
INTERNATIONAL 
ELECTROTECHNICAL 
COMMISSION

Copyright © IEC, Geneva, Switzerland

Base stations RF-EMF exposure assessment methods standardization
Driving principles & implementation case studies

13th GSMA EMF Forum, Brussels, 01.10.2024

Christophe Grangeat, Nokia
EMF Mitigation Lead
Convenor of IEC TC106 MT3

DISCLAIMER 
This presentation includes extracts of IEC 62232:2022 standard and IEC TR 62669 draft 
Edition 3, which are provided only for information purposes. For an accurate 
understanding and implementation of these documents, it is required to refer to their full 
published version. Figure numbers of IEC TR 62669 are extracted from a preliminary 
draft DTR version and may change in the final version expected to be published in 2025.



Base stations RF-EMF exposure assessment methods
International standardization panorama – IEC 

 IEC 62232:2022, Determination of RF field strength, power density and SAR in the vicinity of base 
stations for the purpose of evaluating human exposure
 IEC 62232:2024 publication is expected by the end of 2024 

(Same technical content, includes only minor error corrections and editorial updates to improve 
readability and align with TR 62669:2025)

 IEC TR 62669:2019, 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
 IEC TR 62669:2025 publication is expected during 1st half 2025
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Referenced in multiple regulations

30+ case studies 
from 12 national committees



Base stations RF-EMF exposure assessment methods
International standardization panorama – CENELEC & ITU

 CENELEC TC106X WG1
 EN 50385:2017, Product standard to demonstrate the compliance of base station 

equipment with radiofrequency electromagnetic field exposure limits (110 MHz - 
100 GHz), when placed on the market

 EN 50401:2017, Product standard to demonstrate the compliance of base station 
equipment with radiofrequency electromagnetic field exposure limits (110 MHz - 
100 GHz), when put into service

 ITU-T SG5 Q3/5
 ITU-T K.52 (08/2024), Guidance on complying with limits for human exposure to 

electromagnetic fields
 ITU-T K.100 (08/2024), Measurement of radio frequency electromagnetic fields to 

determine compliance with human exposure limits when a base station is put into 
operation
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Ongoing updates to align with IEC/EN 62232:2024
Referenced in the Official Journal of the European Union

Referenced in some regulations



Base stations RF-EMF exposure assessment methods
International standardization panorama – Teamwork
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Standardization involved teamwork & cross-fertilization

IEC TC106 MT3 has 80+ registered members from 21 national committees
including operators, mobile network vendors, regulators, academics, laboratories, measurement equipment vendors

Paris 2024-09-25 HYM attendees



IEC 62232 scope (extract Clause 2)

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

b) considers the impact of ambient sources on RF exposure at least in the 100 kHz to 300 GHz 
frequency range;

c) specifies the methods to be used for RF exposure evaluation for compliance assessment 
applications, namely:

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

2) product installation compliance – determination of the total RF exposure levels in accessible areas from a BS 
product and other relevant sources before the product is put into operation;

3) in-situ RF exposure assessment – measurement of in-situ RF exposure levels in the vicinity of a BS installation after 
the product has been taken into operation; (…)

e) describes several RF field strength, power density, and SAR measurement and computation 
methodologies with guidance on their applicability to address both the in-situ evaluation of 
installed BS and laboratory-based evaluations
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IEC 62232 structure follows the global implementation flow
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IEC 62232, Clause 5

Figure 1– Quick start guide to the evaluation process



IEC TR 62669 case studies have been regrouped 
per evaluation type, BS type and evaluation method
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Clause Annex BS type Evaluation type
with IEC 62232:2024 reference

Evaluation method
with IEC 62232:2024 reference

6 none Small cells Product compliance (6.1) SAR measurements (B.5)
7 none Street cell with omnidirectional antenna Product compliance (6.1) SAR (B.5) and field strength (B.4) 

measurements
8 none Macro BS with mMIMO Product compliance (6.1) Field strength computations (B.6.2)
9 none Wireless link Product compliance (6.1) Field strength computations (B.6.4)

