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B3 Al Ao0] S AR HAE FFS BAlstel S AA] xapgt
o] ojs) AAEE E2ShA gk Ea olo] theshe Fu ol5EAl vE
A2 49 AR RS 9 ANEES ANSIA St
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A27% olgsAl HEHAI 7= AABHA 15

A 274 oleEAl YMET 29 AIANEHA
A1E ol5BA YEYL 72 B A5} Uy

1. 6G 8 719 3

21A171 29 A7 HAE 7| S wE HHMY QIEYlY] AN
2 Jlsigrdez Il ok 4AITH(4G) ©l58Al LTE(Long Term
Evolution)= 37FoR= HHIY FA19] =25 SHA7|& B4l Ho 2R Ant
EE 9ttt A AAof] L&t B4 AHIAE AlEshlnh. sHARE SRshs

71€ Ao mE A 8FARG S71eE ol 54l ©E7IY AREFol E5l
uet o H23 §82Q §4l 71e0] FEHUH SAIH (56) Al 71&e2 ol
T 3TFARYS SFAIP17] §18l S AT 719 3GPP(3rd Generation
Partnership Project)i= Release-15°14 %2 =4 5G NR (New Radio) I
T2 PHTCEMAN 5G olssAl 7Ie9 7HkE mislth 5Ge 2EUY
(enhanced Mobile Broadband, eMBB), 11412 - 24 A (Ultra Reliable &
Low Latency Communications, URLLC) ¥ %% ZA(massive Machine-Type
Communications, mMTC)& X2 7= o 8rof met Ha3t 4l A
HIAE ATY S A=F HAEACHIGPP, 2023b). 3G/4G HH] 5G ©15-§A4
A-]H] 1:]— j‘il— e ;(}.%X—]O 71‘l:1:]—

7). E23 ZAAA - 2AE
T

ITU-R(International Telecommunication Union Radio communication
sector) 329= 4GS} 5G B4l B9 G5 AolE =25t {5l 5G 419 &
¥ F9 A5AHE(Key Performance Indicator, KPS Aottt [(18 2-1]

2 874 KPI9] 7|& 4G B4 tv] 51 A% H|uE Yehdtt 56 452 71E
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4G B4l tiH] ASEEs oF 208) S, AS AAATRE oF 108 dES HH
Z 3itt &3S 5G BAlAE AntE 7]17] 2 AlA 5 th9] [oT(Internet of
Things) ZH|E $8317] 98l 1wd A27Fse 2 & <F 108 37 71+=
AL SR T

[0 2-1] 4G(IMT-Advanced)2t 5G(IMT-2020)2] KPI H|w

Userexpenenced
Peak datarate data mte

{Ghitss) {Ivibitis)

Areatraffic
capacity
(Mbit/si ) 19

Spectrum
~F efficiency

~ Mobility

Network ;
b (k')

energy efficiency

Connection density Latency
(devicesikm ) (1)

A& TTUQ018), p. 5

U S oy 2

5G o]5&Al> 11&9] Holy AE £t & Al &5 ATt sk
Ao} (millimeter-wave, mmWave) 9 &-83}t. mmWaves [19
2-2]9} 2ol Whg3t F3k7}F 24GHz~100GHz ARol?l 150} Tl ofn|s}m,

W2 ddES St 8T tlold ds= 7FssHl -

Ol
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[O2 2-2] 5G HEQZ SN i Y

=~
5G =

Unified design across diverse spectrum bands/types

5G NR sub-6GHz 5G NR mmWave
(e.g. 3.4-3.6 GHz) (e.g. 24.25-27.5 GHz, 27.5-29.5 GHz)

6 GHz 24 GHz 100 GHz

A EAFE0H2017)

ol Ale 5G NREZ & 717]19] 45 A% A3 F 5G sub-6GHze}
mmWave H9o] ©hg 4l A5 #o] Hlio] aH, mmWave HHS ARESH
B4 3L AeEE d AAARE SHOA sub-6GHz v P4HE o2 B
ot &3 HAE Effy AJRJolA 5G Sub-6GHz AREAH] <F 90% EHeh-$-
A &= 4G HfH] oF 9.24H, °F 50%2] A5 °F 98l S5k e, mmWave®
8% 90%+= 4G thH] oF 244, 50%9] 9= °F 208 F71%t AE EcHE
oL, 2020).

Z

o 224 VRS BY

5GOIM ARgElE Fuke HY dube A i div] ddizes dutol
=g HPE Fot 4600 Bl F2 4l 99 At Eot 5G Huke AF
vk o] Aut S0z s HE T Aozl FHste] A AddE &+
ok ol#’t &A1 siES HAsh 5G= (198 2-317 Zo] ¥H °F 50~500m9] &4l
YHE AWk v &% 71A=(small cell, 228y XSt =4 A
W UEQa XYy} &5 IS BR2 Stk AU g0l ABAS U5t
A FEEeRA 7|E WazAde] Fois T4 & 9laL Bekd B SUtR

Mgt YEYD 8% BAS R&HoR AN 4 At
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[02 2-3] 5G ASM, 524 S 24 oA

Type 4 small

A4&: Lopez-Pérez et al.(2015), p. 3

2}. CUPS(Control Plane & User Plane Separation) WEYI +x

ARGAZE AR E AL tepl] AFAlo] EX5hE B4l LTS ARAE & A
oA e AR oz u, XY S B3t HolH SAS HE AR HAgsh=
Rl MEQW7L ¥IHsHA WYsk= TAI7E Atk ol AREAL olF SOl
AEAQ B4l 7FssHA| SHANE EQH HAYEC] F2F HlolH HE A<,
7 &4 5ol IE F4A FE Ashrt gt

olggt FAl= @9 HAAQl AolE Hsh= Aol HW(Control Plane,
CP)¥} o] glofe w7l AFZ He|sk= ARSAF BH(User Plane, UP)Z& CP
& UP £ 7|&(CUPSZE 3128 4= 9ltt. CUPSE 3GPPO| EE Ve 241
(Technical Specification) 23.2140014 A& AAE 7AdC2 5G B4l9] HEE
3 FE FFe A 718 vEHA F22 fEHo] ARGHIL ATHEGPP, 2016).
5Gi= CUPS #2& &3l 7 gHnitt Egjig 2 4 AdS 5428 Isto
& 2 QoS(Quality of Service)g AFZTHAI-Falahy and Alani, 2017).
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. HEHZ £ V& &Y

4G YEQTE ©d HEYT F22 HA 0] Qo] 5% 974K 71
AHIAE Algshed SAES 2=t ol SES fdll, 5GolAE shte] olF
SAYE v =8E 7MY HEYAER Wre UENT SEeld(Network
Slicing) 7€ E=Ystth 5G 4 U EA &TolE Soto] o9 A}
SAIAl 249 HEYA MH|AF AlSshH 2AA|A0] At A3, 211
< dlolg Aol Q5= ok ARz BFA 5 HEF AHIAE BA 7t
SO RITHAMG AL, 2023). HIEHA &7tol4d2 Zo(Core Network)olA]
9] &etol AT} A H<EH(Radio Access Network, RAN)OIA Q] &etol4]og
T/3=o] k. Fojgo A= NSSF(Network Slice Selection Function) 7|5
= &oto] YEQYAE &Ttol ettt NSSF 752 AREARS] AlH|A @7o|u &
7 270 wet H9] &EtolA RJIARA NEE AHsio], 3&2Q HEYA
A g #EE ZHE St E3E Fo] Y EYIE AMF(Access and
Mobility management Function)® AREAIS] H4: U o] 5AS HESi} o]
£ 3ol AREARS] HIE A A& Al a3 A& A 59 AXE A5k AR
A7 EQA oA &5t 54T 4= U=s ASHS HAsks A2 51
= Q. A JEgolAE ARBARY] TEelu Fo] HE AN AlEFshe AR
£ v AH3t HERA &Sefo|AF Agiit). o] Ad 1gL oA I
Aot Hlole EFP] E4, QoS 87K} 52 HIEoE Ao YENA &
go|AE AEigith. T3 FA FET2 AAIZIC R HESA9 JHiet EdY 4

P mUEYse] FHOR Sefols AU et

>

—

I

B
i

Sfal

s
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2. 5G 0384 RAN

(O3 2-4] 5G Ol58L HERRS| 7=

/=" 5GRAN (NG-RAN) [-==~ . #~~] 56 Core (5GC/NGC) [~ "a‘a(';;‘)“’”" \
1 1
i H i i
| il Pk :i . i
I il !
: 1 : (User Plane Function) i |
i il i i
; E | User Plane i: amazon i
1 | | eescsscsscssssssse= 1
i E i Control Plane i: i
i ‘" il CYouube |
! il AMF SMF i !
| ! i Google |
: lj Googe |
i h !
] " i
T == I i | v | A ' | ;

At&: Sense Wide (httpsi//jb—story.t1story.com/346)

5G ols&4l HEYA= [18 2-419] UE?t 5G 7|A={gNB) 2= 44 5G
RANZ} dlojg E#fjy % 29®S @doh= 5G Core® HAJHTH3GPP,
2023a). 5G 7|A=2 5GC W AMFeF 42 =o] Slth. 5GCY AHEAF BH 7]5
(User Plane Function, UPF)< fo]g WEL|F(Data Network, DN)&} 412
ot 5G RANZ UE® 5GCE d4dshe dg= shH, 1 Fxof wet (13
2-5]¢}F o] F&3t &= Stk 4G oA #AY 71X+ FE|(Distributed RAN,
D-RAN), 4GolM AMEHE HFP 7145 FHl(Centralized RAN, C-RAN)?}
ElE°], 5G RANZ 7Md®@ 71A1= @Hi(Virtualized RAN, vRAN), 713 714
= Fe(Open RAN)E ZISFATHIGPP, 2023a).
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[J2 2-5] 5G 0|54 HIEYT RANS| 22 Hiilo| M= 25

7
Cell Site Tower <+ D-RAN C-RAN
Antenna + X 1 | .
Coaxlal Feeder l [ } )
Cable
- I ;;.: N =
RRH +— =
. i1
> BBU Pool
Fiber Optic | . \ |
catle * Core NW
= =
F haul [ -
BBU Cabinet + L -‘; li ,4‘ Backhaui l'i_j
A Open RAN
l [ l Ogen Interf face, na vend dar dependency
: B l l " \ CRICY
| Open g
- Interface —
Fxm:mul ST 'Fa' Ot o.ou P ﬁ
v R o i'i'\'__'i T IR | g
. coR M ocu Core NW

Communication protocl between RRH & BBU m " 0-0u
A& Telecompedia(https://telecompedia.net/ran/)

3. 5G 7I=9 6G=9 ©H gt

AULE 3, AHE J2E, 97 23 e 42 AR HEE AHAY
SUZ 5G9 AF £k, AAA 2 TAZAC 2= TEA7]7] ofE MEE
[FARYS AASEAL 1o, of2jt A%k RHIRE 6Goll thigt A7t A Al AIA
o2 ZsHA AP ARH=AARSAIAT-Y, 2020). 66O F8 84

71& 5G| Al 7K 845 2 Bl Aot ez 233t H(ultra Broadband,
uBB), Z231A1F]-A X A(ultra High Reliability & Low Latency, uHRLL), 2%
U =9(ultra Precision Positioning, uPP), Z3&%Hultra 3D Coverage,
u3DC), ¥4 (ultra Massive Connectivity, uMC), 287 (ultra Low Energy,
uLE)O2 o|FoUTHSKEHF, 2023).

