence tests to‘determine the optimal mesh size.

B.7.4.5 Full wave SAR computation uncertainty

For full wave SAR computation, the uncertainty analysis consists of the uncertainties agsociated
with the gource (antenna) modelling-as well as the uncertainty parameters associated with the
phantom|and phantom simulations: Table B.28 presents a list of parameters that|shall be
recorded| considering information-from Clause G.6, Clause G.8, [101] and [102]. Separate SAR
uncertainty estimation tablesiare required for SAR,;,, SARqq (limbs or head/trunk), SAR;,

(limbs or|head/trunk).

wb’

When enpploying heterogeneous virtual human phantoms, such as the those from the Visible
Human Rroject [103], the corresponding uncertainty information ([61], and [104]) car] be used
to estimafe thesexpanded uncertainty. If a different phantom is selected, the relevant uncertainty
a values ghall be determined for that specific phantom.
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Table B.28 — Example template for estimating the expanded uncertainty
of a full wave SAR computation

Source of uncertainty Unit Prob. Uncertainty | Divisor | Sens. Standard Corr.
(influence quantity) distrib. or coeff. | uncertainty fact
type semi span
a 5 c u=ald CF
System
Variation in the power of dB rect. V3 1
the RF transmitter from its
nominal level
RF transmission system dB normal 1,96 1
losses
Mismatch [between dB u- V2 1
antenna ahd its feed shape
Antenna npodel dB normal 1,96 1
Techniqup uncertainties
Analysis tgchnique dB normal 1,96 1
Model resplution (errors dB normal 1,96 1
associated with finite
discretizafion)
Interpolations / dB 1
Extrapolafion
Steady state (FDTD) dB rect. \3 1
For FDTD|{FEM: Efficiency dB rect. \3 1
of absorbihg boundary
condition
For FDTD| Inaccuracy dB rect. \3 1
related to[truncation of the
simulation time
Environmental uncertainties
RF propagation — multiple dB rect! V3 1
reflectiong, scatterers and
clutter lospes
Uncertainties associated with_phantom
Phantom position and dB 1
posture
Phantom fotation dB 1
Phantom ghape and‘size dB 1
Electrical material dB 1
parametel| estimations
Correction factor for dB 1
homogeneous phantom (if
applicable)
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Source of uncertainty Unit Prob. Uncertainty Divisor | Sens. Standard Corr. | ¢2.,2
(influence quantity) distrib. or coeff. uncertainty fact
type semi span
a S c u=ald CF

Uncertainties associated with SAR calculations

Whole-body and local dB 1
peak SAR algorithm
uncertainties. This could
be particularly large for
local peak SAR
calculations

Errors due to finite dB 1
discretization of the
human ph ntom maodel

In the reag¢tive near-field, dB 1
the errors|introduced in
the antennpa element
power division due to the
presence pf the phantom
and the effect thereof on
the reactiye feed network
[105].

N
Combined| correction factor, CF, = ZCF‘_ N/A
i=1

Combined| standard uncertainty, u_ =

Coverage|factor for required (e.g. 95 %) confidence interval, %

Expanded|uncertainty, U =k - u,

NOTE 1 Numerical rounding errors are negligible.compared to any of the other uncertainties listed abgve.

NOTE 2 A conservative alternative approach to estimating the standard uncertainty for antenna misnpatch is to
assume a|perfect match.

NOTE 3 [See Annex G for guidance on.the variables in this table.

NOTE 4 [This table is under thetassumption that the logarithmic expression of the measured quantities can be
similarly treated to that of the.linear expression in view of statistical properties.

NOTE 5 [The value of divisor & for normal probability distribution is for 95 % confidence.

B.7.4.6 Validation of SAR analysis

Figure B.34showsthevatidatiomexampte—consisting of=a ailllp“ficu‘ BS—antenma ptaced in front
of a lossy, circular cylinder with three material layers.

The antenna elements are excited by means of a voltage gap (electric field) on each feed model
element. Excitation parameters for the dipole array are specified in Figure B.34. The SAR shall
be evaluated for a P of 20 W at a frequency of 900 MHz.

Table B.29 presents the validation reference results for whole-body SAR and local SAR
(averaged over 10 g of tissue in the shape of a cube).

If the whole-body SAR results are within 3 % of the validation reference results and if the local
SAR results are within 15 % of the validation reference results, then the simulation package
and surveyor have passed the validation.
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Dimensions
reflector length = 0,6 m

LOSSY ;
CYLINDER !

reflector width = 0,3 m

dipole length = 0,158 m

dipole separation = 0,25 m

antenna feed separation = 0,02 m

dipole/reflector separation = 0,04 m

lossy cylinder height = 0,7 m

g dipole/cylinder separation =0[4 m
7, cylinder outer layer 1 r@qvﬁz 40,138 m
r, cylinder outer Iayar'l?/ dius 40,148 m
rg cylinder outeh s =0,15 m
C~V-
Cylin?er‘paterial parameters
\ >4
Layer \%/ c(Sm™) | pl(kg m3)
1/ ()" 55.0 0,94 1 041
R IEE 0,11 916
A
'< 3 41,4 0,87 1100

A IEC

0\ Antenna excitation parameters:

Higure B.34 — %aﬂenna placed in front of a multi-layered lossy cylinder

Table B.@Validation reference SAR results for computation method

O
Metric
O

Validation reference SAR results for computation

Amplitude (V) (relative) = 1 for both dipoles

Phase (°) (relative) = 0 for both dipoles

method
¥ Whole-body SAR 0.092 W kg~
Local SAR 1,6 W kg™

B.8 Extrapolation from the evaluated values to the maximum or actual values

B.8.1 Extrapolation method

Extrapolation is applicable to exposure evaluation results when the evaluation has been
performed in accordance with 6.1, 6.2, or 6.3 at RF power levels lower than the maximum
transmitted power. For RF exposure evaluation related to product compliance, it can be used,
for example, to extrapolate SAR or power density values to a range of RF transmitted power
levels. For RF exposure evaluation related to in-situ RF exposure assessment, extrapolation
can be used, for example, to determine the maximum or actual maximum power density or RF
field strength values from the measurement of technology-specific stable (i.e. time independent)
reference signals (e.g. pilot channels).
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The extrapolation shall be performed in accordance with the steps below.

a) Establish the values of the parameters which define the BS configuration as evaluated (the
evaluation configuration) and the BS configuration to be assessed (the assessment
configuration). If required, consider relevant criteria to define the potential maximum RF
field strength case, see B.8.2 and B.8.3. Identify the relevant parameters that affect the RF
field strength, power density or SAR including peak-to-average power ratio, see B.5.2.2.3.

b) Establish the case-specific extrapolation factor F,; using all relevant parameters defined in
Annex E. Extrapolation can be made to configured maximum or actual maximum exposure
conditions.

c) Determine the RF field strength, power density or SAR for the assessment configuration by
applying the extrapolation factor F,; to the evaluated RF field strength or power density or

SAR jas follows using Equation (B.55), Equation (B.56), Equation (B.57), and |[Equation
(B.58):
Easmt = Eeval \/Fext (B.55)
Hasmt = Heval *+/Fext (B.56)
Sasmt = Seval * Fext (B.57)
SARzsmt = SARgyal Fext (B.58)
where
Foyt is the extrapolation factor;
E smt is the assessment electriC field strength (V m~1);
Eqval is the evaluated electric field strength (V m™1);
Hasmt is the assessment-magnetic field strength (A m=1);
Heyal is the evaluated magnetic field strength (A m™1);
Sasmt is the assessment power density (W m~2);
Seval is the-evaluated power density (W m=2);
SAR,_ ¢ Lis'the assessment SAR (W kg=1):

SAR,,, is the evaluated SAR (W kg™1).

Depending on the specific technology, the measured RF field strength of a stable reference
signal can be used to determine the corresponding RF field strength for the BS in the relevant
evaluation condition. For example, such extrapolation can be used to estimate the RF field
strength if the BS were to transmit at its maximum output power (i.e. operating at full capacity
with all transmit channels engaged at the respective maximum power settings) if that were the
requirement for a compliance decision.

If the equipment is able to implement the actual maximum approach specified in 6.2.3 and 8.4,
extrapolation shall be performed for the actual maximum RF field strength, SAR, or power
density. This shall be considered when deriving the relevant extrapolation factor as described,
for instance in Clause E.8.
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NOTE Depending on the technology being evaluated, the following terms "control signal”, "synchronization signal",
or "broadcast signal" are used to represent a "stable reference signal".

B.8.2

Extrapolation to maximum in-situ RF field strength or power density using

broadband measurements

Broadband measurements can be used for extrapolation to the maximum RF field strength, only

when the

following conditions are satisfied.

a) The EUT transmissions are in a single (known) frequency carrier/channel/band.

b) There are no relevant ambient signals, see B.4.2.6.

c) The EUT parameters at the time of measurement are known (especially the transmitted
power).

d) The Highest extrapolation factor among all technologies available in the frequency band of
the EUT is applied, see B.8.5.2.

e) When evaluating the exposure ratio, if the applicable RF exposure Jlimit' is frequency
dependent, the lowest exposure limit value for the frequency range of the '[EUT is applied.

Extrapolsg
RF field s

If the ext
are exce

should b¢ used to verify compliance with the limit.

If these

extrapolgtion.

B.8.3

trength. The extent of the overestimation should be evaluated and reported.
apolated result exceeds the exposure limit, it does notnecessarily mean that

pded. For such a case, extrapolation based on ffequency selective meas

conditions are not satisfied, broadband«measurements should not be

frequency or code selective measurements

To extra

invariantjcomponent of the signal (e(g. the pilot channel or control channel, see Anne
be evaluated. The ratio between(maximum possible signal and the time invariant com
the signgl shall be determined based on knowledge of the technology and the sp

configur
common
are provi

In new te
If the rad
differs frd

olate time variant signals to the maximum possible output power condition

tion. This ratio shall.be used to determine the extrapolation factor. Examples
technologies (e.g. TDMA [GSM, TETRA], WCDMA [UMTS] and OFDM [LTE
Hed in Annex E:

chnologies like LTE and NR, different signals can be transmitted on differer
ationpattern of the time-invariant component of the signal (typically a control
m_ that of other signals transmitted by the EUT (e.g. traffic channels), the extr

tion performed under these conditions, results in an overestimation of the maximum

the limits
LiIrements

used for

Extrapolation to maximum in-situ-RF field strength / power density using

s, a time
K E) shall
pbonent of
ecific BS
for some
and NR])

t beams.
channel)
Apolation

factor sh

Ihtake into account the possible difference in the antenna gain, such that the maximum

possible

RF Tield strength Is obtained, see B.c.5 and E.3.2.

If it is not possible to isolate the RF field strength from the time invariant part of the signal
(e.g. pilot channels — see Annex E), then an approach which overestimates the maximum RF
field strength shall apply. It shall be based on the established ratio and assume that the
evaluated levels (Eg, 5, Hgya @nd Sgy,) are only derived from the invariant part of the signal.

The uncertainty due to the measurement and the extrapolation shall be estimated and reported.
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EXAMPLE Consider the case of a GSM BS capable of transmitting simultaneously at 10 W at each of four
frequencies including the time invariant component (BCCH), i.e. F,, = 4. Consider the case where at the time of

measurement the average (temporal) transmitted power P was equivalent to 25 W. If the electric field strength of

avg
the BCCH can be discriminated, then E_ ., = Egccy @nd E, can be accurately determined from £, = E_ ., * 2 or

S N x 4. If it was not possible to discriminate the electric field strength from the BCCH E_ ,, = ,125/10 % Egcon

asmt ~ “eval

, an extrapolation based on from E E_ _x 2 overestimates E by a factor of 25/10 The extent of the

asmt ~ “eval asmt

overestimate is therefore dependent on the ratio 1/Eeval/EBCCH . Estimation of the overestimate uncertainty depends

on knowledge of the probability distribution in time of f_’a between, in this case, 10 W and 40 W, i.e. 0 dB to +6 dB

vg
assuming no other ambient RF fields.

B.8.4 Influence of traffic in real operating network

In many |cases, the extrapolation to the configured maximum power or EIRP significantly
overestinmates the actual exposure, see 6.2.3.1. The actual maximum is generally well below
the configured maximum due to access techniques, adaptive power control,”discgntinuous
transmisgion (DTX) and spatial variation of radiation directions due to massive MIMQ or beam
steering {echniques, see B.8.5.

The wirelless systems are based on different radio access technigdes’involving commjunication
techniqués such as time division multiple access (TDMA), discontinuous transmissign (DTX),
code division multiple access (CDMA) and adaptive power control (APC), therefore the power
transmitted by the BS is variable. In the case of RF exposure evaluation used for compliance
assessment, the measurements or the simulations shall be‘performed to evaluate the maximum
output power level condition, see B.5.1. Nevertheless, these systems rarely transmit at the
maximumn power.

Figure B35 shows the time variation of EMF associated with NR, GSM and FM (normalized to
the mear| value over 24 hours). As can be seen, the FM signal is stable, but the NR gnd GSM
signals afre variable. Measurements started-at 15:00, the figure shows (as expected) a night
exposuregl smaller than the day exposure, but as can be seen for GSM the diff¢grence is
below 30/%. The difference between”minimum and maximum is less than 2, which is
considerably below the theoreticalwariations (for instance, the ratio is 6 with a mear| value of
6 transmitters associated with a_'pilot channel"). This is consistent with advanced| analysis
involving|Erlang law, power control and discontinuous transmission.
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Actual EIRP (dBm)
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Figure B.35 — Time yvariation over 24 h of the exposure induced
by NR, GSM and FM, each normalized to the mean value
B.8.5 Extrapolation(formassive MIMO and beamforming BS
B.8.5.1 General
In new t¢chnologies like LTE-TDD and NR different signals can be transmitted on] different
beams. Tlhe,power, gain, steering direction, beam shape and polarization plane of thg different
beams canXary over time. A stable reference signal, called the broadcast signal, is trgansmitted
indepen S).

The radiation pattern envelopes for the broadcast and traffic signals should be known for
implementing the corresponding extrapolation methods. For the broadcast signal envelope, it
is assumed that all resource elements of the complete resource grid transmit the same power
as a resource element which is indeed transmitting a part of the broadcast signal.

Extrapolation shall be based on the ratio of the traffic radiation pattern envelope to the
broadcast radiation pattern envelope at a given azimuth and elevation angle. This ratio is the
extrapolation factor Fg,geam at this azimuth and elevation angle. Calculation of the
extrapolation factor depends on whether the evaluation location is in line of sight or not. More
details are provided in B.8.5.2. If broadcast and traffic radiation pattern envelopes are not
available, the extrapolation factor can be estimated by in-situ measurements. Additional
information is provided in B.8.5.3.
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The extrapolated E-field strength for the assessment configuration is obtained using Equation
(B.59). Equivalent expressions can be derived for the magnetic field and for power density.

-1
Easmt = Ebroadcast '\/FextBeam 'FBW 'FPR 'FTDC 'FB (B.59)

where

E is the extrapolated electric field strength (V m™1);

asmt

Eproadcast 1S the evaluated electric field strength (V m~1) per resource element (RE) of the

. — : — Lol T = c AL
SUUTNGEesSt DIroautdst DEAITT (dIsU LdllicU Lggg 101 ININ),

FextBeam| 18 the extrapolation factor corresponding to the ratio of the traffic radiatign pattern
envelope to the broadcast EIRP envelope in the direction of the evaluation|location;

Fg is the ratio of the power transmitted for the SSB symbol to’the traffic symbol
(boosting factor). Fg is set to 1 if the power for the SSB and|traffic symbpls is the
same or if the difference in power is already factored in Fgyigeam-

Fgw is the ratio of the total carrier bandwidth and the subcarrier frequency spacing of
the broadcast signal;

FpRr is the power reduction factor if the actual maximum approach is used, or ¢therwise
is set to 1;

Frpc is the maximum technology duty-cycle factor of all signals.

The valup of E ¢+ is determined assuming the-(actual or theoretical) maximum transmitted
power, including the contribution from broadcast signals, to be allocated to the traffic beam.
Since thg antenna EIRP for the broadcast signals is typically well-below the antenna|EIRP for
the traffi¢ beams, this leads to a conservative estimate of E_ 4. In any case, this assumption
is not expected to have any significantimpact on E_¢,; as the broadcast signals contriEute only
to a small amount of the BS maximum transmitted power.

For thoseg unlikely conditionsain which the broadcast beam counts for a substantial gmount of
the power (e.g. above~10'%), extrapolation can be performed separately for trpffic and
broadcast signals and by subsequently adding their contributions. In this case, the|terms in
Equation| (B.59) should be adjusted accordingly. For example, Fgy, and Frpc should be

determingd considering the number of subcarriers and technology duty-cycle factor for
broadcasft and traffic signals respectively; for broadcast beam Fgygoam is €qual to 1.

B.8.5.2 L Calculationof the extrapolationfactor I pipnm:

FoxtBeam €an be calculated as follows depending on the availability of information about azimuth
and elevation from the BS to the evaluation location.

a) If the azimuth and elevation from the BS to the evaluation location are known, i.e. BS is in
LoS, and the received power of reflected waves is not dominant, the following applies.

1) FextBeam IS Selected as the value for that particular azimuth and elevation.

2) The uncertainty of the evaluation of azimuth and elevation from the evaluation location
to the BS shall be taken into account in the total assessment uncertainty.

3) If the spatial maximum of the broadcast signal in a certain volume around a nominal
azimuth and elevation position is used as the base for the extrapolation process, the
minimum extrapolation factor F inside this volume should be used to avoid

overestimation.

extBeam
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b) If only a range of azimuth and elevation from the BS to the evaluation location is known,
either:

1) take the maximum value of Fgyge.am Over the range of possible azimuth and elevation
angles that includes the evaluation location, which can result in large overestimations if
the selected angular region is large compared to the beamwidth; or

2) take the average value of Fgpeam OVer the range of possible azimuth and elevation
angles that includes the Pol, which allows to reduce overestimation;

and the uncertainty of the evaluation of azimuth and elevation range from the evaluation
location to the BS shall be taken into account in the total assessment uncertainty.

c) If the azimuth value and range and the elevation value and range are not known or if the
evaluation location is outside the azimuth and elevation range of the BS, Fg,igaam Should

be calculated using an alternative method, such as B.8.5.3.

Additiondl information is provided in Clause E.8.

B.8.5.3 Estimation of the extrapolation factor Fy,;geam

When F ligeam iS Not available, it can be estimated directly by means of'in-situ measyrements.

The max|imum received power density per traffic resource elemeft is measured at the current
measurement position over a longer time span. The ratio of this maximum power dgnsity per
resourcelelement to the power density per resource elemenyof'the broadcast signal i$ used as
an estimation of the extrapolation factor F see foréxample E.8.2.

extBeam’
This methodology is intended to provide an estimate of F,igeam iN NOrmal traffic conditions.

Alternatiyely, traffic can be stimulated by positioning a UE in the same direction as the
evaluatioh location similarly to what is described.in B.4.2.5.4.

When Fgligeam iS estimated by means oflin-situ measurements, it already includes| possible
differences in the power transmitted forbroadcast and traffic symbols (i.e. Fg = 1).

If Foyipeam €Valuation is based on in-situ measurements, see for example E.8.2.1.4, the
measuredl value inherently includes the effective extrapolation factor Fg,igeamess iftroduced
in B.8.5.2.

If the BY is in a non=line-of-sight (NLoS) or scattering environment, the extrapolation factor
derived ffom the neminal gain of broadcast and traffic beams (i.e. LoS) can overestjmate RF
exposure due toreflected waves [63]. In such conditions, the effective gain of the antgnna [64]
can be used pbecause it provides a better estimate of the propagation channel. The cpncept of
effective lextrapolation factor Fg,geamess: i-€- the extrapolation factor derived from thef effective

gain appfoacttasbeermmtroduced—m {63t —Theevatuation of FextBeamEff cambedone using
detailed channel modelling tools as well as a simplified calculation process described in [63].
These methods can be implemented to improve the accuracy of extrapolation in case of
beamforming.

NOTE |If in situ measurements are used to determine F

extBeam’ then effectively the maximum received power density

per traffic resource element provides directly the value of E . .« -+ 5

extBeam -

B.8.6 Maximum exposure extrapolation with dynamic spectrum sharing (DSS)

The principle of dynamic spectrum sharing (DSS) is that two technologies, e.g. LTE and NR,
are sharing the same frequency band. The amount of resources scheduled to NR or LTE is not
static but it is varying dynamically (e.g. on a 1 ms basis) depending on the traffic needs. The
reference signals of each technology are transmitted by the BS. Therefore, the extrapolation
methods described in each technology still apply; see, for example, Clause E.7 for LTE and
Clause E.8 for NR.
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The extrapolated exposure level with DSS is the maximum value among all extrapolated levels
for each individual technology. If the broadcast signal contributes significantly to the total power
(e.g. above 10 %), extrapolation should be performed separately for traffic and broadcast
signals as indicated in B.8.5.2.

B.9 Guidance for implementing the actual maximum approach

B.9.1 BS actual EIRP evaluation assumptions

During antenna system operations, the antenna gain, beam direction and transmitted power are
varying in time, azimuth and elevation. The actual EIRP is averaged over T,,4 5. and depends

on deterministic factors (Ptyy, Frpe and Gy g) and factors (Fpp, and Fg) which can be

deterministic for BS using fixed beams or variable in azimuth and elevation for) BS using

steerabld beams such as mMIMO.

The actufl EIRP is calculated using Equation (B.60).

EIRPyct(¢.6) = Prxm - Frpc - Owmis - FpoL (9:0) - Fs (9,0) (B.60)
where

0] is the azimuth;

0 is the elevation;

EIRP,.(4,0) is the actual value of the transmitted’EIRP (per sector, cell or segment),

Prxm is the maximum transmitted poWwer configured in downlink (deterministic factor);

Frpc is the technology duty-cyclefactor of the signal (deterministic factor);

GuLB is the maximum gainin_the main lobe for fixed beam or boresight for steerable
beams (deterministic.factor);

FppL (9.9) is the variable part of the downlink transmitted power Fpp (¢,0,t) averaged on
the time intefval 7,,4 5ct and normalized to one (i.e. takes a maximum| value of
one and has“ho unit);

Fg (p,0) is the«variable part of the gain Fg(¢,0,t) averaged on the time interval Tavg_act
and\normalized to one;

t is-time;

Tavg_act is the time interval used for time averaging.

The variable factors are represented by the normalized EIRP factor as described in
Equation (B.61).

Feirp (#.0) = FppL (9.9) - F (9.0) (B.61)

The power reduction factor Fpg can be derived from the statistical analysis (CDF) of the actual
transmitted power or EIRP, see 6.2.3, and does not include deterministic factors such as the
technology duty-cycle factor (Frpc, see B.9.1). The actual maximum transmitted power is

derived from the maximum transmitted power (generally corresponding to the configured
maximum transmitted power if there is no feeder loss) using Equation (B.62).
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Prxam = Prxm  Foc * Fer (B.62)
where
Prxam is the actual maximum transmitted power;
Prym is the maximum transmitted power configured in downlink (deterministic factor);
Fipc is the technology duty-cycle factor;
Fpr is the power reduction factor.

