
IEC TR 62669 
Edition 2.0 2019-04 

TECHNICAL 
REPORT 

Case studies supporting IEC 62232 – Determination of RF field strength, power 
density and SAR in the vicinity of radiocommunication base stations for the 
purpose of evaluating human exposure 

IE
C

 T
R

 6
26

69
:2

01
9-

04
(e

n)
 

® 
 

colour
inside

IE
C

/T
R 

62
66

9 
Ed

.2
.0

 - 
Pr

ev
ie

w
 o

nl
y 

C
op

y 
vi

a 
IL

N
A

S 
e-

Sh
op



 

 
  

 THIS PUBLICATION IS COPYRIGHT PROTECTED 
 Copyright © 2019 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 
your local IEC member National Committee for further information. 
 

IEC Central Office 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 International Electrotechnical Commission (IEC) is the leading global organization that prepares and publishes 
International Standards for all electrical, electronic and related technologies. 
 
About IEC publications  
The technical content of IEC publications is kept under constant review by the IEC. Please make sure that you have the 
latest edition, a corrigendum or an amendment might have been published. 
 
IEC publications search - webstore.iec.ch/advsearchform 
The advanced search enables to find IEC publications by a 
variety of criteria (reference number, text, technical 
committee,…). It also gives information on projects, replaced 
and withdrawn publications. 
 
IEC Just Published - webstore.iec.ch/justpublished 
Stay up to date on all new IEC publications. Just Published 
details all new publications released. Available online and once 
a month by email.  
 
IEC Customer Service Centre - webstore.iec.ch/csc 
If you wish to give us your feedback on this publication or need 
further assistance, please contact the Customer Service 
Centre: sales@iec.ch. 
 

Electropedia - www.electropedia.org 
The world's leading online dictionary on electrotechnology, 
containing more than 22 000 terminological entries in English 
and French, with equivalent terms in 16 additional languages. 
Also known as the International Electrotechnical Vocabulary 
(IEV) online. 
 
IEC Glossary - std.iec.ch/glossary 
67 000 electrotechnical terminology entries in English and 
French extracted from the Terms and Definitions clause of IEC 
publications issued since 2002. Some entries have been 
collected from earlier publications of IEC TC 37, 77, 86 and 
CISPR. 
 
 

 

 

IE
C

/T
R 

62
66

9 
Ed

.2
.0

 - 
Pr

ev
ie

w
 o

nl
y 

C
op

y 
vi

a 
IL

N
A

S 
e-

Sh
op

mailto:info@iec.ch
mailto:info@iec.ch
https://www.iec.ch/
https://www.iec.ch/
https://webstore.iec.ch/advsearchform
https://webstore.iec.ch/advsearchform
https://webstore.iec.ch/justpublished
https://webstore.iec.ch/justpublished
https://webstore.iec.ch/csc
https://webstore.iec.ch/csc
mailto:sales@iec.ch
mailto:sales@iec.ch
http://www.electropedia.org/
http://www.electropedia.org/
http://std.iec.ch/glossary
http://std.iec.ch/glossary


 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

IEC TR 62669 
Edition 2.0 2019-04 

TECHNICAL 
REPORT 
 

Case studies supporting IEC 62232 – Determination of RF field strength, power 
density and SAR in the vicinity of radiocommunication base stations for the 
purpose of evaluating human exposure 
 

 
 
 

INTERNATIONAL 
ELECTROTECHNICAL 
COMMISSION 

 
 

ICS 13.280; 17.240 

 

ISBN 978-2-8322-6795-0 
 

  
  

® Registered trademark of the International Electrotechnical Commission 

® 
 

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

 

colour
inside

IE
C

/T
R 

62
66

9 
Ed

.2
.0

 - 
Pr

ev
ie

w
 o

nl
y 

C
op

y 
vi

a 
IL

N
A

S 
e-

Sh
op



 – 2 – IEC TR 62669:2019 © IEC 2019 

CONTENTS 

FOREWORD ......................................................................................................................... 10 
INTRODUCTION ................................................................................................................... 12 
1 Scope ............................................................................................................................ 13 
2 Normative references .................................................................................................... 13 
3 Terms and definitions .................................................................................................... 13 
4 Symbols and abbreviations ............................................................................................ 17 

4.1 Physical quantities ................................................................................................ 17 
4.2 Constants ............................................................................................................. 17 
4.3 Abbreviated terms ................................................................................................. 17 

5 Overview of case studies ............................................................................................... 18 
6 Indoor small cell product compliance assessment using SAR measurements ................. 20 

6.1 General description ............................................................................................... 20 
6.2 Implementation of IEC 62232:2017 ....................................................................... 20 

6.2.1 Evaluation process ........................................................................................ 20 
6.2.2 Methodology .................................................................................................. 21 
6.2.3 Reporting ....................................................................................................... 22 