0Gol= A3AsT AA & 7&o] F&uE 4l 7I&d Zo] 7|& 5G9 &
#E A=Y 71EA AR EYEHA F5E AH|ATE gAY AoR
7IdE s o2 6G BAlOIA Sl Ad e 71eFs] ARt
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7k Sub-THz §4 A& % Thpse F&4 71&
1) Sub-THz H<¥

6GolAE 6DOF(six Degrees of Freedom) 7|8t XR(Extended Reality) Al
H|A, 3D 2709, HAE EY 52 AYsH] S8l Thpsa A% £& Als=
EHE 5P o|F #I5 5G9 AN HHES Holde 23Uy T AME 2
92 3t} Sub-THz WYl 114GHz~1THzS] it 992 6G TH o
= 13T 4 A=H, olE 85| AsiAe sid tido] Aup Ag E4J3 RF
A 9 BEO] EQAdE 1Egh SpAl A9 AAIZE AdiE ofof SR
AsAATY, 2020). EZF Sub-THz Y9 =2 Aut 74 9 A4 £
AT B2 £ S5 Thpsy 2114 HloJEE 74 $54lsks 71s, A

g Sub-THz A 2d 7N Fo] FZolti(F=d4e4d74, 2020).

2) 6G FBAl V&
6G 58 KPI)l ¥ 1Tbpsa FA Ad &= FA 7319 F8A4Igo] Rt
A=A Zgohd dlolg Afo] Ak 4= Qlo] YL 2JH Y AuA AT
A= BEA ESF 1Thps o9 Hlole Ad &= A ¢shoF gt s
71& FEA AE SEEE 6G BAlA sk Hlole EgY G4 F71

& 5837] OfRIHITUABALT, 2020).

i
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[O3 2-6] 6G FSM 71z WY

HER e

-HE8Y: -
5 Chps 1T s - A 8HAIAH): 28 Thps — £ Thps
- M&8%:10Gbps— 1 Thps <X 1ms—0.5ms
- MEAE(FR2E): 400Gbps — 1Tbps
- AHlo|23 : RFUTP — HHR oot gyE, MEL AIS 018
o - HIO[E{MIEf 22 & ¥4 : Pluggable — On - board
- 22| RMEL : mm Wave — B MAZE/YEYD XX} et
- On-chi
Sub-THz Wave a4 —."Hl"“o’ st P

=P
- AIZ 0|23t MAZE | EL T A|X
sarec wns | H/HIEAD 2|Hst

AR FHAAEAATH(2020), p.25

L 241 - AR A HEHD 7s
1) MEC 7]&

AR 56 HEHAE FA AAA FHolA 1ms AAARE A= 2AAA &
Al 84S FHE SHL ek sHAIRE EdfjE B L, HlolE 4l A& Tt A
A= Qs A UEQAS] £20] Z7P7 P AA MEHA B4 B2 A

ATt FE50 7 o]ojx R Y=t °oF dfidst] fIdl 5G SAlAE A HE
AT Y AF AAARES 2askshr] A3 ARARR 7P 7R SAIG
STE 7o R 8 AHES HASke MEC 7|&°] =Y=3L It Zhang,
2019). MEC(Multi-access Edge Computing) 7]&([1™ 2-7] FR) Hlo|g]
Asol e AE NS Hasleta, A5y, 7MIEA, A3d vHo] 59

ZAAA 7150l AR AHIAE ALT o =S Atk

2 Ao

_4
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[OZ 2-7] 5G MEC 7[&29| 7|2 74

Ukt 56 5G + MEC

=) () (%
$8 - M2 BH W
* L mR®
iz e e Y
] . . & ( BAR chH 2
Qur A : O 320 1= T

& ~ = o
A o]59] 9](2022), p.47

2) e & 2B A HEQA V&

HAE, AUE 7 ¥4 Alof 5 9 dzulg "olzl fR[oA= AfH|A
=0°] 875k 2AXA S4Z MEC 7|ette g Adsr]ols JFZo|t. ol&
siastr] sl A 6GollM= AR &0l QB A HEHA &
I AA HAE Aok 28 B HE/S e #'t A5 JgEL
Qlt}. ITU-T(International Telecommunication Union Telecommu- nication
standardization sector)7} AAIGE T 7HE 7EEe ARE W17AE HESA
(Time Sensitive Networking, TSN), AlZF @43 YELZ(Deterministic
Networking, DetNet) 5°] o, o]& &of FAIHo|A HAS EA 55}
I AR S5 w7l AAste] YEHS ZAI7E EAE Al i3l &4 W

= Aok olE’Rt 7le2 HEHAY FAAR] Follut AdS S&HIt] 24
A|A Au|A Algo] 7S shH, AR AH|A WS griste] BT 3 4]
EQ|T0) #go| 7kt WgFo R Zdgotal IrHSKEHF, 2023).

A]

o
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ok 5G HIA} MEHA &

5G= IFHEAY R A, F57] B Adat -2 AB|AT7E FHRRE 2o
A A0 E YEA ABIAE AlESH] s NR 715F BIAd HIE/E 7]&
(Non-Terrestrial Network, NTN)& =5ttt NTN 7]&& B9 5G 84l
42 AF S 7IA=AE &85l B4 S ASEE o Uk [1F 2-8]
I} Zo] NIN 7[&2 94 84 HEYZ, 13% ZHE AA"(High Altitude
Platform Systems, HAPS), &tA] YEXF(air-to-ground network) 5= %

3SIcHLin et al., 2021).

[O% 2-8] 5G SLI0AQ] NTN HERF 7i=

NTN in a wide sense Not to scale

3GPP work on NTN 3GPP work on UAV
%, v v v
Satellite network’ 600 km & above
p. " High altitude platform station

@ as IMT base station (HIBS)

’ Air-to-ground network 20 km
)+ 10 km

UAV
(aka. drone) 150 m

1R a®

Remote Rural Urban

A= Lin et al.(2021), p.148

[

|

Ground level

« 4 B4 MEYT+= AH=(Low Earth Orbit, LEO) 914, SH=(Medium
Earth Orbit, MEO) 94, A+ FA|HZ(Geostationary Orbit, GEO) 143
= I3 95 EHES &8t NIN 7[&2 2 94 B4 HEHF
AsH oz AgE Qo

* HAPS= ¥[37], WA 58 Edste £5 EHFELE, 3GPP NTNoJAM =
A o554l 7]1A]=91 HIBS(High-altitude IMT Base Stations)& AR&-5}
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of AAJs mEked BA AElact FA Fub o)Al AulAE Agate

c FhA VEYZE AN motd WEYICIA /AT fARE GTL S
Age Bostol HlAlo] Y B4 AHAS Agst I W=D
= 91 7l Al Hl8) J1Y) @ 8] ARSI g skt @4
u]7] g AL FhA HEYD 7142 BT 71 Wi-Fi Aefe|eIE
Aplszie FTeld 54 B4 AHIAS o8 & it

2}, Al(artificial intelligent)-native YE{A

0GoA= Al 7]&0] B4 84 7[&=E =9= 1 glor RAN, core ¥ o
of Al 7l&< &%ivt A-7F AP St SKToA AR [C18 2-919F 2]
Al-based RAN 7|&2 o3t o] A Al 72 72 & Sl

1) Al-based RAN

[J2 2-9] Al-based RAN 7|&

o — ——

RAN 1. Data Collection: BS statistics, OAM info for other NW nodes*

" N Energy Saving: cell/antenna on/off
Automation * unified OAM systemis requiredfor E2E optimization 2. CellShaping: beam shaping for each environments
2. Al Training: locatedin OAM (Online/Offline) )

3. And more
(OAM) 3. Al Inference:locatedin OAM

1. Data Collection: local BS, UE measurement®, neighboring BS*

1. Energy Saving: cell/antenna on/off 5 “‘Rel-18
RAN *via implementation based or standard Xn interface 2. LoadBalancing: steering UE among multi- bands ﬁlg”ﬁ;ﬁ:
Operation (for njglti—venuorm?ercperabihty) ) ) 3 M‘obnmy Mgrr.'nt minimizing call drops : W1 Scope"
(>|_1) 2. Al Training: locatedin OAM or BS (Online/Offline) 4. LinkAdaptation: faster outerloop convergence
3. Al Inference:locatedin BS | 5. And more

1.C8I Compression “Rel-18 AUML for
1. Data (?ovlle<.:1|0n,locaIBS/UE ‘ e Air Interface SI
2. Al Training: OAM/BS ‘(Oﬁ'llne) or BS/UE (Online) 3. Positioning Accuracy Enhancement Scope’
3. Al Inference:locatedin BS and/or UE

4. And more...

A SKEEE(2023), p.21

* (Al-based RAN automation) 28 ¥, SAE$(Operation And
Maintenance, OAM) AlH= 7|A= B4 7]Hte= Al ohs 9 22 54
o 33t 6G= ZE HENZL FH|9] 34 9 28 HolHE 5%t Al

7o 2 ] /EAT 5 A sk AS FHHE SHAL 3lo] ol o83t A
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3} 71&e Agsie 2Alol

* (Al-based RAN operation) 71X =4 7R = Wi AEe}; o 9 QIS
Sjol B4l 45 YA 714S Ei

N

71 A=0] Al5
1A= <7 /\i‘ﬂoﬂlﬂ Sk Al Edo] 7[A|=of HAjEo] i
| 718t 225 dcke Aol SR AJ8atHal
ALt

(Al-based air interface) 7|X|=r2 & 7He] F4 -S4l
o] Al 7% 285 AHHo|AE Rttt oSt Al
7R =-g ZF sl At Higt 49 St W7ol "aAolh
3GPP= AE A BE 45, S5 A% T 5=

oA ‘Al/ML for air interface’ A7 FAE 55t ol
19 % 6GolA FAgkt Aog ot

)
o
)
o
T

9
lo
)
o
o
i
=

A o

Yad
1)

(¢}

=

)

ol

o

£

e =g
o,

o

S

(2]

0]

—_

Co

Release-

2) Al-based core YEHA

3GPP+ 5G core HIEQ A Al 71819] 5G SA(Stand Alone) YIEHA A5
3} 71&Z A8s] sl MEHA HolHE +4 H E415k= NWDAF(Network
Data Analytic Function)& =UsFItHalg4 9], 2021). NWDAF= Ho|g]
TR, HAIA] 2GR, =2A 24, HAEY, ARAE gdshe 57K 4
2 FEH. 6GollA= [1™ 2- 1013 Zo] YIEYA 750t NWDAF A
1558 83t 224 Al 25 445kl Hold 3, HAA A=, A4
15 5= YEYa/ AH o 98T ¢ JYL= 7|& 7go] Y FolthH

A 2], 2020).