Consistently, the actual maximum transmitted EIRP (per sector, cell or segment) is derjved from
the configured maximum transmitted EIRP using Equation (B.63).

EIRPrxam = Prxm - Frpc - Oms - Frr (B.63)

where

EIRPtxals is the actual maximum transmitted EIRP (per sectot) cell or segment);

Prym is the maximum transmitted power configured in)downlink (deterministic factor);

Frpc is the technology duty-cycle factor;

GuLB is the maximum gain in the main lobe,for fixed beam or boresight for pteerable
beams (deterministic factor);

Fpr is the power reduction factor (per;sector, cell or segment).

B.9.2 Technology duty-cycle factor’description

The BS technology duty-cycle factor’Frpc depends on both the mobile technology bging used

(GSM, UMTS, LTE-TDD, LTE-EDD or NR) and on the network operator's implementat|on of the
technology.

Figure BJ36 represents a-generic structure of a frame, showing multiple transmission periods
(marked 'x ON) in afframe and periods when there is no transmission because the B is either
in receiving mode-~(in"TDD) or it corresponds to guard time between operation modeg. Pty is

the maximum transmitted power of the BS when the transmitter is ON, i.e. during timg interval
T7x;- Mote accurate figures can be derived from specifications 3GPP TS 36.211 [18] for LTE
and 3GHP\TS 38.211 [19] for NR. Figure E.8 and Figure E.9 also provide indicqtions for
LTE-FDD and LTE-TDD, respectively.
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Figure B.36— Generic structure of a base station transmitted RF signal frame
The gengral formula for Fypc is given in Equation (B.64):
Frame
. Trx;
Frog =21 (B.64)
TrrA

where
Fipc s the technology duty-cycle factor;
T1x; s the duration of the i-th interval of transmitted signal in the frame;
TErA s the duration of a frame.
For GSM[and UMTS mobile technologies, the default value for Frpc is 1.
For LTE Jand NR mobile-technologies, the transmission (Tx) periods are used to cdnvey the
signal to hsers (PDSCH)but also downlink control channel (PDCCH), broadcast channgl (PBCH)

and refdrence signals' used for synchronization purposes. More details can le found

in 3GPP

For LTE-

TS 36.24418] for LTE and 3GPP TS 38.211 [19] for NR.

-DD.and NR-FDD, the approximated value of Fpg is 1.

For LTE-TDD and NR-TDD, the approximated value of Fyp¢ is provided by Equation (B.65).

where

IpL

Frpe ~—2L
T0e IpL +TyL

TpL is the total duration of the downlink signal per frame;

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

(B.65)
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For example, for TDD Configuration 2 described in Table E.9 there is one uplink (UL) time
period for three downlink (DL) periods, resulting in a duty-cycle factor of 75 %. Typical values
of Frpc are between 0,75 and 0,8 depending on the special subframe format implemented.

When the exact value is not specified, an approximated value of 0,75 (i.e. 3/(3+1)) can be
chosen using Equation (B.65) approximation.

B.9.3 CDF evaluation using modelling studies
B.9.3.1 Guiding principles

This describes the approach to be used when the CDF considered in the implementation of the
actual maximum approach is derived from modelling studies, see 6.2.3.2. When performing
such modelling studies on BS using mMIMO, the number, position, duration of service, and
movement of each user are all relevant statistical factors. These factors influence,the actual
power or EIRP per beam during an actual time-averaging period T4 5 The spatial diptribution

of UEs and traffic generation follows scenarios that can be derived from 3GPP standards such
as [63], [[106], [107] or dedicated papers [31], [32] or [34].

The mair| evaluation steps for performing modelling studies are:
a) defing the set of parameters relevant to conduct traffic modelling and RF pxposure
assegsment of a mMIMO site or site cluster for a given mobile system technology

b) evalupte the statistical distribution of the transmitted power or EIRP, and derive the actual
maxirhum transmitted power or EIRP;

c) derive the actual maximum RF exposure and the corresponding RF compliance bgundary.
B.9.3.2 Simulation model parameters

Usual parameters for conducting an RF exposure calculation in accordance with Clause B.6
need to be complemented by new parametersidefining the realistic operation of the base station
site or site cluster. Table B.30 provides an‘example of the simulation parameters genefally used
for statis{ical analysis.

Table B.30—Relevant parameters for performing
RF exposure modelling studies of a massive MIMO site or site cluster

Type Simulation_model parameters Example(s)
General Technology NR TDD or LTE-TDD
Techhotegy duty-cycle factor 0,75
Usecase Mobile broadband
Environment type Urban or sub-urban or rural
Ereguency 3,5 GHz (3GPP Band-42)or 2.6 GHz (3GPP Band 38)
Site Installation height 10 m
Number of sectors per site 1or3
Site cluster Number of sites lor7
Cell shape Hexagonal
Antenna Type 2D array antenna with 32 cross polarized radiating

elements: 4 columns x 8 rows

Dimension of the array antenna panel 30 cm x 60 cm

Maximum gain in the main lobe 24 dBi
Horizontal half-power beamwidth 12,3°
(H-HPBW)

Vertical half-power beamwidth 8,1°
(V-HPBW)

Beam steering range (azimuth) 90°
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Type Simulation model parameters Example(s)
Beam steering range (elevation) 40°
Radiating Gain 8 dBi
element - -
Horizontal half-power beamwidth 70°
(H-HPBW)
Vertical half-power beamwidth 70°
(V-HPBW)
Equipment Rated maximum transmitted power 100 W (50 dBm)
transmitter - -
Rated maximum transmitted EIRP 74 dBm
System Beamforming type Grid of beam
simulations -
Ghanrpet-medet-—raffietoad——————FuH-buffer{406-%

Number of simultaneously served UEs | 1 or 5 or more

UE spatial distribution law Normal
UE indoor/outdoor ratio 80 % indoor, 20 % outdoor
UE service duration 30s

Model operation duration?

Time averaging period® 6 min

Contributions from all beams Included

2  Model
realisf]

b Theti
millim
is 6 m
frequs

operation duration is not the simulation processing time; rather, it is the time interval used to
¢ operation of the BS.

ne-averaging period recommended by RF exposure linifs’is frequency dependent and decreajses in the
btre wave frequency range. For example, in ICNIRP-1998 [2], the recommended time-averag

in up to 10 GHz and then decreases using thef6Howing formula: 68//'°5 min period (whe
ncy in GHz).

model the

ng period
e fis the

Example
IEC TR 6

B.9.4
B.9.4.1

The actu
see 6.2.3
statistica
accordan
network-
cells dep

5 of modelling case studiesDof BS using mMIMO antennas are prd

2669 [5] and Clause E.10.

CDF evaluation using'measurement studies on operational BS sites

Guiding principles

vided in

bl maximum_transmitted power for BS can be established using measurement studies,

.2. Due tothe high variability of the transmitted signal in azimuth, elevation

analysis)of the transmission parameters of the base station is recomms
ce with~B.8.1, actual maximum transmitted power or EIRP can be obtai
pased/measurements, gathering information from either a single cell, or a

and time,
nded. In
hed from
Cluster of

oyed across a large geographical area and performing a statistical analysis.

The general process to conduct experimental studies on mMIMO site or site cluster is as follows.

a) Define the investigation area, the list of relevant transmitters impacting RF exposure and
their parameters, including the key system parameters for the technology or technologies
under investigation(s).

b) Perform network-based measurements using BS counters of relevance for the RF exposure
assessments, see B.9.5. This includes azimuth, elevation, time and in-situ RF exposure
measurements, provided the purpose of the statistical analysis is to extrapolate field
measurements to the actual maximum transmitted power.

c) Derive statistical distribution of the transmitted power or EIRP and evaluate the actual
maximum RF exposure parameters within the investigation area.
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B.9.4.2 Measurement campaign parameters

Before starting RF exposure measurements in the vicinity of a BS site or site cluster, it is
recommended to collect general information that can impact the outcome of the RF exposure
assessment. Table B.31 provides the relevant parameters. Implementation examples are
provided in [IEC TR 62669 [5].

Table B.31 — Measurement campaign parameters for performing
RF exposure assessment of a massive MIMO site or site cluster

Type Measurement campaign parameters Example(s)
General Investigation purpose General public exposure or occupational exposure or
validation of modelling studies or other
Investigation area Geographical description of the area under
investigation
Investigation time From Day1 to Day2
Technology or technologies under LTE-TDD / NR
investigation
Technology use case Mobile broadband
Environment type Urban or sub-urban
Per Technology NR TDD
technology
Technology duty-cycle factor 0,75
Frequency 3,5 GHz\(@EGPP Band 42)
Number of sites in the experiment 1
Per Address Street, City, Country
site/cluster . -
Position (GPS or equivalent) N:48.812476; E2.361383
Installation height 10 m

Number and azimuth of sectors(cells)
per technology/frequency

Per anterjna | Type 2D array antenna with 32 cross polarized rafliating
elements: 4 columns x 8 rows
Dimension 30 cm x 60 cm
Maximum gain“in the main lobe 24 dBi
Horizontal ‘half-power beamwidth (H- 12° (at 3 dB)
HPBW)
Vertieal half-power beamwidth (V- 8° (at 3 dB)
HPBW)
Beam steering range (azimuth) 90° (at 3 dB)
Beam steering range (elevation) 40° (at 3 dB)
RF compliance boundary In accordance with IEC 62232
Equipment Rated maximum transmitted power 100 W (50 dBm)
transmitter
Rated maximum transmitted EIRP 74 dBm
RF exposure | RF exposure modelling on the In accordance with IEC 62232
investigation area (if available)
Field measurement types In-situ, Case A and/or Case B
Measurement equipment Equipment name, frequency range, accuracy, etc.
Base station counters Actual DL transmitted power or EIRP per cell or cell
segment, connected users per cell, etc.
Counter time-averaging period 15 min
Specific requirements For example, indicate here if a process was used to

verify that there is communication in the direction of
the evaluation location
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B.9.4.3 Experiment process

The experimental process consists of performing the RF exposure assessment in the
investigation area as specified in 6.3. In parallel, base station counters as specified in B.9.5
are collected in order to assess impact of time variations due to traffic load on RF exposure or
provide other relevant information for consistency checks.

For the case where the purpose of the RF assessment is to evaluate the maximum RF exposure
conditions taking into account traffic and transmitted power variations, derive the actual
maximum RF exposure from counter data and the CDF of transmitted power during the
measurement period, see B.9.5.

B.9.5 Actual transmitted power or EIRP monitoring counters

The follolwing counters are relevant for the implementation of the actual maximum papproach
specified|in 6.2.3 and 8.4:

a) total actual transmitted power or EIRP in downlink;

b) for massive MIMO and beam steering antennas, P, or EIRP ., pérjsegment, see Rigure 19.

Thes¢ counters monitor the actual transmitted power or EIRP within each segmer|t defined
by an[azimuth and elevation aperture range; some post-proeessing is sometimes rjeeded to
obtai:l; the power in the segments;

c) in addition, total actual transmitted power or EIRP p€p beam including all signals ([PDSCH,
CSI-RS, SSB, etc.) on each beam used in the configured beam-set, when appli¢able, for
example for massive MIMO or beam steering anténnas using GoB.

Guidance for the validation of monitoring counters'is provided in Annex C.

The courIter reporting time interval Trep is~the period of counter reporting by theg network
management system (NMS). Trep is typically 15 min, although 5 min is possible for some

vendors. (It can be different from the*actual averaging time used for the calculation of|counters

Tavg_act: Both Trep and Tavg_act shall"be reported.

NOTE Copnter naming can differsbetween BS manufacturers.

When copducting statistical analysis on operational networks, it is important that the|period is
represeniative of thewariability of operations, e.g. considering load variations within 4 day or a
week or pther seasonal effects in touristic areas, etc. To obtain statistically relevant results, it
is recomjnended to’ collect data for a sufficiently long period of time, for example one week per
configurdtion/type.

B.9.6 ‘Configurationswithrmultiptetransmitters

In certain situations, RF exposure is generated by multiple independent transmitters in the same
area, for example multiple network operators and/or transmitters around the evaluation location
operating on multiple frequencies with different azimuth. The probability that these multiple
independent transmitter systems are delivering the actual maximum RF exposure on the same
point synchronously at the same time period is lower than for one single transmitter. The
rationale and background are provided in IEC TR 62669 [5].

For such situations, the power combination factor can be applied to the actual maximum
transmitted power and other relevant percentiles, see [108] and [109], using Equation (B.66):

Prxam = Prxm - Froc - FPr - Fre (B.66)
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where
Prxam
Prxm
Frpc
Fpr

Fpe

is the actual maximum transmitted power;

is the maximum transmitted power configured in downlink (deterministic factor);

is the technology duty-cycle factor;
is the power reduction factor;

is the power combination factor.

The value of Fp¢ is equal to 1 if the assumption of multiple independent transmitters does not
apply, for example if all transmitters on the site have synchronized load variations. Examples

of power

However

and wher

generate
example,

combination factors are provided in Table B.32.

there are other situations for which the above-mentioned assumption does

H synchronously by all transmitters during operation. This restriction ap
to areas with multiple transmitters and where high capacity and,data thro

delivered in a confined space, e.g. in a crowded sports stadium.

One impgrtant assumption in the assessment of power combination{factors in Table B.
all transmitters have the same maximum transmitted powefsni.e. the same weig

statistica

hot apply

e the actual maximum RF exposure at the evaluation location can be considgred to be

blies, for
ighput is

32 is that
ht in the

combination. If the maximum transmitted power is,not the same or if the frequency

band is not the same, the weighting in the statistical combination shall be adapted to|take into
account fhe different maximum transmitted powers or/and the relevant reference levels.
Table B.[32 — Power combination factors applicable to the normalized actual trapsmitted
poweér CDF in case of combination of multiple independent identical transmitters
Power«combination factors for each percentile
Number of transmitters
5% 25\% 50 % 75 % 95 % 99 %
1 transmitter (reference) 1,00 1,00 1,00 1,00 1,00 1,00
2 transmitters 1,91 1,30 1,08 0,94 0,82 0,77
3 transmitters 2,46 1,43 1,11 0,91 0,75 0,68
4 transmitters 2,82 1,50 1,12 0,89 0,71 0,63
5 transmitters 3,05 1,55 1,13 0,87 0,67 0,60
Assuming that the combination applies to two independent signals having the same COF, where
one signal is'equal to a ratio p of the other, the combination factors can be adjusted @s shown
in Table|B.33. The value with p = 1 corresponds to the power combination fag¢tor from

Table B.3Z.
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Table B.33 — Power combination factors applicable to
two independent transmitters with a ratio p in amplitude

Ratio p between Power combination factors for each percentile
two independent transmitters 5% 25 9, 50 % 75 % 95 % 99 9

0,1 1,34 1,09 1,01 0,98 0,95 0,95
0,2 1,55 1,15 1,03 0,96 0,91 0,90
0,3 1,68 1,20 1,04 0,95 0,89 0,86
0,4 1,77 1,24 1,06 0,95 0,87 0,83
0,5 1,81 1,26 1,06 0,94 0,85 0,81
06 1. 85 1,’)7 107 094 084 0,80
0,7 1,87 1,28 1,07 0,94 0,83 0,79
0,8 1,88 1,29 1,07 0,94 0,83 0,78
0,9 1,89 1,29 1,08 0,94 0,82 0,78
1 1,91 1,30 1,08 0,94 0,82 0,77

B.10 Transmitted power or EIRP evaluation

B.10.1 |General

BS parameters, such as BS transmitted power and EIRP are used for implementation of RF

exposure

assessment methods described in this document. When performirn

measure
internatid';al standardization bodies, such as 8GPP TS 38.141-1 [42] and 3GPP TS

[43] for
informati
monitorin

B.10.2

General

R, see 8.6. The evaluation methods’described in Clause B.10 provide compl
bn especially relevant for the wvalidation of power or EIRP control feat
g counter(s) as described in Ahnex C.

Measurement of the transmitted power in conducted mode

juidelines can be found in 3GPP recommendations, such as 3GPP TS 38.

NR [42].

of the di

The test setup is"shown in Figure B.37. It consists of a calibrated directiong

ctional coupler is connected to a calibrated power meter. A directional col

placed b}tween the output port of the BS and the input port of the antenna. The "forw

an adeq
power to

ate coupling-factor level (e.g. 20 dB) should be used to limit the influence on t
the antenna.

When the¢

removed

terminated in a matched load. Fo

g direct

ents of these parameters, it is recommended to follow the procedures spegcified by

38.141-2
ementary
ires and

141-1 for
| coupler
ard" port
pler with
he output

t can be

antenna is matched to the characteristic impedance of the feeding line,

coupler

r antennas not matched to the characteristic impedance of the

feeding line, mismatching of the antenna should be included in the uncertainty budget.

If required, an attenuator can be connected to the output of the BS to protect the directional
coupler and to the forward port of the directional coupler to protect the power meter. Additionally,
a matched load is connected to the reflected port of the directional coupler.

An example test procedure is described in C.3.1.
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Figure B.37 — Example of setup for the direct power level measurement
for BS equipped with direct access conducted output ports

B.10.3 |Measurement of the transmitted power in OTA conditions

General guidelines can be found in 3GPP recommendations, such,as 3GPP 38.141-p [43] for
NR.

The test getup consists of an anechoic chamber equipped-with a measurement system able to
perform power density measurements over the entire sgphere or a major portion of tHe sphere
covering |at least the angular region where the radiation pattern is within 20 dB of [the peak
value. THe measurement system gives, as an output,the integration of the power density over
the sphelle or measured portion of the sphere, resaiting in the transmitted power.

An example of implementation is described inC.3.2.

B.10.4 |Measurement of the EIRP inkOTA and laboratory conditions

General guidelines can be founduin’ 3GPP recommendations, such as 3GPP 38.141-2 [43]
for NR.

The BS ghould be installed in a shielded laboratory environment, preferably an janechoic
chamber| for OTA validation, and normal laboratory conditions for conductgd mode
measurements. The 4¢ransmission of the BS should be controlled either using dedicafed traffic
load generation software or by connecting a user equipment (UE) with software that| makes it
possible fo demand different levels of transmission.

The RF [EMF exposure should be evaluated using RF field strength and powel density
measurefmentmethodotogy specifiedim8-2-2anmd—Crause B4 Withrthetest BS—beind the only
RF source in the laboratory, either broadband or frequency selective measurement equipment
can be used. The distance between the BS and the probe should be established so that the
beams are fully formed at the measurement probe location. Personnel should not be present in
the test chamber during the measurement.

In the case of TDD and where the receiver is not locked on the downlink, if a UE is used to
generate the downlink transmission, it should be placed at least 1,5 m away from the probe or
there should be absorbing material between the probe and the UE such that the uplink
contribution to the RF EMF exposure can be neglected as described in B.4.2.5.4.1. It is not
required to take distance between the UE and the probe into account if a download only
transmission mode is implemented or if the measurement techniques allow to separate uplink
and downlink exposure contributions, see for example E.8.2.1.3.
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The probe should be placed near the boresight direction of the antenna, and if possible, in the
far-field. The output power level of the BS should be selected to obtain an RF EMF level within
the measurement range of the RF EMF measurement equipment. In case the BS applies beam
steering, and the feature is controlling the power per beam or angular segment, the UE and the
probe should be aligned with the BS.

An example test procedure is described in C.3.3.2.

B.10.5 Measurement of the EIRP in OTA and in-situ conditions

The transmission of the BS should be controlled either using dedicated traffic load generation
software or by connecting one or more UE with software that makes it possible to demand
different levels of transmission

Measurements of the RF EMF exposure should be performed using methodology“prpvided in
6.3. Frequency selective measurement equipment should be used such [that |only the
transmisgion from the test BS is included.

To avoid|that the environment has a significant impact on the results;ithe EMF meagurement
equipment should preferably be placed in an open area with line-of-sight to the BS|antenna.
During the measurements people should not be allowed to moveirithe area around the probe.
If a UE i§ used to generate the downlink transmission and in~the case of TDD, it ghould be
placed af least 1,5 m away from the probe such that the dplink contribution to the|RF EMF
exposureg is negligible as described in B.4.2.5.4.1. It is not required to take distance|between
the UE apd the probe into account if a download only transmission mode is implemejnted or if
the measjurement techniques allow to separate uplink.and downlink exposure contribufions, see
for example E.8.2.1.3.

Movements near the UE should also be avoided. If the BS applies beam steering, the probe
should be placed within the steering rangeof the antenna, preferably close to the poresight
directionfand if a UE is used it should be aligned with the probe in the direction of the|antenna.

An example test procedure is described C.3.4.2.
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Annex C
(informative)

Guidelines for the validation of power or EIRP control features and

monitoring counter(s) related to the actual maximum approac

C.1  Overview

h

When implementing the actual maximum approach as specified in 6.2.3, 8.4 and Clause B.9,

the BS actual maximum power or EIRP should not exceed the actual maximum thresh
during its operation. This Annex C provides guidance for the validation of actual powe

old value
r or EIRP

monitoring counters and control tools related to the actual maximum approach,
establishes minimum reporting recommendations. The validation processes are '
evaluation methods described Annex B including the test setup described in-.Cla
Additiondlly, a few detailed case studies have been included as implementation“exam

and also
ased on
ise B.10.
ples.

The actugl maximum approach is based on assessing RF exposure compliance using the actual

maximum transmitted power or EIRP of the BS. Hence, appropriate -actual power
monitoring counters and/or control features should be implemented such that RF
compliange, based on the configured actual transmitted power or EIRP thres
maintaingd.

Ensuring|that the actual power or EIRP monitoring codnters and/or control features
accuratelly and reliably is an important factor for BS vendors, network operators and r
bodies.

C.2 Gupidelines for validating control-feature(s) and monitoring counters

The prindiple for validating power or EIRP)monitoring counters is to set up known BS trg

or EIRP
Exposure
holds, is

operate
bgulatory

nsmitted

parametdrs, measure the resultingsexposure parameters and compare them to the same

exposureg parameters derived fromnthe power or EIRP counters. The correlation bet
power or|EIRP counter, the configured maximum power on the radio and the transmitf
or EIRP grovides confidence in the implementation of the actual maximum approach. T]
maximum approach can involve the determination of the CDF from actual transmitted
EIRP coynters in order to obtain the value of the power reduction factor Fpg in Equatig

correspohding to the _selected percentile of the CDF.

The pringiple forivalidating power or EIRP control features is to configure a power
factor and check that the actual transmitted power or EIRP does not exceed the ¢

iween the
ed power
he actual
power or
n (B.62),

reduction
bnfigured
rification

actual maximum threshold regardless of the traffic load conditions on the BS. This v4

control feature validation test is preceded by a monitoring counter validation test if cou
used for the validation of the control feature.

that the
nters are

The monitoring counter and control feature validation can be performed either in conducted
mode using a power meter or over-the-air (OTA) using E-field strength measurements. It is

recommended to use:

a) conducted mode validation for a BS with accessible ports to an external antenna and fixed

beam, see C.3.1; or

b) OTA validation for a BS with an active antenna system (i.e. no accessible port) or a BS with

accessible ports using beam steering (e.g. 8T8R BS), see C.3.2 and C.3.3.
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Validation of power or EIRP monitoring counter in conducted mode —
test procedure

General

IEC 2022

Validation of power or EIRP monitoring counter in laboratory conditions

The test setup described in B.10.2 can be used. For such BS with external antenna and fixed
gain (e.g. no beam steering), the total transmitted power and EIRP are typically proportional. It
is expected that the power counter is used for validation in conducted mode. However, if the
EIRP counter is available, it can also be used taking into consideration the antenna gain.

