
1 © Nokia 2020

EMF mitigation of mobile networks

Christophe Grangeat(Senior Specialist RF exposure)

Lidia Varukina, Ph.D. (Head of Technology -East Europe)

12-08-2020

Confidentiel



2 © Nokia 2020

Position Statement
(www.nokia.com/sustainability)

GSMA brochures & leaflets
(www.gsma.com/publicpolicy/emf-and-health/safety-of-5g-networks)

Nokia & GSMA position about 5G and EMF

Publicy available resources
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Competent Authority Statements 

Exposure to Radio Waves  and 5G

´From all evidence accumulated so far, no adverse short-or long-term health effects have 
been shown to occur from the RF signalsproduced by base stations.µ

´Considering the very low exposure levels and research results collected to date, there is 
no convincing scientific evidence that the weak radio frequency signals from base stations 
and wireless networks cause adverse health effects.µ

´Contrary to some claims, there are no established health effectsfrom the radio 
waves that the 5G network uses.µ 

Ṕrotection of public health is of a paramount importance and is always taken into account in 
the Commission's proposals and initiatives, including those on 5G. 

In particular, the strict and safe exposure limits for electromagnetic fields recommended at EU 
level by Council 

Recommendation 1999/519/EC on the exposure of the general public to electromagnetic fields 
apply for all frequency bands currently envisaged for 5G.µ

´The ICNIRP RF EMF guidelines (¦) protect against all potential adverse health effects 
relating to exposure to RF EMFs from 5G technologies.µ
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EMF exposure mitigation constraints with the introduction of 5G
Challenges

Beamsteeringantennas using narrow beams 
with high gain

Compliance using Pmax(today) Towards compliance using the actual max 
approach (International Electrotechnical 

Commission -IEC)

UE

UE

UE

UE

UE

Impacts RF compliance of all equipment on site Ą BS with fixed and steerable beams 

UE

UE
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Today

ÅIEC 62232:2017 assessment method based on Pmax

ÅDeclared compliance boundary and EIRP budget 
are full with 2G+3G+4G

ÅConservative approach, as base stations transmit with much lower 
power due to load variation (average load <100 %)

With 5G

ÅEIRP budget based on Pmaxis exceeded

ÅActual EIRP based on 6-minute time-averaging is still compatible with 
previous compliance boundaries 

Traditional compliance assessment prevents adding 5G to the sites
Max nominal power vs actual max power

2G+3G+4G

Actual Max 
(6³ time-avg)

Configured
Max 

Declared for EMF 
approval

Existing env.

2G+3G+4G+5G

Actual Max 
(6³ time-avg

+ 5G based on configured 
max

Existing env.

!

!
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RF exposure limits

ICNIRP guidelines ´remain protectiveµ
Basic restrictions
ÅRelated to tissue absorptions
ÅSAR (<6 GHz) and S (>6 GHz) 

Reference levels
ÅE-field / power density (S)
ÅMore restrictive in some countries

Time averaging
Å6 or 30 minutes 

Compliance approach based on actual 
max

ÅGeneral guidelines and steps

ÅBetter represent real service (incl. time 
averaging)

ÅAddress massive MIMO challenges

Compliance assessment

Types
ÅProduct compliance (vendor)
ÅProduct installation compliance (operator)
ÅIn-situ survey (regulator, all)

Assessment methods
ÅIn-situ & lab measurements
ÅComputations
ÅTime & spatial averaging tech.
ÅIntroduction of statistical approaches for 

compliance based on actual max power

RF exposure compliance standardization
Governing rules

IEC 62232:2017ICNIRPand IEEE

UE

UE

IEC TR 62669:2019
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Example: exclusion zones for the general public and workers for 5G BS 
IEC TR 62669:2019

10.2 m

4.5 m

Actual max power 50 W of 5G BS (averaged over 6 
minutes) @ 
-200 W rated max power
-duty cycle of 0.75 (DL ratio)
-power reduction factor of 0.32 (due to load 
variation)

2.1 m

1.1 m

Compliance boundaries for the general public (yellow) and workers 
(red) around the 5G 3.5 GHz base station
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Compliance distances provided for rated max power and actual max 

powerPerformed for certification (FCC, IC, CE, ARPANSA) and delivered to customers

Region of application: 
EU/ICNIRPAustralia/NZ 

and US/related

General Population
/Uncontrolled Exposures

Occupational
/Controlled Exposures

General Population
/Uncontrolled Exposures

Occupational
/Controlled Exposures

RF-EMF power density exposure limits 10 W/m² 50 W/m² 10 W/m² 50 W/m²

Distance in front (Df) 20.5 m 9.1 m 10.2 m 4.5 m

Distance to the side (Ds) 9.8 m 4.3 m 4.8 m 2.0 m

Distance below and above 
(Da,dand Da,u)

4.8 m 2.1 m 2.1 m 1.1 m

Distance to the side (Dsc) 10.0 m 4.5 m 5.0 m 2.2 m

Distance below and above 
(Ddcand Duc)

5.2 m 2.5 m 2.5 m 1.5 m

Actual max Tx power 50 WRated max Tx power 200 W
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Set-up Beam mapping

Field performance tests

Test set-up and beam mapping

RF exposuremeasurement

SSB ID #2

SSB ID #3

SSB ID #1SSB ID #0

SSB ID #5

SSB ID #4

Configuration of UE &
Featureactivation

BS transmittingequipment
undertest
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Field performance tests
EMF test mode vs. testingwithCPE 

Download duration File size Time-avergagedE-field(6 min)

0 0 0,28 V/m

19 s 1 GB 1,6 V/m

190 s 10 GB 4,8 V/m

6 min max 8,2 V/m

Beam-IDs E-field

2 8,4 V/m
1,2 5,9 V/m

1,2,3,6 4,0 V/m
0,1,2,3,4,5,6,7 3,1 V/m

0% PDSCH load 0,2 V/m

EMF Test Mode (100% PDSCH load)

UE download withiPerf

Actualmaximum approach
6 dB power reductionfactor
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Monitoring and control of the actualEIRP in 3G, 4G and 5G
Nokia EMF mitigation features

Nokia EMF monitoring

Actual EIRP counters are available per cell segment

Nokia EMF control

Ensure that actual EIRP thresholds per cell segment 
are not exceeded during operation

y

x

z

ʊi

j̒

ʊi+1

j̒+1

BS antenna
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5G Architecture Flexibility
Ready for easy introduction

5G Standalone Architecture (SA)
New use cases

5G Non-Standalone Architecture (NSA)
Reuse existing infrastructure

EPC

eNB gNB

Å4G/5G dual connectivity

ÅLeveraging existing 4G 

deployments

ÅTight interworking with 4G

Å4G core reuse

ÅUplink improvement with existing 

4G coverage

gNB

5GC

Å5G core (5GC)

ÅHigh performance 

ÅLow latency

ÅNetwork slicing
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