1::

N

N
)
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[O2 2-10] 5G2t 6G2| NWDAF H|w

5G 6G

NF

n NWDAF o o o
i .
n Eplsi 8 [N PTG i T il Lok e T ) A

A& SKEHE(2023), p.23

A28 olsEAl HEHNT AAEHA A%

1. 013SY HEST Mgl EHH

OO -

olFEAl HEHT AP ole&Al AHA Alg= fls HEHZE +45k=
o] &85= stEdo] d AZEOE Ax E wifishs 4o ® FoT 5= 9l
o} o]554l HIERA 4 ©27]E &83t o554l AH|A ojgo] d5 &
7HARE 1zt Aol ARRRE Hde R AR A7t o]FoA]= Zlo] oty
Sh= Abgdolrt HY Rt AH|AE0] HEL
8745 AAs] ol Aol Aot 2ute] o] EEAl At
Aol 7hE AR AHAEY Ql4lo] Fom,
A FAA FE AA 1~2915 thE =R AT UESA
U 1579 BHAE ZA5AS0l= 1HA] Esit.

ozEAl HERYFY 7|& Fxe W7 FACE dAdEe FA ASY
(Radio Access Network, RAN)¥} 7}4A} ¥, B g9 A5 55 A&sk=
o Core Network, CN)o] FAlolE2 AZAMME, Backhau)®d FxoJtt
RANZS @ @3t Hutg SpAlets QW &2, @ @d7|ef by #119
o554l Fuk Y A5 E A2lol= RF(Radio Frequency) F-(RU, Radio
Unit), ® °l5a4l Tt teos HetEr] Ao ¢ Fup4= thge 4 4l
3E AFsk= ‘Baseband H#-E(BBU, Baseband Unit)9] Al 7}A] o=z -

N

¢

Z oo o [ M
R LU U V)
® B Z % °ﬁ
flo N [» 1o ot
2 jf_), ol\ :;_:
ooy
1
N
flo :j
_llj‘j
o

oX A 2

)~
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29t 3G o5 5AI7HA] RANS RF, Baseband F-&o0] shte] A|AgoZ
‘g&]o] QHelUZE 9218 3ol Al AN H, 4GollAl= QrEluet RF FERU)RE
A YX|otkaL Baseband FE(BBU)E WE Hajoto] HEO] ZAoA th49]
RUSH BAClE2 AA(ZHAEE, Fronthau)sttt. 5G9 39, 4Get 54t
TRE 4T £& 9loH, Baseband & BAPFA| (DU, Distributed Unit)
o} Ao A(CU, Control Uni®E 22T o Ut} EAMFA|}F AojFAE &

She A% 7 TS dEsks S 1E2(Midhaul)ol2al JIHIAE, 2023).

[O& 2-11] 0|8 HEXT #=

UG T )

e e e e e e —_—————— e — — —

\\ Backhaul Core Network _/

e e e e e T R e N S

e ———————— ————— e

- I}
B Midhaul cu ,\\ Backhaul Core Network _/

-~ N

.

Z+ * RU: Radio Unit, BBU: Baseband Unit, DU: Distributed Unit, CU: Control Unit
or Centralized Unit
g o A#(2023), p.9
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o554l HEYA 4Y2 o554l UEYT 4o LAt RAN, Toj, 9
4 Ad B ol=golet AZEG o] AJoR Hogt 4= Sl HE]
v} Zo] AHFska 9k EiAo] w=d
‘ol 554l HESZ vl @y SAYERAE AZdstke 7I1AF% 71A=9

5 < SasAY Al AHAE sk A7,
25A Sog FAHEL) VAL Qo = AzulH] Jd AR E
A hstH, SA71E oleBAAHIATE AFEA] ghs Hnk 5 A G A5 7]
A= GH7|E AZsk= Gulojtt, ABAL |~ vE O] £&F AH
RS e A7 7IAFOR ARAALe] 9l Aloj7t Thsoh Auielel] A7t
7Fsdt 540l At (7F7] €, 2022).

1%7] 2(2022)€ °l%55AH] A4S RAN Ao Zqt =stofA B Qlct.
T o554l HIEEYA 4RI AF7] 9)(2022)7F £573SF RAN 41 Qo=
oS I AP ZIsfof girt. ok Foj AH|9] AtY] H|Fo] RAN At
Aol w3 wf> 2" Cored AIFL FAEAl AT FGo] AA7] o] &

5] RAN AFYHE o] 5841 HESRF 4o g 77| & gt

1o
=
S
\9)
»
i«
e
o
(o)
2]
oz
e
o
e,
fijo
iv)
ille

H2-1) OISSLEHRIY 446G 7I1E

T B 55 | A a4
RRH, SHEY, BAIREEA], RFEH
HE | 556 &4, FEMY, EAXAH
Bhols, Bzl A2 5 | TEHOCE | s oisgy
SYLTE o], BFATEF] EAGeR) A
SW | MEQFEze]4, MEC(Mobile Edge
Computing)

s 74271 9(2022), p.70

1) OMDIA(20232) EAIo] W= Core A H|ZE ZA|9] 6%, RANS 94%
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2. O|ZSY HERI FH| MY A2

Omdia(2023a)oll W2 2022 AlA ol5&4l YEYA v A viE2
4819 2= 2021d 4979 2= Hi¥] 3.2% 433tk 71A=9] sfgsh= +
A A~ THRAN, Radio Access Network)e] ml&2 4539 &&|2 20214
tiH] 3.5%7F 7h4st 9hd, Fojgt viE 289 Y= 20214 tiH] 1.8% 57t
SFCE.

H2-2) MA OlSSt HERS Tl AR S

Worldwide revenue ($bn)

4021 3022 4Q22 QoQ YoY 2021 2022 YoY
Total revenue 13.7 11.6 13.3 14.1% -3.4% 49.7 48.1 -3.2%
2G6/3G6 0.2 0.1 0.1 -7.6% -58.0% 0.9 0.4 -50.2%
LTE E-UTRAN 4.7 3.7 4.2 12.5% -10.7% 17.7 15.8 -10.9%
EPC Q.5 0.4 0.4 18.4% -8.3% 1.7 1.6 -6.4%
5G NR 8.0 i ! 8.2 14.4% 2.2% 28.3 29.1 2.7%
5G core 0.4 0.3 0.4 25.9% 6.9% 11 1.2 14.7%
Source: Omdia © 2023 Omdia

At Omdia(2023a) p.4

Omdia(20232)°] T=d v=3 F=ol2hks F MY 7 & A9 F4 4
ol A7) Wizl 2=E RAN Aol 202192 BHo= Al fd4d Zo|x
719 8 59 7= 202790% 3709 29 olflr fAHE T w2

1:1

d

=

=0 _lq_z]a Aolgky &3} 9tk 6G W& 2029W EE: 2030WEE LU
Ao dl4eta 9lrt. Core Holl Hiafirls 5G core FA7L oF2] B s

Cco
| E’—éi’ g A= gof Qo] 20243714 A & da o= AS3sial 9l

—EY
F
i

N
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t}. 5G core®] B} AAHE o] oA FeoC dloleln olxmat 7@
9 200 Tigt o] EEANIA] 483} 1|9, 5G SA(Stand-alone) FHe] A

Ao g HIl Ut

(O3 2-12] 7}=4AE RAN 2 core AR M (2020~2027)

RAN revenue by technology, 2020-27

$45
sa0 -
s3s |
5 $30
g $25 4
& &0 -
s15 |
$10 4
$5
¢« | BN BN == = N = =

= (JJr) RAN A A, (9) core ’\VJ xik!y
A4&: Omdia(2023a) p.20@&}), p.24(%)

Annual forecast for EPC and 56 NGC, 2020-27

($bn)
evenue ($bn)

$4
83
$3
2 %2
& %2
$1
$1
$0

471 2(2022)°] WEH 7H2AE A DACIA = 7IHEL 8= V|dE

of Hls] wiE FEIF Zom, =8 TAQ] olFFAAHIA TPES T2 7Y
I A7} Blud AL Wi, 2 9 F ATEQo] REL Wy wjEH A%
7F w9 Aok E3F B FACIAES FE(-1.3%)T FAH-3.9%) FA] 4
o]e}Eo] 7} Wt olof| Bls| s Fa= Ve FF ¢ A4 9AY H
gjolago] Z7t 9.3%, 13.1% $202 =t} E3 BAAH] 7S A &
AoA Fat AL A2 =W 7190] i) vl = 7|4 2R
o= Yt 18y WiE e ol t v ¥ R&D FAF Fes= H
A oot dE7] 9, 2022).

lal>ir
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[0 2-13] SARBIMIO| 7RIS BV B DHE(2000)
(91 et 2e)

06,048

SW SE Yu +2 A

Az 74E7) 9(2022), p.74

RANT ol ¥ 4RI Hi71<d(@l: o=l 39lel, k7ot A3At 5)
AF= =] e ¥, RAN F <dEU, 471 S RF S FE2 $471
Ho] AL o] FoiA ok, a1t = A A =4 A2 o
shlol 5% BR8] AFHoH 56 olFE4l Ve Ax B uF ds
AC R VA= ] T A YIEHA AR BHolA 4% A0 e, o
T S4719 SHY SA7] Bokz 4G olF YEYA Fx9] Halz oj#S

> 2
19

_l I

I ATHEAA 9], 2022). 5G o] HEYA A4 t714e] 1A= 9 Fo]
g 73] Aite] Ui =8 Tl AL sf9] A A& e of# R, 56

olF ] A o] tha FESIA. W FA&7|AY A A7) B <A

52 FH0R s D 55 Ago] BuRoL, 56 o|F YEYD 72| W

o} gl o]ESAAAe] HIEHA B Aoz Yig B F A BT oS¢
A|aL Ut
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A3E e 33 5%

£o] AlEQltt 53] A} APgAlaTh o H7steks Ql4lo] Skl
g4, wgsh, AASh AR AR Byl BAsolt
T} lE-EFe] B4 F2UH9(COVID-19) B 9 = T4 4]

SR AU F7h A SHEE UehhE|, UN 477179
HIA(UNIDO, 2023)°] T, 200095+ 20199 5 2] Fo42 5 4
Agae] vlzo] 28] ol Z7H19% — 473 AOR UERith B8] WA
P ALS @ FAS FhEc BFHR 5u) o057 v, 187)9] 4Kg]
AL ARl wret b A3t o gelRls Rom e
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Z&: UNIDO(2023), p.3

WEF(World Economic Forum)9] A% AP0 w29 A 24 9]
ZHChief Economists)?] 3/4-2> A4 Z o] 5 3|zt AAGH] tigt 3¢

ot 229 HL WAlo] E Ao= Aistal v 53] m=2o] RIEde|d A5
H((Inflation Reduction Act, IRA),, "HF=A9} IsHH(CHIPS and Science
Act); e EUY ‘I1¥HY A AE(Green Deal Industrial Plan), Z&A9]
‘France 2030” 50| YFE & A& At Uch EIF SHEHAE= ARIHH
o] B& gRlow @ A= Ttoll M AaAds SHskal Aol digt o
ELE BFeE A TSk AT 1179 A3t @ Qlzet A ¢ 7]
S} AlE ) S 35 F2 Fo7F Rt 4, © AL B =
7HA Uehd AR AR AR 2Ydelao] AR skt So= "SI
At Ao] g4lo 34A o A0l HisiA= SEA] 20| Yol