The BS is set to generate the configured transmitted power, continuously, full buffer, b

features

that can

actual aeraging time (for example 360 s) and then activated. The recommended

consists

C.3.1.2

The BS is
than the
period an
the coun
the powe
period.

The BS p
compare
power tal

be internal or external to the BS. Moreover, the power counter is set to the

pf the steps described in C.3.1.2 to C.3.1.5.

of the reference power

activated at the rated maximum power using full buffer traffic load, for a per
actual averaging time 7,4 5ct and the counter reporting time so that the mea

d the counter averaging period are synchronized. For example, if T4 4t iS

er reporting time is 900 s, the measurement time should be at least 900 s
I is constant during the observation time. The.measured power is recorded d

selected
rocedure

Step 1 — Counter validation at the rated maximum power-and determination

od larger
surement
60 s and

such that
uring this

ower measured by the power meter is'a@veraged over the actual averaging p
I with the actual power reported bywthe counter and with the configured

continuoyisly at the same level, the average power corresponds to the configured

downlink
Frpe, €

e Clause B.9. Table C.1(provides examples of relative difference bety

eriod and
aximum

ing into account the technology duty-cycle factor Fypc. Since the power is transmitted

aximum

power or, in case of TDD, to the configured maximum downlink power multiplied by

yeen the

measured power and power counter value for systems that allow direct power level
measurements for BS in both, TDD mode and FDD mode.
Table C|1 — Relative difference between the measured averaged transmitted power and
actual|power counter value for systems that allow direct power level measurements
a b c =10 x log(b/a)
Rat M d d | Actual Relati
maximund FTDC teasurc_ett adverage (o U? pOV\IIeI' d_f? ative Coinment
power P\ ransmitted power counter value Ifrerence 1“
(W) (W) (W) (dB)
100 0,75 72 75 0,18 TDD example
100 1 95 100 0,22 FDD example
NOTE 1 Column headings a, b and c are for reference and the numerical values are examples.

NOTE 2 Both TDD and FDD are shown in this table for completeness but only one applies for each test. When
FDD is used, Fypc = 1.

C.3.1.3

Step 2 — Counter validation for multiple configured maximum power values —
power linearity

The total radio transmitted power is a function of the configured radio power and the buffer
occupation. For the purposes of assessing power linearity, Step 1 is repeated for at least
5 levels of configured power with a full buffer as shown in Table C.2.
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Table C.2 — Correlation between the configured maximum power level and the level
reported by actual power counters for BS that allow direct power level measurements

a b c =10 x log(b/a)
Configured maximum Measured averaged Actual power . .
X Relative difference
power transmitted power counter value
(W) (W) (W) (dB)
10 (=0,1xP_ ) 6,9 7,5 0,36
30(=0,3xP_ ) 21,0 22,5 0,30
50 (=0,5xP_ ) 35,4 37,5 0,25
70 (— n,7 X Dmax) R{\"I R’),R n")'l
90 (50,9 x P_..) 64,8 67,5 0,18

NOTE Cplumn headings a, b and c are for reference and the numerical values are examples”for the case of

P, .= 10p W and Fyp = 0,75.

C.3.1.4 Step 3 — Counter validation for multiple load levels/~ time linearity
Step 1 ig repeated for at least three shorter power transmission intervals within the actual
averaging time period (e.g. transmission for 180 s in each averaging interval of 360 s) fs shown
in Table .3.
Table C.B — Correlation between the configured time-averaged load levels and the actual
power counter value for systems that allow direct power level measurements
a b c =10 ¥ log(b/a)
. . . Measured
Fraction of Tx time with Configured time- averaged Actual power Relative
respedt to the actual Y R
. R averaged power transmitted counter value diffgrence
avefaging time
power
(%) (W) (W) (W) (pB)
10 7,5 7,2 7,5 018
30 22,5 21,7 22,5 0,16
50 37,5 35,7 37,5 0,21
70 52,5 50,1 52,5 0,20
90 67,5 64,8 67,5 018
NOTE Cplumn-headings a, b and c are for reference and the numerical values are examples for the case of
Py = 10D Waénd Foo . = 0,75.

C.3.1.5

Step 4 — Conclusion of the counter validation

The relative difference between the counter value and the measured maximum transmitted
power (Step 1) should be within the tolerance of the rated maximum power of the BS as
specified in the applicable radio compliance standards (for example 3GPP 38.141-1 [42] and
EN 301908-23 [47] for NR).

Similarly, the relative difference between the counter value and the measured time-averaged
power for all intermediate levels of configured power (Step 2) and load (Step 3) should be within
the same tolerance.
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C.3.2 Validation of power or EIRP monitoring counter in OTA mode - test procedure

C.3.21 General

The test setup described in B.10.3 can be used. The BS is set to generate the configured
maximum power, continuously, using full buffer load, by features that can be internal to the BS
or external (e.g. using UEs). Furthermore, the actual power counter is set to the selected actual
averaging time (for example 360 s) and then activated. The recommended procedure consists

of the steps described in C.3.2.2 to C.3.2.5.

C.3.2.2

The BSi
larger th

reporting

entire sphere or the angular region covered by the measurement system. Theréferenc

position

found du
position i
power deg
is derive

calculatig
and the 1

Since th
correspo

power multiplied by the Fypc factor, see Clause<B:9). Examples are provided in Tablg

Calibratig

Table C.4 — Relative difference between the configured maximum power|

Step 1 — Counter validation at rated maximum power and determinati
the reference power

N Tavg_act @nd the counter reporting time (e.g. if T4 5t is 360 s andyth
time is 900 s, the measurement time is at least 900 s). A scan is performe

bof @and elevation position 6,4, where the maximum of the powerdensity
ing the scan is recorded. The value of the power density S, measured in the

5 recorded. The power radiated by the BS, obtained as the integration of the
nsity over the sphere, is referenced as the radiated power P .. The value g

n method described in Annex B, and the measured’distance between the BS
heasurement probe.

=Y
-

power is transmitted continuously at the)same level, the average po
nds to the maximum downlink power (or, inrthe case of TDD, to the maximum

n of the measurement chain should be performed.

measured averaged-transmitted power, and actual power counters
for systems that do-not support direct power level measurements

on of

a period
counter
over the
azimuth
nas been

eference
heasured
f EIRP

ref

d from S, using the simple spherical formula, Equation (B.1), or any gpplicable

antenna

ver level
downlink
Cc.4.

b c=10 x (

log(b/a)

a

Comment

Configure

maximum

power

(W)

Actual
power
counter
value

(W)

Measured
averaged
transmitt
ed power

(W)

d Reference
power

density

Relative
difference

Reference
elevation

Reference
azimuth

®) ) (W m™2) (dB)

ya) el D

FPref Vref “ref *ref

45 92 5,7 72 74

Example;
Fr

TDD

bc = 0,75

100

45 92 7,6 96 98,7 0,12

Example;
Frpe =1

FDD

NOTE Column headings a, b and c are for reference and the numerical values are

P..x = 100 W, 20 dBi antenna and 10 m distance.

examples for the case of
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Cc.3.23

power or EIRP linearity

~ 207 -

Step 2 — Counter validation for multiple configured maximum power values —

The antenna is placed in the reference position ¢..; and 60, where the maximum power density

S,ef Was measured in Step 1.

The antenna radiated power is a function of the configured maximum power, the buffer
occupation and the antenna gain. For the purposes of measuring power linearity, Step 1 is
repeated for at least five levels of configured maximum power with a full buffer as shown in
Table C.5. The measured power density S, at the reference point is recorded for each
configuration; So, is the power density measured for the configured power, that is a percentage

of the maximum configurable power, see Table C.5. The same process applies to evaluate the

EIRP.

The radigted power Py, is determined by Equation (C.1).

Sop
Py = Fef -
' Sref
where
Prot s the reference power determined in Step 1;
Sef s the reference power density determined,in Step 1;
So, s the measured power density.

NOTE It i$ assumed the radiation pattern does not'change as the power changes.

(C.1)

Table ¢.5 — Correlation between the-configured power level and the level repofted by
power counters for BS thatdo not support direct power level measurements

a b c =10 x log(b/a)
Measured Measured
Configured Power averaged Actual power Relative Notes
Power N transmitted counter value difference
Density
power
) (W m2) (W) (W) (dB)
So, Py,
TDO |
10 (= 0,1 %27 ) 0,56 7.08 6,84 -0,15 K. eiagqfse
“TDC J
TDD example
30(=0,3xP ) 1,72 21,74 21,68 -0,01 =
max Fipc = 0,75
TDD example
50 (=0,5xP__.) 2,84 35,81 35,81 0,00 =
max Fipe = 0,75
_ TDD example
70(=07xP__) 4,01 50,68 51,85 0,10 Frpe = 0,75
- TDD example
90 (=0,9% P, ) 5,12 64,68 66,42 0,12 Frpe = 0,75
FDD |
10(=01xP__) 0,75 9,44 9,12 -0,15 F. exfT%e
TDC ’
FDD |
30(=03xP_,) 2,29 28,98 28,91 0,01 om0
TDC ’
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a b c =10 x log(b/a)
Measured Measured
Configured P averaged Actual power Relative
P ower itted t I diff Notes
ower Density transmitte counter value ifference
power
(W) (W m™2) (W) (W) (dB)
Sq, Py,
FDD |
50(=0,5xP,_ ) 3,78 47,75 47,74 0,00 F. eXfT%e
TDC ,
_ FDD example
70(=0,7 %P ) 5,35 67,58 69,13 0,10 Frpe = 1,0
FD |
9 (=0,9xP__) 6,83 86,24 88,56 0,12 o
ipc ,

NOTE Cplumn headings a, b and c are for reference and the numerical values are examples,for the case of
configurel maximum power P =100 W.

C.3.24 Step 3 — Counter validation for multiple load levels—.time linearity

The antepna is placed in the reference position ¢,,; and 6,4 where the maximum powgr density

S;ef Was measured in Step 1.

The antephna is configured at the rated maximum power to radiate at the reference ppwer P 4
defined in Step 1, continuously, full buffer for a fraction period Ty, of the time-averaging period

Tavg_act'

For the purposes of measuring time linearity, Step 1 is repeated for at lefst three

fractions|of the actual averaging time, as shown in Table C.6. The actual power gounter is
collected|for a period larger than the counte¥’ reporting period (e.g. 900 s). The samg process

applies t¢ evaluate the EIRP using EIRR,; defined in Step 1.

The radigted power Py, is determined by Equation (C.2).

where

Pt is the\reference power determined in Step 1;

(C.2)

Ty, is the fraction period Ty, of the actual averaging time T,

at full buffer load.

vg_ac

t when the BS is transmitting
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Table C.6 — Correlation between time linearity of the configured
maximum power level and the level reported by actual power counters
for BS that do not support direct power level measurements

b c=10 %
log(b/a)
Percentage of . Actual
transmission time | Configured Averaged power Relative
with respect to maximum measured counter difference Note
T power power value
avg_act
(W) (W) (W) (dB)
— TDD example
10 (= 0,1 x Tavg_act) 100 7,20 7,10 -0,12 Fipc =0,75
- TDPByexample
40 (= 0,4 ¢ Tavg_act) 100 28,80 30,00 0,17 Frp=[0,75
— TDD exgample
70 (= 0,7 K Tpug at) 100 50,40 52,00 0,13 Frpc =0.75
FDD exgmple
10 (= 0,1 | Tavg act) 100 9,60 9,33 -0,12 F X= 1 %
- TDC J
FDD exgmple
40 (= 0,4 T, aot) 100 38,40 40,00 0317 Frpe 91 %
_ D ’
FDD exgmple
70 (= 0,7 x Tavg act) 100 67,20 69,33 0,13 F X= 1 %
- TDC J
NOTE Cplumn headings a, b and c¢ are for reference and thesnumerical values are examples for the case of
maximum|configurable power P =100 W.

C.3.2.5 Step 4 — Conclusion of the validation

The relative difference between the tounter value and the measured maximum averaged
transmitted power or EIRP (Step 1) should be within the tolerance of the rated maximym power
or EIRP gf the BS as specified in/the applicable radio compliance standards (for example 3GPP
38.141-2|[43] and EN 301908-237[47] for NR). Similarly, the relative difference betjveen the
counter vialue and the measured averaged transmitted power or EIRP for all intermedigte levels
of configlired maximum power (Step 2) and load (Step 3) should be within the same tplerance.

C.3.3 Validation,of control feature(s) in laboratory conditions

C.3.3.1 General

Laboratofy<validation of a software feature used for the control of the actual transmitted power
or EIRP afaBS-invelvesmeasurementsofthe i e-ofC 83

of a BS with active antenna system) or power (in case of conducted mode measurement of a
BS with external antennas) in a controlled laboratory environment using one or several
representative samples of the BS product(s). Comparisons are made at various load levels with
and without the control feature activated to verify that the feature is operating as intended and
that the obtained reduction of the actual exposure corresponds to the configured actual
maximum threshold value.

The procedure described in C.3.3.2 is for OTA measurements. For conducted mode
measurements, the RF EMF exposure measurements should be replaced by power
measurements at the antenna port using the methodology described in C.3.1. The power density
baseline and the maximum time-averaged power density levels should be replaced by the
corresponding measured conducted power levels.
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C.3.3.2 OTA test procedure
C.3.3.21 General

The test setup described in B.10.4 can be used. The BS selected for the validation test should
be configured with the actual power or EIRP control feature. Control features are designed to
limit the actual power or EIRP below the configured actual maximum threshold, typically
expressed as a percentage of the configured maximum power or EIRP, for any traffic pattern.
Figure C.1 shows an example of a test setup with a 5G BS, a UE and a broadband EMF probe
used for an actual power control feature validation in a shielded laboratory environment.

The most conservative test case is when the generated traffic requires the BS to operate

continuously at maximum capacity (referred to as "full buffer") Ieading to constant transmission
5t should

patterns
ne actual

power or|EIRP as intended.

If the feafure allows the setting of different actual averaging times and power or EIRP thresholds,
the validgtion can also include tests to verify the feature for different scenarios of these settings.

For the cpse where the BS applies beam steering, and the feature supports power control per
beam or angular segment, tests should be performed for a number of directions within(/Lhe beam
steering fange. Depending on the applicable requirements svariation of the configured maximum
power and the bandwidth can also be included within the€sevtest scenarios.

A recommended laboratory validation procedure consists of the steps described in C.8.3.2.2 to
C.3.3.2.4

WAL

IEC

Figure C.1 — Example of a laboratory test setup for validation
of an actual power control feature intended for use with a 5G BS

C.3.3.2.2 Step 1 — Baseline assessment without the control feature activated

Without the control feature activated, measure and store the instantaneous and the actual EMF
levels in terms of power density (RMS) or electric field strength (RMS) with the BS transmitting
at the rated maximum power or at a lower configured maximum power. The measurement should
be made over a period larger than the actual averaging time to obtain baseline values such as

Sbaseline_inst’ Sbaseline_sample and Sbaseline_avg’ where
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is the maximum value of the power density when the transmitter is ON (i.e.
corresponding to Pty)) for example using a spectrum analyser;

Sbaseline_inst

is the maximum value of the power density corresponding to (Ptxm - Frpc)

for example measurement using 1 s sampling on a frequency selective
equipment;

Sbaseline_sample

Sbaseline_avg is the actual power density using T, act-

NOTE Equivalent notation can be used for E-field strength: E,__ ;i inst Ebaseline sample and E . iine avg’

Baseline measurements can also be performed at intermediate load levels using the same
protocol as for counter validation, see Clause C.3.

C.3.3.2.3 Step 2 — Power or EIRP control feature activation

Activate the power or EIRP control feature with the same actual averaging time as in Step 1,
configurd a power reduction factor Fpg and set the BS transmission to the samevalue gs Step 1.

C.3.3.2.4 Step 3 — Validation with power or EIRP control feature’activated

Measure|and record the instantaneous and the time-averaged power density (RMS) gr electric
field strepgth (RMS) over a period that is at least three times theyactual averaging time to verify
that the gerformance is stable. Identify the maximum actual power density S, or elegtric field
strength |E,ox over the total measurement period. This)"measurement can be repgated for

intermediate load levels used in Step 1 in order to comypare to the baseline measurement and
counters jobtained in Step 1 and to check that the actual'power or EIRP controlled valug¢s remain
below the configured actual maximum threshold,

C.3.3.2.5 Step 4 — Control feature validation at additional configurations (power
reduction factors, actual averaging times and traffic patterns)

If the laboratory validation includes variations of the power reduction factor (Fpgr), the actual

averaging time, the configured \maximum power level and/or bandwidth, Steps| 1 to 3,
see C.3.3.2.2, C.3.3.2.3 and C.3.3.2.4, should be repeated for each different maximym power
or bandwfidth configuration.

For validations of featurésjthat support power or EIRP control per beam or per angular $egments,
Step 1 tg Step 3, seenC.3.3.2.2, C.3.3.2.3 and C.3.3.2.4, should be repeated forl multiple
represeniative direCtions. Once the counters have been validated, the control feature yalidation
can be :ﬂone using counters only or using directional, or several RF EMF measurement
equipment ora‘combination of both.

C.3.3.3 —Vatlidationofproperoperation

The power or EIRP control feature operates as intended if at least one of the following criteria
a), b) or c), specified in Equation (C.3), Equation (C.4), Equation (C.5), Equation (C.6), Equation
(C.7), and Equation (C.8) and depending on the equipment or method used, is satisfied, i.e. for
any configured power and load level.

In case the EUT supports mMIMO or beam steering, P, nter Criteria specified in Equation (C.7)
can overestimate the EIRP.
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a) Freasured < fhaseline.inst * £TDC * FPR (C.3)

or Pmeasured < Hoaseline_sample 'FPR (C 4)
(depending on the measurement equipment used);

b) Smeasured < Sbaseline.inst * FTDC * FPR (C.5)

or Smeasured < Sbaseline_sample 'FPR (C 6)
(depenmdinmg o the easurement equipment used);

1
o

ounter < Prxm - Frpc * FrR (C.7)

ot EIRP.ounter < Prxm - OmLs * Frpc * FPr (C.8)

Cc.34 Validation of control features using in-situ measurements

C.3.41 General

The test petup described in B.10.5 can be used. A BS supporting the use of the actyal power
or EIRP ¢ontrol feature should be selected for the tests. The feature should be configured with
an actual averaging time T,,4 5t compatible with*the applicable exposure limit averaging time

Tavg (e.gl 360 s). The feature should also, be*configured with one the power reduction factor
(Fpr) or multiple values of Fpg in case of-multiple cell segments. If the feature includes actual
power or|EIRP counter monitoring, this‘should preferably be activated.

Figure CJ2 shows an example af a test setup with a UE and an EMF probe used for in-situ
validation of an actual power, control feature used with a 5G BS.

In-situ vglidation of an actual power or EIRP control feature involves measurements pf the RF
EMF exppsure to verify .that the reduction of the actual exposure corresponds to thge applied
power reguction factor. As such, measurements should be done for the following condlitions:

a) at on¢ or several test points within the BS cell sector; and

b) with gndwithout the feature activated.

NOTE The procedure is not applicable for BS already put into operation with commercial traffic.

Optionally, the validation measurements can be performed at the border of the compliance
boundary as determined using the actual maximum power or EIRP.
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C.3.4.2
C.3.4.21

As for lal
possibly

The in-si{u validation procedure should consist of the steps described in C.3.4.2.2to ¢

C.3.4.2.2

IEC

Figure C.2 — Example of a test setup forvalidation
of an actual power control feature implémented in a 5G BS

Test procedure

General

oratory validations, an in-situ validation should always include "full buffer" tfaffic and

ndditional realistic traffic variations; see C.3.2.

Step 1 — Instantaneous and time-averaged EMF levels at configured

maximum power and intermediate levels

and the

ime-averaged*EMF levels in terms of power density (RMS) or electric field

.3.4.2.6.

strength

Without {he power or EIRP control feature activated, measure and record the instahtaneous

(RMS) wi
time to o
see C.3.7

h the BStransmitting at full power over a period that is larger than the actual gveraging
ptain a base-line value, Sbaseline_inst and Sbaseline_avg or Ebaseline_inst and Eba eline_avg’

2,10

Alternatively (Step 1a), Step 1 can be used for the validation of actual EIRP or power monitoring

counters

by performing such power density (RMS) or electric field strength

(RMS)

measurements at intermediate time-averaged load levels activated on the BS, e.g. 10 %, 25 %,
50 %, 75 % and 100 %. The intermediate time-averaged load levels can be generated by using
a connected UE adjusting the download duration in order to match the expected load value, see
examples in Figure C.12. Traffic profiles and load levels can be generated either using a
dedicated feature or using connected UE(s). The outcome of this Step 1a is Sy,seline inst:

Sbaseline_sample and Sbaseline_avg or Ebaseline_inst' Ebaseline_sample and Ebaseline_avg

of load.

as a

function
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C.3.4.23 Step 2 — Power or EIRP control activation

Activate the power or EIRP control feature with the appropriate actual averaging time and power
reduction factor or threshold and set the BS transmitted power to the maximum. In addition
(Step 2a), if the BS is able to handle power or EIRP control per beam or per cell segment, the
activation should be done using multiple combinations of power reduction factors (Fpgr) defined

per beam or per cell segment.

C.3.4.2.4 Step 3 — Instantaneous and time-averaged EMF levels with control
activated at configured maximum power and intermediate load levels

Measure and record the instantaneous and the time-averaged power density (RMS) or electric
field strength (RMS) over a period that is at least three times the actual averaging time in order
to verify that the performance is stable. If counter data is being recorded, measuremenits should
be taken|over a time period that includes at least one full report output period of|th¢ counter
(e.g. 15 min) and which starts after a time larger than 7,4 count Such thatcpewer| or EIRP

samples [stored before the activation of control are not included. Identify the| maximym actual
power density Sy, or electric field strength £, over the total measurement period.

The intefmediate time-averaged load levels can be generated _ by)using a conngcted UE
adjusting| the download duration in order to match the expectediload value, see g¢xamples
in C.5.3.

C.3.4.2.5 Step 4 — Instantaneous and time-averaged EMF levels with power qontrol
activated with considerations for power‘threshold, actual averaging times
and traffic patterns

Repeat steps 2 and 3 for additional relevant power reduction factor (Fpg) value(s), gnd traffic
profiles.

C.3.4.2.6 Step 5 — Validation of features that support power or EIRP control per
beam or per cell segment

For validation of features that support power or EIRP control per beam or per angular pegment,
Steps 1 tp 4 should be repeated for each selected direction simultaneously using a combination
of power feduction factors in.each beam or cell segment. The validation can be perfornmied using
at least pne EMF measurement equipment for one beam or cell segment. Validatipn of the
control fgature on the, other configured beams or cell segments can be done using founters,
see exanpples in C.553.

C.3.4.3 Validation of proper operation

The validation conditions described in C.3.3.3 for laboratory validations apply also 1|or in-situ
validations:

In the case that actual power or EIRP data have been recorded using counters, an additional
condition is that no counter value should exceed the set actual maximum threshold(s) level(s).