6.3 Technical outcome ................................................................................................ 22 
6.4 Lessons learned ................................................................................................... 22 

7 Outdoor small cell product compliance assessment using SAR measurements .............. 23 
7.1 General description ............................................................................................... 23 
7.2 Implementation of IEC 62232:2017 ....................................................................... 23 

7.2.1 Evaluation process ........................................................................................ 23 
7.2.2 Methodology .................................................................................................. 24 
7.2.3 Reporting ....................................................................................................... 24 

7.3 Technical outcome ................................................................................................ 24 
7.4 Lessons learned ................................................................................................... 24 

8 Small cell product installation compliance assessment using simplified installation 
criteria ........................................................................................................................... 24 

8.1 General description ............................................................................................... 24 
8.2 Implementation of IEC 62232:2017 ....................................................................... 25 

8.2.1 Evaluation process ........................................................................................ 25 
8.2.2 Methodology .................................................................................................. 26 
8.2.3 Reporting ....................................................................................................... 26 

8.3 Technical outcome ................................................................................................ 26 
8.4 Lessons learned ................................................................................................... 27 

9 Small cell site in-situ measurements .............................................................................. 27 
9.1 General description ............................................................................................... 27 
9.2 Implementation of IEC 62232:2017 for measurement Campaign A ........................ 27 

9.2.1 Evaluation process ........................................................................................ 27 
9.2.2 Methodology .................................................................................................. 28 
9.2.3 Reporting ....................................................................................................... 29 

9.3 Implementation of IEC 62232:2017 for measurement Campaign B ........................ 29 
9.3.1 General description ....................................................................................... 29 
9.3.2 Case B (comprehensive exposure evaluation) ............................................... 30 
9.3.3 Reporting ....................................................................................................... 31 

9.4 Lessons learned ................................................................................................... 31 

IE
C

/T
R 

62
66

9 
Ed

.2
.0

 - 
Pr

ev
ie

w
 o

nl
y 

C
op

y 
vi

a 
IL

N
A

S 
e-

Sh
op



IEC TR 62669:2019 © IEC 2019 – 3 – 

10 Street cell product compliance assessment using SAR measurements and power 
density spatial averaging ............................................................................................... 31 

10.1 General description ............................................................................................... 31 
10.2 Implementation of IEC 62232:2017 ....................................................................... 32 

10.2.1 Evaluation process ........................................................................................ 32 
10.2.2 Methodology .................................................................................................. 32 
10.2.3 Reporting ....................................................................................................... 33 

10.3 Technical outcome ................................................................................................ 33 
10.4 Validation study .................................................................................................... 33 

10.4.1 Validation process ......................................................................................... 33 
10.4.2 Comparison of spatial average field strength and whole-body SAR 

results ........................................................................................................... 34 
10.5 Lessons learned ................................................................................................... 34 

11 Macro site in-situ measurements ................................................................................... 34 
11.1 General description ............................................................................................... 34 
11.2 Implementation of IEC 62232:2017 ....................................................................... 35 

11.2.1 Evaluation process ........................................................................................ 35 
11.2.2 Methodology .................................................................................................. 36 
11.2.3 Reporting ....................................................................................................... 36 

11.3 Technical outcome ................................................................................................ 36 
11.4 Lessons learned ................................................................................................... 36 

12 Macro site in-situ measurements using drones .............................................................. 36 
12.1 General description ............................................................................................... 36 
12.2 Implementation ..................................................................................................... 37 

12.2.1 Evaluation system ......................................................................................... 37 
12.2.2 Evaluation process and methodology ............................................................. 38 
12.2.3 Reporting ....................................................................................................... 38 

12.3 Technical outcome ................................................................................................ 38 
12.4 Lessons learned ................................................................................................... 39 

13 RF exposure assessment based on actual maximum transmitted power or EIRP ........... 39 
13.1 General guidelines ................................................................................................ 39 

13.1.1 Technical background and rationale .............................................................. 39 
13.1.2 Guiding principles for conducting RF exposure assessment based on 

the actual maximum approach ....................................................................... 42 
13.1.3 EIRP evaluation assumptions ........................................................................ 42 
13.1.4 Technology duty cycle factor assumptions ..................................................... 43 
13.1.5 Expected outcome of actual maximum approaches ........................................ 45 

13.2 Modelling studies for BS using mMIMO ................................................................. 45 
13.2.1 Guiding principles .......................................................................................... 45 
13.2.2 Simulation model parameters ........................................................................ 45 
13.2.3 Modelling case study A .................................................................................. 47 
13.2.4 Modelling case study B .................................................................................. 49 
13.2.5 Modelling case study C .................................................................................. 51 
13.2.6 Lessons learned ............................................................................................ 53 