40% dre= g4le] dEdgol 2 Aozt SEHPARE vt HlER SOt &

0011
i

2) WEF(2023).
3) 20219 10¥ 129 =gA0] ity 84S ¢st 59 3009 F-2(9F 432 &) 729
=2 A4,
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39y oleidt BAH e 74T Akglo] A AAH R 22t
Wl Ut AT sk ek Yol
oleiet AAMO] B 7|2k of5EAl HoolE Uehl glom, B3] &
7 FA'S ‘Open RAN' Holold| o554 VEZ Alle] §ge & Ao
og=a et
2 2 Y

2. HE{3 4 #
7} K-Network 2030 A2H20234¢ 29)
W75 HE 202349 29 K-Network 2030 A2F-S LHSICE “HAE 4
3} AIHE o Zold A HIESZ 2 w7F Ad™E HFo=E, AA 1L 6G
YEHD 35 4= 3t J#E 5t St

7162, SW 7le EST 4]
270 e et LOHEMIAER, 2023).
T 2-3) K-Network 2030 T2kO| FXIHE
=1 A A 9=
* 6G
s o | 91N e g
(i) A A dste 2 dega ga | FEE B E
224 9484 7)o
T
(k) et e ez A s |1
+ ok Az 7t
* HEYA SW
L
(d23) EEGL 20 i AMHA 75 | 4% 409 g
e
- REA P
A 2717885H2023) pp.4-7 7IRECE A2} ok
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1 o]d]l 20221 1Y W1FE = A HEHD T A o 2=
sh7] §et 21 W32 FEsileh FuiRE BET, 6AIH6G6) - 9144 - ARERIE
U(oT) & HEHD 4o 7I&d4litE A AZIA S v vds
o = v HEAZY Yied Ash TRl et Ase 8%
k37 5ol tigstod, © AAE Axsh=s 243 71e 941, @ AXg vl
EQA 71dE o), @ S5 MENA A ¥4 24, @ S5 ARIAEA
=, ® YEYA 7|5 MulA 243} 55 4 gFoz At E 4S5
HEAg, 2022, 1. 206).

U oEH: QAEE] delo]AA(ORIA, 20234 49)

ISR E 20239 8¢ ‘QZH o AEF deto]AA(Open-RAN Industry
Alliance)' (20234 49 &H)9] 9 WS AAoH= ORIA &% AXAS 743
o1, ‘QEW TAst FH FARRY S WSt olof nEd I HERE=
A(®) F7] 483t A 719 RIZehS 753 dFgoltt. I AEH= T
TEH EAH H5 AFZEHAEHE)] =4 ARALY] g Z9lste] =
7199 A8 -AF 7131 Sdista, eEAH A FARJSAAK-OTIOE 7=
S oot o]=igt 7|¥HQlxe) S v o2 A 719] QEN AJH] AJ-83fe} A
A& APk, F - Q) 71dE0] 2=l Fujo] A5.e-844S HASI= A
PrKPlugfes)E mid 23] XL APFolchI7 | 38F BERLR, 2023. 8. 10).

—

[0 2-15] 2 H| FHRASHAK-OTIC) F2 2 A 7Is
QEW ANHAUS U HEHE XY 22848 A5 A
B (=M ETRI 118 (20]) ™0 kt @LGU* B O-RAN Alliance(22H RIZHHA) = 5101, Ci¥et

B (28) HEA AIY, A8 28N A8, AU AY REA HHIS0| 4E2BEE 45

5
P 2) PlugFest
o, | & @ Aoy - [ c T e
L= R e b il samsung w PR iry 2
Contae AS 33 R&D 7 > G o RS B
39 5 X8 St & 2 ‘
A3 Uz oot e

A W7|PEE BEAbRE(2023. 8. 16), p.l
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H

A, 7% 15 AAY gHoltt. WE8EE U 7I19Ee] oEH B
o] - ALES0] 5 i 7|&E FET £ JEE EA 7] /HHR&D)E A
A Aot} E3t - 9 BE NS Het A7} - = 5 F8 =7
oto] FAITEATE A5 FAFTHI 1 F BeAtm, 2023. 8. 16).

rlt:l

i

(22 2-16] 223 712 Tl IHRED) S WE

[ i N Sl 0 EY QEW SNT|S/HE ST7] OfojH &2 U =0k R&D 7|8 ]

=5 0-RU, O-DU/CU & HW + SW + 22RE SUAE — stiAgez
- HE 2 s Y e XY N e s
7|8 O-DU/DU/CU & 3, B2, YH, SW & 5G Z2Y 135t
a15t X7 NPt 7ks et HiE R&D 35Y S2E ?I8t R&D 6G 7|£3 &H R&D

Az 7)1FER HeERF(2023. 8. 16), p.2

pRlto 2 wl- 3 g ZHE AEA 24dolnt. WS = U FYA”

ORIA S &3] o= 7|& W 9 1&sls £A517, 24 -9 Q& 4
8 W $EE Fhsks RS vHEAT Algol) o] g AR At A

sto] ORIACIAIE A9 e&H AF/HHR&D) TAE olPHEER) 718 - 5
Holl B3otal, = - 9 AJAAES FEokal 45284 A3 BAHPlugfestE
A4 Aotk E3F EM ] FARISAA 15 L QEW IAHES} 1
Aol A2 #ojat o Yol|thIr|HEE HexE, 2023. 8. 16).

t}. 5G HIAEHE(20214 69)

W= A AdGFGel SAHGG) Avls 59 gk A¥sh] st
T 7| FA LS E o]l SAIH(G) FAHI ) AlAES FEotal A= 471
A”AG (@, A, F=, Dol SAHGG) 7141=(3.5GHz/28GHz) R Hl A

d

E AES 755101 A|F ARS SHLE SAHGG) B, |, AH|A 7]e A
S A FehL ok R T4 ARARS] T AulA A Al - 1SS A
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Al Aol 71eAd 9 AE(EER) 58 8 Ho A w2 AES

2k GAIHI6G) AIER&D) AFAE(20214 68)

WREH= 20219 68 6AH6G) AT NLR&D) HPA S +HIIA
ok 20219 5€ §h-m] BAIEY] At K08 AHHSAVIEHIIAMTP)
u] & aFskfiek(National Science Foundation, NSF) 7t 35ddd A5g
o2 Aldstal 20219HH F= 7t oAld EoF 5575 24 5| = St
Aok APAGL] 3t M Fok= O A 4 9H Vs gE, @ A4S
E5] A4, ® A7-Arg 719 2ot} 67K HoF 10t A= ofefiet I
AeH Eex=, 2021. 6. 23.).

(B 2-4) 6MICHBG) SHLU(RRD) 6L =OF 10CH 2|

7E | 24T ZdY Z237t 249 A5 ZA1E]
AL A=
100~ ];]if EI=CE
300GHz ° (NW)
] = 10km& AAGA R
g | A | FERE | O 5G gl | A e | AT
4 = (A A= L | Bl ESPl&
1Tbps& &g o | AN | IS AE ~
Ho} Hde s g At
HAEEE | (Thpsd | gy |1/102 95 A8 o 1 e
AssE | TS0 (Fofg+ | TS
A o 2AL7F
Thps 3. THz 5. &%t 7 zd7t 8. A% 10. 6G
A2 | PABA | ORFFE | oA | T SLT R oa | Ea
A | Thps 4. THz 6. 3%t HES] 9. A | HAHet
FeAl | TR | 94EA ' YEYA 7\&

AE: | HBE BEAE(2021. 6. 23), p.3

AZIER2E 20219 71874 AY, 20229 8474 A4 - 74, 20234
& 7t QA/HAE), 202449 H4A7|E 7F AA/HAE, 2025
F HA7E PFSH A FHE ofal JITHIIEE HeAkg, 2021. 6. 23).
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20221 88 WHEH= AAH HEHZG6G) 4 7IeNTR&D) 719
(Dol disl 325 7iFstAT. AFA71ZES 20249 5E 20308704 7do=
AL, ouerdd A2 @ AT YEHZGG) FASA, @ A Y]
EAF66) A5 #F, @ AAH HEHZG6G) 2otd o] YEHZ, @ &
Al HIEAZGG) 4 HEHA, ® AAd HEAZLGG) A2, © AT Hl
EQIA66) 7Iit 24, 671l 2ol His Sz 7GHAHI 1T B
Ab=, 2022. 8. 24).

ok 5G Y 9 6G =¥

T7148H= 20239 5¢ SAIHHGG) E¥ol A4 10579 Hot 6AIH(66)
EZI(ZHE AeA S U3tk 66 ZHL “olTArG 9] 83, A
o BA(B5G/6G) 224 3R gth Y HlHoR ofal Qirh. TS o]FA4t
A &, B5G/6G A& ZXRE otal k. A ExE o3 At AE
B HERgE 2023, 5. 30).

(B 2-5) 6G XY M =21

—0_-114}?:1 =3 6}]/3 Eg_‘ng_ ‘;ll Ql}{xj o]—o]E‘g
SEREEETERY OIFAAEA} A %‘_013}%;3%'5‘3 A 719k op
U7k 20| 4207} WY SIAHA WHE
224 5G.6G ¥ 73k T=5] A
A BA 2] == 5G-6C %= Betstol =iA| EEeh A
Ab-sh- o - 3 FAA Zdeh BEiA 24
=5k 54 A A" T A =5k 3R 2 S5

A I7HEE HERRE(2023. 5. 30), p.6
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A 37 SFHAl- AE7Fs7dT o584l vIERR A

ol5EAl HEHD 442 oFfe] Al 7HA] SHolld g5 744 SHo] e
7Hd = Stk A, oeA] AR QIR OPEX(R-88]8) S7oltt. 118k ol
Al 7le2 9 ouA Z&Foly, § w2 $E2 AHlA

ko _I_E_EH .Lj'J

),
201595 € 24714 WiEd ARAE &9 3}1 AL, SATIA viEEY §4S
4= X 4_E s87k %E} FH2 20199 /9 1d9E EHstal, olF
SHASEAIHINZIA), ' J(CBAM) & AIF-AQ AdA=S F2lok1
et

A, ESG(Environmental, Social, and Governance)2} 2= Al3&d Q7
ofth. 7149 AHS]A] 979} o] AA|HA ESG BF> FAF SHolME HA}
Sa% A EZ AR At °o]F HAFf oAl dAlIA= AL s EAIAE
LFskaL, AU A AR HlE= 523l ol - ok T ARSlA ofAE IRt
ARER AEE She 5 B =8S 7120]al A

ol5EAl Atde 7, % 5 Aol Bl olvA &v] W 2ATEA iSO
A kot oFFAl Aol =
ZE2] AdE x1-7]x40§ I3RS wke
b FA S olssAl Aol E3lE7 Erks thar ZEZRl Y82 ol