C.4 Validation test report

The results of the selected validation method(s) carried out, all information necessary for
performing repeatable validation(s) and its interpretation should be reported accordingly. All the
requirements of Clause 10 apply and should be provided in the validation test report, when
being used as a stand-alone report.
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The validation test report of power or EIRP monitoring counters or control feature(s) should, at
minimum, include the following items:

a)
b)

c)

d)

f)

C.5 Case studies

C.51 Case study A - In-situ validation

C.5.1.1 Overview

a description of the test setup, including photos as well connection diagrams;

the test sequence(s) used to test the power or EIRP monitoring counters or control
feature(s), including the total duration of the test and actual averaging time (e.g. 6 min);

for the validation of actual power or EIRP monitoring counters in laboratory conditions in
conducted mode, the results presented in the same format as Table C.1 to Table C.3;

for the validation of actual power or EIRP monitoring counters in laboratory conditions in
OTA mode, the results presented in the same format as Table C.4 to Table C.6;

for the validation of control feature(s) using either in-situ measurements or laboratory
condi innc’ plnfc of test cnqunnr\n(c) chn\l\ling the feature limits the actual power or EIRP as

intended;

a clear statement on the conclusion of the monitoring counters and/or control fdatures(s)
validdtion.

This in-sftu validation was performed to confirm the performance of a 5G new radio|(NR) BS
power control feature that can be used by a network eperator such that the actual transmitted
power dogs not exceed a configured threshold Py, value. The value is usually chosen tp achieve
compliange with actual EIRP or EMF limits. Thedeature is integrated into BS softyvare and
controls fthe actual transmitted power by constantly monitoring and regulating the¢ flow of
physical resource blocks (PRB) to the radiotransmitter. The feature provides a dedicated 5G

counter tp monitor the actual transmitted power.

The power control feature's performance was validated by comparing a series| of EMF
measurements under different Py settings with corresponding 5G counter data. The BS was

operatind at 3,585 GHz (80 MHz-channel width), configured for TDD mode and operating with

a massive MIMO advanced ahtenna.

C.5.1.2 Pre-test setup and preparation

a)
b)

d)

Test location(s)yrequirements: obstruction free, open area, line of sight to the BS antenna.
EMF measurement equipment included:

1) sgectrum analyser/frequency selective meter with time-averaging capability;

2) isotropic electric field probe
NR BS under test:

1) A specialized network tool developed to support NR field testing was used to fully utilize
(100 %) the NR channel ("full buffer" condition). The capability adds artificial loading
(PRB padding) on to the NR air interface to maintain constant 100 % utilization and does
not require the use of a 5G UE to establish a downlink call/data session.

2) Downlink TDD technology duty-cycle factor Frpc was 70 %.
Configured transmitted power threshold Py, settings and 5G counter data:

1) Two settings were used, Py, = 100 % and Py, = 25 %. At 100 %, the threshold value is

set to the transmitter's rated maximum power and the power control feature does not
regulate the flow of PRBs to the radio transmitter. The time-averaged output power is
determined by the TDD downlink duty-cycle factor which results in a time-averaged
output power of 70 % of the transmitter's rated maximum power. These periods are
labelled CTRLggg in the plots.
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2) At 25 %, the feature actively regulates the flow of PRBs so that the time-averaged
transmitted power does not exceed 25 % of the transmitter's rated maximum power.

3)

These periods are labelled CTRLq) in the plots.

Performance of the feature is captured by a dedicated 5G counter. The counter records
the 6 min time-averaged transmitted power every 0,6 s (sliding window) and stores the
values in contiguous blocks of 15 min (there are 1 500 samples per 15 min period). It
provides statistical information about the 6 min time-averaged transmitted power.

e) General testing procedure:

1) The special network tool was used to initiate the flow of baseband data traffic that was

2)

capable of fully utilizing (100 %) the NR channel.

The measurement equipment performed swept frequency EMF measuremen
thE : =
sliding time-averaged results.

3) Time-averaged EMF measurements were performed with Py, set tof‘@ %

immediately by time-averaged EMF measurements performed with Bélsét to 2

ts across
of 6 min

followed
5 %.

4) 56 counter data was obtained for the period of the EMF measu%?ae’nts.
C.5.1.3 Test setup Q/C)
N\
The validation was performed at two locations in the vicinit)ﬁef the 5G massive MIMO BS
antenna.[The first was a line-of-sight ground-based validatiod<w ich would be the mos§common
and praciical choice in most situations. QQ
AN
A second set of measurements were performed cl to the antenna, at the gene

compliange boundary. While this is generally not pical option to pursue, it was cq

that the [validation would provide valuable in ation that would be relevant to

situatio
level [1

ng where exposure could approach,%example, the ICNIRP general public

in Figure|C.3 and Figure C.4, respectively:

X
N
O

1,[2] (e.g. on a building roof top z;;i)\ ese two measurement setups are sho

al public
nsidered
real life
eference
vn below

IEC

NOTE The evaluation location is 90 m from the 5G BS, in clear line of sight and the position is approximately 14°
directly below bore sight.

Figure C.3 — Ground based in-situ validation setup
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C.5.1.4

Ground-h
public co

During p

regulate
public ref
the elevd
counter
transmitt

(Frpc) ©
during th

Figure C
to 25 % (

The switd
feature tq

IEC

Figure C.4 — In-situ validation measurement setup mear
the general public compliance boundary in front 'of the
5G massive MIMO antenna (bore sight position)

Results

ased results are shown in Figure C.5 and resulfs_obtained near the ICNIRF

mpliance boundary [1], [2] are shown in Figure €.6.

eriods when the power control feature was set to Py, = 100 % and not re

he flow of PRBs, the measured EMF, did not exceed 0,061 % of the ICNIRF
erence level [1], [2] for ground-based* measurement and 108 % for measurg

ted platform near the compliancesboundary. For this power control featurg,

general

quired to

P general
ments in
the 5G

shows that actual transmittedcpower did not exceed 70 % of the rated maximum

br power; which is the actual maximum value for a TDD technology duty-cy
70 %, see Figure C.5. Some variation in EMF levels below 0,061 % can

s period which is also reflected in the 5G counter data.

5 plot shows the¢ EMF level as a function of time during periods when Py
CTRLoy) and when Py, was set to 100 % (CTRLggE).

h the actyal maximum threshold from P, = 100 % to 25 % caused the pow
immediately start to regulate the flow of PRBs to limit the actual transmitt

below th

actual maximum threshold value However transmon to the new settlng r

Cle factor
be seen

was set

pr control

bd power
bquires a

C.5 and

Figure C.6. The 5G counter data now shows actual transmltter activity not exceeding the new
threshold setting of 25 % with some variation below this value which is also reflected in EMF

values.

The result in Figure C.6 shows the TER at 39 % using ICNIRP general public limits [1], [2]
during the period when Py, was set to 25 % (CTRLgy). The TER was 108 % when Py, was set

to 100 % (CTRLogg). 5G counter data relevant to this time period are shown in Figure C.5.

The change in EMF level between periods when the power control feature was active (CTRLgy)
and inactive (CTRLogg) was equal to the change in power control feature settings and confirmed

by 5G counter data over the same periods. A transition period equal to the 6 min actual
averaging time is required for the actual EMF levels to adjust to the new power control feature
threshold setting.
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Figure C.6 — Measured exposure adaptation in time expressed
as a percentage of ICNIRP limits [1], [2] for the measurements
near the general public compliance boundary
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C.5.1.5 Summary

This in-situ case study for a 5G BS in a live network demonstrated that measured EMF levels
were consistent with power control feature settings which in turn were reflected in network 5G
counter data. This study confirmed that the feature is effective in controlling the 5G NR actual
transmitted power.

C.5.2 Case study B - In-situ validation
C.5.21 Overview

This in-situ validation was performed with a methodology focused on the assessment of the
capability of the power control feature(s) capability. The detailed results of the activity are
presenteg {101

The function for controlling and monitoring the transmitted power interacts withothel massive
MIMO antenna downlink scheduler to dynamically reduce the momentary output power by
decreasing the power of the physical downlink shared channel (PDSCH)-and/or redpcing the
resource|blocks (RBs) assigned.

The poweér control feature's performance is validated by comparing' EMF measuremepts under
different maximum instantaneous power transmitted by the massivé MIMO antenna. The main
referencq quantities are the following:

Py is the instantaneous power transmitted by thesmassive MIMO antenna;

Pax is the maximum instantaneous power that can be transmitted by the massive MIMO
antenna at any time (P, 2 Py);

Pavg_max| is the maximum average power that can be transmitted by the massiye MIMO
antenna over a time interval (e.g.(6 min);

Ejim is the maximum average EMF-exposure allowed for the massive MIMO antgnna over
a time interval. Ej, is set in accordance with the exposure limits or gpplicable
regulation;

Py is the maximum average power that results in an exposure equal to £, oVer a time
interval;

Frpc is the technology duty-cycle factor.

C.5.2.2 Pre-test'setup and preparation
C.5.2.21 Method

The performance assessment of the power control feature is done with the [following
methodology.

a) Fixing of P,

In accordance with the applicable regulation, P, is set in order to have an average EMF
exposure over the averaging period equal to E;,,. In this step, the control function is disabled
and Puyg max = Po is forced. The value of P, is determined by the following relationship:
Prax = Po + Frpc (using decibels).

b) Increase of P,y

is increased by an amount APp,,, and, since P,,4 yax is @ known and fixed portion of
avg_max 1S also increased by the same amount:
Pg + AP .« Also in this step, the control function is disabled.

Pmax
Pax: When power control feature is off, P

P

avg_max —
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c) Activation and validation of power control feature

With the increased value of P .,
limit the actual transmitted power to P.

C.5.2.2.2 EMF measurement equipment

the power control feature is activated and configured to

a) Spectrum analyser/frequency selective meter with time-averaging capability to measure the

channel power (ChP).

b) Isotropic electric field probe in zero span mode to measure the RF field strength.
c) Spectrum vector signal analyser (VSA) to measure the PBCH-DMRS power per RE after

demodulating the 5G signal.

C.5.2.2.

For a prIper assessment of the power control feature, it is required that P Q%L al to the

maximun} allowed power at all times during the validation procedure. UEs for?irrl DP|downlink

traffic or|ad hoc feature can be used to set the BS transmission to theﬁ?ﬁ
power. (bq/

C.5.2.3 Test setup <</C)

gured maximum

The proposed exposure assessment methodology is vaIi@ed in a line-of-sight (LOS)
environmlent using a commercial time-division duplexing (TDQ) 3,5 GHz massive MIMQ antenna

system, gee Figure C.7 and Figure C.8. Q

Base station

DU NN
=

(W
e

-l

7 IEC
Q§ Figure C.7 — Overview of the measurement site

NS
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Figure C.8 — Ground view of the validation site and measurement setup
located 60 m from the 5G BS, in the line of sight

C.5.2.4 Results

Results df the experimental validation of the methodology are shown in Figure C.9.

From Figure C.9, see [110] for a detailed results analysis; it is observed that in tgdst b) the
instantanfeous power P; increases by AP (see top trace) with'respect to test a) and alsg the ChP

increaseg (see middle trace) as expected, since there is an increased P,,,. At[the very
beginning of test ¢), when data transmission occurs, with the maximum PRBs, P, is transmitted
at the same level as test b), since the average*value does not exceed Pj. Indeed, after a few
seconds when P, = Py + AP, the power controlifeature senses that P is being approaghed and
it limits P{to P, = P. Moreover, from Figure!C.9, thanks to the action of the power contrpl feature,
the ChP measured during test c) is equalto the ChP measured in test a).

P, ; CTRL o Py + AP; CTRL o4 P, + AP; CTRL,,
——— ' o o o g Power
2. | transmtted (P)
A
1
E
% Channgl
o | power ChP)
\ (&)
Transohitted
o | resource
@ | blocks (RBs)
0 v v v
10.30:00 10.50:00 11.10:00
Time
Fixing of P, Increase of P, CTRL activation and validation
[P, ; CTRL ¢l [Py + AP; CTRL o] [P, + AP; CTRL ]
* Ppax = 46 dBm * Ppax =51 dBm (+5 dB) * Ppax =51 dBm (+5 dB)
+ Control feature [CTRL] = OFF » Control feature [CTRL] = OFF « Control feature [CTRL] = ON

IEC

Figure C.9 — Power transmitted by the massive MIMO antenna (top trace),
channel power (ChP) measurements (middle trace)
and transmitted resource blocks (RBs) (bottom trace)
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Experimental results confirm the effectiveness of the methodology in demonstrating that the
power control feature limits the actual transmitted power as expected, and that the EMF
exposure limit is not exceeded.

C.5.3
C.5.3.1

Case study C - In-situ validation

Overview

The proposed method combines OTA validation of monitoring counters and control features.
The following principles have been considered:

a) generate

exam
b) comp
c) comp
d) perfo

areasy,

e) perfo
monit]

C.5.3.2

The test
tower wit
power de

ble, iPerf 7 utilizing a UDP downlink transfer) scripts on test UE(s);
are S measured with S derived from counters;
are S with thresholds using measurements or counters or both;

m tests with multiple configurations representative of_the implementatid
pring and control feature.

Pre-test setup and preparation

platform is shown in Figure C.10. It consists.of a massive MIMO BS insta
h one cell sector directed to a parking area.where test UEs are positioned a
nsity or E-field strength measurements arg performed.

configurgtion, tilt, azimuth of boresight) _¢an be useful in order to identify the ap

Performi{g a modelling of the test area with.the BS parameters (transmitted power,
measurement area for each test configuration. An example of synthetic model simulat

test area

After the
triggered
in UDP d
profiles i
Figure C
BS featu
paramets

measurementssusing BS features or UE based scripts provide the same results. Lo

can be a

is shown in Figure C.11 where-test location(s) are identified.

BS is configured with the beam-set, configured maximum power, RF transn
using one or multiple UEs placed in the measurement area and performing d
ownlink mode to,minimize UL signal. The download can be performed usin
h order to adjust the average load. Examples of traffic and load profiles are
12. This approach based on UEs traffic has been preferred rather than usin
e generating arbitrary traffic conditions since the signal better takes into ag
rs embedded in the BS normal operations. For 100 % load (full buffer), E-field

fjusted from 0 % to 100 % using 5 % steps.

e tool (for

m measurements around local maximum to verify the value isfhot exceeded in other

n of the

lled on a
hd where

beam-set
propriate
on of the

hission is
pwnloads
j various
shown in
) specific
count all
strength
ad levels

7

iPerf is the name of a tool supplied under BSD License (see https://iperf.fr/contact.php#authors). This information

is given for the convenience of users of this document and does not constitute an endorsement by IEC of the

product

named. Equivalent tools can be used if they can be shown to lead to the same results.
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Figure C.11 — Example of syntheticcmodel simulation of the test area
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Figure C.12 — Examples of traffic load profiles
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Test protocol

The test protocol is performed in three phases corresponding to the steps described in C.3.4.2.

a) Phase 1: monitoring counter validation and baseline (step 1)

b)

c)

1)

2)
3)
4)

Position UE1 with stable reception from one beam and Probe 1 at the local maximum
area.

Generate DL load levels on UE(s) for example 10 %, 25 %, 50 %, 75 % and 100 %.
Measure the power density S and collect counters (EIRP, power, UE load...) and traces.

Compare to Sy,q45 With S derived from counters S, nt-

Phase 2: control feature validation on one segment (combining steps 2, 3 and 4)

1)
2)

3)

4)

Phas

1)

2)

3)
4)

S:llme position of UE1 and Probe 1 as in phase 1/step 1.

C
F

G
e

C

P
m

C
Fp
G
C

pnfigure the actual transmitted power or EIRP threshold (e.g. Fpr)=
= -6 dB).
R

bnerate DL load on UE1 with refined granularity around the expected threg
ample around 25 % load for testing Fpg = -6 dB).

bmpare S, and S.,,nt With the corresponding threshold.

meas

I 3: control feature validation on two segments (step )

sition UE2 and Probe 2 in another beam and anether segment and perform
easurement using step 1, see Figure C.13.

pnfigure the segment edge and thresholds for:each segment (e.g. Fpr seg1
R_seg2 = 0 dB).
bnerate symmetric DL load on both UEs:

bmpare S, and S.,,nt With the gorresponding thresholds.

meas

Segment #2

-3 dB or

hold (for

baseline

= -6 dB /

’:‘1U LUTILI'U‘:‘

Figure C.13 — Example of testing in different segments in the test area
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C.5.3.4 Test results

Results from phase 1/step 1, see Figure C.14, provide the monitoring validation and baseline.
Power density measurements and power density derived from actual EIRP counters using the
simple spherical formula, see B.3.1, follow the expected linear trend with varying traffic load.
The slope differs because of the impact of propagation conditions at the measurement
evaluation location. The maximum measured baseline value at 100 % load can be below
configured maximum value baseline (Pyxy - Frpc) derived from the operational signal frame
generated by the BS during tests.

600

Reference = Max used used for putting into service

500 (corresponds to S(Prm X Foc))

400

Max actual

300

-B S(Prxm X Frpe) Reference = Max used used for putting into service

200

" Max actual

Power density (mW m2)

100 - e

0% 20% 40% 60% 80% 100%
DL Trafic load

IEC
Figure C.14 — Results of the monitoring validation.and baseline test in phase 1

When comparing power density measurements and {power density derived from counfer, it can
be usefu| to use logarithmic unit (e.g. dBm m~2)dn order to better assess the ratiq and the
impact ofl external factors such as multiple reflections. Results presented in Figure C[15 show
that the inpact of the environment is constanttand below 4 dB, see 6.3.6.

6,00 —S ;
PRI R
4,00 [ - |
- I B S(Prxm X Frpc)
~ Y ———
ER0 N LT e
E_ AN 4 e
@ 20,00 -
)
Z 1800 /’1
g "o §+/-4dB
’ -
34500 a
g ’
2 J400 d
21,
- Free spacevaluesderived
$ 5 meas ===5_conf from counters
0,00

40% 60% 80% 100%

DL Trafic load
IEC

Figure C.15 — Example of power density measurements
and power density derived from counters

Phase 2 results provide an assessment of the control feature on the BS cell sector for
Fpgr = -3 dB and Fpg = -6 dB power reduction factors. The measured power density and power

density derived from counters shown in Figure C.16 consistently demonstrate that they do not
exceed the configured thresholds whatever the load level generated by the UE.
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Counters Measurements

m?)

Smeas FPR=-3dB

Power density (dBm m?)
Power density (dBm

DL Traffic Load
DL Traffic Load

NOTE Srp epr=-xg = S(Pryau X Frpc X Feg), where Fop =-x dB

IEC
Figure C.16 — Measured power density and power density derived from\counters

Phase 3 results provide an assessment of the control feature on the BS cell’sector split in two
segments as shown in Figure C.13. A power reduction factor of 6 dB is'applied in Segment #1
while no tontrol is applied in Segment #2 (i.e. Fpg = 0). Both UEs are performing dowploads at

the sam¢ time and share the load. Therefore, the maximum load.for, this type of meagurement
is 50 %.[Both measurements and counters show that the threshold with Fpg =[-6 dB in

Segment|#1 is not exceeded while there is no control observed on Segment #2, see Figure C.17.

Counters Measurements

S(Prxmax X Froc)

Scount_seg2_FPR=0d8

Sth_seg2_FPi=0dE (extrapol)

Scount_segz_fPR=0d8

Power density (dBm m2)
&
t
Power density (dBnd m;2)

16 A
A
12 Free space values derived 14 A
from counters & normalized to. 12
the zame distance - A

10 same. 10

0% 10% 20% 30% 40% 50% 0 " n an " "

. 0% 10% 20% 30% 40% 50%
UEx traffic load UEXx traffic load
NOTE: St rpr=xss = S(Prxm X Froc X Epr), Where Fer = - X dB NOTE: Probe 1 & Probe 2 are at different distances and

different radio propagation conditions = separate baselirfe.

IEC
Figure(C.17 — Comparisons of both counters and measurements

C.5.3.5 Summary and lessons learned

The validationmtestsshowthatthe llluniiUIillg countersandcontrot-features operateas xpected
in 6.2.3, 8.4 and Clause B.9. When control features are implemented, the actual EIRP threshold
is not exceeded per cell or cell segment. The test protocol can be reproduced on similar sites
provided there is enough clearance around and access to measurement area.

Lessons learned:
a) measured values or counters should be used relative to an established baseline (i.e. relative
comparison analysis);

b) direct comparison between measured level and counter level needs to consider the impact
of radio propagation conditions (e.g. multiple reflexions, absorption by trees);

c) network performance tool scripts can be used to generate multiple traffic profiles, but shape
and synchronization are important parameters;

d) modelling tools can support the preparation of the experiment setup, to select beams and
position probes and UEs, etc.
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Annex D
(informative)

Rationale supporting simplified product installation criteria

General

The product installation classes defined in Table 2, see 6.2.5, provide simplified criteria to
identify when an EUT installation is deemed to comply with ICNIRP exposure limits [1] and [2]
beyond the product compliance results provided by the manufacturer in accordance with the
requirements defined in 6.1.

In order tp be consistent with IEC/IEEE 62209-1528 and IEC/IEEE 63195-1, the class€s defined
in Table 2, see 6.2.5, are based on the assumption that, when performing produet installation
compliange assessments as defined in this document in accordance with 6.2))ambienf sources
need to he considered only if the EUT has a product compliance boundary-larger than[|200 mm.
NOTE The scope of IEC/IEEE 62209-1528 corresponds to equipment "intended te-be-used at a positipn near the
human body, in the manner described by the manufacturer, with the radiating part(s)-of the device [EUT] gt distances
up to and [including 200 mm from a human body". For products within the scope of IEC/IEEE 62209-1528, RF
exposure apsessment is performed without considering ambient sources.
D.2 Class E2
For EUT with an EIRP less than or equal to 2 W, compliance with the exposure limits is generally
obtained [at zero distance or within a few centimetrés. Therefore, it is not required to investigate
the contfibution of ambient fields provided the EUT is installed in accordance |with the
manufacturer's instructions, which are based.upon the product compliance results oljtained in
accordanlce with 6.1.
As an eXample, SAR measurementsiusing the methodology in this document for § BS with
single pptch antenna element (G)=5 dBi, EIRP =2 W, f=2100 MHz) are prgvided in
Figure DJ1. The uncertainty of the measurements is less than 30 % and the ER is well below 1.
1,8 T T T T T
EIRP=2W
16F —EIRP = 10 W|-
1.4F 1
12 1
TF
e,
58]
0,8
0,6
0,4F
0,2F
0 L Il L Il L
50 75 100 125 150 175 200

Distance (mm) .

Figure D.1 — Measured ER as a function of distance for a BS (G = 5 dBi, f=2 100 MHz)
transmitting with an EIRP of 2 W (installation class E2) and 10 W (installation class E10)
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Other examples covering the frequency range from 10 GHz to 100 GHz are available in [71],
which shows, based on numerical simulations of a large number of antenna arrays, that
compliance with power density limits specified by [1] is within 20 cm for EIRP equal to or below
10 W.