13.3 Measurement studies on operational sites with BS using mMIMO ......................... 54 
13.3.1 Guiding principles .......................................................................................... 54 
13.3.2 Measurement campaign parameters .............................................................. 54 
13.3.3 Experiment process ....................................................................................... 55 
13.3.4 Examples of RF exposure experiments .......................................................... 57 

IE
C

/T
R 

62
66

9 
Ed

.2
.0

 - 
Pr

ev
ie

w
 o

nl
y 

C
op

y 
vi

a 
IL

N
A

S 
e-

Sh
op



 – 4 – IEC TR 62669:2019 © IEC 2019 

13.3.5 Lessons learned ............................................................................................ 61 
13.4 Configurations with multiple transmitters ............................................................... 62 

13.4.1 Guiding principles for configurations with multiple transmitters ...................... 62 
13.4.2 Rationale ....................................................................................................... 62 
13.4.3 Power combination factors applicable to configurations with multiple 

transmitters ................................................................................................... 64 
13.4.4 Lessons learned ............................................................................................ 65 

14 Macro BS with massive MIMO product compliance assessment ..................................... 65 
14.1 General description ............................................................................................... 65 
14.2 Implementation of IEC 62232:2017 ....................................................................... 66 

14.2.1 Evaluation process ........................................................................................ 66 
14.2.2 Methodology .................................................................................................. 66 
14.2.3 Reporting ....................................................................................................... 67 

14.3 Technical outcome ................................................................................................ 67 
14.4 Lessons learned ................................................................................................... 68 

15 Macro site with massive MIMO product installation compliance assessment .................. 68 
15.1 General description ............................................................................................... 68 
15.2 Implementation of IEC 62232:2017 ....................................................................... 69 

15.2.1 Evaluation process ........................................................................................ 69 
15.2.2 Methodology .................................................................................................. 69 
15.2.3 Reporting ....................................................................................................... 70 

15.3 Technical outcome ................................................................................................ 70 
15.4 Lessons learned ................................................................................................... 71 

16 Small cell products at millimetre-wave frequency using massive MIMO .......................... 71 
16.1 General description ............................................................................................... 71 
16.2 Indoor product installation case study ................................................................... 72 

16.2.1 Product configurations ................................................................................... 72 
16.2.2 Implementation of IEC 62232:2017 ................................................................ 72 
16.2.3 Technical outcome ......................................................................................... 73 
16.2.4 Lessons learned ............................................................................................ 73 

16.3 In-situ measurement case study ............................................................................ 73 
16.3.1 Product configurations ................................................................................... 73 
16.3.2 Implementation of IEC 62232:2017 ................................................................ 74 
16.3.3 Technical outcome ......................................................................................... 75 
16.3.4 Lessons learned ............................................................................................ 77 

17 Wireless link with parabolic dish antenna product compliance assessment .................... 77 
17.1 General description ............................................................................................... 77 
17.2 Implementation of IEC 62232:2017 ....................................................................... 78 

17.2.1 Evaluation process ........................................................................................ 78 
17.2.2 Methodology .................................................................................................. 79 
17.2.3 Reporting ....................................................................................................... 79 

17.3 Technical outcome ................................................................................................ 79 
17.4 Lessons learned ................................................................................................... 81 

Annex A (informative)  Technical information supporting the case study  "Indoor small 
cell product compliance assessment using SAR measurements" (Clause 6).......................... 82 

A.1 Technical details ................................................................................................... 82 
A.2 Test report ............................................................................................................ 82 

Annex B (informative)  Technical information supporting the case study  "Outdoor small 
cell product compliance assessment using SAR measurements" (Clause 7).......................... 83 

IE
C

/T
R 

62
66

9 
Ed

.2
.0

 - 
Pr

ev
ie

w
 o

nl
y 

C
op

y 
vi

a 
IL

N
A

S 
e-

Sh
op



IEC TR 62669:2019 © IEC 2019 – 5 – 

B.1 Physical parameters of the EUT antenna .............................................................. 83 
B.2 Measurement set-up ............................................................................................. 83 
B.3 Measurement results ............................................................................................. 84 
B.4 Test report ............................................................................................................ 84 

Annex C (informative)  Technical information supporting the case study  "Small cell 
product installation compliance assessment using simplified installation criteria" 
(Clause 8) ............................................................................................................................. 85 

C.1 3GPP categories of base stations ......................................................................... 85 
C.2 E0 installation class case study – Touch compliant ............................................... 85 
C.3 E2 installation class case study ............................................................................ 86 
C.4 E10 installation class case study........................................................................... 87 
C.5 E100 installation class case .................................................................................. 88 
C.6 E+ installation class case study ............................................................................ 90 

