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Objectives

Measurement of exposure to radio frequency radiation from 5G-NR telephony in South Korea 07-2022

Objectives

/ The Ministry of Ecological and Inclusive Transition commissioned INERIS
a study aimed at characterizing the exposure of people
to non-ionizing radiation from the 5G-NR networks
in a context where its commercial exploitation is already effective.

- mid 2019, only 2 countries entered the commercial exploitation phase of these new networks:
Australia (since July 2019) and South Korea (since April 2019). Note that in Europe,
Switzerland already has the infrastructure to initiate the commercial deployment
of this technology but without putting it into service.

— On the basis of these elements, it was decided
to characterize the exposure of people to 5G-NR in South Korea
since it has the greatest maturity in terms: of users, of coverage, etc.
It was decided to make this assessment in November 2019 (3 Millions 5G-NR subscribers)

— an other measurement campaign was performed in July 2022 (24 Millions 5G-NR
subscribers)
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Available data

Measurement of exposure to radio frequency radiation from 5G-NR telephony in South Korea 07-2022

Available data on 5G-NR technology in South Korea
/ General data of the 5G-NR network in South Korea
— Operator bandwidth

3420 -3500
3500 -3600
3600 -3700

— Base station manufacturer

LGU+ 4] SKT
(Bandwidth 80 ) (Bandwidth 100 ) (Bandwidth 100 )
Central frequency Central frequency Central frequency
(3459,81)
m -31,15 -41.22 -41.22
(3428,84 ) (3508,77 ) (3608,79 )
m -630 kHz 90 kHz -570 kHz
(3459,36) (3550,08 ) (3649,44 )
-41.22 -41.22
oag) e
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Available data

Measurement of exposure to radio frequency radiation from 5G-NR telephony in South Korea 07-2022

Available data on 5G-NR technology in South Korea
/ 5G-NR network coverage evolution
— Geographic repartition of base station

KT 5G base station KT 5G base station
& number (2019 number (2022

38 999 161 965
| Seoul | 9878 26 322
area (Incheon)
1107 9078
3529 17 153
| Jeolla 3124 15 291
9241 45 637
404 3715

— Manufacturer repartition of base station

2019 number (2022
| SAMSUNG | 31464 111 218
4317 20701
. NOKIA | 3218 21 046
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Available data

Measurement of exposure to radio frequency radiation from 5G-NR telephony in South Korea 07-2022

Coverage of 5G-NR technology in South Korea
/ LGU+ coverage network in South Korea (in 2019 and in 2022)
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Available data

Measurement of exposure to radio frequency radiation from 5G-NR telephony in South Korea 07-2022

Coverage of 5G-NR technology in South Korea
/ LGU+ coverage network in Seoul center and Naju (in 2019 and in 2022)
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Available data

Measurement of exposure to radio frequency radiation from 5G-NR telephony in South Korea 07-2022

Coverage of 5G-NR technology in South Korea
/ SKT coverage network in South Korea (in 2019 and in 2022)
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Available data

Measurement of exposure to radio frequency radiation from 5G-NR telephony in South Korea 07-2022

Coverage of 5G-NR technology in South Korea

/ SKT coverage network in Seoul center and Naju (in 2019 and in 2022)
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Available data

Measurement of exposure to radio frequency radiation from 5G-NR telephony in South Korea 07-2022

Coverage of 5G-NR technology in South Korea
/KT coverage network in South Korea (in 2019 and in 2022)

MNouvelles stations de bace 56 de
novembre: 4 cemnines: découvrez 153
couverture hebdemadaire eroissante de KT
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Ineris -[200 670] - 454923 - [Version 1] 10

mailriser fe

e rirque
et |

il
pour un développement durable



Available data

Measurement of exposure to radio frequency radiation from 5G-NR telephony in South Korea 07-2022

Coverage of 5G-NR technology in South Korea

/KT coverage network in Seoul center and Naju (in 2019 and in 2022)
Nouvelles stations de base 5G de - = =

novembre: 4 semaines: découvrez 193 o y
hebdomadaire croissante de KT (/] l ' , me

SG de
4 semaines: deécouwres 193
hebdomadaire crodssante de KT |
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Exposure measurement

Measurement of exposure to radio frequency radiation from 5G-NR telephony in South Korea 07-2022

Equipement used, and measured services

Manufacturer / Model Fields at Work / ExpoM-RF (MHz)

FM 87.5-108
DVB-T 470 -790
LTE8OO U L 791 - 821
LTESOO D L 832 - 862
GSM-R900 U L 880-915
GSM-R900D L 925 - 960
GSM / LTE 1800 UL 1710 - 1785
Setup for measured service Coll Ll L Lo0oRtcocd
DECT 1880 - 1900
UMTS / LTE 2100 UL 1920 - 1980
UMTS / LTE 2100 DL 2110-2170
W2G 2400 - 2483
LTE 2600 UL 2500 - 2570
LTE 2600 DL 2620 - 2690
5G TDD (Low Band) 3400 - 3600
W5G 5150 - 5850
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Exposure measurement

Measurement of exposure to radio frequency radiation from 5G-NR telephony in South Korea 07-2022

Different types of environnement measured

/Urban residential area - New city of Naju,

AN

Urban trade aera - New city of Naju,

AN

Urban entertainment area - New city of Naju, AP

‘ncheon nternational

Dense urban residential area - Seoul,
Dense urban trade area - Seoul,
Dense urban entertainment area - Seoul.