D.3 Class E10

For EUT having an EIRP less than or equal to 10 W, product compliance distance in the main
lobe is typically below 20 cm, see for example, [72] and Figure D.1. Product installation
compliance is achieved by implementing a minimum installation height above the walking or
standing surface accessible by the general public in order to make sure that the general public
cannot enter the compliance boundary.

An exampple of generic assessment is provided in Figure D.2. Assuming a 2-n taIII person
standing [beneath the antenna, the minimum installation height above the walking or|standing
surface gdccessible by the general public has been assessed using the local, SAR egjstimation
formulas [for the axial direction in B.6.3.3 for a range of transmitted poweryvalues between 2 W
and 5 W.[In accordance with Table 3, see 7.2.3, local SAR evaluation is-the preferred fapproach
for this type of near-field exposure configuration. The following twe examples corrgspond to
equipment having an EIRP below 10 W and classify as E10:

a) EUT fransmitted power of 2 W (3 dBW) with an antenna gain below 7 dBi;
b) EUT fransmitted power of 5 W (7 dBW) with an antenna“gain below 3 dBi.

The minimum installation height varies for different ¢ombinations of transmitted ppwer and
number ¢f antenna elements (related to antenna gain) that are relevant for SAR eyaluation.
Figure D)2 shows that the minimum installation height of 2,2 m above the walking or|standing
surface dccessible by the general public defined\in Table 2, see 6.2.5, is conservativeg.
2,2 T T T T T
A2,15 - .
E
3
= 21} |
g
g
205f ]
2 1 'l '} L il
2 2,5 3 3,5 4 4,5 5

Power (conducted) (W)
IEC

Figure D.2 — Minimum installation height as a function
of transmitting power corresponding to installation class E10

Given the small compliance distance (below 20 cm), there is no requirement to investigate the
contributions of ambient fields. The EUT can be installed in accordance with the manufacturer's
instructions which in turn are based upon the product compliance results obtained in
accordance with 6.1.
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D.4 Class E100

For an EUT with an EIRP less than or equal to 100 W, as shown in Figure D.3, the product
compliance distance in the main lobe is typically below 1 m for frequencies above 1 500 MHz
or 2 m for frequencies between 400 MHz and 1 500 MHz, using Equation (B.1). Figure D.3 was
conservatively derived based on compliance of the peak-spatial power density (i.e. without
applying spatial averaging) with reference levels provided by [1] and [2], for both whole-body
and localized RF exposure.

2 ! L I I )

—400 MHz
900 MHz |7
800 Mtz

—>2000 MHz}]|

-
o
T

-
»
T

Main lobe compliance distance (m
o o o 9o =2
N B (o)) oo - N £
T T | T T L] T
'l L L L L L 1

0 1 1 1 1
40 50 60 70 80 90 100

EIRP (W)

Figure|D.3 — Compliance distance:in'the main lobe as a function of EIRP estahlished
in agcordance with the far-field-formula corresponding to installation class E100

An examlple of generic assessment is provided in Figure D.4. Assuming a 2 m tall person
standing [beneath the antenna, the minimum installation height has been assessed sing the
local SAR estimation formulas in B.6.3.3 for a range of transmitted power values betwgen 10 W
and 18 W. In accordancé with Table 3, see 7.2.3, local SAR evaluation is the preferred
approacH for this type’of near-field exposure configuration. The following two ¢xamples
correspofd to equipment having an EIRP below 100 W and classify as E100:

a) EUT fransmiited power of 10 W (10 dBW) with an antenna gain below 10 dBi;
b) EUT {ransmitted power of 16 W (12 dBW) with an antenna gain below 8 dBi.

The minimum installation height varies for different combinations of conductive power and
number of antenna elements (related to antenna gain) that are relevant for SAR evaluation.
Figure D.4 shows that the minimum installation height of 2,5 m above the walking or standing
surface accessible by the general public defined in Table 2, see 6.2.5, is conservative.
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Figure D.4 — Minimum installation height as a function
of transmitting power corresponding to installation class E100
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Figure D.6 — Compliance distance in the main lobe CD,, as a function of EIEP
established in accordance with the far-field formula corresponding to install

The results of Figure D.7 are based on a conservative choice of@antenna parameters:
power bgamwidth Af3yg, n/12 antenna downtilt (a, electrical ‘and mechanical) and

suppressjion (4g) of 0,05. i, decreases by decreasing Af44g; « and the side lobe suppression.

Class E+

EUT can have compliance boundaries (CD},) larger than 200 mm. There

tion

/12 half-
side lobe

ore, it is

necessary to consider effects of possible ambient; sources. Taking the approach defined in
6.2.7.4, the ER of the EUT at a distance of 5 x CBj;,’is below 0,05 assuming far-field prqgpagation.

22

201
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900 MHz
1800 MHz
—>2000 MHz
“=—>10000 MHz (massive MIMO)

1 L

1 1
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1
5000

6000 7000 8000

ETRP (W)

IEC

Figure D.7 — Minimum installation height %, as a function of EIRP
corresponding to installation class E+

D.6

Simplified formulas for millimetre-wave antennas using massive MIMO or
beam steering

Equation (4) in 6.2.5 is derived from modelling of real BS products at various millimetre wave
frequencies using the synthetic model method, see B.7.2 and details in [89]. In this paper,
modelling studies were performed in free space conditions. Additional results considering
metallic ground plane reflection have been produced. The power density distribution in a vertical
plane yOz (see Figure B.1) is provided in Figure D.8 and Figure D.9. It demonstrates that at
these frequencies, it is appropriate to neglect the impact of ground reflection.
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a) Free space conditions b) Antenna iz/al ed 2,5 m above metallic

\ ground
S

NOTE Mogdelling assumptions: 8 x 8 antenna array, 2 polarizations, fré‘ncy =28 GHz, EIRP = 54 dBn{, maximum
vertical begm-steering = 45, see more in [36].

Figure 0.8 — Power density distribution in wattsg%square metre in a vertical cut plane
for an 8 x 8 antenna array at 28 .GHz (grid step of 10 cm)

X

CNONERN

IEC IEC

a) Free space conditions b) Antenna installed 2,5 m above metallic
ground

NOTE Modelling assumptions: 8 x 8 antenna array, 2 polarizations, frequency = 39 GHz, EIRP = 54 dBm, maximum
vertical beam-steering = 45, see more in [36].

Figure D.9 — Power density distribution in watts per square metre in a vertical cut plane
for an 8 x 8 antenna array at 39 GHz (grid step of 10 cm)
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Technology-specific exposure evaluation guidance

Overview to guidance on specific technologies

Annex E provides data on specific technologies and additional guidance on how to apply the

evaluation methods when considering these technologies.

Informatipn provided in Table E.1 summarizes the key features of the major mobile)and wireless
communigations technologies in operation around the world.
NOTE In gome countries, it is possible that the national spectrum assignment/management agency will introduce
variations gf these technologies.
Table E.1 — Technology specific information
. . Down-
Downlink Uplink Modula- . Channel link Tx | No. of Relevant
Technology Frequency freq. freq. tion Multiple band- Tx unit power power | time- tgchnology
band (base- (mobile- t access " tandard
. ype width control | slots
mobile) base) r¢ferences
range
(MHz) (MHz) (MHz) (kHz) (W)2 (TDMA)
AMPS 824 to 894 869 to 894 | 824 to 849 FM FDMA 30 <=50 N/A
C-450 450 to 465 FM FDMA™ | 20/ 10 N/A
CDMA 18-95 824 to 894 869 to 894 | 824 to 849 | QPSK (»CDMA | 1250 N/A
See 3rd
Jeneration
CDMA2000 Multiple Multiple Multiple QPSK CDMA 1250 N/A Phrtnership
Project 2
(3GPP2), C.S0057
FH/
CDPD 824 to 894 Packet 30
GMSK
0,25 Pk
0,01 av.
1880 to 1 980" GFSK chann Der ETSI
DECT 2010to 2025 | ffa (TDD) | n/a (TDD) | o "7 o | TDMA | 1728 24 EN[300 175-1,
2400 ISM ’ Typical EN 300 175-2
0,01 to 0,06 for
BS
GSM 900° 8760\960 921 to 960 | 876 to 915
1805t | 1710to y
FDMA / 30 dB
GSM 1800 || “4,7%40 to 1 880 1 880 1795 omsk | FOMA 200 0.1to 20 3048 8
0 dB)
GSM / 1930 to 1850 to
pcs1goo | 1850101990 | “igg0 1910
QPSK,
LTE Multiple Multiple Multiple | 16QAM, | OFDM | Multiple Multiple N/A 3GPTF';T3% 32?1104'
64QAM :
QPSK,
. . . 16QAM, . . 3GPP TS 38.104,
NR Multiple Multiple Multiple 64QAM. OFDM | Multiple Multiple N/A TS 38.211
256 QAM
NAMPS 824 to 894 FM FDMA 10 N/A
NMT-450 450 to 470 FM FDMA 25 N/A
NMT-900 890 to 960 FM FDMA 12,5 N/A
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. . Down-
Downlink | Uplink | 5 4y)q. . |channel link Tx | No. of Relevant
Frequency freq. freq. A Multiple . . technology
Technology band (base- (mobile- tion access band- Tx unit power power | time- standard
. type width control | slots
mobile) base) references
range
(MHz) (MHz) (MHz) (kHz) (w)? (TDMA)
Association of
Radio Industries
PHS 188401920 | 188410 | 188410 1y isie | TDMA | 300 4 8 and Businesses
1920 1920 ]
(ARIB) in Japan —
RCR STD-28
TACS:
JTACS 832 to 925 25
ETACS 87210960 | 917t0 960 | 872t0 915 | M FDMA N/A
NTACS 843 to 925 12,5
390 to 400 | 380 to 390
420 to 430 | 410 to 420
n/4 ETSI TS 100
TETRA Below 1000 | 460 to 470 | 450 to 460 | Tt | TDMA 25 4 39215
851 to 867 | 806 to 822
915 to 921 | 870 to 876
TETRAPOL GMSK FDMA 10 wwwjtetrapol.com
umTsS Multiple Multiple | Multiple | QPSK | CDMA | 5000 20 NA | 36Pp Ts 25.104
(W-CDMA) P P P 194,
nl4
usbcC 824 to 894 869 to 894 | 824 to 849 DQPSK TDMA 30 6
IEEE 802.11
series,
0,25 typical IEEH 802.11b and
2 400 to 2 483,5 ) IEEE 802.11g at
Wi-Fi n/a (TDD) | n/a (TDD) | Multiple | OFDM 1 max. (national 4,45 GHz,
5150 to 5 850 regulations can
exist) IEEE 802.11a
(ETY! HyperLAN)
ht 5 GHz
128,
20 (BS) 256,
1024, IEEE
WiMAX Multiple ”""FE)TD[;D’ ”""FE)TD[;D’ Multiples JOFDM | Multiple 0,5 (CPE) 2048 80p.16-2004,
OFDM IEEE 802.16e
0,2(mob) sub-
carriers
XGP Asgociation of
10(BS) Radjo Industries
(Next 2 545 to 2 625 225;;3;0 225‘:552;° Multiple | Multiple | Multiple 8 and| Businesses
generation 0,2(MS) (ARIB) in Japan —
PHS) RCR STD-T95
a For systgms not using continuous powen transmission like TDMA in GSM, peak and average power can be indicated.
b In Euroge - Frequency Band:\possible 1 880 MHz to 1 980 MHz, 2 010 MHz to 2 025 MHz or 2,4 GHz ISM, typical allocatjon (Europe):
1 880 MHlz to 1 900 MHz.
N Includes|GSM-R, E-GSM.and primary GSM bands.
E.3 Guidance on spectrum analyser settings

E.3.1 Overview of spectrum analyser settings

Clause E.3 provides guidance on the spectrum analyser settings required to measure signals
from different technologies. Accurate measurement with a spectrum analyser requires the
configuration of parameters such as:

a) detection mode;
b) resolution bandwidth (RBW) and span (or fgart and fsi0p);

c) video bandwidth (VBW).

Annex E is not intended to be a substitute for specific equipment guidance and/or specialist
training.
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E.3.2 Detection algorithms

Spectrum analysers usually offer different detection modes. This is because the spectral trace
fstop _fstart
N -1
Equation (E.1) is assume for purposes of this discussion.

is divided into N —1 buckets of size §f = as a result of the sampling process.

fe = fstart +k-0f With 0S k< N -1 (E.1)

e In"sample" mode, the sample », corresponds to the voltage at frequency £

e In "peak" mode, the sample v, corresponds to the maximum voltage folUnd|between
frequency f;, — Jf and f;.

e In "ajerage" mode, the sample v, corresponds to the average voltage'between frequency
Ji — ofand f,.

For true RMS mode, m voltage samples u; within the interval f; ~.Jf to f; are taken} v, is the
root mean square of these u; as described in Equation (E.2):

/1 9
m 5"

The swegp time should be long enough to have m samples.

With the reference resistance Z,, the power, p,, is determined by Equation (E.3).

2
[
S (E3)

In peak mode this)calculation leads to a correct power p, when measuring CW amplitude.

However] it leads to a bias when measuring noise-like signals such as UMTS signals pnd does
not allow|channel power processing because samples are not equally spaced in frequlency and
the signall shape is not taken into account

E.3.3 Resolution bandwidth and channel power processing
E.3.3.1 Measurement at a single frequency

For narrowband signals, the RBW parameter should be chosen in accordance with channel
bandwidth and carrier spacing. An RBW higher than carrier spacing would prevent frequency
selectivity analysis whereas an RBW lower than channel bandwidth would require additional
processing. For GSM, the carrier spacing is equal to 200 kHz. Figure E.1 presents the
frequency occupancy of a GMSK modulation with a parameter BT = 0,3. The dotted line
represents the power integrated with an ideal (i.e. rectangular) filter of variable bandwidth. The
solid line represents the power integrated with a real filter with variable bandwidth. The dashed
line represents the power integration of an adjacent channel (spaced 200 kHz from the target
channel) with a real filter.
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The real filter shape is obtained using the trace of a pure sine wave signal measured with an
RBW equal to 300 kHz. Other filter bandwidths are obtained by extrapolation from this trace,
assuming that the shape remains the same. The GMSK signal is given by a signal generator
output measured with an RBW equal to 1 kHz and VBW equal to 10 kHz.

On the one hand, an RBW of 300 kHz would include the whole power of the target channel in
the case of a perfect filter, but it would result in a loss of 0,3 dB with a real filter, with a rejection
of —4,3 dB of the power of an adjacent channel. On the other hand, an RBW of 100 kHz would
entail a loss of 1,8 dB. With an RBW of 200 kHz, the loss for target channel is 0,6 dB and the
rejection of an adjacent channel is -=7,9 dB.

Part of total power (dB)
o
T

-8 O R B Q. target channel with ideal row
= target channel with real rbw
adjacent channel with real rbow

-10 I I | % I I I I 1 I ]
0 50 100 150 200 250 300 350 400 450 500

Bandwidth (kHz)
IEC

Figure E.1 — Spectral occupancy for GMSK

Figure EJ2 presents the frequency occupancy of a UMTS (CDMA) signal. The real filler shape
is obtaingd using the'trace of a pure sine wave signal measured with the RBW equal fo 5 MHz.
Other filter bandwidths are obtained by an extrapolation from this trace, assuming that the
shape remains.the“same. The UMTS signal is given by a signal generator output measjured with
the RBW|equalyto 1 kHz and VBW equal to 10 kHz.

An RBW of 3 MHz results in a loss of 1,7 dB, and an RBW of 5 MHz results in a loss of 0,8 dB,
with a rejection of about —9,3 dB of an adjacent channel. Moreover, as the CDMA signal is a
noise-like signal, VBW averaging in log scale can lead to a biased measurement. If the ratio
VBW/RBW is high enough (usually 3 or 10), the averaging effect of the VBW filter does not
significantly affect power detection accuracy. However, when an appropriate VBW filter is not
available, it is important to perform measurements in a linear scale or to use channel power
method with a lower RBW.

Finally, if the detection mode "sample” is used, it is important to choose fgart: fstop @and N so
that f; corresponds to channel carrier frequencies. In this manner, RBW filters are centred on

carrier frequencies. This precaution allows the use of a corrective factor when an appropriate
RBW is not available and should limit inaccuracy in measurements.

NOTE All these results depend on the shape of the RBW filter that is used.
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CDMA power within a bandwidth

------ target chahnel with ideal rbw
— target channel with real rbw
adjacent channel with real row

Part of jotal power (dB)
[8,]
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10 i i | i i i i I i |
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000
Bandwidth (kHz)

IEQ
Figure E.2 — Spectral occupancy for CDMA

E.3.3.2 Measurement over a bandwidth and channel power processing

For wideband signals or for unknown signals; additional processing is required to establish the
channel power. Several samples need to'be summed to evaluate the power within a channel or
within a whole frequency band. To reduce the effect of filter imperfections, an overlag criterion
on RBW has to be verified, see the‘recommendations of the spectrum analyser manufacturer.
Channel power over [f;4 , f;2] has)to be determined in linear scale. Total power P (im dBm) is

given by Equation (E.4).

P=10-logyy| CF x5/ xkzzml’k/m (E.4)
10 RBW 4 '

Where CF is a fitting parameter to correct RBW imperfections, see Equation (E.5).

_RBW
B

n

CF

(E.5)

where B, is the equivalent noise bandwidth of the filter.

Channel power process simulates the use of a sharp RBW filter of wanted bandwidth.

Finally, spectral contributions whose level is around the measuring equipment's noise level
should not be considered in channel power processing. This amounts to a threshold zeroing.

NOTE Measurement equipment with a high noise level reduces the overall system sensitivity. Moreover, built-in
channel power does not allow noise to be removed.
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E.3.4 Integration per service
E.3.4.1 General

The channel power measurement can be used to integrate RF field strength over a frequency
band or service, e.g. the whole GSM band. In this case, spectral contributions whose level is
around the equipment noise level should not be considered in channel power processing. This
amounts to a threshold zeroing.

NOTE Measuring equipment with a high noise level reduces the overall system sensitivity. Moreover, built-in
channel power does not allow noise to be removed.

E.3.4.2 Example of settings

Table E.2 shows the settings for a spectrum analyser with 401 points in a trace, i.e. thle span is
divided in 400 intervals. The purpose is to perform channel power processing o aghieve an
integratign per service. The presented parameters should be reviewed and’ madified in
accordanlce with the type of spectrum analyser used (primarily due to the number of ppints in a
trace, the overlap criterion for channel power, etc.). For the GSM and DCS bands, the RBW
filters arg centred on the carrier frequencies and an extrapolation processing is also| possible
instead of a channel power processing. Table E.2 provides further examples.

Table E.2 — Example of spectrum analyser settings for an integration per sefvice
Band Sstart fstop RBW VBW Post-processing
(MHz) (MHz) (MHz) (MHz)
FM 80 120 0,3 3 Channel power + denoisihg
DAB 174 230 0,3 3 Channel power + denoisihg
TV 470,2 670,2 1 3 Channel power + denoisihg
TV 670,2 870,2 1 3 Channel power + denoisihg
GSM 925 965 0,3 3 Channel power + denoising or ex{rapolation
DAB 1452 1492 0,3 3 Channel power + denoisihg
DCS 1800 1 880 0,3 3 Channel power + denoising or ex{rapolation
DECT 1880 1,900 0,1 1 Channel power + denoisihg
UMTS 2100 2 180 0,3 3 Channel power + denoisihg
LTE 2620 2690 0,3 3 Channel power + denoising or ex{rapolation
NR (FR1) 3490 3 800 1 10 Channel power + denoising or ex{rapolation
NR (FR2) 26600 27 400 1 10 Channel power + denoising or ex{rapolation

E.4 Stable transmitted power signals

E.4.1 TDMA/FDMA technology

TDMA mobile phone technology (e.g. GSM or TETRA) and FDMA mobile phone technology (e.g.
TETRAPOL, TACS) utilize a time invariant BS radio channel that operates at constant full power
and can be used as a stable reference signal.

For example, in the GSM system this stable channel power is known as the broadcast control
channel (BCCH). Additional radio channels are utilized as traffic requirements demand. These
signals are subject to significant amplitude variation and sometimes frequency hopping. This
requires assumptions to be made to quantify their contribution to the overall RF field. Table E.3
lists constant power components for various technologies.
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Table E.3 — Example constant power components for specific TDMA/FDMA technologies

Technology Stable transmitted power signals
AMPS/TACS Control channel
GSM BCCH
TETRA MCCH
TETRAPOL MCCH

If the traffic channels each operate at a maximum power equal to the constant power component,
then a conservative maximum transmitted power, P, see B.8, can be determined by

multiplyirfg the power of the stable transmitted power signals, Pgiape, PY the totalnumber of
radio chgnnels (control and traffic) that feed into the antenna, N.

If Posmt flepresents the required assessment configuration, and the RF field’strength, power
density ¢r SAR of the constant power component has been evaluated, extrapglation is
performed in accordance with B.8.1, and if there are no other parameters releyant, the
extrapoldtion factor, F4, can be using Equation (E.G).

Fasmt
Fext:PaSm =Nc (E.6)
stable

If the evgluated RF field strength from the constant component of the signal is E,p,d then the
extrapolgted maximum RF field strength E,, s provided in Equation (E.7).

Easmt = Estable '\/Nc (E.7)

E.4.2 WCDMA/UMTS technology

WCDMAAUMTS mobile, technology uses spread spectrum technology employing a|constant
power cantrol/pilot¢«channel (embedded in the carrier) which has a fixed power relatipnship to
the maximum allocated power. Instruments are available that enable the constapt power
referencqg channel (e.g. common pilot channel (CPICH) in UMTS/WCDMA) to be decpded and
measured atlowing a calculation of maximum RF field strength to be made.

If the ratio of the maximum allocated power to the power in the control channel is § and the
measured RF field strength from the control channel is Ecp oy then the extrapolated RF field

strength is specified in Equation (E.8).

Eqsmt = EcpicH * Fext (E.8)

If there are M detected and extrapolated CPICH channels, the total extrapolated field, E ¢ for

one carrier frequency can then be expressed as the quadratic sum of all M detected and
extrapolated CPICH channels as specified in Equation (E.9).
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u 2
Easmt = Z(Emax )i (E.9)
Vis

NOTE The parameters F_, is 10

(i.e. 10 % of total power allocated to CPICH).

and M are set by the telecommunications operator. A typical value for F_

E.4.3 OFDM technology

Orthogonal frequency division multiplexing (OFDM) technology has been developed to enhance
the capagi S 36.211
[18], [111], [112], [113]. It can be implemented using frequency domain duplex (FDOQ) or time
domain duplex (TDD). More detail is provided in Clause E.7 and Clause E.8.

E.5 CDMA measurement and calibration using a code domainanalyseér

E.5.1 WCDMA measurements — General

Clause E|5 presents a method for measuring WCDMA (UMTS)¢signhals, see 3GPP T§ 25.104,
and for the calibration of measurement equipment. Calibration addresses both the absplute (E)

and the relative (E_/1,) level of the CPICH power. Figure Ex3-shows the channel allogation for
a WCDMA signal. I, denotes the total received power over 5 MHz. The procedure focuses on
both the generator and the WCDMA decoder.