Annex D (informative)  Technical information supporting the case study  "Small cell site 
in-situ measurements" (Clause 9) ......................................................................................... 93 

D.1 General description and note ................................................................................ 93 
D.2 Technical information and results for measurement Campaign A........................... 93 
D.3 Technical information for measurement Campaign B ............................................. 98 

D.3.1 General description ....................................................................................... 98 
D.3.2 Measurement process ................................................................................... 98 
D.3.3 Results .......................................................................................................... 99 
D.3.4 Measurement uncertainty............................................................................. 101 
D.3.5 Test report for measurement Campaign B .................................................... 101 

Annex E (informative)  Technical information supporting the case study  "Street cell 
product compliance assessment using SAR measurements and power density spatial 
averaging" (Clause 10) ....................................................................................................... 102 
Annex F (informative)  Technical information supporting the case study  "Macro site in-
situ measurements" (Clause 11) ......................................................................................... 103 

F.1 Technical information used for performing the tests ............................................ 103 
F.2 Test report .......................................................................................................... 103 

Annex G (informative)  Technical information supporting the case study  "Macro site in-
situ measurements using drones" (Clause 12) .................................................................... 104 

G.1 Technical parameters of the measurement system .............................................. 104 
G.2 Technical parameters of the drone ...................................................................... 104 
G.3 Description of the BS measurement site .............................................................. 104 
G.4 Technical details of the measurement process .................................................... 105 
G.5 Software interface of the drone-based measurement system ............................... 108 
G.6 Considerations for performing RF exposure measurements using drones ........... 108 

Annex H (informative)  Technical information supporting the case study  "Macro BS 
with massive MIMO product compliance assessment"  (Clause 14) ..................................... 110 

H.1 Technical details ................................................................................................. 110 
H.2 Test report .......................................................................................................... 111 

Annex I (informative)  Technical information supporting the case study  "Macro site 
with massive MIMO product installation compliance assessment" (Clause 15) .................... 112 

I.1 Description of the site ......................................................................................... 112 
I.2 Description of the EUT ........................................................................................ 113 
I.3 Evaluation procedure .......................................................................................... 114 
I.4 Calculations ........................................................................................................ 114 
I.5 Interpretation of the results ................................................................................. 117 
I.6 Test report .......................................................................................................... 117 

IE
C

/T
R 

62
66

9 
Ed

.2
.0

 - 
Pr

ev
ie

w
 o

nl
y 

C
op

y 
vi

a 
IL

N
A

S 
e-

Sh
op



 – 6 – IEC TR 62669:2019 © IEC 2019 

Annex J (informative)  Technical information supporting the case study  "Small cell 
products at millimetre-wave frequency using massive MIMO" (Clause 16) ........................... 118 
Annex K (informative)  Revised flow chart for the simplified RF exposure assessment 
of BS  using parabolic dish antennas (Clause 17) ............................................................... 119 
Bibliography ........................................................................................................................ 121 
 
Figure 1 – Tested local area BS product with two radios denoted RF1 and RF2 .................... 20 
Figure 2 – Definition of cylindrical RF compliance boundary.................................................. 21 
Figure 3 – Small remote radio equipment at 3,5 GHz (EUT antenna) .................................... 23 
Figure 4 – Simplified process for product installation compliance applicable to small 
cells  ...................................................................................................................................... 25 
Figure 5 – Overview of BS installation classes for simplified RF exposure assessment 
of small cells ......................................................................................................................... 26 
Figure 6 – Illustration of small cells integration in street furniture .......................................... 28 
Figure 7 – Photographs of typical examples of the three small cell site groups ..................... 30 
Figure 8 – Omni-directional antenna connected to the street cell product .............................. 32 
Figure 9 – Vertical scan lines for spatially averaged field strength measurements ................. 33 
Figure 10 – View from the measurement location to the BS .................................................. 35 
Figure 11 – Drone used for field measurements around the BS site ...................................... 38 
Figure 12 – Empirical CDFs of transmitted power (normalized) for different 
environments in 3G network in India [31] .............................................................................. 40 
Figure 13 – Empirical CDFs of combined transmitted power (normalized) for a 
2G/3G/4G network in Sweden [32] ........................................................................................ 40 
Figure 14 – Extrapolation factor of the power flux density S(t) of the different signals 
and the Stotal(t) (all bands) with a sliding time averaging of 6 min applied to the 
measurements [27] ............................................................................................................... 41 
Figure 15 – Generic structure of a base station transmitted RF signal frame ......................... 44 
Figure 16 – Fraction of the total power transmitted in the broadside beam direction for 
rural and urban scenarios ..................................................................................................... 48 
Figure 17 – CDF of the power reduction factor for rural and urban installation scenarios ...... 49 
Figure 18 – CDF of the normalized transmitted power for both UMa and UMi ........................ 51 
Figure 19 – Relationship between additional power reduction factor  and CDF as a 
function of number of beams (number of incoherent areas) ................................................... 53 
Figure 20 – CDF of measurement on 8-cell cluster (experiment #1) ...................................... 59 
Figure 21 – CDF in high-traffic conditions (experiment #5) .................................................... 60 
Figure 22 – CDF of the reference Beta distribution used to assess  power combination 
factors .................................................................................................................................. 63 
Figure 23 – CDF resulting from the combination of two independent  transmitters 
having the reference Beta distribution ................................................................................... 63 
Figure 24 – 5G BS product.................................................................................................... 65 
Figure 25 – Box-shaped RF compliance boundary ................................................................ 66 
Figure 26 – Outline of the 5G site ......................................................................................... 69 
Figure 27 – Top view of the exclusion zones (red: occupational, yellow: general public) ....... 70 
Figure 28 – Side view of the exclusion zones (red: occupational, yellow: general public ....... 71 
Figure 29 – Indoor site with 5G small cell product at millimetre-wave frequency .................... 72 
Figure 30 – Outdoor site with 5G small cell product at millimetre-wave frequency 
installed on a 44 m radio tower ............................................................................................. 74 