Agstsc. XH*MHX]—% TGt A LU7RA HH%% BAA717] At
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2 ofux] molet 2 4 9lof 71 B A9l L ojeist Ho] 24

o} Zhastaiet

o
)
Nu

ol EAl YEYT Ault A3 ol 5B AN o8] AuHuR, 37 AL ol
FEAAE B8] FuARA] G 7107 ek, WebA] olFEAN WS 3

efsto] |54l ATl IS 1A W B FAE AR k. YA,
710 ALE 5 ST ol ATE SAE FAE YA AN R0 R

AT HESA7E FAR R 7P a7 W02 HAlth E3t ol5EAl E
+ ICT AlE& 27, AFsAtet 2ol AEE E4sk= &4 A7 ob4] = g
of tiFE HAAI A FE e =Y A= aifEHH. A ¥ 5
FE AT HEHAIE SHLE, ol EAl ARl E3bE7|Hthe tha X8
Aol 82 71&skit

GHG Protocol(2004)°]] W= 2417}(Greenhouse Gas) BiE2 H(Scope)

of et Al 72 FEF 4 Atk M 1(Scope 1)= AR 247 HiE
2, ARIAPE ARA o7 ARstal SAsks HiEHollA TRt IS S0, 7
Jafr T2 SAlSHl Sl B, d&, AsA 59 A4z g wWiE, 7Y
T &2 Akl Sl A sk At Eo R QIR HiE 52 & o U
ot H92(Scope 2= Y AR gk 7
7b avshes FUAEoR Q] WASks 24A7RA HH% Rttt Hel3
(Scope 3) 7Ie} ZHHAQ 2A7EA HiEolth ARIAF 59 4
A7F A AfotAY BAlGH] Y= HiEdoR2RE Aok 2A47IAY HiE
< YAETHGHG Protocol, 2004).

GSMA(2023)°]] =™ o584 247kA HiE2 ofFjel Zo] Fed &
ULt WHLTE FARE A71E Fiste] 7R 292 stEE J9129] 247

(o)
°
2
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%9 oFEEANS A

e HEYT SARSE S A 23,

AL s ggae ewe e | Rl g Ao Ao 1
(Scope 1) dze e

W92 | AP o8t 1ol WAl | A AR 1S Fktel ]
(Scope D | B8 A S B | N 2ACPiIe) A 9 B

BO3 | AR Aot Aol | AR ISR ] A S e

&, olEsal 7HdAe] g 5 A7)

o
&H| 5

(Scope 3) |Aok= 2A7EA HiE

A& GSMA(2023), p.20

T GuARAR ARl A4 ARlE et ol HEHNAE 2
&3t ARgshes A7z s BAske 247kAs W30 &5 "o 7ot
o] BaA(Nokia, 2023)= AAH] AA] 7RARe A7 HiE 5 91%71 H9
3olztal Ak St olesAl7IeR Ul B AEAA gamiEe] da
She A= Ao offl AFolAe ol FES =25HA = . ¢
H o] 5EAIATE STFEAIR Q] REE BARY A9, o5 544 7oA |
912 HiEo] A4kl AHFor A4S 2 W= ¥HH30] sofdthe olopl®
UTHGSMA, 2023).

olFSAARE T HHlaolA AARE deES Fofisto] ARSIER H 20
A 2AZRA7E AR EAAlE HIEHA BHdAlle ot 22 ARE
FFE v 5 U o= AddH:

-

- 81 oux|2e] Ago] W WY B} sl ol 9ls) ol EEA}
7 ofiA H8Ae YEYD Amate Txsiuzt ¢
S|SB} AAlS] LA}A WiEEE Zol] 95 o] BEA YES

2 QImekg A



44 71EAF 23-11

c YEAS FHAA7E &7 Al AAR] JF2 ok F7HRI 1SS 2
22 sy @A St ARIE NEStAR HelvAl a8, AlgE 7t

s A, AHEA A )

olFEAl Aol ¥ v Wil =7t A9 AE A EY et 2

i

1. =

SEuzhs 20219 1099 2050 ©AFH AU Q9P & HHSIGY. H®AF
g AU o9k BEXAIFY FuiEHS 002 sh= 271 AlUeEled A= 9l
om, ol= S AW I 5 HIE AAE HSE Sole AL} S|
FESke B4l CCUS 5 AA7IES A5 &8sk BRoItHBARA s,
2021). A=l RES FA HiE FEd &5 % AlA Rl FiHed, ol F
&2 A% A, AR, 5, 5574 118, 4, 9FE FEE0] gloy,

5 2 A7 s F, olielia 23 9 & AHCCUS), 23357123(DAC)

Al et AAEL Qe Barge 2

Wit ArlaFo] W, waF
Y o ok 4, HE, v 5 AQYRA §4-AY, Aok AYTER

HARS T 7Ie7NE L AR TR 27, SBARA, =0T 5 A%
FEo LAZlA B5 =¥ SEE@ARA FF, 2021) 5 oIFEA AU

==
FEHom e vl Acw oiEt E3 AIes WA AdAe &

Lo

248 A9 JJEEANE SaviEgo] gt dEe A& o LA 2 Ace
oIt Aol ek T 117] 7HHo] HAITH ol SEAIAL]

2021¢ 3¥ol= ©HASH 71&84 FHF o] HRE =T, oA F2

WEeze 1) 92359 7194 104 dd7le A A= A, 2) HitA] g
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39 71€941 R&D AM 718 - 2, 3) A4 FEE olojx= HBAY AlA
uk, 4) RiZbo] FA7F H= At 7[EFA £11, 7]&g4lo] A&EE A
g 7|uk oKl | EdAGES| 9, 2021)7F ©A Stk ARHozE HaG
Holl I4lA 717} 7hset 10 AA7IEE O 3 9 38, @ ¢4, ® Ht
OIQOHLW @ B AHE, ® 4473k, © AAd3 =3t @ $% 58,
A% 58, © UXEs), © CCUSE AFFTs|adAA T3], 2021)0 3 9)
tt. o]55Al Eoket AL e A2 © yxEsild] ICT tjuolA - Qlxa} 11

a&oPh ZEo] L, FREE 20309704 HlolE Al 4= 20% A=(et
Z1eTAERS], 2021)2 AARIL e A FE HAEsE 59 OﬂLﬂX]
& 9412 ICT &3 ICT AA = 722t °] T ICT A= dlol"AlH,
A, ICT 71719] && Sdieke dastal . HolHAlE = AllA - 154
s 28t A HAs) dlolg Aol trJrE'Jr AE 2% 0}5 AH - HERA

]

for

g 54 As &9 £ ]E]i "41‘:]] z‘j’ﬂol = XE]Q]'ﬁE(GaN) &4 S
A& 5ol Tt —tr]-% AlEole 2A-E AA, Z2AMY HEeE F95
+ PIM(Processing-In-Memory) ¥=A] 71, A5@ AREQIEH(AIOT) R A
oy E Adom Hesh= A 0}‘31]’\5" 7l 5ol Ztet. upA|et

OS2 oUA-ICT 7lee ST 479 S74d0] n@EsledArdHsl9,
2021).

oA A== F8 FFAl: 2AZA sEHANA 7 et 247
2 WiEEAHAE AE7E 2A7IAE Bol HiEshe 710l siEdCEsE &
B Ista, wiEDol det WiEde] de 714 RS A 4 ARE A
o =27 58l A L& LS 20124 FeAlZIA viEdo] & I Adfo| HsH
HE S Agoto] wiEdAHRA gt H24 7|9 vpska, AAAEES AA
20159 1958 A1k A2717H2015~2017) Hﬁgﬂﬂfﬁﬁ]—% Aoz AA]
SIATH2050 BAZHAYS], 2021). FHE= W& FFS 5 HiEde
vl Esto] HiEH APl S5k, B2 WA A4S E quUH—}— Jalga) &

rgﬂ m



46 71EAF 23-11

Ao g wjishis FARET Hh2lo] 9tk A& Al®7|ZH2018~2020)90 U
AEol et LTS AlFete, 7199 BA wiEsF 7150] ofd HiEa & 7
= &FFA(Bench Mark, BM)}< =45t A33F A€ 717H2021~2025)001=
FILD &S 10%2 Aot BM A8t 778 dolAl 127 dFe=
S5t AtH2050 ©AasHAES], 2021). A2 A7 EF Y A4S
712 O FIF%E 30% o1, @ BAMSHAT 30% o, ® FIHGE
10% o, A E 5% oldell o, AR AlY7|Zt It AF
71E2 Aot R F3 gho] 0.002(0.2%) °1d<l AFoll &oh=
Aot (Shin & Kim, 2020).

L

(F3-2) HBX ARt My pasiy oif Az

KSIC = ki AxB |AFR A
HR d= S Aok | A ) LT,# °
A % | B %
Az} BIE 29 262 68.36 0.71 0.485 @)
7] BAY 612 - 0.48 -
A Z2aHY, ALY
A1) . 620 - 0.06 -
Az A, 348, 219
g 7|e} AHY 631 - 0.04 -
JE o7 Auag

A B73HH2020), A7t wiEEANA A3 AL717H2021~20259) =71 viEd @
BABRY, p.13 T F

AR Age] i FEdE BRel med A FEolA 7] SAIUKSIC
FE 612)°] olEEAtel sigshe Aoz mefEw, 1 9 A BE Alxd
(KSIC Z= 262), A4t T, A28 S % #24(620), A= A=,
oxg, 29 9 7] JAHU HE 7 AHj2d631)°] ¥ U= dFTeE &

At o] F A} FF AxdS AFFALT Al g, 7] B4

3

1
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Ae3](2023)= 78 1REY THE VN A dAE o2 2ol By
stal St 48 JIHE(Buropean Green Deal)2 7P A99] Ao Z 2019
| IREon, IF uet FEAGHE FH719R 5ol 20219 A8 € A
=]l Fit for 55+ AIFARI AXAZEO R AA =L, o] F SIU=E Tt
7427(CBAM)] 2023958 Al AP

[l = xH=x<
(02 3-1] 9 J2o| X HMEZ At
“ : QECEEER
e ( 01917
SEEE R RE T
| o EX2], ZHESHA
L o0 ( SRR A 2021 3
| L SE7FY AE 20016
A —
Fit for b5
2021.7 1 |
Er ELAIHEECBAM) | [
— 2022 2021.7. Y4 REPowerEU
20226, 2+ 20225,
SRR - 2023.10. AHA[R

| . fYIY HeE 2026.1. Al
= 20232 y

L= I= fjexmes o 1 o 4771 |T—

Comazzsem | [ sMemmy | [ 2z aMes | [ melmsed A,

¥ | (NZM)20233 || (CRMA)20233 || 20233 | (REsscd U E

X2 EU SRIs HEE HIEOR Fs0pmeA Ty
A& 7193(2023) p.65

202318 @AHA AR FAIEC] HiE Sz AASHEL S, ol T
A 3)(2023)9] 29F2 AT 4= Utk ol HuAoA= oAl &ofeh &
e Zopt e o e 7 1

mz},
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(B 3-3) QB SzH 208 57 o3