= 4
o FPower
3
o
1]
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8
C
-.g ax p ]
2] = SEd. =
£ : :
(:‘-_-:?.ar;t.;_.-w'g.;;:‘Ai-:._ —_— i i
DPCH
{Traffic)
P-CCPCH
S-SCH
(£) P-SCH
P-CPICH

Code domain
IEC

Figure E.3 — Channel allocation for a WCDMA signal

E.5.2 WCDMA decoder characteristics

A code domain analyser should be used to perform WCDMA measurement since other WCDMA
BS can operate at the same frequency sharing the same bandwidth. The WCDMA decoder
characteristics are listed in Table E.4.
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Table E.4 — WCDMA decoder characteristics

WCDMA scanner

Type UMTS scanning and decoding
Detection of scrambling codes (SC)
Measuring parameters The decoder should measure at least two of the following parameters:
* I, (total received power over 5 MHz centred on the carrier frequency in dBm)
* E,(CPICH absolute power in dBm for one scrambling code)
* EJI, (indB)
Detection mode RMS and sample
Frequency band 2 110 MHz to 2 170 MHz or as required for national frequency allocation
Number of detected SC At least 4 per carrier frequency
Scanning mode Automatic scanning of all scrambling codes per carrier frequency
Dynamic 2 66 dB for /, (power dynamic)
2 20 dB for E /I (decoding dynamic)
Precision +2 dB
Multi-path|(rake fingers) Sum of all fingers
E.5.3 Calibration
E.5.3.1 Signal types used for calibration
To detegt the primary pilot channel (P-CPICH) component of a UMTS signal, at [least the
synchronfzation channels named the primarysynchronization channel (P-SCH), the spcondary
synchronfzation channel (S-SCH) and the primary common control physical channel (P{CCPCH)
should be present, too. Further channels can be added for signalling and traffic. The signal
configurgtions described in Table E Sishould be used.
Table E.5 — Signal configurations
. Channel power (dB) in reference to the signal total emitted power, P, Other channels
Signal fotal (signalling and
name P-CPICH S-SCH P-SCH P-CCPCH traffic)
CP-3.2 =3{2 -3,2 -3,2 -3,2 None
CP-0.5 =0,5 -10,5 -10,5 -10 None
CP-10 -10 -13 -13 -10 DPCH = -0[97 dB
CP-20 20 28 28 28 BR&H-=—0]092 dB
NOTE 1 S-SCH and P-SCH are interleaved within the P-CCPCH.
NOTE 2 All the given values are referenced to the total signal power noted P, .
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E.5.3.2
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Source (generator) calibration

The configurations listed in Table E.6 should be used.

Table E.6 — WCDMA generator setting for power linearity

Signal Total emitted power Frequency
Piotal
(dBm) (GHz)
CP-10 -20 2,14
CP-10 -40 2,14
CRP.10 =80 ')’1/1

The tota

channel

spectrum|
power o

analyser directly linked to the generator. In the case of a spectrumfanalyser,
er 5 MHz should be used. The spectrum analyser or the power meter

calibrated with an uncertainty of £0,5 dB.

received power should be measured using a precision thermal power mjter or a

hould be

The total|deviation between the total emitted power (P,y,) and the total received pgwer over
5 MHz (1}) centred on the carrier frequency should not exceed_*1 dB in the calibratipn power
range.
E.5.3.3 WCDMA decoder calibration
The calibration of the WCDMA decoder needs acalibrated source generator and twq different
approaches can be used to calibrate such a decoder:
a) use ohe single source for the calibrationvof all the WCDMA user equipment [114];
b) use tyo or more different generators-for performing individual calibration [115].
To verify| the frequency responsesilinearity and influence of traffic channels on thel WCDMA
decoder,|the measurements of R-CPICH channel power are performed under the conditions
given in Table E.7.
The P-CPICH power is_compared to the expected target P-CPICH value, resulfing in a
calibration factor whieh should not exceed 2 dB in all the configurations.
Table E.7 — WCDMA generator setting for decoder calibration
Sign3gl'typé Frequency Pyotal P-CPICH target Calibration type
(GHz) (dBm) (dB)

CP-3.2 2,11 -20 -3,2 Frequency response

CP-3.2 2,17 -20 -3,2 Frequency response

CP-3.2 2,14 -10 -3,2 Linearity

CP-3.2 2,14 -30 -3,2 Linearity

CP-3.2 2,14 -40 -3,2 Linearity

CP-3.2 2,14 -50 -3,2 Linearity

CP-0.5 2,14 -20 -0,5 Traffic

CP-10 2,14 -20 -10 Traffic

CP-20 2,14 -20 -20 Traffic
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The frequency response of the reflection coefficient is measured with an SWR bridge at the
input of the equipment to be calibrated under the conditions in Table E.8.

These measurements are needed to estimate the uncertainty of the measurements.

Table E.8 — WCDMA generator setting for reflection coefficient measurement

Signal type Frequency Piotal
(GHz) (dBm)
CP-3.2 2,11 -20
CP-3.2 2,14 -20
CP-3.2 2,17 -20

E.6 Wi-Fi measurements
E.6.1 General

The Wi-H

measure

Moreover,

an example of Wi-Fi frames.
The eval

to the md
random V
constant
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Wi-Fi (80

and 5 GH

Random backoff
|

Fi®8 signal is a spread-frequency signal emitted with ‘random backoff. T]
ents should be carried out carefully since the signal is) hoise-like and not psg
most spectrum analysers are not able to record-the entire trace. Figure H

hation of the relevant RF field strength from.a Wi-Fi system implies the kno
the real emitted power by the EUT. In most commedrcial IEEE 802.11 user equipment, th
dium is done by a CSMA/CA (Carrier Sense Multiple Access) protocol compl
vait time before retrial, known as backoff time. Even if the maximum output
and known and power control is\not performed, the random backoff time flenders it
e for most spectrum analysers to retrieve the emitted power shape over the tif
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cted by a
power is

ne period.

that are
2,4 GHz

Transmission fim

Figure E.4 — Example of Wi-Fi frames

IEC

8  Wi-Fi® is a trademark of the Wi-Fi Alliance. This information is given for the convenience of users of this document
and does not constitute an endorsement by IEC. While officially the term does not have a specific definition, it is
typically used to describe Wireless Local Area Networks such as IEEE 802.11b/g/n/ac.
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E.6.2 Integration time for reproducible measurements

The random duration of the backoff time, integrated within the inter-packet delay, makes a
deterministic calculation of the channel occupation impossible. Moreover, a sequence of
random inter-packet delays introduces a needed minimum integration time on the random duty-
cycle or channel occupation. A set of random backoff time values converge after a minimum
observation time has elapsed. Figure E.5 shows how the indicated channel occupation varies
with integration time.

802.11b - 2312 byte frames
82 PAERIAE LLAAY! T A TR T T LIEHE L L S [BECUIP R L AP

Maximum channel occupation (%)

Integration time (s) IEC

Figure E.5 — Channel occupation versus'the integration time for IEEE 802.11b standard

E.6.3 Channel occupation

The pacKet transmission is done.by encapsulating the IP packets into the MAC layefr frames.
These IP| packets carry the application data and transport details from the upper Igyers and
their size|is not deterministic."Moreover, the size of the IP packets is usually not known a priori
unless a fontrolled traffic generator is used. The objective is to calculate the emission fime over
a full observation timetOperating at a fixed maximum throughput, the length of the pagkets sent
into the MAC layer iSan important parameter to be determined. This length provides th¢ variable
time in which the ¢channel is occupied. Figure E.6 shows how channel occupation varies with
nominal fhroughput rate.
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Figure E.6 — Channel occupation versus
nominal throughput rate for IEEE 802.11b/g standards

E.6.4 Some considerations

Spectrun analysers are unable to plot the entire trace of,a\Wi-Fi signal even using thg channel
power prpcess due to insufficient resolution bandwidth. The definition of analyser pdrameters
can enhgnce plotting. However, due to the random separation between emissions, orf packets,
and the rhinimum sweeping time of the analyser, the plotted trace shows discontinuifies while
performirjg a measurement. In contrast, the resglution bandwidth of conventional equjpment is
an inverse function of the sweep time. An.agreement between Wi-Fi channel bandwidth,
resolution bandwidth, and the minimum swegep time to integrate the full emitted power, is not
possible.|Figure E.7 shows a snapshot of-a Wi-Fi spectrum trace demonstrating a sWeep with
discontinpities due to transmission duration.

Wifi Spectrum
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Figure E.7 — Wi-Fi spectrum trace snapshot

E.6.5 Measurement configuration and steps

The maximum output power can be measured either with a sensitive power meter or taking as
reference the maximum-hold power trace. This trace would be multiplied by the occupation
factor in order to get close to the real emitted power.
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Measurements of exposure from Wi-Fi with a spectrum analyser at an evaluation point require
several steps to capture the Wi-Fi signal, convert measurements to integrated power density,
and apply a duty-cycle factor. This technique has been adopted from [116].

a) Use a calibrated isotropic probe / antenna.

b) Set SA span to cover the Wi-Fi band or active channel(s).

c) Set SA resolution bandwidth to keep sweep less than or equal to 1 s.
d) Set SA to peak-hold function.
e) Record until the peak level stabilizes.

f) Convert spectral components to RF field strength.

g) Remq

ve noise

h) Integt
i) Meas
Once the

spectrum
the noise

outside of the Wi-Fi band.

The integ

where

Sinteg rated

Af
RBW
S,

1

The integ
for expo
assess a
SA cantg
analyser

ate the result to determine power density.

ure or estimate and apply duty-cycle factor.

data has been collected and converted into power density, the npjsefrom un
scanned should be removed so it does not contribute to the intégrated result
by zeroing spectral components below twice the baseline noise level interpo

rated power density is calculated from the spectral components using Equatid

Af
Sintegrated = T 055<RBW S

i

is the integrated power density, of the Wi-Fi signal,;

is the frequency spacing between stored spectral components, typically RH
is the resolution bandwidth setting of the SA;

removal.

bure assessment. Consideration of the technology duty-cycle factor is re
ctual exposure. Reference [117] describes a method using the zero-span fun
red-on an active channel to determine duty-cycle at a particular time. A
tool can also provide insight into duty-cycle.

occupied
Remove
ated just

n (E.10).

(E.10)

W/2;

is the power density of the i-th spectral component measuring signal after noise

rated power.density is a maximum or peak result and can be understood as fnaximum

quired to
ction of a
network

E.6.6

Influence of the application layers

In ad-hoc networks the traffic can be increased to the maximum by streaming data packets from
one computer to another using the UDP downlink protocol. UDP downlink offers a higher
channel occupation than TCP by eliminating the error control and acknowledgement delays
from the transport layer.

E.6.7

Power control

This technique is based on Wi-Fi operating at a fixed power. The most recent update to the
Wi-Fi standard, IEEE 802.11ax, allows for power control. This affects results of the maximum
measurements depending on the power control settings of the BS.
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E.7 LTE measurements

E.7.1 Overview

LTE mobile technology uses orthogonal frequency division multiplexing (OFDM) specified in
3GPP TS 36.104 to enhance the capacity related to the total data throughput [18], [111], [112]
[113]. In 3GPP TS 36.211 [18], there are three types of frame structure for LTE. The frame
structure type 1 is applicable to FDD, the frame structure type 2 is applicable to TDD, the frame
structure type 3 is applicable to licensed assisted access (LAA).

E.7.2 LTE transmission modes

InLTER
accordance with one of eight transmission modes, i.e. TM1 to TM8, as follows.

ssions in

a) Trangmission mode TM1: The scheme of PDSCH is single-antenna port tramsmissipon, using
port . DCI format 1A of PDCCH can be used for common and UE specific; or format 1 for
UE specific search space.

b) Trangmission mode TM2: The scheme of PDSCH is diversity transmission. DCI fprmat 1A
of POCCH can be used for common and UE specific, or format 1 for UE specif|jc search
spacq. For diversity scheme, the layer mapping should be donédn accordance with different

anterS]:a ports and pre-coding for diversity is used in combination with layer mappjng.

c) Trangmission mode TM3: The scheme of PDSCH includes diversity and large d¢lay CDD
transmission. For diversity scheme, DCI format 1A of PDCCH can be used for comjmon and
UE specific search space. For diversity or large_dé€lay CDD scheme, DCI format 2A of
PDCCH can be used for UE specific search space'yFor large delay CDD scheme,|the layer
mappjng and pre-coding are different depending on the antenna ports.

d) Trangmission mode TM4: The scheme of PDSCH includes diversity and closed-log¢p spatial
multiglexing transmission. For diversity secheme, DCI format 1A of PDCCH can bqg used for
common and UE specific search space“For diversity or closed-loop spatial multiplexing
scheme, DCI format 2 of PDCCH can-be used for UE specific search space. For clgsed-loop
spatigl multiplexing scheme, the layer mapping is the same as that of large delay CDD, but
differgnt for pre-coding.

e) Trangmission mode TM5: The/scheme of PDSCH includes diversity and multi-uger MIMO
transmission. For diversity, ‘DCI format 1A of PDCCH can be used for common and UE
specific search space./For multi-user MIMO, DCI format 1D of PDCCH can be us¢d for UE
specific search spacg, ,ahd the UE can assume that an eNodeB transmission on th¢ PDSCH
is performed on single layer.

f) Trangmission mode TM6: The scheme of PDSCH includes diversity and closed-lo¢p spatial
multiglexingusing a single transmission layer. For diversity, DCI format 1A of PDICCH can
be uged forrcommon and UE specific search space. For closed-loop spatial multiplexing
using| asingle transmission layer, DCI format 1B of PDCCH can be used for UE specific
search-space-

g) Transmission mode TM7: The scheme of PDSCH includes diversity and single-antenna port
using port 0 or 5. For diversity or single-antenna port using port 0, DCI format 1A of PDCCH
can be used for common and UE specific search space. For single-antenna port using port 5,
DCI format 1 of PDCCH can be used for UE specific search space.

h) Transmission mode TM8: The scheme of PDSCH includes diversity, single-antenna port
using port 0 or 7 or 8, dual layer transmission. For diversity or single-antenna port using
port 0, DCI format 1A of PDCCH can be used for common and UE specific search space.
For single-antenna port using port 7 or 8 and dual layer transmission, DCI format 2B of
PDCCH can be used for UE specific search space. For the dual layer transmission scheme
of the PDSCH, the UE can assume that an eNodeB transmission on the PDSCH is performed
with two transmission layers on antenna ports 7 and 8.

Within a transmission mode, there are different transmission schemes which can be adopted
depending on different wireless environment.
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E.7.3 LTE-FDD frame structure

Figure E.8 shows the frame structure for the LTE FDD downlink signal based on 3GPP
TS 36.211 [18]. The most recent release should be used, where relevant.

The frame in Figure E.8 is composed of resource elements (REs) consisting of one subcarrier
in the frequency domain and one OFDM symbol in the time domain. The OFDM spacing between
the individual subcarriers in LTE is 15 kHz. There is no frequency guard band between the
subcarriers. The OFDM symbol consists of an effective data and a guard period called the cyclic
prefix (CP) used in the time domain to prevent multipath interference. The LTE slot and
subframe are 0,5 ms and 1 ms long in the downlink frame. In LTE, a normal and an extended
CP length is possible resulting in seven or six OFDM symbols per slot, respectively. A resource
block (RB) consists of 12 subcarriers, with a total bandwidth of 180 kHz, and is transmitted for
the duratjon of one LTE slot. Transmission bandwidth configurations between six andL100 RBs
are possible, corresponding to a channel bandwidth between 1,4 MHz and 20 MHz,/as shown
in Table E.10.

As for other land mobile radio systems, the total transmission power ofran/LTE bade station
depends|on the amount of communication traffic. The power level-reaches the designed
maximum power when the amount of communication traffic is at~-maximum. Two|types of
evaluation methods for LTE exposure levels based on measurement are given in §.7.4 and
E.7.6. E./.4 describes evaluation methods for assessing the maximum exposure lejel using
two methods of measurement and extrapolation. E.7.6 descfibes an evaluation mgthod for
assessing the instantaneous exposure level.
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NOTE Different time intervals are defined asimultiples of a basic time unit z, = 1/30 720 000 s.

Fjgure E.8 — Frame structure of transmission signal for LTE-FDD downlink

E.7.4 LTE-TDD frame'structure

The framp structure.js-shown in Figure E.9 and Figure E.10. Type 2 is applicable to TDD. Each
radio frgme of Aength 7;= 30720 x T, = 10 ms consists of two half-frames ¢f length

153 600 ¢ T, =5ums each. Each half-frame consists of five subframes of length
30 720 x|T¢=4 ms.

The supported uplink-downlink configurations are listed in Table E.9, where, for each subframe
in a radio frame, "D" denotes the subframe is reserved for downlink transmissions, "U" denotes
the subframe is reserved for uplink transmissions and "S" denotes a special subframe as
described in [18]. Each subframe i is defined as two slots, 2i and 2i +1 of length

Tgot = 156360 x T = 0,5 ms in each subframe.

Uplink-downlink configurations with both 5 ms and 10 ms downlink-to-uplink switch-point
periodicity are supported. In case of 5 ms downlink-to-uplink switch-point periodicity, the special
subframe exists in both half-frames. In case of 10 ms downlink-to-uplink switch-point periodicity,
the special subframe exists in the first half-frame only.

In case multiple cells are aggregated, the UE can assume the same uplink-downlink
configuration across all the cells and that the guard period of the special subframe in the
different cells has an overlap of at least 1 456 x T.
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Table E.9 — Uplink-downlink configurations

Uplink-downlink Downlink-to-uplink switch- Subframe number
configuration point periodicity 0 1 2 3 4 5 6 7 8 9

0 5 ms D|S|U|U|lU|DJ|S|]U]|U]|U
1 5 ms D|S|U|U|D|DJ|S|U|U]|D
2 5 ms D|S|U|D|D|DJ|S|U|D]|D
3 10 ms D|S|U|U|lU|D|D|D|D|D
4 10 ms D|S|U|U|D|D|D|D|D]|D
5 10 ms D|sS|U|D|D|D|D|D]|D|D
[§] 0 MS D S U 9) U D S |9) U D

E.7.5 Maximum LTE exposure evaluation

E.7.5.1 General

Two extrppolation methods used to assess the maximum exposure Jevel from an UTE base

station afe provided. E.7.5.2 describes an evaluation method«Using a dedicated |decoder.

E.7.5.3 describes an evaluation method using a spectrum analyser. Both methods can
but in enyironments with strong selective fading or when evaluating each exposure |

multiple

To evalu
that the t
traffic. Ag
(RS), the
or the ph
method.

are unifo
selective

of reference signal.

The meth
resource
transmitt
the extr
describe

E.7.5.2

ase stations accurately the method using a dedicated decoder is recommen

hte the exposure level for maximum traffic conditions by extrapolation, it is
fansmitted power of the received signal orrchannel is not dependent on the 4
their power levels are constant, timexinvariant signals such as the referen

ysical broadcast channel (PBCH):c¢an be used for the extrapolation-based ¢
'he RS is well suited for this because the locations of the LTE reference sign
rmly distributed over the occupied radio bandwidth to reduce effects of f
fading. The RS represents-the cell-specific reference signal (CRS), which is

ods described in_E;7*5.2 and E.7.5.3 apply if the radiation pattern and the p

element (RE) forthe RS are the same as for the traffic channels (or any oth

bd by the EUT ) -Otherwise, an additional extrapolation factor should be cong

polation tofaccount for the possible difference in the antenna gain and
in B.8.5:

Method using a dedicated decoder

be used,
bvel from
ded.

mportant
mount of
ce signal

Primary Synchronization Signal (P-SS8), the Secondary Synchronization Signfal (S-SS),

valuation
bls (RSs)
Fequency
one type

ower per
er signal
idered in
bower as

In this method, the RF field strength corresponding to the RS Y of an LTE cell is measured. If
multiple antennas are used for transmission by the same cell (MIMO), the RS should be
determined for each antenna (or antenna port). This type of measurement requires dedicated
LTE decoders or LTE analysers.

The measurements require that the system bandwidth and centre frequency of the target LTE

carrier is

set. The maximum electric field strength (V m™"), E s,

is specified in Equation (E.11).

9 The RS RF field strength is measured as the linear average over the RF field strength contributions of all resource
elements that carry the RS within the operating bandwidth. Thus, the measured value corresponds to the average

power t

ransmitted for one subcarrier.
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1
Eqsmt = ERrs '\/NRS “Froc - Fy

the field level (V m~1) of the RS per resource element (RE);

power to the transmission power corresponding to the RS per RE;

(E.11)

is the extrapolation factor for the RS, which is the ratio of the maximum transmission

Fg is the boosting factor for the RS;
Fipc is[the technology duty-cycle factor.
In the cage of a MIMO antenna system, operated with large-delay cyclic delaycdivers|ty (CDD)
or Tx diversity, Equation (E.11) is modified as in Equation (E.12).
_ 2 \/ -1

Easmt_\/ZERS,i’ Nrs - Frpc - B (E.12)
where Egg ; is the electric field strength (V m~T1) from the i-th branch of the MIMO antgnna and
the sum is taken over all branches.

In this cijcumstance, it is assumed that the transmitted fields associated with each b

uncorreld

Consider,
the numHb

extrapolgtion factor, Ngg, for eachCsystem bandwidth is shown in Table E.10, prg

subcarrig

RS powe

ted, see E.7.4. This value can be obtained from the network operator.

ng the frame structure for the LTE downlink described in E.7.1, Ngg corres
er of subcarriers for the system bandwidth of the target base station. The th

rs are at the same powernlevel.
I per resource element measurement example is shown in Figure E.11.