IE
C

/T
R 

62
66

9 
Ed

.2
.0

 - 
Pr

ev
ie

w
 o

nl
y 

C
op

y 
vi

a 
IL

N
A

S 
e-

Sh
op



IEC TR 62669:2019 © IEC 2019 – 7 – 

Figure 31 – Map of the outdoor measurement locations ........................................................ 76 
Figure 32 – Outdoor measurement location 1 ........................................................................ 76 
Figure 33 – Outdoor measurement location 2 ........................................................................ 76 
Figure 34 – Typical radio transmitters using parabolic dish antennas .................................... 78 
Figure 35 – Cylindrical shape RF compliance boundary ........................................................ 79 
Figure B.1 – Views of the SAR measurement setup .............................................................. 84 
Figure B.2 – Characteristics of SAR of EUT antennas as a function of separation 
distance at 3,5 GHz .............................................................................................................. 84 
Figure C.1 – Example of an E0 installation class configuration .............................................. 86 
Figure C.2 – Example of an E2 installation class configuration .............................................. 87 
Figure C.3 – Example of layout design for an E10 installation class configuration ................. 88 
Figure C.4 – Example of layout design for an E100 installation class configuration ............... 90 
Figure C.5 – Example of layout design for an E+ installation class configuration ................... 92 
Figure D.1 – Mean value of E-field measurements with broadband equipment at 
intermediate points for each site ........................................................................................... 94 
Figure D.2 – Maximum global E-field values measured in close proximity to the sites ........... 94 
Figure D.3 – Consistency analysis between Case A and Case B  (without 
extrapolation) results ............................................................................................................ 95 
Figure D.4 – Contribution of mobile services compared to Case B results ............................. 95 
Figure D.5 – Routes used for walk-tests around each site on both trials ................................ 96 
Figure D.6 – Cumulative distribution function of the upload throughput on Trial 1 
normalized by the maximum value measured on each site when the small cells are off 
(left) and of the transmitted power by the handset (right) ...................................................... 96 
Figure D.7 – Cumulative distribution function of the upload throughput on Trial 2 
normalized by the maximum value measured on each site when the small cells are off 
(left) and of the transmitted power by the handset (right) ...................................................... 97 
Figure D.8 – Cumulative distribution functions of the power transmitted by the handset 
during voice calls on Trial 2 when small cells are on and off ................................................. 97 
Figure D.9 – Results of the measurements around the selected sites .................................. 100 
Figure D.10 – Comparison between Campaign B results and other countrywide 
measurement campaigns .................................................................................................... 100 
Figure G.1 – Photograph of test site ................................................................................... 105 
Figure G.2 – The measurement system ............................................................................... 106 
Figure G.3 – The route of the drone during the flight ........................................................... 106 
Figure G.4 – The drone is hovering at measurement point 1 ............................................... 107 
Figure G.5 – The drone is hovering at measurement point 2 ............................................... 107 
Figure G.6 – Operating interface of the drone-based measurement system software .......... 108 
Figure I.1 – Rooftop scheme ............................................................................................... 112 
Figure I.2 – Geometry of the rooftop installation .................................................................. 113 
Figure I.3 – Compliance boundaries for general public (yellow) ........................................... 115 
Figure I.4 – Compliance boundaries for occupational exposure (red) .................................. 116 
Figure K.1 – Revised flow chart for the simplified assessment of RF compliance 
boundary in the line of sight of a parabolic dish antenna ..................................................... 120 
 
  