&
=
T
5
e

* (20.3) FE71FH©<h

*(20.7) olvA B8 A=F

*+(20.7) &4 A

*(20.9) 20309 2A7kA ASEE ARH55%) At

*(20.10) A&7k ofek =k

+(20.10) Hgk ¥iE A7 A2k

+(20.11) ASE Ao A] A=k

« (21.2) #7193} &8 #=F

* (21.7) gt AeF

+(21.7) 20309 247t~ AEEE 2SS %t I HIEESEAHA
AR, AYNIA AR 5) 7Hg<t vk

* (21.7) EAFHRGAE AIQF

*(20.3) #icTHA FEAY

* (20.3) FArAHF

BA |+ (20.5) solA 237

+(20.12) HiEg] 4 Ak

* (21.3) $ArAHE 71|

< (20.3) 99 18€ EAAE

*(20.1) 384 HAUS

+(20.5) 2030 AETHFY A=

+(20.10) A&7k ofek A=k

*(20.12) A&7Rs3E AntE 5412

*(21.5) B3 EF AZY FsA2

A7 FERAAB)(2023), p.2

)8
rlol

slst/71e}

FU 339 L3s]= 20194 129 ‘78 19 (Buropean Green Deal) 2 WH
ok 2792 20509 715 X GAZ Ao ARl A BoFE Hgst] ¢

g AA m7Alolth. F8 W2 oS 2n(dsd - AA3E, 2020).
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o -8
oaia 20509 7135d 94 ¢ 20309 2A47kA wiEAtt B3 73S
= (Increasing the EU’s climate ambition for 2030 and 2050)
A7) YA, AR7HE] H o= FF
(Supplying clean, affordable and secure energy)
2101 A A R 4] #gh
v (Mobilising industry for a clean and circular economy)
e |94 584 289 4% 1 9wy
= (Building and rennovating in an energy and resource efficient way)
L A&7Fsstal AntESE WEAA 15

(Accelerating the shift to sustainable and smart mobility)

SN AE7A-TA st A7ekal HSAHAR] AEAA 5

AE (From ‘Farm to Fork': a fair, healthy and environmentally friendly
food system)

ALt FETFY B

(Preserving and restoring ecosystems and biodiversity)

Foledyt o gle 8 24

(A zero pollution ambition for a toxic-free environment)

A& European Commission(2019), A4d-133(2020) p.8 A&

olojz]= 20214 7€ EU MBS 203097HA] ©AHEHS 19909 &
= M) 55% AEsE] 1% ARet HF1X]Q1 Fit for 558 WHSIAET o=
4 129499 20509 ©A%E BXE 24 3t 43 o s AAEeH,
PRt Fo W82 vt ZoHEES - I d, 2021).
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H 3-5) Fit for 55 2 LI

8 HE

a9

7}

h)

2%

1) 35 =oF sh=dANA At

2) 3, SRS R 52 EoF wiedARA Ad
3) A =AIAE 718

4) FEmHZAAE 29

i

|
i
ox,

5) =EETd A

6) EAo1E, EAolgHst 9 4 4 A
7) Al AI- 7

8) iAEEA W4

.ﬂ_

oxt

75t

9) S84 9 SR HaElE A 71E 39t
10) qiA A=A T2 714
1) ¥525 9= 71
12) =5 = 71% vHd

A o

13) A71%7]3Social Climate Fund) 414

A& Buropean Commission(2021), A4S QE|d(2021) p.3 AQl&

- (R UARA) 7120 B2, A7), AHE 5L hgoE st YE LAk

W& HA A (Emissions Trading Scheme, ETS) 28 A S

T2 FIHEIE - QHE, 2021)
(MR AR 1) oflv#] Fgoll whet o|A] AlF Algoe] 2= =s 5t
of FH71&E M-S (RIS 2H, 2021)
s (FAFHZAHAE =9, Carbon Border Adjustment Mechanism) EU &
Q]2 9] BtArZ(carbon leakage)S F|ASFol7] Yol 2A7FA = 20|

.

H] &3t F7lolA FY=ElE Aol tis EU ETSSE AASHY H]

(&85 28 F, 2021)

CeEETTY A5) AR, 25 59, 0B WA LA

60%E AASH ETSS] 8o/l Z=A] &

82 HHAR
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ofofl A 2A7EA HiEFE 20309714 20059 S thiH] 40% A5
ERCIE Bie 29% #)E AXCEIS - 2Hd, 2021)
« (ABAAAAR 7178) 2030874 AU A A ARG HIS ZHE 71E 32%
A 40%= sk BRHICFIS- 26 F, 2021)

« (ClFAI&a2A- 714) 20309 U] AN d3F ZHE 7]E cISA] tiH]
32.5%°N14 36~39%= JFotal, B =0l mid 1.5% oldA] &3 &
£ Folske WoE B 9 B2 24 A uRas AlY Y2(Energy
Efficiency First Principle) Z-8(4%%- 2Efd, 2021)

A9 Zo] A A =RokllA AR Baa2 SX5kaL gaulE HAIE dobohe

g Utk ool Wt {FH 9| olFEAlA AlEE Fuste =Wl Al

o el
T TACREE oUA] afe ot 71&d 978 we S Atk

o
i)
=2
=
D“l:l
flo
4
i
ol
)
rlr
A
=
5%
g
N
>
I
N
PN
i)
oX,
)
=
i)
oZ
Oll
o
z
=
i
-

v HT= SAEFE dSI] A%t <

o

)
<
s
(¢)
i
)
e
%
o
ot
fr, >
%9,
lo
=)

olN
W,
>
1
15
i)
o,
=l
g
)
Ml
4
H
)
O

o] & eAZARAAE(Carbon Border Adjustment Mechanism, CBAM)”
of sl & ApAl5] YotH W okt 2t CBAMZ EU7} 7% HR#E AT 273
o udof wet 2 A7 oFst Jeol2 ®tAYZE(carbon leakage)o] WIS
7Fs/8E €°17] gk Alkoltt. o] W2 EU Y AR A U=l gt 4
= AToH=S AR el dd AEel WAE gavledis ‘CBAM
ISA(CBAM certificate) & WY - AE0HeS 75 FH3Ith. +=7]0] 4
e HlETF ARE AEcHA Eoke 4= EU 9Ul AH 5 HiE 88°] 7F
22 5k 10% AldE 7122 S HiE 7]24ko] A&7 dlwol &5ttt A
Z3fjof k= ASAS] = AA=OA 7] AEE ©ATHAS ARdste] AHgE

“
o QAo wE A AFulE, HE, AME, A7) 285, A 5

l‘N

4) EU Commission(2021b)
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HiEE 2 HujEolut H-8=, AFAg4te] 233t H7E Aok o 2t bl
Z 5 &S 2 2gotA] ek=rHelx7] £, 2021). foleE 1 ¢
o 3394 AAF AZ(Corporate Sustainability Due Diligence, CSDD), 714

A&7 &A1 AR(CSRD), SIZHARR] 7+8(ESRP), 4l HiEf2] 4 S°] 5

A= 3 Qlck
=34 ArcepollAE 202349 109 “HAE AH|A9 AgHEA AAE gt A
g x93 HuAg Bl 3 JAsES A o] L AE &
oF AuIAS] A HAE Bl UAE 7|&o] A vA e IFEE =

olof| A9 ]Qo1 M2 &= ATLEY 0L, third-party UAE AH]

>
ml”
K

c (FEY £ AL SR Hoh A&7 gAE AR A AA) o Alxe
txdo] 3o A= JFY 65~90%°] sfdot= AoE FFH. AHlA
7b 78 dEolA TheEEE Shar, gt thgRt ThgollA AR|ATE ARG
7Fest=s St (EA| QlEHols, £ 7IHE 5), IoT 52 fldiies 2
E LAE ANGSHL, Tl o] 2A 42l HelEE AleE A 5

o] 2Fd(Arcep, 2023)
« (AREAFS] TAE E7] I3 Aol e A1 H 2] AE) T4 AA
AU FF= AlRtshr] fIgt 7]

YA 7159 ARKHIY L Adl= A4y 5), HolE Hof HE

A7E ALY AN Ao 4= Q= 71E, Fal ZEodd F4 9] Hojy 9

Hetelole =3 AgHArcep, 2023)

(E¥== IT A £0]aL, Hloje EFEy yxE lutof tigt =85

2|43} i AREAReE AAl 8FAROl ditt AAIAR] EiEe 3l AR =

a4 AR, 495 7Iee SO HEv|Ho] ZH29 FaE €Y, AvE A

(I'"économie de I attention)2] 5



A3% BAFA A&7 oleeAl MEAT Y 53

(A Aulse] B Gl e B 2 FA) OAD Auag B
3 ol TAste] dole ¥t A THshES . A Al
o @ WA WIS AHLAIA whE, oA AH|, /YR A A
5), 28 W AREY 224, B o8 12H T FU YuEoz A

AHArcep, 2023)

E

off
i

ol A HAES #HE &4 FAHE AGEC H(Anti-Gaspillage
pour une Economie Circulaire, £Z3AI1E gt #7]& WA))2} REEN H
(Réduction de I'Empreinte Environnementale du Numeérique, HAE 23
2= £0]7]) 5ol deH, 2022 &¥3E HCNE(Le Haut Comité pour le
numérique écoresponsable, &7 Y Y& 7| IsHLI)7F HAE 7]
&9 SA4Z M H 9ot 20219 2€ HAEF FH(numérique et
environnement) 2EWo] YR E|gow 3FE 2024F0] REEN HE dAlo|lE
59 A&E7FsS AAE 87T ZolH, 2025W 94 . o] AYAHRES
‘A = YRE AF & WHsfoF S Greenspector, 2023).

g mekao] mutd YEST 71&AEE 998 20239 102 “2G/3G
HIEAS 4G/5G A% wE &4 WA= B7F BiAE IR o=
2G/3GE = A&k 71 AU 29 4G/5GE AEshe AlUE 5 vl
sk=tl, dlolg AlE, HEHZ, FHE, [oTE &6t R3 FES 85k
gt offof wE WIS Albslal Qlth. i HEYAC foEs X

3% 2714, 10T Fu7kA] 2 735 67Hdold HEY A o] g g4 vf

5) Arcep©l 93} 2018¥ &4
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Z TAaEo] ZTVHES AT Zog Hil QItiMobile Network Technical
Experts Committee(2023)).

o2 ZAIFRl A= ot AR ICTY] 34 J3FE &7gsta 7HAlste
P 99 29 =89l ICT Footprint EUS A7§%} ICT Footprint EU'=
oA & &7 784S 913 EU ZH AT o[UAMEBR 20167 E 2019
|72 347 AP At ICT Footprint BUE ICT F&ojA] B4 vi&SF Wl
£9 S FX5k= fH EAFoIth 230] ovfA] B&4E =olal T Hj
EFE 20 dF8eE FAYES =Y & A=F Adste AS HHE Tk
ICT Footprint EU Z2AELE= ZF AREAIA| AR 713t ICT WHES 4
1! LCE(Life Cycle Engineering) A¥ ZHUYLFE =11, ICT oHR] € &
3 8&d 2o £ ATIAE A 718 AS AEshH, S470] '@
HEFS B7Ioke =78 AlSste A BRE SHYlth E3 o3t WHHE