10 Annex A Small cell Product installation compliance (6.2) Simplified installation criteria; Field 
strength computations (B.4)

11 Annex B and 
Annex C

Macro BS and millimetre wave (FR2) 
small cell with mMIMO

Product installation compliance (6.2) Computations (6.2.8) ; synthetic method 
modelling (B.7.2) ; multiple segments 
(8.4)

12 Annex C General Product installation compliance (6.2) Actual maximum approach 
implementation; actual power or EIRP 
counters monitoring (6.2.3, 8.4 and B.9)

13 none General Product installation compliance (6.2) Validation of power or EIRP control 
features and monitoring counter(s) 
(Annex C)

14 Annex D Small cells In-situ RF exposure assessment (6.3) Field strength measurements (B.4.2)
15 none Small cell at millimetre wave 

frequencies (FR2, see NOTE 3) 
In-situ RF exposure assessment (6.3) Field strength measurements (B.4.2)

16 none Macro BS In-situ RF exposure assessment (6.3) Field strength measurements (B.4.2)
17 none Macro BS NR FR1 (see NOTE 3) In-situ RF exposure assessment (6.3) Field strength measurements (B.4.2) ; 

Extrapolation (B.8)
18 Annex E Macro BS In-situ RF exposure assessment (6.3) Field strength measurements (B.4.2); 

Inspection with a drone (8.2.2)
19 none Emerging laboratory measurement 

methods for product compliance 
assessments

Product compliance (6.1) Laboratory based RF field strength and 
power density measurements (B.4.3)



IEC 62232 – Product compliance (6.1)

 Extract from (6.1.5.1)

 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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IEC TR 62669 – Product compliance case studies

Clause 6 (small cells)
 Case study A

Clause 8
Macro BS with massive MIMO 
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IEC 62232 – Product installation compliance (6.2)
Simplified assessment – EIRP installation classes
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IEC TR 62669 – Product installation compliance case studies
Simplified assessment – Implementation of installation classes (TR 62669 Clause 10)
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IEC 62669, Clause 10
Figure 12 – Overview of BS installation 

classes for simplified
RF exposure assessment of small cells



IEC 62232 – Product installation compliance (6.2)
General process

 Extract from (6.2.1)

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

a) either the configured maximum power; or

b) the actual maximum threshold power or 
EIRP as specified in 6.2.3 and 8.4.

 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.
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IEC 62232 – Product installation compliance (6.2)
IEC TR 62669 – Modelling case studies (Clause 11)

Case study A Case study B
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IEC 62232 – Product installation compliance (6.2)
Actual maximum approach – Rationale (from IEC TR 62669 Annex C)
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Modelling
studies (9)

Extracts from Table C.1 in Annex C.4



IEC 62232 – Product installation compliance (6.2)
Actual maximum approach – Rationale (from IEC TR 62669 Annex C)
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IEC 62232 – Product installation compliance (6.2)
Actual maximum approach – Implementation principles 
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General process for putting a BS into operation

16

Step 1: Evaluate the Cumulative Distribution Function
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IEC 62232 – Product installation compliance (6.2)
Actual maximum approach – Implementation case study A (IEC TR 62669 Clause 12)
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IEC 62232 – Product installation compliance (6.2)
Actual maximum approach – Implementation case study B (IEC TR 62669 Clause 12)
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Single 
segment

8 segments

Counters collected in the network management system and methods described in IEC 62232:2022 can be used to verify 
that the configured actual power or EIRP is not exceeded during BS operation. 



IEC 62232 – Product installation compliance (6.2)
Actual maximum approach – 
Monitoring & control features (MCF) validation 

 [Extract from 6.2.3.2.3, step 5]  

 When implementing control features (e.g. actual transmitted power 
or EIRP threshold mechanisms), the network operator shall follow 
the requirements in 8.4 and Clause B.9.

 The network operator monitors the actual transmitted power or EIRP counters per BS sector, cell or segment, 
see B.9.5, made available by the BS management system to the network operator and records the CDF(s) 
periodically. The report of CDF records should be done depending on applicable regulation (e.g. every 7 
days).
 NOTE 1 It is possible that logging of the actual transmitted power, EIRP and other BS operational details necessary to 

demonstrate the implementation of the actual maximum approach is required by the applicable regulation.