Table E.40— Theoretical extrapolation factor, Ngg, based on frame
structure given in 3GPP TS 36.104 [21]

anch are

ponds to

eoretical
vided all

Channel bandwidth Number of resource Transmission Ngg = extrapolation factor for RS
blocks bandwidth

(MAZ) (MAZ) (near/aB)
1,4 6 1,08 72 /18,57
3 15 2,7 180/ 22,55
5 25 4,5 300/ 24,77
10 50 9,0 600 /27,78
15 75 13,5 900/ 29,54
20 100 18,0 1200/ 30,79
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TD-LTE BTS 16/12/13 16:41 ¢«

Result Summary

Center: 1.8 GHz Reflevel: -20.0 dBm Sweep: Cont
Channel: --- Ref Offset: 0.0 dB Cell [Grp/1D] Auto
Band: --- Att: 0.0dB Cyclic Prefix: Auto
Transd:  --- Preamp: off Antenna: SIS0 / 0TA
Ch BW: 10 MHz (50 RB) UL/DL: Config 1 Subframes: 10
Glohal Results
RF Channel Power: -32.07 dBm Cell Identity [Grp/ID]: 0 [0/0]
Overall EVM: 62.29 % Cyclic Prefix: Normal
Carrier Freq Error: 72.56 Hz Traffic Activity: 100.00 %[
Sync Signal Power: -68.18 dBm SINR: -0.35 dB ‘
OSTP: -32.12 dBm RSSI: -32.20 dBm
RSRP: -63.03 dBm RSRQ: -13.84 dB
1Q Offset: -57.59 dB
Pawer. EVM: Power: EVM:
Ref Signal:  -59.81 dBm 138.85 % PSYNC: -67.58 dBm 100.45 %
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Figure E.11 — LTE-TDD PBCH measurement.example

Method using a basic spectrum analyser

spectrum analyser (SA) is less expensive _and more commonly availabl

dedicated LTE decoder. However, when using a basi¢c*SA, the powers of the RSs g

IEC 62232:2022 © IEC 2022

b than a
annot be
pread in

ing band
PBCH is
andwidth
f the LTE

spectrum

a)

PBCH

-

requency

received

accuratelly detected because they are transmitted ‘on single resource elements s
frequency and time.
To overdome this issue and to avoid any¢equirement for prior knowledge regard
occupatign or service characteristics, .the PBCH power can be measured. The
transmitted with the same characteristiecs regardless of the configuration or service b
and spanfs a bandwidth of six RBs .(approximately 1 MHz) over the centre frequency o
signal.
NOTE The signal from each LTE:base station cannot be identified using this method due to frequend]
overlapping.
The follpwing SA .configuration recommendations apply when performing th
measurement.
a) The centrefrequency of the spectrum analyser should be aligned with the centre f
of the LTE-signal.
b} The freguerey—spanr—shewldbesettozero{scopemoderirordertomeasurethe
time signal for the downlink emission frequency.
c) Aresolution bandwidth (RBW) of 1 MHz should be set to integrate the signal over the PBCH
spectral spread.
d) Inorder to obtain an integration time close to the symbol duration of each pixel on the screen

of the SA, the sweep time should be set equal to approximately the product of the number
of display points of the SA and the symbol duration (approximately 70 ys), e.g. a sweep
time of approximately 70 ms for an SA with 1 000 display points (or equivalent ratio for

instru

ments with lower display resolution).
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e) The detector should be set to root-mean-square (RMS) mode; if the detector cannot be set
to "RMS" mode, it can be set to "sample" or "peak" mode.

1)

2)

The

When using "sample" or "peak" detector mode, VBW smaller than the RBW should be
used to avoid overestimation due to signal fluctuation. On the other hand, the VBW
should be widened so that the transient time of the video filter is shorter than the duration
of the target signal (PBCH, P-SS and S-SS) to avoid underestimation. If the time
constant of the video filter is T4o0 (Tvigeo = 1/(2n-VBW)), the transient time to obtain
95 % of the voltage is 3 x T,;4oo- Therefore, in order to reduce the uncertainty while
avoiding underestimation, VBW should be the smallest value with a transient time
(3 x T\igeo) smaller than the duration of the measured signal (PBCH, P-SS and S-SS).

VBW examples are provided in Figure E.12, 3 kHz for LTE using a RBW of 1 MHz.

W z z ater than
the RBW, or switched off to avoid underestimation.

race type should be set to maximum hold using a minimum sweep.time| of 20 s;

alternatively, a 10 ms (i.e. the length of an LTE radio frame) trigger should” be gpplied in
order|to prevent trace fluctuations along the time axis and to prevent that other chiannels in

the frame, transmitted with a higher power, saturate the trace in maximum hold.

N,
VBWMp avoid underestimation
{g¥ierally 3 kHz or higher)

age

and TDD-LTE, SCS=15 kHz

IEC

Figare E.12 — Example of VBW setting for LTE-FDD
and LTE-TDD to avoid underestimation

In order fo use the RMS detector, the maximum power should be effectively allocated to the

PBCH chianngel.

The boosTing Tactor Fg snhould be included as defined in Equation (E.12).

The measured peak power, Ppgcn, corresponds to the received PBCH signal power over the
bandwidth of six RBs (72 subcarriers). The electric field strength of the PBCH signal, Epgcp, is
determined from Ppgcy. The extrapolated maximum electric field strength, E g, of the LTE
signal at each evaluation location is given by Equation (E.13).

Eqsmt = EpecH v VPBCH “ fTDC (E.13)
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where Nppch is the extrapolation factor for the PBCH, which is the ratio of the maximum
transmission power to the transmission power corresponding to the PBCH over six RBs. Npgchy
can be provided by the network operator or can be calculated theoretically in accordance with

Equation

(E.14).

Nrs
NegeH =—5~

(E.14)

where Nrg denotes the number of subcarriers in the used transmission bandwidth, see

Table E.16-

Figure EJ13 shows measurement examples of an LTE-FDD downlink signal using_ the

analyser

resolutiop bandwidth of 1 MHz. Figure E.13 (a) and (b) show the results_for1ow ang

traffic le
signal af

For meaguring LTE-TDD, the powers of the RSs cannot be accurately detected usin
spectrum| analyser as they are transmitted on single resource elements spread in f]

and time
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Figure E.13 — Examples of received waves from LTE-FDD downlink signals

using a spectrum analyser using zero span mode
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Figure E.14 — LTE-TDD PBCH measurement example spectrum
analyser using zero span mode

Method for beamforming antennas

(e.g. traf
in the an

maximum

If the rac:{;tion pattern of the RS is different from that of other\signals transmitted by

Frpc
F,

extBeam

ic channels), the extrapolation factor should take-into account the possible d
nna gain, such that maximum possible RF fieldstrength is obtained. The ext
electric field strength (V m~1), E, smt> is defined by Equation (E.15).

1
Eqsmt = Ers '\/NRS \FextBeam * FTDC " IB

is the field level (V m7")of the RS per RE;

is the extrapolation:factor for the RS, which is the ratio of the maximum tran
power to transmission power corresponding to the RS per RE;

is the boostingfactor for the RS;
is the technology duty-cycle;

is the extrapolation factor corresponding to the ratio of the traffic EIRP en
the broadcast EIRP envelope in the direction of the evaluation location.

the EUT
ifference
apolated

(E.15)

smission

velope to

E.7.6

Instantaneous LTE exposure evaluation

For the appropriate settings of measurements of momentary or instantaneous LTE exposure,

an SA an

d suitable antenna probes are needed.

The SA settings can have a significant influence on the measurement results. It is critical that
optimal settings to perform RF exposure evaluation of LTE signals are determined and recorded.
The following settings to perform exposure evaluation for LTE are proposed in [118]: RMS
detector, resolution bandwidth (RBW) = 1 MHz, sweep time = 20 s, and appropriate selection
of the frequency span, e.g. 50 MHz. These settings were determined and tested in the
laboratory and in-situ [118].
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E.7.7 MIMO multiplexing of LTE BS

LTE introduces multiple input multiple output (MIMO) multiplexing to increase the system
capacity and data throughput. When conducting an exposure evaluation, the multiple RF
sources should be considered. If four-layer MIMO multiplexing is employed, the number of RF
sources is equal to four on the same RF frequency band. IEC TR 62630 [41] describes a method
for combining multiple RF sources. The combination method depends heavily on the correlation
between the RF sources. There are some options for LTE regarding the MIMO transmission
mode, i.e. Tx diversity, large-delay CDD, and closed-loop spatial multiplexing. In [119], no
correlation between the fields associated with different MIMO branches employed in large-delay
CDD or Tx diversity was observed. In this transmission mode, the simple power sum method is
applicable as the combination method to evaluate the total RF field strength as described in
IEC TR 62630 [41]. On the other hand, if a correlation between the signals from MIMO branches
is found, Epptyimgthefirstorsecondconservative methodgivermr mHEC-TR62636{411] should
be considered to evaluate the total RF field strength.

If extrapdlation is performed in accordance with Equation (E.12), the effect ofgorfelatign among
the anterjna branches is already considered by Fgyigeam-

E.8 NR BS measurements

E.8.1 General

The minimum RF characteristics and minimum performiance requirements of NR BS are
described in 3GPP TS 38.104 [17] and physical channels and modulation are specifieq in 3GPP
TS 38.21(1 [19].

To evalufite the exposure level for maximum traffic conditions by extrapolation, it is {mportant
that the tfansmitted power of the received signal or channel is not dependent on the gmount of
traffic. Ap defined in 3GPP TS 38.211 [19], the primary synchronization signal (HSS), the
secondally synchronization signal (SSS), the physical broadcast channel (PBCH)| and the
channel gtate information reference signal (CSI-RS) can be used as the stable refererce signal
in the exftrapolation-based evaluation method, because the power levels are constant. PSS,
SSS, PBCH and PBCH-DMRS (ife.)SSB) are always available and extrapolation methdd applies
always fdr every NR BS.

The CSI{RS signals are not necessarily present (e.g. if there is no connected |UE) and
configurdd in a way that’is suitable for extrapolation. Therefore, CSI-RS based extrgpolation
only applies when a)special mode is enabled by the EUT.

NOTE The evaluation of exposure level based on maximum traffic conditions using extrapolation mjght not be
suitable when,the_base station is implemented with power limiting features, see for example [120].

E.8.2 Naximum NRexposure evatuation
E.8.2.1 NR signal extrapolation based on SSB

E.8.2.1.1 General

The evaluation methods described in E.8.2.1 are based on extrapolation to assess the maximum
exposure level from an NR base station using SSS, PSS, PBCH or PBCH-DMRS signal (i.e. the
SSB). E.8.2.1.2 describes an evaluation method using a dedicated decoder. E.8.2.1.3 describes
an evaluation method using a spectrum analyser. Both methods can be used and they differ
only in the way the time invariant component of the NR signal is measured, see details in [121],
[122] and [123]. While, in general, SSB based extrapolation is possible, only decoding of the
SSS allows for extrapolation of maximum exposure for each cell ID separately.
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The methods described in E.8.2.1.2 and E.8.2.1.3 apply if the radiation pattern and the power
per resource element (RE) for the SSB are the same as for the traffic channels (or any other
signal transmitted by the EUT). Otherwise, an additional extrapolation factor should be
considered in the extrapolation to account for the possible difference in the antenna gain and

power as

E.8.2.1.2

described in B.8.5.

Method using a dedicated NR decoder

In this method, the RF field strength corresponding to the SSB of an NR BS is measured by
means of dedicated NR decoders or NR analysers.

The measurements require that the system bandwidth and centre frequency of the target NR

carrier are—set. The extrapolated electric field cfrnngfh (\/ m_1), denu is_defined by
Equation|(E.16).
-1
Easmt = EssB “/ FextssB =:ESSB‘Jf%VV'FbR'F%DC'f% (E.16)
where
Egsp s the measured electric field level (V m~1) per resourée element (RE) of the ptrongest
5SB (corresponds to Epja4cast iN Equation (B.59));
Frpc s the technology duty-cycle;
Fpr s the power reduction if the actual maximumrapproach is used, otherwise it ig set to 1;
Fg s the ratio of the power transmitted for'the SSB symbol to the traffic symbol [boosting
actor). Fg is set to 1 if the power fof;the SSB and traffic symbols is the samg or if the
difference in power is already factored in Fg,igoam-
Fgw s the ratio of the total carrier bandwidth and the subcarrier frequency spacing of the
5SB;
Foxissp | the extrapolation factor for the SSB.

When th¢ power allocated fo any subcarrier is the same, Fg,y, corresponds to the n

resource

bandwidt|
with the g

elements for the EUT, see [118]. The extrapolation factor, Fgyy, for eac

umber of
N system

h is shown’in-Table E.11 and Table E.12 assuming that all subcarriers are trgnsmitted

ame power level.

Table E.11 - Fgyy, for each combination of BS channel bandwidth

' SSB-oul . ing-{SCSI b-6-GHzsianal

SCS Bandwidth (MHz)

[kHz] 5 10 15 20 25 30 40 50 60 70 80 90 100
15 300 | 624 | 948 | 1272 | 1596 | 1920 | 2592 | 3240 n/a n/a n/a n/a n/a
30 132 | 288 | 456 | 612 780 936 1272 | 1596 | 1944 | 2268 | 2604 | 2940 | 3276
60 nfa | 132 | 216 | 288 372 456 612 780 948 1116 | 1284 | 1452 | 1620

n/a = not applicable.



https://iecnorm.com/api/?name=4ac7e25f91470bae24040b624a8b8129

Table E.12 - Fg,y for each combination of BS channel bandwidth
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and SSB subcarrier spacing (SCS) for mm-wave signals

Bandwidth
SCS
(MHz)
[kHZz]
50 100 200 400
60 792 1584 3168 n/a
120 384 792 1584 3168
n/a = not applicable.
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Method using a spectrum analyser

1 SSB mapping

analyser (SA). Since the SSB is spread in time, when*using a SA, the pow
cannot be directly assessed but it requires post-processing in order to id
5 allocated to the SSB (based on its periodicity and duration) [123].

er per RE.

entre frequency of the spectrum analyser should be equal to the centre freg
SB.

equency span should be set.to)zero (scope mode) in order to measure the
ignal for the SSB.

bsolution bandwidth (RBW) should be set smaller than 127 sub-carriers (e.g
ider the RBW, the more“REs are measured to obtain an accurate average

etector should be_set to root mean square (RMS) mode; if the detector cann
S" mode, it can’be set to "sample" or "peak" mode.

hen using(sample" or "peak" detector mode, a VBW smaller than the RBW 4
ed to avoid overestimation due to signal fluctuation. On the other hand,

ould-be'widened so that the transient time of the video filter is shorter than thq
thetarget signal (PBCH, P-SS and S-SS) to avoid underestimation. If

(o]

nd to the

nod is similar to E.8.2.1.2 with the difference that Eggg.is’measured by m¢ans of a

er of the
entify the

ving SA configuration parameter recommehndations apply for the measuremgnt of the

uency of
received

1 MHz).
yalue per

ot be set

hould be
the VBW
duration
the time

nstant of the video filter is 7.4 o (Ton. = 1/(22-VBW)). the transient time

to obtain

95 % of the voltage is 3 x T,

e o v+ereo

video- Therefore, in order to reduce the uncertai

nty while

avoiding underestimation, VBW should be the smallest value with a transient time
(3 x Tyigeo) SmMaller than the duration of the measured signal (SSB). VBW examples are
provided in Figure E.15, 10 kHz for NR FR1 with SCS of 30 kHz using a RBW of 1 MHz
and 30 kHz for NR FR2 with SCS of 120 kHz using a RBW of 1 MHz. Examples of the
impact of VBW on accuracy are provided in Figure E.16. The exact settings can be
adjusted depending on the SA type, see Figure C.3.

2) When using "RMS" detector mode, the VBW should either be equal to or higher than the
RBW or switched off to avoid underestimation.

e) The sweep time should be equal to approximately the product of the number of display
points of the SA and the symbol duration in order to obtain an integration time close to the
symbol duration of each pixel on the screen of the SA.

f) A factor of VSCS/RBW should be applied to the measured field value in order obtain the
RF field strength per RE.
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VBW to awid underestimation
(generally 10 kHz or higher)

o
-

VBW to awid underestimation
(generally 30 kHz or higher)
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0.01 e
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--------- Time constant of videoband filter (to obtain 63.2% voltage)
3 times time constant of videoband filter (to obtain 95.0% voltage)
Time duration of SSB (for NR FR1, SCS=30 kHz)
Time duration of SSB (for NR FR2, SCS=120 kHz)

IEC

Figure E.15 — Example of VBW setting for NR to avoid underestimation
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Figure H.16 — Examples of measurement accuracy results according to the ratig of VBW
angd RBW'for NR SCS 30 kHz and 1 MHz RBW using various SA types (A to[D)

The diversity7and periodicity of the NR signal components in the measured bandwidih can be
visualized by arranging the measured RE samples over time in accordance with the SSB
periodicity as described in detail in [123]. Since the SSB is transmitted with a specific periodicity,
duration and at a constant power level, this can be distinguished from the other signals
(e.g. traffic) and its field strength per RE evaluated.

An example is given in Figure E.17.
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NOTE Th¢ colour of the pixel depicts the root mean square (RMS) received power within @ 1 MHz bandwjdth around
the centre frequency of the SSB during a measuring time of 35,68 pys. Stacked on/top of each other (i.g4. along the
y-axis) are|consecutive 20 ms measurement periods, i.e. two NR radio frames”of-10 ms, which are divided into
subframes [along the x-axis. The signal observed in subframe 0 of each first, frame has a constant poyer level, a
periodicity pf 20 ms, and a length of four pixels or four OFDM symbols in the case of a signal with SCS 3P kHz. This
signal repr¢sents the SSB.

Figure E.17 — Waterfall reconstruction plot of a)1vs long measurement trage
of an NR signal with subcarrier spacing (SCS) 30 kHz
(along one component of the electric field)

E.8.2.1.3|2 SSB gating

This met!od makes use of the triggering and-gating functions of spectrum analysers tolmeasure
Eggg.- It @applies when the SSB power or\RF field strength level in the measured bandwidth is
higher than the PDSCH. When measuring the NR frame with a SA, it is important to gef a stable
measureFent. If the SSB signal level is above PDSCH , the rising edge trigger (e.g} the first

SSB signjal as shown in Figure E.18) can be used to detect the peak SSB level on the[SA using
zero span to get stable NR signals (e.g. mark on SSB in Figure E.18).

W™ Ref-10008m  AtenS®

log | .x ; ; One 55 Burst period
10.0 *
®/ | SSBperiod
" - . i : : ] : : :
B (e
ParY
F s
B e i M‘)‘“‘NM “
LgAv
THT®  Corver 3.456810 GHz Span 0000000 Hz
fRes BW 1.000 MMz SVBW 10000 kHz Swp 20,00 ms (1001 pts)

IEC

Figure E.18 — Example of NR signal frame measured on SA
with SSB signal above PDSCH (data)
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The detector should be set to root mean square (RMS) mode. If the detector cannot be set to
"RMS" mode, it can be set to "sample" or "peak"” mode.

When using "RMS" detector mode, the VBW should either be equal to or higher than the
RBW or switched off to avoid underestimation.

When using "sample" or "peak" detector mode, a VBW smaller than the RBW should be
used to avoid overestimation due to signal fluctuation. On the other hand, the VBW should
be widened so that the transient time of the video filter is shorter than the duration of the
target signal (PBCH, P-SS and S-SS) to avoid underestimation. If the time constant of the
video filter is 7\ igeo (Tyigeo = 1/(2n-VBW)), the transient time to obtain 95 % of the voltage is
3 % T\,4eo- Therefore, in order to reduce the uncertainty while avoiding underestimation,
VBW should be the smallest value with a transient time (3 x T,4o,) Smaller than the duration

of the measured signal (SSB). VBW examples are provided in [124]

In some situations, the SSB signal from the measured BS can be lower than the.othef existing
signals, fpr example in case of fully loaded PDSCH or interference from other-BS7 In slich case,
the risind edge trigger does not necessarily provide stable SSB measurements. In this case,
the "time{gating" function can be configured in accordance with the SSB periodicity (e.4. 10 ms),
see Figurle E.19. The "time gating" function isolates a portion of a time record for furthgr viewing
and analysis. Time gating is often used to analyse non-statiopary signals or pdrtions of

stationary signals such as burst signals from TDMA communicationbursts.

NOTE Multiple terms can be used by SA manufacturers for the "time gating" function, for example "timg trigger" or

"gate triggqr".

One SS Burst,p@rioq

SSB period

YT YRR OV P
l
|

| " ]

o - N\os

T X nter 3.459810 GHe Span 0.000000 Hz
FRes B 1.000 MHZ FVBW 10.00 kiHz Swp 20,00 ms (1001 pts)

IEC

Figure E.19 — Example of NR signal frame measured on SA
with SSB signal below or equal to PDSCH (data)

The SSB power per RE should be measured using the gating function of the SA as follows.

a)

Set the SA centre frequency to the same value as the centre frequency of the SS block
frequency position provided by the NR BS operator or using an automatic discovery process
leveraging the global synchronization channel number (GSCN) and the NR absolute radio
frequency channel number (NR-AFCN) as defined in 3GPP 38.104 [17].

Set the SA resolution bandwidth (RBW) equal to SSB bandwidth (e.g. 7,2 MHz considering
240 RE of 30 kHz); if SA does not support the required RBW, it can be set to 1 MHz.

Configure the SA in "trigger mode" and "zero span".
Activate the SA trigger mode "time trigger" or "gate trigger".

Set the "trigger time" or "time gating length" to the same value as the "SS burst period" in
the NR BS (e.g. 5 ms, 10 ms, 20 ms, 40 ms, 80 ms or 160 ms), see Figure E.20.

Measure the peak level of the trace.
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Figure E.20 — Time gating of SS burst signal

A factor {/SCS/RBW is applied to the measured field value in order obtain thie RF field strength
per RE.

As an exgmple, in case of 100 MHz and 80 MHz with 30 kHz SCS;:

e Chanpel BW = maximum transmission bandwidth + guard bands on both sides, see
Figure E.21

e Chanpel Bandwidth(CBW) =
[ Number of RB x Number of Subcarrier x SCS + Guard Band x 2 ]
=273 x 12 x 30 kHz + (845 x 2) = 99,970 kHz
=217 x 12 x 30 kHz + (925 x 2) = 79,970 kHz

When implementing such time domain measureéments:

e it is ot possible to distinguish signats from multiple NR BS using the SA, thergfore the
predgminant NR BS should be identified by other means (e.g. distance);

o the peak marker is sometimés' automatically placed on PDSCH area, redulting in

overelstimated results, therefore it is recommended to check that the marker remajns at the
SSB area.

Channel Bandwidth [MHz]

I

| >

| |< Transmission Bandwidth Configuration Npg [RB] ’|
2 (3
-E'LI ‘ T[ansnnsslon 38-101'1 Table 5-3-2-1 (B) I f
- IBandwldth [RB]' 38.101-2 Table 5.3.2-1 (B) I ;-"3

| g | |

= 1
| H Z 1 I N
......... — 7
..... |‘ » Active Resource Blocks g
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Figure E.21 — Representation of the channel bandwidth (CBW)
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E.8.2.1.4 Method for beamforming antennas

If the radiation pattern of the SSB is different from that of other signals transmitted by the EUT
(e.g. traffic channels), the extrapolation factor shall take into account the possible difference in
the antenna gain, such that maximum possible RF field strength is obtained. The maximum
electric field strength (V m™1), E smt> is determined using Equation (E.17).

-1
Easmt = EssB \/ FextBeam " fBw " PR " ITDC " fB (E.17)
where

E smt is the extrapolation E-field strength (V m~1);

Essp is the measured E-field strength (V m~1) per resource element (RE)‘af the ptrongest
measured SSB beam (corresponds to Ey,,q4cast iN Equation (B.59));

FoxiBeam | iS the extrapolation factor corresponding to the ratio of thectraffic radiation pattern
envelope to the broadcast radiation pattern envelope at the direction to the evaluation
location, see B.8.5;

Fipc is the technology duty-cycle;

Fpr is the power reduction if the actual maximum dpproach is used, otherwisg it is set
to 1;

Fg is the ratio of the power transmitted for thekSSB symbol to the traffic symbol [boosting
factor). Fg is set to 1 if the power for the SSB and traffic symbols is the same or if
the difference in power is already factored in Fgyigeam-

Fgw is the ratio of the total carrier bandwidth to the subcarrier frequency spacing of the
SSB.

The folloywing SA configuration parameter recommendations apply when the EUT beain pattern

is not available:

a) The centre frequency of the spectrum analyser should be set within the operating bandwidth
of thg EUT.

b) The ffequency span should be set to zero (scope mode) in order to measure the|received
time gignal for the traffic signals.

c) The fresolution/ bandwidth (RBW) should be set smaller than the channel bandwidth
(e.g. | MHz or lower).

d) The detéctor should be set to root mean square (RMS) mode; if the detector cannot be set
to "RMS™ mode, it can be sefto "sample™ or "peak™ mode.