IE
C

/T
R 

62
66

9 
Ed

.2
.0

 - 
Pr

ev
ie

w
 o

nl
y 

C
op

y 
vi

a 
IL

N
A

S 
e-

Sh
op



 – 8 – IEC TR 62669:2019 © IEC 2019 

Table 1 – Outline of RF exposure assessment case studies .................................................. 19 
Table 2 – ICNIRP RF exposure limits relevant for the product  compliance assessment 
(from [8]) ............................................................................................................................... 20 
Table 3 – Dimensions of the cylindrical-shaped RF compliance boundary  for general 
public (GP) and occupational (O) exposure ........................................................................... 22 
Table 4 – Typical examples of small cell configurations (from [18]) ....................................... 25 
Table 5 – General public compliance distances for the street cell BS with omni-
directional antenna ............................................................................................................... 33 
Table 6 – Street cell EMF compliance assessment comparison: general public (adult) 
compliance distances based on SAR and field strength ........................................................ 34 
Table 7 – Operators and technologies present on the BS site ............................................... 35 
Table 8 – Measurement results for 1,5 m above relative ground level ................................... 36 
Table 9 – The measurement results of the measurement points ............................................ 38 
Table 10 – Relevant parameters for conducting RF exposure modelling studies of a 
massive MIMO site or site cluster ......................................................................................... 46 
Table 11 – Relevant parameters for conducting RF exposure assessment  of massive 
MIMO site according to simulation method A (from [33]) ....................................................... 47 
Table 12 – Relevant parameters for conducting RF exposure assessment of a massive 
MIMO site or site cluster according to simulation method B (from [35]) ................................. 50 
Table 13 – Summary of the percentiles of the normalized transmitted power and 
compliance distances for a UMa scenario from 3GPP TR 36.873 [6] and 3GPP TR 
38.901 [7] ............................................................................................................................. 51 
Table 14 – Relevant parameters for conducting RF exposure assessment  of massive 
MIMO site according to simulation method C (from [36]) ....................................................... 52 
Table 15 – Measurement campaign parameters for conducting  RF exposure 
assessment of a massive MIMO site or site cluster ............................................................... 54 
Table 16 – Measurement campaign parameters for RF exposure  validation of several 
massive MIMO sites and site clusters ................................................................................... 57 
Table 17 – Actual maximum values for experiment #1 ........................................................... 59 
Table 18 – Actual maximum values for experiment #5 ........................................................... 60 
Table 19 – Summary of actual maximum power results based  on measurements from 
different sites and clusters .................................................................................................... 61 
Table 20 – Quantiles of the reference Beta distribution  used to assess power 
combination factors ............................................................................................................... 62 
Table 21 – Percentiles resulting from the combination of 2 to 5 independent 
transmitters having the reference Beta distribution ................................................................ 64 
Table 22 – Power combination factors applicable to the normalized transmitted power 
CDF in case of combination of multiple independent identical transmitters ............................ 64 
Table 23 – Power combination factors applicable to  two independent transmitters with 
a ratio p in amplitude ............................................................................................................ 64 
Table 24 – RF EMF exposure limits relevant for the product compliance assessment [8] ...... 66 
Table 25 – Dimensions of the box-shaped RF compliance boundary for general public 
(GP) and occupational (O) exposure for an actual maximum transmitted power 
configuration ......................................................................................................................... 67 
Table 26 – RF EMF exposure limits relevant for the compliance assessment ........................ 69 
Table 27 – Measurement results ........................................................................................... 75 
Table 28 – RF EMF exposure limits relevant for the product compliance assessment 
(from [8]) ............................................................................................................................... 78 