 When power or EIRP monitoring counters or control functions are implemented by the network operator, the 
reporting of the CDF(s) and/or counters can be optional provided that they have been validated in accordance 
with Annex C.

 .[Extract from Annex C.1] 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 threshold value 
during its operation. This Annex C provides guidance for the validation of actual power or EIRP monitoring 
counters and control tools related to the actual maximum approach (…)
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IEC 62232 – Product installation compliance (6.2)
Actual maximum approach – MCF validation case study A (IEC TR 62669 Clause 13)
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IEC 62232 – Product installation compliance (6.2)
Actual maximum approach – MCF validation case study B (IEC TR 62669 Clause 13)
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Extracts from Annex C.5.4 IEC 62232:2022



IEC 62232 – Product installation compliance (6.2)
Actual maximum approach – MCF validation case study C (IEC TR 62669 Clause 13)
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IEC 62232 – In-situ RF exposure evaluation or assessment process 
(6.3) Global process

 [Extract from 6.3.1] In-situ measurements are performed for multiple objectives, such as:
 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

 to obtain the RF exposure levels for use when presenting results even if they are well below the applicable exposure limits.
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Extract from IEC TR 62669 
Figure 54

Extract from IEC TR 62669 
Figure 76



IEC 62232 – In-situ RF exposure evaluation or assessment process (6.3) 
IEC TR 62669 – Small cells case studies (Clause 14)

Case study A Case study B
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IEC 62232 – In-situ RF exposure evaluation or assessment process (6.3) 
IEC TR 62669 – Millimeter wave BS case study B (Clause 15)
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IEC 62232 – In-situ RF exposure evaluation or assessment process (6.3)
IEC TR 62669 – Millimeter wave BS case study D (Clause 14)
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IEC 62232 – In-situ RF exposure evaluation or assessment process (6.3)
IEC TR 62669 – Macro BS case studies (Clause 16)
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Case study B (comparison) 

Case study C (broadband) 



IEC 62232 – In-situ RF exposure evaluation or assessment process (6.3)
Extrapolation principles

 [Extract from 6.3.5.2] Extrapolation of the configured maximum or actual maximum RF exposure   

 When implementing control features 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. (…)

 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 actual 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. 
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IEC TR 62669
Clause 17

Case study D
(comparative) 



Summary – IEC 62232:2022 Ed. 3.0 standard

 IEC 62232:2022 Ed. 3.0 & Ed. 4.0
 “Determination of RF field strength, power density and SAR in the vicinity of base 

stations for the purpose of evaluating human exposure”
 Referenced in many countries/regions (totally or partially)

 Scope
 Specify both measurements and computation techniques for assessing RF 

exposure from base stations
 Extended frequency range up to 300 GHz
 Compatible with multiple applicable exposure limits, including ICNIRP-1998, 

ICNIRP-2020, IEEE C95.1:2019 and SC6:2015

 Content
 Product compliance boundaries
 Product installation compliance boundaries (including pre-existing exposure)
 Methods for implementing the actual maximum approach

and validating monitoring and control features
 Measurement methods (in-situ compliance, extrapolation, 

features validation)
 Computation methods
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IEC 62232:2024 Ed. 4.0 publication is expected by the end of 2024 
I has the same technical content, includes only minor error corrections 

and editorial updates to improve readability and alignment with TR 62669 Ed. 3.0)



Summary – IEC TR 62669 implementation case studies

 IEC TR 62669:2019 Ed. 2.0 (published)
 “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”

Describes examples of exposure assessment campaigns performed at 
various stages of the implementation IEC 62232:2022

 16 case studies from 8 national committees

 IEC TR 62669 Ed. 3.0 (to be published 1H-2025)
Additional case studies addressing
 The actual maximum approach: implementation and validation
 Extrapolation techniques of 5G massive MIMO signal
 Emerging laboratory measurement methods related to ICNIRP 2020

 30+ case studies from 13 national committees
Planned adoption in 2024 and publication in 2025
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