NN N N\

Dense urban business area - Seoul.

AN

Urban trip - Seoul,

AN

Extra urban trip - Seoul to Incheon,

/ Railways trip — Seoul to Naju
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Exposure measurement

Measurement of exposure to radio frequency radiation from 5G-NR telephony in South Korea 07-2022

Measurement results : close to 5G-NR Base station

On the roof of building — Naju new city ,
/ In the main beam — Naju new city,
/ In a nearby building (NRRA) — Naju new city.

ExpoM-RF results
Global level versus other services [V/m]

vim
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mFM mDVB-T uLTEB00UL WLTES0ODL

m GSM-R 800 UL mG5M-R 500 DL mGSM / LTE 1800 UL m G5M [ LTE 1800 DL
mDECT mUMTS / LTE 2100 UL m UMTS /LTE 2100 DL uW2G

= LTE 2600 UL LTE 2600 DL m 5G TDD (Low Band) W56
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Ineris -[200 670] - 454923 - [Version 1] 14 o e |

pour un développement durable



Exposure measurement

Measurement of exposure to radio frequency radiation from 5G-NR telephony in South Korea 07-2022

V/m ExpoM-RF results
8 Global level versus other services [V/m]

N

=

uFM B DVB-T W LTE 800 UL W LTE 800 DL B GSM-R 900 UL B GSM-R 900 DL
EGSM/LTE1800UL ®WGSM/LTE1800DL W DECT B UMTS/LTE 2100 UL ®WUMTS/LTE 2100 DL mW2G
W LTE 2600 UL LTE 2600 DL B 5G TDD (Low Band) W5G H Total

Global level for all the 5G TDD 5G TDD 5G TDD
services (Low Band) Average (Low Band) Maximum | (Low Band) Stand dev
[mV/m] level [mV/m] level [mV/m] [mV/m]

Year of meseaurement

1037,4 561,4 2576,2 669,7

“ 7265,1 2055,8 7688,4 3075,5
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Exposure measurement

Measurement of exposure to radio frequency radiation from 5G-NR telephony in South Korea 07-2022

ExpoM-RF results

Measurement results : Seoul center Global level versus 5G TDD Low band [V/m]

/ Dense urban trade area - Seoul,

Vim 5
w

»
»

1 : .
Zone d'affaire urbaine densg Zone commerciale urbaine dense
1

/ Dense urban entertainment area - Seoul,
/ Dense urban business area - Seoul.

___________________JV

2 | !
Mh‘wm wt.,_.,.mw g VL AL N -
1000 I 2000 Dﬂp 1 4000 5000 6000

v/m ExpoM-RF results

12 Global level versus other services [V/m]

1:2

1

08
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: 1.__ln_n

._ —N_ ..

m FM Radio v m Mobile 800 MHz Downlink  m Mobile 800 MHz Uplink
B Mobile 900 MHz Uplink B Mobile 900 MHz Downlink  ® Mobile 1.8 GHz Uplink M Mobile 1.8 GHz Downlink
WDECT W Mobile 2.1 GHz Uplink B Mobile 2.1 GHz Downlink  WISM 24GHz

m Mobile 2.6 GHz Uplink Mobile 2.6 GHz Downlink  m Mobile 3.5 GHz WIiFi 5 GHz

mTotal

Ineris -[200 670] - 454923 - [Version 1] 16 wive o s

o ivalippamrint duritls



Exposure measurement

Measurement of exposure to radio frequency radiation from 5G-NR telephony in South Korea 07-2022

ExpoM-RF results
Global level versus 5G TDD Low band [V/m]

12 V/m
Dense urban Entertainment zone 1 . I 1 !
: Dense urban business zone " Dense urban trade zone 1
10 I I 1 1
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Exposure measurement

Measurement of exposure to radio frequency radiation from 5G-NR telephony in South Korea 07-2022

ExpoM-RF results
V/m Global level versus 5G TDD Low band [V/m]

7 1
Dense urban entertainment zone Dense urban business zone Dense urban trade zone