IE
C

/T
R 

62
66

9 
Ed

.2
.0

 - 
Pr

ev
ie

w
 o

nl
y 

C
op

y 
vi

a 
IL

N
A

S 
e-

Sh
op



IEC TR 62669:2019 © IEC 2019 – 9 – 

Table 29 – Examples of radio relay configurations  with parabolic dish antennas below 
10 GHz ................................................................................................................................. 80 
Table 30 – Examples of radio relay configurations  with parabolic dish antennas above 
10 GHz ................................................................................................................................. 80 
Table A.1 – Technical data for the EUT ................................................................................. 82 
Table A.2 – EUT configuration with rated maximum transmitted  power level and 
maximum transmitted power levels ....................................................................................... 82 
Table B.1 – Physical parameters ........................................................................................... 83 
Table C.1 – Range of transmitted power classes for 3G and 4G base stations  (from 
3GPP TS 25.104 [16] and 3GPP TS 36.104 [17]) .................................................................. 85 
Table C.2 – Example of product parameters for an E0 installation class ................................ 85 
Table C.3 – Example of product parameters for an E2 installation class ................................ 86 
Table C.4 – Example of product parameters for an E10 installation class .............................. 87 
Table C.5 – Example of product parameters for an E100 installation class ............................ 89 
Table C.6 – Example of product parameters for an E+ installation class ............................... 91 
Table D.1 – Main characteristics of the two trials of measurement Campaign A .................... 93 
Table D.2 – Country and site groups of the sites in measurement Campaign B ..................... 98 
Table D.3 – The predefined services configured in the measurement equipment ................... 99 
Table G.1 – The information of the components in the measurement system ...................... 104 
Table G.2 – The parameters of the drone ............................................................................ 104 
Table G.3 – The base station parameters ........................................................................... 105 
Table G.4 – The measurement steps .................................................................................. 105 
Table H.1 – Technical data for the EUT .............................................................................. 110 
Table H.2 – Properties of the antenna used ........................................................................ 110 
Table H.3 – EUT configuration with rated maximum transmitted power level and actual 
maximum transmitted power level including a power tolerance of 1 dB................................ 111 
Table I.1 – Properties of the installed base stations ............................................................ 113 
Table I.2 – RF EMF exposure limits and product installation compliance assessment ......... 117 
 
 

IE
C

/T
R 

62
66

9 
Ed

.2
.0

 - 
Pr

ev
ie

w
 o

nl
y 

C
op

y 
vi

a 
IL

N
A

S 
e-

Sh
op



 – 10 – IEC TR 62669:2019 © IEC 2019 

INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
CASE STUDIES SUPPORTING IEC 62232 – DETERMINATION OF RF FIELD 

STRENGTH, POWER DENSITY AND SAR IN THE VICINITY OF 
RADIOCOMMUNICATION BASE STATIONS FOR THE PURPOSE OF 

EVALUATING HUMAN EXPOSURE  
 

FOREWORD 
1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising 

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

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

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

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

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

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

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

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

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

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

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

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

Enquiry draft Report on voting 

106/473/DTR 106/482A/RVDTR 

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

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

When referring to subdivisions of IEC 62232:2017, the number of the subdivision is followed by 
"(IEC 62232:2017)" in order to differentiate from subdivisions of the current document. For 
example: 

• "defined in 6.4 (IEC 62232:2017)" should be read as "defined in 6.4 of IEC 62232:2017"; 

• "see 8.2" should be read as "see 8.2 of IEC TR 62669:2019". 

The committee has decided that the contents of this document will remain unchanged until the 
stability date indicated on the IEC website under "http://webstore.iec.ch" in the data related to 
the specific document. At this date, the document will be  

• reconfirmed, 

• withdrawn, 

• replaced by a revised edition, or 

• amended. 

A bilingual version of this publication may be issued at a later date. 

 

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

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

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

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

This document is informative. Each use case is described in the main body of the document 
and includes “lessons learned” and recommendations for improving IEC 62232:2017. More 
details, rationale and examples of reports are included in annexes.  
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CASE STUDIES SUPPORTING IEC 62232 – DETERMINATION OF RF FIELD 
STRENGTH, POWER DENSITY AND SAR IN THE VICINITY OF 

RADIOCOMMUNICATION BASE STATIONS FOR THE PURPOSE OF 
EVALUATING HUMAN EXPOSURE 

 
 
 

1 Scope 

This document, which is a Technical Report, presents a series of case studies in which 
electromagnetic (EM) fields are evaluated in accordance with IEC 62232:2017. The case 
studies presented in this document involve intentionally radiating base stations (BS). The BS 
transmit on one or more antennas using one or more frequencies in the range 110 MHz to 
100 GHz and RF exposure assessments take into account the contribution of ambient sources 
at least in the 100 kHz to 300 GHz frequency range. 

Each case study has been chosen to illustrate a typical BS evaluation scenario and employs 
the methods detailed in IEC 62232:2017. The case studies are provided for guidance only and 
are not a substitute for a thorough understanding of the requirements of IEC 62232:2017. Based 
on the lessons learned from each case study, recommendations about RF assessment topics 
to be considered in the next revision of IEC 62232 are proposed. The methodologies and 
approaches described in this document are useful for the assessment of early 5G products 
introduced for consumer trials or deployments.  

This document provides background and rationale for applying a compliance approach based 
on the actual maximum transmitted power or EIRP. Guidance for collecting and analysing 
information about the transmitted power of a base station and evaluating its actual maximum 
RF exposure based on modelling studies or measurement studies on operational sites (in 
networks, sub-networks or field trials) is also presented. 