< Hufstr] §Jef olsfTARET A%5taL, ICTFOOTPRINT.eu F2 A3A
A2F RUAME 25, ARES AoA7IAL QMBI EE Jofshy] £iet |~
2 AlFshs Ak T3l ZtEo] Qi

l

P

X, o

i

3. 0=
&
7

7k

rlo

Ul ulolE hEHL EYI HRo| J|FHsouX Fuolq P
S (Net-Zero) 2.2 THEE= HAolUA] AAZ ARSILA Fhet. upo
o 28 YA vio] HelEA B U A e, APPE FEO| £

A]
A AAH], LA7A HlE T FAAE A8 LANA 7 B

rTnFE
% B

»

l

L

A5 F2A
HAISE 4 5olH, MAIEg el Z=H(Inflation Reduction Act); 5= £9|

ST JeHFA - HFA, 2021). "IEHCIA AFH 2022(Inflation

==

6) ICT Footprint EU
7) Buropean Framework Initiative for Energy and Environmental Efficiency in
the ICT Sector
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Reduction Act of 2022),2 20224 8¢ A=At 7|13}t g, X%y
U219 By, S A g, A A& E A BE, o=H| AY 52
2xg S Asts Uee g1 o, 318 ofjux]o] tigt A4 =9
HAE shfjslgict. BEopdz Bk, ehade], A7, 7Pge v Ay, A
IR &, X A}, ovA A Al Foll tigt AlHZA7E ol &3t
HAHAIA-AGEAE, 2022). 2A] - ZAHHA] - B EoF 59 W& &2 8
70 H(Title), 1670 ZHSubtitle)2.2 A=) Qlom, 1H A L= oA
HE Zghety vt FAHoRE Y A 715k A7) it Bigt AAZA]
A, 874 A= A, Aol gt oA 9 5e4 JIMEE AlF, H7
AeAb ] A5 FgouA] Az E ovR] ke A9, IEH oMo wE
FHED7T AT Y HE W, AASA 23t I A& 59 SoltH A
A71&x184, 2022).

2022 YE=AH(CHIPS Act of 2022) 2 (1) ¥H=A] AR AJH E= ]9
A4, @dist B G2 9 JAlEE 2 O (2) g REEA o] tigt R&D

3]l & FAASY] St AT Feo 2O, ) B 35, Ut

¢

)

5G 71&, /43 AEHIA V&, o FEUA YIEYA Hd= 159 &
I, R&D, 7|&°ld, g4, STEM WSFsh, 74, 1S
1 =2 o)) ks HiFgsATHHMR, 2022).
S EU 41742 WAUS &Y A2 v=e FARE g9 A
< AEsStL ok =2 20219 7¢ tiqte] 71 s) Qlxel A& A

=

A

L=
3]

)

=
T

filo
ol
E
9‘15
_-)
=2
=
Y
il
L
1)
©
QL
i
il
u
P
A
o,
PN
oX,
>
i
i
i
QL
rir
ok
ox,
ra
rict
o,
o

WH(Fari, Affordable, Innocative, and Resilient Transition and Competition

Act) /& OISt 20245 SHelw, Aol A7, AHE 5o Tk
£ I, olF SUAEN A8 o] Fa HBolthRIAS T4,

I

2022). ml=oME @A EUSE 22 HiEd AAIZT LFHL AA gof vl= A

[¢]
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Hhofl SUsHA AAYE gAulE vl-8o] tigt Hole7t FAsict. o]df wet ml=
< Y ol 7|E9] HiEHAH N 7IukstA] ¢kl B HEC] ot SR8t
9| &aulE Fgo] 7IRtste] A=E gt g Af 3

AE w=o] X &9 A2 A Yoo} A7 F S T
< 7]#A(Cap-And-Trade System)', U= H&5 1170 F7F Fofahe A9
247k~ o]yAE]E(Regional Greenhouse Gas Initiative) 7} £ASHHFIA

<547, 2022).
A2d 7e 53

1. 0|84 HESZ Qlozgte] M AR

5G o584l HENZS A AHE= [1F 3-219] (FH2} Zo] RAN 73.0%,
core network 13.0%, Hlo|E] AIE 9.0%, 78} 5.0%2 H]&Z ZFA|skal 32
o, 74 7|25 sigsk= RANOIA &R E= o] B /44840 H|g] A=
Ao =oh RANOJAQ AY AR Bl&2 [119 3-2]9 (P Zo] 74 45
A& (radio processing)@} AH| WZHcooling)o] 2+t 40%9] H]E-S A5kl
glom AH] 28 A (power supply), TIAE A% A& (baseband processing),
128 Alol(main control) 5-& 20%2] HI&S AA|skaL et wheha] Hnt
Al ZA S} gl ] I G471 56 ol5-s4l HIEYA ofvA] agstol 7

Y= " Aoz dgE.

S~

=
nn

%

riu
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(O3 3-2] 5G O3St HERFS| M AL HIE 342
5.0% 3.5%3.0%
9.0% 6.5%
7.0%
13.0% ‘ \ 40.0%

73.0% 40.0%

» Power supply
Baseband processing  ® Main control = Others

) - = Radio processing » Cooling
= RAN = Core network = Data centers Others

A& Larsen et al.(2023) p.772 W& A= A 24

2. HUX] =22 Bt 7IE

71&0] HH 5G o554l KPIAM = ovA]l et #d A#7F EAISHA
grptot, 2 dad [ 3-3] 6MIHI66) °lesAl A 45 AEolA = ©f
A ago] #et s A7 F7HE At Akyildiz et al., 2022).

(O3 3-3] 6G Ol5&! st g5 REM MAE OILX| &2 XIE

e

@
=

Peak Date Rate =_— T Latency/Jitter

Peak Spectral
Efficiency

b ? Energy
Efficiency

R

Refiability /'

(Packer Error Rate)

Resolution

1 5G o584l 8 A5 AR’ 6G ol5FA A e AE v, 7 4] e AlEE
2 3F55|oF ol A7 O
A& Akyildiz et al.(2022), p.4251
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6G °l554l 4l BT A;AA FHE Sh= oy B& AHe &Y oA
1€(oule, ))F 1E|2} H]E(tera bit, Th)2] HlolH A& Qu|sk= 1Tb/Jo]t}.
HERA YA a&L &9 olvA] ] $41 JEFo R AR, &g 4l
B39 YA F& ths AT 2ol FYErHBuzzi et al., 2016).

_ Ty )
bR T(up+P) pp+P, [bits/Joule], 1)
AZIA T, pp= A2 J g =z A

ofulstH, £, fine 2 A S

A AR A2 Au7t v|EkE AE7] )Y o, A AR ofu|gith
21(1)9] oA &€& ‘EE(Energy Efficiency) & AUA] && A3} 349} vl
shal, AR AY 9 F4 Ayt gttt ofvA] a& &3} ok f(7) 9] Tt
gl = FHo| wEt gofsiA Hd 4 o™, system capacity,
throughput, outage capacity §2% At [18 3-4]= $A1 ZHgof o}
£ YA a8 3 1S YERT Buzzi et al.(2016)2] Aol =W F
A A AYof wet oA ago] A3lE= F4l Mo DA, A2 4H|
Ao gho] Aol whet offvfA] a&9] Fdigto] S71%tth. webA 4

st
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(120 3-4] &4 H| M2 oUX| &8 34 13D

P, = 10 dBux

EE [Mb/J]

P. =20 dBux

A
-2 -10 ] il

110
p {dBm]

A+&: Buzzi et al.(2016), p.699

ot UIEQA9] oA &2 SA419 FAI7F & of ¥l 9 B4 F39 &'
&0l Bls Fo7t Bst, ARAL dE7Y FA &2 of2] ollA Adshk=
multi-cell 4%, o 79 &4 FEHIUE o8]t AHtE QY 7]&<l
MIMOMultiple Input Multiple Output) A -ol5EAl AIAHS e &
gotaAt of2] 7}9] subcarrierg ARESH= 841 71€<?1 OFDMA(Orthogonal
Frequency Division Multiple Access) & UIEHZ A|AH 74 9 oy &
&9 A3} 7|Hof| w2t o7 Dbzt Multi-cell OFDMA HE 9] oy
A g Uil S ofF ZE7E e, OF diRAoR AMEe=
‘GEE(Global Energy Efficiency) ®'H2 o]554 U EYIoA ARE«= oy
A19] S Al R4 A== HolEYdY] @ﬂ' HEE Aojd ovA a&
< st oh33} Zo] FOEHNg et al., 2012).

o v

U(p, W, S)

[Je/f(R WS) = UTP(Pv WS)

[bits/Joule] )
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o7|A P, W, 8+ Z¥Zy power, pre-coding coefficient, subcarrier allo-
cationg SJUISHH, U(P, W), Upl(P. W)= 47 7IA=IA b Tz
SAEE Holy FF%s HEYR Wi e Ao diste] 4t weighted
system capacity, YIEZ A|AHO|A AEEH ofuR] AR FZ oulgit).
GEE E&2 oflvA] &&Y} FARH system capacity’} 255, &5H oA
FT0| A&55 880 TV olQof /Y HEHA to] B4 =gt
oFet 87t 710] Sl=tl, oflvA] &&o] /E k& oA 289] weighted
suml.& A9JEl= WSEE(Weighted Sum Energy Efficiency; Venturino and
Buzzi, 2015), 7H¥ =& ofH#] G829 weighted product® 2=+ WPEE
(Weighted Product Energy Efficiency; Buzzi et al., 2012), 7§¥ ==9] o
YA &89 weighted minimum2& #O|== WMEE (Weighted Minimum
Energy Efficiency; Zappone et al., 2016) S©o] ZA3tc}.