6

Points

H

0 1000 I 2000 3060 4000 5000 6000

Mobile 3.5 GHz

Global level for all 5G TDD SGTDD 5G TDD

Year of (Low Band) (Low Band) Stand

the services (Low Band) Average

[mV/m] level [mV/m] Maximum level dev

[mV/m] [mV/m]
1846,6 139,8 2135,6 157,8
1490,6 176,9 6469,2 201,2

measurements
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Exposure measurement

Measurement of exposure to radio frequency radiation from 5G-NR telephony in South Korea 07-2022

Measurement results : Exposure on transport network
1st : Seoul trip » on the bus
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ExpoM-RF results
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Exposure measurement

Measurement of exposure to radio frequency radiation from 5G-NR telephony in South Korea 07-2022

Measurement results : Exposure on transport network
1st : Seoul trip & on the bus

ExpoM-RF results
Global level versus 5G TDD Low band [V/m]

N Seoul Tower
|

14 V/m DongdaemunDesIgn Changgyeonggung Gyeo
:Plaza 1 , Palace
12

10

J'Lli

}000

Y e
3000 |

L I
M-uﬂm Sl P 1§

4000

e 5G TDD (Low Band)

Total

5G TDD
(Low Band)
Maximum level

Global level for all
the services

5G TDD

Year of (Low Band) Average

measurements

ngbokgung Ralace
1

Points
6000

(Low Band) Stand dev

[mV/m] level [mV/m]

805,4

47,6 1547,5
1497,5 113,8 1516,2
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Exposure measurement

Measurement of exposure to radio frequency radiation from 5G-NR telephony in South Korea 07-2022

ExpoM-RF results

Measurement results : Exposure on transport network

. V/m
2nd - extra urban trip » on the subway . Global level versus 5G TDD Low band [V/m]
7
6
5
4
3
2
1
0
40 500 1000 1500 2000 2500 3000 3500 4000
oints
e 5G TDD (Low Band)
) 4V/m ExpoM-RF results
1'2 Global level versus other services [V/m]
1
oz oA
: 08
0,6
: I I
0,2
- Hm _EE_E_ _B. [
Global level for 5G TDD 5G TDD 5G TDD
Year of Il th . (Low Band) (Low Band) (Low Band)
é € SEIVICES Average level Maximum level Stand dev B FM Radio mTv B Mobile 800 MHz Downlink
USRS Mobile 800 MHz Uplink ~ m GSM-R 900 UL m GSM-R 900 DL
282 4 200 497 8 36,7 W GSM / LTE 1800 UL W GSM / LTE 1800 DL W DECT
2022 1179 8 811 215.0 94.4 m UMTS / LTE 2100 UL W UMTS / LTE 2100 DL W26
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Exposure measurement

Measurement of exposure to radio frequency radiation from 5G-NR telephony in South Korea 07-2022

Measurement results : Exposure on transport network ExpoM-RF results

3d : railways trip » on the train, vm Globallevel versus 5G TDD Low band [V/m]

. . . 7
/ The outward trip : from Seoul to Naju
6
{Legend ) 5
— Speed Limit —
— High-speed (Vinax = 305 km/h) 4
Upgraded (Vmax = 250 km/h)
- Existing (Vmax = 160 kmn/h) 3
— Line - Station Mark —
N Haengsin Seoul- (;: ::: (C)E:s:ruction ;: Zl.asr:;:i(:jed 2
[ Jrecgmmomaeey 1 ,
Yeongdelngpo PO i ntS
0
1 0 200 400 600 800 1000 1200 1400 1600 1800 2000
e 5G TDD (Low Band) Total
[ o
V/m ExpoM-RF results
0,4 H
N Global level versus other services [V/m]
0,35
0,3
0,25
z — Lines — 0’2
okpo Gyeongbu HSR Gyeongjeon
S B e 0,15
Suseo HSR @ Donghae
S alinene 01
@ Gyeongui @ Gyeonggang
. | . | i
. N N ml_- m W
5G TDD 5G TDD 5G TDD
Global level for HFM m DVB-T t7E 800 UL W LTE 800 DL
Year of Il th Iy (Low Band) (Low Band) (Low Band)
all the services Average level Maximum level Stand dev m GSM-R 900 UL ® GSM-R 900 DL mGSM /LTE 1800 UL m GSM / LTE 1800 DL
measurements [mV/m]
W DECT B UMTS /LTE 2100 UL mUMTS / LTE 2100 DL mW2G
415,33 22,90 396,34 -
1126 2 1471 1227 9 115 2 W LTE 2600 UL LTE 2600 DL W 5GTDD (LOW Band) W5G
3 3 3 3
M Total
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Exposure measurement

Measurement of exposure to radio frequency radiation from 5G-NR telephony in South Korea 07-2022