2 Normative references 

IEC 62232:2017, Determination of RF field strength, power density and SAR in the vicinity of 
radiocommunication base stations for the purpose of evaluating human exposure 

IEC 62479, Assessment of the compliance of low-power electronic and electrical equipment 
with the basic restrictions related to human exposure to electromagnetic fields (10 MHz to 
300 GHz) 

3 Terms and definitions 

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

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

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

• IEC Electropedia: available at http://www.electropedia.org/ 

• ISO Online browsing platform: available at http://www.iso.org/obp 
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3.1  
actual maximum  
<value of transmitted power or EIRP or exposure or RF compliance boundary> value reached 
during operations at a given percentile of the cumulative distribution function (CDF) of a 
statistical evaluation taking into account the averaging time tavg and the variation of the BS load 
for the whole duration of the statistical evaluation 

3.2  
averaging time 
tavg 
appropriate time over which exposure is averaged for purposes of determining compliance 

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

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

3.5  
drive test 
series of measurements performed for assessing the coverage, capacity and quality of service 
of a base station or BS cluster 

3.6  
high speed downlink packet access 
HSDPA 
enhanced mobile communications protocol, which allows UMTS networks to have higher data 
speeds and capacity 

3.7  
massive multiple-input, multiple-output 
massive MIMO 
mMIMO 
method used for multiplying the capacity of a radio link in a multicarrier cellular network in which 
a BS j is equipped with Mj >> 1 antennas and communicates with Kj single-antenna UEs 
simultaneously on each time/frequency sample, with antenna-UE ratio Mj/Kj > 1 

Note 1 to entry: Each BS operates individually and processes its signals using linear receive combining and linear 
transmit precoding (from [1]1). 

3.8  
maximum transmitted power 
PTXM 
maximum total power transmitted by a base station under test measured during the transmitter 
ON period 

_____________ 
1 Numbers in square brackets refer to the Bibliography. 
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3.9  
new radio 
NR 
name used by 3rd Generation Partnership Project (3GPP) for the specification of 5G mobile 
networks 

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

3.10  
network manager 
NM 
system providing a package of end-user functions with the responsibility for the management 
of a network, mainly as supported by the element managers but also involving direct access to 
the network elements in a mobile network 

[SOURCE: 3GPP TS 21.905 [3]] 

3.11  
physical broadcast channel 
PBCH 
transmission channel that is used to transfer information to all mobile devices that are operating 
in a radio coverage area 

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

3.12  
physical downlink control channel 
PDCCH 
channel that carries scheduling assignments and other control information 

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

3.13  
physical downlink shared channel 
PDSCH 
downlink data channel for users 

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

3.14  
physical resource block 
PRB 
<LTE> seven consecutive OFDM symbols in the time domain and 12 consecutive subcarriers 
in the frequency domain  

Note 1 to entry: A physical resource block thus consists of 7 × 12 resource elements, corresponding to one slot in 
the time domain and 180 kHz in the frequency domain.  

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

3.15  
power combination factor 
multiplication factor that is applied to the power reduction factor in case of combination of 
multiple independent signals 

3.16  
power reduction factor 
multiplication factor that is applied to the time-averaged maximum transmitted power in order 
to obtain its actual maximum value from its CDF 

Note 1 to entry: The power reduction factor can also be applied to EIRP; see Equation (3) in 13.1.3.  
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3.17  
rated maximum  
<value of transmitted power or EIRP> value as declared by the manufacturer 

3.18  
resource block 
RB 
<LTE and 5G-NR> series of N = 12 consecutive subcarriers in the frequency domain 

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

3.19  
technology duty cycle factor 
TDC 
multiplication factor that is applied to the maximum transmitted power to get the time-averaged 
transmitted power at full load considering the time slots reserved for reception in Time Division 
Duplex (TDD) systems 

Note 1 to entry: For Frequency Division Duplex (FDD) systems, the technology duty cycle is 1. 

3.20  
time-averaged  
<value of transmitted power or EIRP> value taking into account the technology duty cycle factor 
of the signal and the averaging time tavg 

3.21  
transmitted power 
PTX 
total power transmitted by a base station under test during the transmitter ON period assessed 
either at the antenna input port(s) for passive antennas or as the total radiated power for base 
stations with built-in antennas 

3.22  
urban macro 
UMa 
BS configuration used for mobile network channel model simulations according to 
3GPP TS 36.873 [6] and 3GPP TS 38.901 [7], where the BS antenna is installed at a height of 
25 m corresponding to rooftops 

3.23  
urban micro 
UMi 
BS configuration used for mobile network channel model simulations according to 
3GPP TS 36.873 [6] and 3GPP TS 38.901 [7], where the BS antenna is installed at a height of 
10 m corresponding to poles 

3.24  
user equipment 
UE 
device used directly by an end-user to communicate in a mobile network 

3.25  
voice over LTE 
VoLTE 
high-speed mobile communication technology for mobile phones and data terminals with 
specific profiles for control and media planes to deliver voice service using LTE 
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