1) When using "sample" or "peak" detector mode, a VBW smaller than the RBW should be
used to avoid overestimation due to signal fluctuation. On the other hand, the VBW
should be widened so that the transient time of the video filter is shorter than the duration
of the target signal (PBCH, P-SS and S-SS) to avoid underestimation. If the time

constant of the video filter is 7\igeo (Tyigeo = 1/(2n-VBW)), the transient time to obtain

95 % of the voltage is 3 x T,,40,- Therefore, in order to reduce the uncertainty while
avoiding underestimation, VBW should be the smallest value with a transient time
(3 x T\igeo) Smaller than the duration of the measured signal (SSB). VBW examples are
provided in Figure E.15, 10 kHz for NR FR1 with SCS of 30 kHz using a RBW of 1 MHz
and 30 kHz for NR FR2 with SCS of 120 kHz using a RBW of 1MHz. The exact settings
can be adjusted depending on the SA type, see Figure C.3.

2) When using "RMS" detector mode, the VBW should either be equal to or higher than the
RBW or switched off to avoid underestimation.
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The sweep time is set equal to approximately the product of the number of display points of
the SA and the symbol duration in order to obtain an integration time close to the symbol
duration of each pixel on the screen of the SA.

The maximum RF field strength per symbol among all samples collected over the
measurement interval is selected (e.g. using the peak-hold function). Alternatively, the
largest RF field strength value among the local maxima in the distribution of the RF field
strength samples is retained (to filter out possible variations due to fading [125]).

Apply a factor of /SCS/RBW to the measured field value in order obtain the RF field
strength per RE.

FoyxtBeam 1S given by the squared valued of the ratio between the RF field strength value
measured in this way and Eggp.

This metjvod assumes that, within the measurement time, the EUT is transmitting with/the beam

configur

tion leading to the maximum exposure value for the considered evaluation 'po|nt. Since

the RBW|(is chosen much smaller than the overall channel bandwidth, this condition cdn be met
during ndrmal traffic condition. Alternatively, traffic can be stimulated by positioning a JE in the
same dirgction as the evaluation location similarly to what is described-in.B.4.2.5.4,|see also
[125]. When Fgyipeam IS estimated by means of in-situ measuremeants; it already|includes
possible differences in the power transmitted for broadcast and traffic symbols (i.e| Fg = 1).

This is equivalent to extrapolate RF exposure directly from vectoror scalar measurgments of

the PDSCH, as described in [126].

E.8.2.2 NR exposure extrapolation based on CSI-RS

E.8.2.2.1 Domain of application

This method is provided for information because.it requires that a special mode is ehabled in
the NR BIS in order to set a constant gain difference between traffic radiation pattern envelope

and CSI-RS beam. Therefore, it is not always applicable.

NOTE The¢ detailed specification of the above special mode is beyond the scope of this document.

Other spgcific modes can allow for.the measurements of maximum exposure without|the need

for extragolation (e.g. by forcing transmission at maximum power in specific direction).

E.8.2.2.2 CSI-RS configuration of the BS

The CSI{RS based.method is applicable for extrapolation because the locations of the NR
channel [|state information reference signals (CSI-RS) can be configured to be pniformly
distributgd over'the occupied radio bandwidth to reduce effects of frequency selectie fading.
Multiple €CSI-RS resources can be configured in the BS according to 3GPP. Thereforg, the NR
BS can gdd/a CSI-RS configuration dedicated RF exposure measurement and extrgpolation.

Th f ” o Q] DO aficrration canamama Aot o e Sl
e 1ollo vy oo yo oUTTguTatroTT T oo oo at oS ap Ty -

a)

b)

The time domain behaviour of CSl is periodic with a configurable repetition periodicity as
described in 7.4.1.5.3 of 3GPP TS 38.211. For a CSI-RS resource configured as periodic or
semi-persistent by the higher-layer parameter such as "resourceType" or configured by the
higher-layer parameter such as "CSI-RS-CellMobility", the periodicity and offset should be
obtained from the higher-layer parameter such as "CSI-ResourcePeriodicityAndOffset".

The port number of the CSI-RS should be equal to one port to reduce the overhead. The
number of ports is given by the higher-layer parameter nrofPorts.

The density of the CSI-RS is configurable as described in 7.4.1.5.3 of 3GPP TS 38.211. The
density is given by the higher-layer parameter density such as "CSI-RS-ResourceMapping
IE" or the "CSI-RS-CellMobility IE".

The CSI-RS beam should be designed with a constant gain difference compared with traffic
beam as shown in Figure E.22. Any remaining variability of Fg,igeam iN azimuth and

elevation as defined in B.8.5 should be included in the uncertainty assessment.
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NOTE 1 Time domain and frequency domain resource allocation for the CSI-RS is flexible as specified in 3GPP.
CSI-RS is configured by the RRC signalling. Therefore, CSI-RS transmission can be deactivated through RRC
commands and the CSI-RS power can be measured if the signals are configured.

NOTE 2 The CSI-RS pattern, which has the constant gain different from the traffic beam, is a special configuration
and needs to be activated by the BS as a special mode.

Horizontal Pattern Vertical Pattern
90 40 90 40
120 60 120 60
150 /ﬁ\i{) 150 20 30
N\
wd
180 0 180 0
210 30 210 330
240 300 240 300
270 270
— Traffic envelope = — CSI-RS beam

IEC

Figure E.22 — An example for one port CSI-RS beam design

E.8.2.2.3 Measurement method using a dedicated ‘decoder

In this method, the RF field strength of the exposure measurement dedicated JSI-RS is
measured. This type of measurement requires dedicated NR decoders or NR analysefs.

a) The measurements require that the system bandwidth and centre frequency of the target
NR carrier are set.

b) Identify the NR exposure measurement dedicated CSI-RS resource element (RE) location
in both time and frequency domain (including the density, repetition periodicity), ia known
infornmpation from the network(operator, or a NR decoder.

c) Measpre the RF field strength of the NR BS exposure measurement dedicatedq CSI-RS
resource element (RE);~via a NR decoder.

d) Becalise the dedicated CSI-RS beam has constant gain difference with traffic beam, it is
easy fo extrapolate 'the RF field strength of the CSI-RS RE to the configured maximum RF
field gtrength ofithe whole bandwidth of the NR BS.

For extrppolation, the maximum electric field strength (V m™1), E smt» is defined by
Equation|(E{8).

Easmt = Ecsirs *\/FextBeam * Faw  FeR - Frpc (E.18)

Ecs.rs  is the measured field level (V. m~') of CSI-RS per RE;

Frpc is the technology duty-cycle;

Fpr is the power reduction if the actual maximum approach is used, otherwise it is set
to 1,

Fgw is the total number of subcarriers within the carrier bandwidth;

Foxieam I8 determined from the radiation pattern envelopes of the EUT as described in B.8.5.
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NOTE There is no parameter Fg in Equation (E.18) since boosting is generally not applied to CSI-RS.

E.9 Establishing compliance boundaries using numerical simulations of MIMO
array antennas emitting correlated waveforms

E.9.1 General

To enhance system performance and service capabilities, multiple input multiple output (MIMO)
transmission schemes, employed together with multiple antennas at the transmitter and receiver,
are used. When assessing exposure from multiple electromagnetic sources the different
contributions have to be combined. In this context, it is important to first determine whether the
fields at the evaluation point should be regarded as correlated or uncorrelated.

The compliance boundaries of MIMO array antennas with densely packed columng emitting
correlatefd waveforms, see Figure 7, can be evaluated using calculation methods| and the
requiremgnts defined in 6.1. Both the case when all excited ports correspond to f{he same
nominal polarization (denoted Co-pol case) and the case when the excited(ports corrgspond to
orthogongl nominal polarizations (denoted X-pol case) are considered.

Complenentary information on the technical background can be found-in [34], [119], [1R7], [128],
[129].

E.9.2 Field combining near base stations for correlatéd exposure with the purpose of
establishing compliance boundaries

Accurate|field combination of correlated fields involves a vector-summation of the [ndividual
field components which need to be known to both @amplitude and phase.

For array antennas it is well known that-beams are formed by changing the e¢xcitation
coefficients. The resulting increase of the_received power is used to enhance the performance
of the conmunication channel. Beamforming can either be performed by selecting the txcitation
vector frgm a set of pre-defined vectors, also known as codebook-based beamforming, or by
applying pn arbitrary excitation at.the transmitter side.

Usually, the RF exposure is to be time-averaged over several minutes before being gompared
with applicable exposure dimits. Depending on the traffic and radio conditions, the ¢xcitation
coefficienfts vary in most cases over a much shorter time frame, which makes a straightforward
applicatign of the truevwector sum impractical to work with. Instead, a conservative ppproach
can be adopted where the exposure is maximized for every evaluation point in accordgance with
the field [combining® method considered. Even though this resulting field distributipn in the
vicinity of the antenna is not physically realizable for any single array excitation, the ppproach
is justified by~the objective to determine a conservative compliance boundary. The ppproach
has the pdvantage that knowledge of the exact excitations is not needed; simplifying the
exposure evaluation.

For the case where the amplitude distribution of the excitation is fixed and known but the phase
is varying arbitrarily, a conservative approach based on the summation of RF field strength
magnitudes was presented in [41]. Using this method, the combined electric field strength can
be written using Equation (E.19).

N
Erms () < X |w, -|E, (r)|RMS'| (magnitude method) (E.19)
n=1
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where w, denotes the complex excitation coefficients associated with port » and N denotes the

total number of ports. In the following this method is referred to as the magnitude method. For
the case where the excitations vary in both amplitude and phase for a fixed transmitted power,
it is possible to analytically determine an optimal set of weight coefficients per evaluation point
which is maximizing the combined RF field strength. The combined electric field strength can
then be obtained using Equation (E.20).

Erus (r) = (optimal weights method) (E.20)

RMS’

N
ngpt E, (”)
n=1

t

where thg optimal set of weights w°P :(w?pt,...,w%pt) is to be determined as thé |eigenvector

correspophding to the largest eigenvalue of the N x N matrix P with~‘eléements using
Equation|(E.21):

P, (r)=E.(r)-EX(r) form=1_..N,andn=1(IN (E.21)

In the following, this approach is denoted as the optimal weights method.

A comparlison between field combining methods for realistic MIMO BS antennas is|provided
in [130].

E.9.3 Numerical simulations of MIMO array antennas with densely packed cojumns

For the considered antenna type, the distance between the array columns can be qufite small,
typically pround 0,5 wavelength. As.a consequence, effects of mutual coupling betiveen the
antenna plements in the numerical'simulations should be considered. At the same {ime, it is
desirable| to obtain field distribdtions for each port separately to be able to apply|the field
combinatjon methods outlined above. To satisfy both these requirements an embedddd pattern
approach can be used wherg-each port is excited and simulated separately with the ofher ports
terminatdd in matched jJoads. In situations where both the amplitude and the phagse of the
excitation vary, the optimal weights method can be used to provide an upper boupd of the
combined RF field-strengths levels for both co-polarization (Co-pol) and cross-polarization
(X-pol) configurations.

For situations-where the excitation amplitudes are fixed but the phases are varying,| different
approaches.are applicable for Co-pol and X-pol configurations. For Co-pol configujations, a
straightforward application of the conservative magnitude method has been found to produce
only a minor overestimation of the compliance boundary dimensions compared with a best
estimate method. Alternatively, a semidefinite relaxation approach [131] can be applied to (E.21)
to compute the upper bound of the maximum combined RF field strength. This approach gives
less overestimation, but more sophisticated computation compared with the magnitude method.
A similar application of the magnitude method for the X-pol case leads to a significant
overestimation of the front compliance distance. The reason is that fields associated with ports
of different antenna polarization are essentially uncorrelated in this direction. Instead, the
following approach can be used, which has been found to produce conservative and accurate
results compared with a best estimate method.

a) Columns/ports corresponding to one of the nominal polarizations (e.g. +45°) are simulated
and the corresponding RF field strengths in the vicinity of the BS antenna are calculated.

b) The power per port, compared with the case when all ports are excited, is doubled. Here it
is assumed that the number of +45° ports equal the number of —-45° ports.

c) The fields are combined using the magnitude method.
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E.9.4 Numerical simulations of large MIMO array antennas

For an array antenna with N ports, the approach described in E.9.3 implies that RF field strength
results from N separate embedded element simulations are required. For large antenna arrays,
this procedure becomes very costly in terms of computational resources.

In large array antennas, many of the elements are surrounded by other elements and therefore
sense a similar electromagnetic environment. For these antenna arrays an approximate
approach can be used whereby the total transmitted field is constructed by summing the
spatially shifted field distribution of a centrally located element [132]. To better consider effects
of the edge and corner elements, the centre element solution can be replaced by the
corresponding field distributions for an edge and a corner element for elements located on the
outer rim of the array.

In [132], |it was found that for arrays with 5 x 5 elements or more, the approximatg solution
based on the spatially shifted field distribution of a centrally located element resylted in a
relative grror magnitude in terms of front compliance distance of less|, than % %. The
improvement in evaluation time, compared with the rigorous embedded) element sfimulation
approacH described in E.9.3, is proportional to the number of ports in thelarray.

If coupling between radiating elements can be neglected, the synthetic model from B.7.1 can
be used {o determine the RF field strength of large MIMO array. antennas and is notf costly in
terms of gomputational resources

E.10 Miassive MIMO antennas

E.10.1 |Overview

Massive IMIMO antenna systems can be dgployed in telecommunications (e.g. TD{SCDMA)
networks|to reduce interference. Massive MIMO antennas produce a number of simyltaneous
narrow beamwidths directed to individualjusers to optimize communications. The power fed to
the antepna is therefore split between users and the instantaneous directivity pdjusted,
i.e. massjve MIMO antennas have different directivity for each individual communications
channel. [Therefore, if the RF field)strength is evaluated in one fixed position near the¢ BS, the
measured value is significantly varying from time to time.

For a compliance evaluation, the requirement is to define the set of conservative BS pgrameters
for a BS junder normalwuse, i.e. non-fault conditions. This requires a detailed analysi$ specific
to the enployed technology and with due consideration for any site-specific factors.

E.10.2 |Deterministic conservative approach

The gain 3 over all
channels. A very conservatlve case can be derived from the maximum gain in any direction and
the total radiated power. This would be equivalent to having all communications channels
operating at maximum power and all the individual directed beams aligned towards the
evaluation point. This is an unrealistic case; nevertheless, it is simple to apply.

E.10.3 Statistical conservative approach
a) In developing a robust statistical model, at least the following aspects should be considered.

1) Antenna design: What is the narrow beam pattern? When swept over full range of
directions, what is the overall configured envelope radiation pattern?

2) Antenna steering: Is the narrow beam continuously steered or is it selected from a (few)
fixed orientations? Is the narrow beam adjusted in ¢ alone or in both § and ¢.

3) Technical limitation: Are there any design constraints that limit the fraction of available
power directed to a single narrow beamwidth? What fraction of the available power can
be directed to a single user?
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4) Geographic distribution of users in relation to antenna: Are there any factors that slue
the geographic distribution of users from "random"? For example, if a BS is located
1000 m from a conference centre within the coverage area of the cell, it can be
anticipated that there is a significant concentration of users over a limited range of
bearings.

5) RF field strength modelling: Select a suitable computation model from Clause B.3 or

Cl

ause B.6 and respect any constraints on applicability, see Table B.16. Consider that

when approaching closer to an antenna with very narrow beamwidth, a person can
obstruct more than one beam.

b) In general, a statistical model defines:

1) the computation or measurement methods from Clause 8 to either establish the
conservative RF field strength / SAR / power density or a reference (e.g. "average") RF

fig
2) a
th

3) th
arn

4) th
th

In the (g
determin
density is

E.10.4

E.10.4.1

Figure E.
(in ¢ only

Id strength / SAR / power density;

function defining a factor to reduce the deterministic conservative case,er o modify
e reference RF field strength / SAR;

e applicability constraints considering all relevant aspects and at/least a) to|d) above
d any assumptions that apply;

b level of conservativeness and allows for that level to be parametrically expfessed in
e corresponding analytical formulation.

ase study associated with the example approach) see E.10.4, the g¢omputed
stic conservative power density is 0,5 W m~2 and.the statistical conservatiye power
0,23 W m~2 for a level of conservativeness of 97,6 %.

Example approaches
General

23 presents a plan view of a massive MIMO antenna with N, independently steerable
) narrow beams each of beamwidth NB;,g combining to provide coverage oyer a cell

sector belamwidth of SMRT;4g. Each:beam is directed to a single user within the coverage area.

The exar
with dete

The follo

nple approaches evaluatesthe RF field strength at the evaluation point in acftordance
Fministic conservative, long term time-average and statistical conservative methods.

wving definitions-are used, see Figure E.23:

is the maximum gain of the narrow beam directed to a user;

is the_ maximum horizontal directivity of the side lobes of the narrow beam;

is the vertical directivity of the narrow beam directed to the evaluation poinf;

~

avg

ferpattern of

the massive MIMO antenna;

is the —3 dB horizontal beamwidth (°) of the narrow beam directed to each user;
is the bearing (° East of North) to the evaluation point;

is the boresight bearing (° East of North) of the massive MIMO antenna if
SMRT,4p < 360°;

is the maximum value of the average (temporal) transmitted power (W) for each user;
is the maximum number of simultaneous users;

is the maximum value of the average (temporal) transmitted power (W) for the
massive MIMO antenna and P, = Py, - N;

NOTE 1 In the case where a different transmitted power level is available to each user, the definition
of P, implies that Pavg < P, - N, ensuring the conservativeness of the computed power density.
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is the statistically defined maximum number of users in a single narrow beamwidth

max
934y (s€€ Figure E.23 "MAX") centred on the evaluation point bearing ¢, i.e. within
, NB34p NB3gp .

bearing range @, — 5 SQ<@gp + 5

Nadgj is the statistically defined (considering N,,,) maximum number of users in the two

NB NB
bearing ranges (see Figure E.23 "ADJACENT") ¢, —%%ﬁq)ﬁ(pep— ;’dB
NB3gs 3xNBggp .

and TS¢S¢GP+T’

Noth is the number of remaining users (after considering the statistically defined
I‘Vymax alld 1‘Vradj) ;II bUal ;Ily IGIIUCD (DCU r;yulc E23 i DTHER")

SMRT. 3xNB NB 3xSMRT.
Pep - 3dB < < Pep - 3dB and 3dB < ) < Pep + 3dB..
2 2 2 2

Omax is the factor modifying the effective gain in the direction of the evaluation pqint of the
set of narrow beams serving users in a "MAX" bearing range centred on Pep (see
Figure E.23) considering the distribution of users (see, Nyiy) within thg bearing
range;

5adj is the factor modifying the effective gain in the directjon of the evaluation pqint of the
set of narrow beams serving users in the two *YADJACENT" bearing ranlges (see
Figure E.23) considering the distribution of JUsers (see Nadj) within thg bearing
ranges;

Ooth is the factor modifying the effective gain in\the direction of the evaluation pqint of the
remaining set of narrow beams serving-users in the two "OTHER" bearing ranges
(see Figure E.23) considering the distribution of users (see Ng;;,) within the bearing
ranges.

Assume that the RF fields transmitted:\te)each user are non-correlated and can be symmed to

find the tptal power density, see IEC:FR 62630 [41].

NOTE 2 Tlhe validity of this assumptionis technology dependent.
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Figure E.23 — Plan view representation‘of statistical conservative mode

Deterministic conservative power density model

ng Figure E.23, this model assumes that all N, users are in the same directi

h point and that all the transmitted power is directed towards the evaluat

NB:
Pep + 3dB

=

2

_ NBgags
2

IEC

pn as the
on point,

= N,. The deterministic \conservative power density can be determined Wsing the

h methods in this document in accordance with their validity. However, as an

(E.22) uses the simple spherical formula, see Equation (B.1).

Pavg 'Gu 'Deep

Sdet = 2

4n-r

example,

(E.22)

oraia-cinalarafloctoric nracant o factorof (4 4 171N\2 ic anpronpiato oina tho alacoinal onbhord
J Ld ) \ =17 9 Lid

al formula,

PPToP

see Equation (B.7).

E.10.4.3

Long term time-average power density model

Considering that over a long time period each narrow beam is effectively covering the full
massive MIMO antenna beam width, the effective gain of each of the narrow beams is therefore
reduced by the ratio of these two beam widths such that the long-term (e.g. over several days)

time-averaged power density S,

can be expressed by Equation (E.23).

(E.23)
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This value is significant only in that it establishes a possible basis for estimating the long term
overall environmental RF exposure level from the BS.

E.10.4.4  Statistical conservative power density model
E.10.4.4.1 Overview

A statistical approach can be used to define a more realistic conservative power density value.
This is based on defining a very small but acceptable probability that, over the (limited) time
that the cell is fully loaded, the statistical conservative value can be exceeded.

NOTE For example, consider the case where a) the fully loaded situation (maximum power to all users on cell edge,
all frequencies/timeslots in use, maximum data rate, etc.) occurs for say 5 % of the time and b) the defined acceptable
probability fforexceedance—Ts—2:5%—Ttreprobabitity thatthe—computed—vatve—s—exceeded—s2;569 x 5/100 =

12,5/10 000 or 0,125 %. This means that over time, there is 99,875 % probability that the real value)ig below the
statistically] conservative value compared with 100 % probability for the deterministic conservative-appropch.

In the stqtistical conservative case, it is still necessary to account for all the transmitted power,
but not necessarily with all the users in a single narrow beamwidth as+in the detg¢rministic
conservative case.

The example approach breaks the problem into three parts.

a) To egtablish the deterministic conservative power density (§|,) from a single narrow beam
supp@rting one user considering the maximum gain modified by the vertical directiyity to the
evaluption point.

b) To establish appropriate factor(s) (dyax: Iadjs doth) tomodify the horizontal gain of the narrow
beamp considering that some of the transmittedpower is targeted at users at bearipgs other
than fhe evaluation point.

c) To establish a statistical model defining theinumber of users (Nyay, Nagj: Notn) in appropriate

bearing ranges considering the field\computation model constraints and the| level of
consgrvativeness. This effectively. defines the transmitted power distribution [over the
mass|ve MIMO antenna beamwidth.

The statigtical conservative power)density S, is defined by Equation (E.24).

sta

Seta = Su '(Nmax “Omax + Nadj '5adj + Noth '5oth) (E.24)

In Equation, (E;24), the subscripts relate to the "MAX", "ADJACENT" and "OTHER| bearing
ranges shown in Figure E.23.

E.10.4.4.2 Establishing the single user conservative power density

In principle, any of the evaluation methods described in Clause 8 can be applied to determine
S, depending on the criteria in Clause 7 and Annex A and due consideration of their applicability
to source-environment plane regions within which the evaluation point(s) lie. For simplicity, the
simple spherical method, see B.3.1, is used with the horizontal gain at maximum and the vertical
directivity appropriate for the evaluation point. For a single user, for evaluation points in the
source-environment plane region Ill-0, the conservative power density S, can be expressed by

Equation (E.25).

R, -G,-D
S:u u " ~fep

u
4r-r?

(E.25)
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