Measurement results : Exposure on transport network

3d : railways trip & on the train,
/ The return trip : from Naju to Seoul

{Legend )
— Speed Limit —
— High-speed (Vinax = 305 km/h)
Upgraded (Vmax = 250 km/h)
- Existing (Vmax = 160 km/h)

— Line - Station Mark —

—Cm—Open e Planned
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Geomam e
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[CAirport

Yeongdeungpo

— Lines —

@ GyeongbuHSR @ Gyeongjeon

@ HonamHSR @ Jeolla
Suseo HSR @ Donghae

@ AREX

@ Jungang

@ Gyeonggang

@ Gyeongbu
@ Honam
@ Gyeongui

5G TDD
(Low Band)
Maximum level

5G TDD
(Low Band)
Average level

Global level for
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[mV/m]

373,0
454,9 59,9 710,4

Year of
measurements
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ExpoM-RF results

v/m  Global level versus 5G TDD Low band [V/m]
2
1,5
1
0,5
0 Points
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-0,5
e 5G TDD (Low Band) Total
V/m Distribution according to services[V/m]
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Exposure measurement

Measurement of exposure to radio frequency radiation from 5G-NR telephony in South Korea 07-2022

Measurement results : Exposure on transport network

3d : railways trip & on the train,

/ Measurement results comparison

Average and median E-field measured in
2019 and 2022 on the outward trip : Seoul-
Naju
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Average and median E-field measured in
2019 and 2022 on the return trip : Naju-
Seoul
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Exposure measurement

Measurement of exposure to radio frequency radiation from 5G-NR telephony in South Korea 07-2022

Temporal variability at fixed point exposure during 24 h
ExpoM-RF results

25
03

2 0,6
04
15

02

‘ ) -----__1 -

05

Points [ 13l BDVE-T WLTE 800 UL WLTE 800 DL
" L B GSM-R900 DL WGSM/LTE1800 UL mMGSM/LTE 1800 DL WDECT
0 1000 2000 3000 4000 5000 5000 7000
WUMTS / LTE 2100 DL B W26 WLTE 2600 UL LTE 2600 DL
—— 5G TDD {Low Band) ——Total W56 2 Total

/ For5G TDD low band (2022 measurement results and 2019 measurement results)

5G TDD 5G TDD 5G TDD
(Low Band) (Low Band) (Low Band) Stand
Average level Maximum level dev
[mV/m] [mV/m] [mV/m]

At fixed pOint 586,1 5,2 129,3 4,1
2019

At fixed point 733,0 2,6 90,2 7,7
2022
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Global level for all

Evaluation type the services
[mV/m]

V/m Global level versus other services [V/m]

B GSM-R900 UL
B UMTS/LTE 2100 UL

1 5G TDD (Low Band)
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Exposure measurement

Measurement of exposure to radio frequency radiation from 5G-NR telephony in South Korea 07-2022

Summary of geographic measurements
/ For 5G TDD low band (2022 measurements and 2019 measurements)

5G TDD 5G TDD
(Low Band) (Low Band) Stand
Maximum level dev
[mV/m] [mV/m]

Global level for all 5G TDD
Evaluation type the services (Low Band) Average
[mV/m] level [mV/m]

1846,6 139,8 2135,6 157,8
_ 335,8 17,4 804,8 50,9
Rural zone

469,1 20,3 258,4 25,2
398,55 39,61 266,54 34,98
Close to 1037,4 561,4 2576,2 669,7

7265,19 2055,85 7688,48 3075,57
P 373,0 16,1 732,3 33,5

(Seoul — Naju) 953,17 122,9 1487,39 145,36
805,4 47,6 1547,5 62,1

m 1497,56 113,89 1516,22 102,74
282,4 20,0 497,8 36,7

1179,8 81,11 715,01 94,44

586,1 5,2 129,3 4,1
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Characterization of a 5G-NR base station

Measurement of exposure to radio frequency radiation from 5G-NR telephony in South Korea 07-2022

Wide band level with a 100 kHz — 6 GHz fieldmeter
/ GPS coordinates: 35 ° 01°17.45"N /126 ° 47°'37.50 " E
At the corner of Hanbit road and Bitgaram road

Level R + 6 PAONRS]

NAJU - SOUTH KOREA . Level [V/m] in the
Measurement point bandwidth 100 kHz — 6GHz Comments
1(at 15 m from the 12,13 KT base station initial power
antenna)
AL ulicius 4,69 KT base station max power
antenna)

2022

Level [V/m] in the

bandwidth 100 kHz — 6GHz elululdis

Measurement point

1 (at 15m far from the

15,38 KT base station max power
antenna
KT base station initial power
2 (in the main beam) 1,05 ¢
3 (in the main beam) 2,17 KT base station max power
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Questions?