3. 5G 0|34 HERHI oU1X] 8=t A1 S

Buzzi et al.(2016)°] WEH(LE 3-5] FF) o584 HEYA ovA &
&3 S F vl 7R S 5 Aok A HA S 7R]59] $4 A
HAE Sl oA B&/dS =°li= Resource allocation©o|®, & ¥1#] =
HE 71X=9] HiZ] B st=fo] 44 HASE B3 8842 o= De-

ployment & Planning °]t}t. Al ¥# ¥ ‘Hardware solutions &+ A8 s}

< =

Z9o S B3 884 S 9ulotH, ulA|9 ‘Energy harvesting &
Transfer'= FH FHOERE oUXE LI o]F HALSFLEZXN oA &&4
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[12 3-5] 5G OlHX| &83IE 2t 7l =7

Energy Harvesting
& Transfer

A& Buzzi et al.(2016), p.698

7k 71A= 41 A8 2 ASHResource allocation)

20234 ®vk=2] TDC Net ST o]&5-54l HIEQINA oA Z&of &
ot Ao Higt RAE AYste] [18 3-6]7 Zo] intelligence, design
architecture, services(F-4 F&HQ] &, AFEA @704 8% 5k+= HlolE
EFgo] ol whE 7|A= Wl AHS] @43t AH 24 5) SHolA 54 olF
A HIEQFY HE AR A5 S5l X8t ZRAES EHelglo=s AUt
Rt S AtE AMAR SE719] 840 wEt AAlE SHEEH] flste] Z1A=
o] “JAl Bt HH'E FATLEH WAt AY AWV} olsEAl HENA
AY Ao 7P B2 Fie AAISHL kL AAIsIRoH, 7[A= W 2
L2 FRY Ide] g 97 5HOoE AMEE A EI B2 FEZ ARSI

31 BASItHLarsen et al., 2023).
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(72 3-6] OISSA LEYT H2 AT U%S 95t DRME ERROI

DAEMON
Intelligence DEDICAT 6G
[ AldGreen ‘
| MonB5G I
Desi One 5G
- SG-TRIDENT
, | iCIRRUS
Architeeture SRR \ REINDEER |
Services I SOOGREEN
| | | I 1 | |

I T e } II 1' 1 1 1 1 T
005 2006 2007 2018 20019 2020 2021 202 2023 2024 2025

At&: Larsen et al.(2023), p.770

ol#gt EAZ siZsly] s Ak = % 20229 %3 China telecom
research center”} IEEE AccessollA A|9st WMH(Tan et al., 2022)°] Ut}

(18 3-713% 2ol 7|A=53} o] HEATNA AREAF SE7]olA 274sk= T
olg EFjgo] o 7|X5 W H|e] &3} FEiE Z2A-CIAS ol EAish=
AREAL SE7]9] Hlole] EdfiE @40 whE H|9] &3} HlE 2E)sk= oY
A 3& 7HA HRte] dis AlRbskltt. A|QkeE Wete] mEw, e fUe] F

A AS A7 BG4 F& k=AY FE7](power amplifier, PA)S] &/Js}t

[72 3-7] HOJE E2fmof ME ofHX] &8 74 ot

DX DB - | - —
T 2 0%

A mmp 4 0D I I PA off l IPA offl I PA off I PA off
DX o %

2 7% W 2iel0 G330 7145 el ARk A8 @19 dele B 230l
2 A9 AR B A 94, W dole EdE 94o] 24 A 7|7 o A
o) wurel SRS BT A W) AY AR 2h

A& Tan et al.(2022), &P p.51749, (%-/4) p.51749, (%-/3}) p.51750

N

o)
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TS TS Wk Btle Syl A8A 9L 7 B4 B4 Fu
(radio frequency, RF) 49 &/3} vl &S 2ot AUA] & 7fAlsict

=9 BAH] ARIJAR] Nokiad Bell LabsolAl 2022¢o] st
‘Bnergy efficiency in next-generation mobile networks XILA|(Nokia,
2022)°f] =9 ]2 =] massive MIMO RUOIA AREE= A8E [19 3-8]
3} o] wHsHck

[OJ& 3-8] Massive MIMO RU L X2 AR Hig 2XM

3%
16%

55%
26%

= PA = Digital = RFIC = PAPSU

A+=: Nokia(2022), p.5

EXo]] W2 ¥ massive MIMO RUS] 4] Hol&o] 100%°] @3 o, 714
i AeE FA B4l Ao R HEksk= B2 "@9ohe PA, digital processing
integrated circuit(Digital), RFIC(Radio Frequency Integrated Circuit)7}
F 97%E AHAobH PASY AY I3FS ©3ohk= PA PSU(PA power supply
unit)oflA oF 3%9] A A4S AA|SkAL U} Nokia 7]A1=2] RUOJA] 4H]
He A9 FHgE 7Hte R g off ouA @ Vi HjbE HAskid
(Nokia Bell Labs, 2022). Nokia Bell Labs(2022)°41= MdiE o554l HE
¥39] air-interface design € &4 &4 7|8k9] 7iA ®etat A AwA] W
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tlojg Ejgo w2 RUS QY 849 switchings &3t A8 4H 7| ¥
oS AASIE oY, waveform= 539l PAPR(Peak-to-Average Power Ratio)
= EYUCEHN YA BES =ol= WS A5t PAPROIR 41719
Bt AY diH] 5 A vlE&S 9uishH, H§ PAPRY $A7F 205 A
g A7} At Nokias [18 3 -9]3} Zo] SCFDE(Single Carrier Frequency
Domain Equalization)?d] air-interface & &3t F+4 A&7} OFDMS
& 3t air-interface FEHET PAPR 271 R3-Z AlEEold AIHE 39
d5ot e, 71X =9] Fohgo] W2 ARl adaptive waveform= -85

of 7|1A=9] ouA] mE&e 7idshe etk AT

[72 3-9] CCDFOi| M2 PAPR 44| 24

B e e I
10 ~v-OFDM
+~SCFDE (0.3
| v DFT-5-O wio filter
w 102
a
O 1
O 1
%
107 %
4 6 8 10 12 14
PAPR[dB]

Zb&: Nokia Bell Labs(2022), p.8

o] 2o Nokia Bell Labs(2022)°] W2 5G WEHT 7|X]=-2 2] F
W, 7143 B dold Heg Siat 74 Y fRe 5 WEHIA 143
2o fule] W Yrhe Sl vl8S HAsREoRM UXE Hoshe W
2 ANk, 7145 o] He 2m 74T §1, oo guo) dae

AP e AE ARt b 2 BES AXsHeY), olejd Z1AHe a3
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< HEYA Yol vix|ste] 714t R € ZH e &
AHAA DAY 4HE & F0= ALAXIY. 1183 AUA] &9 71HE 714
g EdigS S45to] Holg Edjgo] duiFo=r A2 VIt &

Qtofl 7H¢ A2 49 DU/CUE 2Fsto] ovA 4uE dAAZ 4 ok
Ng et al.(2012)2 multi-cell OFDMA YIEYA FZRoA oA G89] 7§
A& st $41 A FHASHpower resource allocation)s AIQMSIALE 2 A
T4 AR o|qA] 5 A3} ek Ay AR Y EQA o] ARt
H ARolA 44 5 o9 HolE &2 2/dst] s AltE}leH, 714
=3 Fo] HEYINA AT 4= Sl= ARA @719 HlofE EY &5 X
AREAF SE7I9F A A 5 BRRE RS AEsHTh AlEdlold A

sfo] ARkt 225} Yore YNk

ol
o
oft

[0 3-10] Multi-cell OFDMA AJAR! HEEQT 1=

Mobile U

# Mobile
e AL
Mobile

Mobile Base Station

0 L

Mobile Mobile

Mobile

# " "\ ¥ =BS
4 \ ¥ =User
‘ \ af— — ¢ = Backhaul connections with limited
. — — — Tt eapacities for data exchange
Backhaul connection topology <+——== = Backhaul connections for control signals

A& Ng et al.(2012), p.3619
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Y. YEYA Y 7]AF vix] ¥ st=go] ZZASKNetwork planning and

deployment)

HIESZ 24 9 vz ¥ 7][&2 YERZ F 7l ol 7|45 &85
+ dense heterogeneous network(Cao et al., 2013), t2] SHEIUE AR
5= massive MIMO A|AEIES ARESH= dense network(Bjornson et al.,
2015) vjx] Go& FES 4= ok [119 3-1112 Cao et al.(2013)004] ARt
heterogeneous cellular network® 7|X|= BiX|= ¥ 7|X|= & U9 5
Sk, AR B4 A3E UEhdith £ A+l o=t B4& §510] heterogeneous
cellular networkell4] &3 &g oflvA] && SHE AL 2] macro/

micro 71X% 23 AXSAT.

[312 3-11] Network cell topology & 7|X|= U 2A Zn}

—A— Upper Bound
Lower Bound
—©— Optimal Densit

Y coordinate
network density p
° °
e h e w
5 B & 8

e
&

=

] 10 20 ) 40 50 80 70 80 80 100 0.1 0.15 02 025 0.3 0.35 c4 045 0.5
X coordinate user outage probability n

2= cell topology of heterogeneous network(®), lower-upper bound of optimal

density($)
A& Cao et al.(2013), (D p.4352, (%) p.4354

Bjornson et al.(2015)2 multi-user MIMO A|AHEIOJA oz 888 )
slsb7] 919t A9 oy, o g E FAl A BA Auto] tisto] A|Alst
Ak & Aol HEY S, S e 22 8R1E0] ol|A] & H
e IO Histe] 2A51oH, dapxlow 4 7f o]4o] QHHUE o] 83t
massive MIMO A|&EO|A ofujz] G&o] 2diskdS &UstAH.
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Nokia Bell Labs(2022)°] @2 5G YEHI+= multi-TRP(Transmission
Reception Point) & micro ¥} 22 4% A 7[R &85HH =2 oA
18-S 94 7hssith. &3 Ao AMIA 27]= HF cello BIs Fot 4e9]
&<Alo] optical linkE &5t0] o] Fo]Zt}. E& wireless linkol B]s}| optical
link®] A AmFo] o] 49 7|X= && Al A 4W7F Aot EI 47
Al 71X =2 A2 RF ARl &= & FEY 7l 882 55t S04l Ago]
E4S 7HA1L gloH, Holg EfEE F7|H 08 £4sto] EFggo] J2 &

g 2% A 7A=S vEAet JHlE st ofjuA] 882 A sk Atk

ot A48 st=go] AA|(Hardware solutions)
Hardware solutionsi= A8 $%7], Fukp %Y
HEot= st=dofRl RE ARl AA|, 7k4aste $417] 9 #417] F329] 24, 7]
A= F2 AA 59 IRt st=go] 71k ouA] aest i ou|eith
o] AA(Joung et al., 2015)

fo
.
flo
o)
fol
2
A
19
o
o

Hardware solutions= power amplifier®] §-&%
£ S5HAY, 7IE StEHolY] w2 sWEE Qlsto] Wsks o] Y 4R
£ 32 =9 quantization 71HS E3 dt=9o] AA(Mo and Heath,
2015; Liang and Zhang, 20160)2 AY AHE FF oufA] &8 7RAstct

A= HIAEHEE ol8sto] AH8 C-RAN= #34% &, oyA| a&
[} EEE AHEoto] o= AA EH0A BSdH= PoC (Proof-of-
Concept)E AP5I¥cHSaxena et al.,, 2016). & A4-= C-RANo] EffjZ&
R1A5te] HIE] AH = FoP7F R 71A=9] AYE AA A ogA] 4]
A & A= ARbstAct. Aljret Al [[17 3-12]9] HIAEH|EE o]&

SEACH, oF 25%9] ARt AgEe 23E Hith

=

= =
==
o

o

ol
-
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[12 3-12] C-RAN HIAEH|E AR} OfLiX] AR A% Zit

IXIA Traffic
Generator

based 5G C-RAN
ching in 5G C-RAN

e VNAV_ANAM

X2 links
(optical)

*
-
-
-
s
=
-
-

Network Energy Consumption (in kWh)
S
T T :
LS
-
~
1S
-
-
& L3
-
-
-
-
é B <
£ By
3 ; 7
a0z
A

e, g \ 0 5 10 15 20 25 30
RRI] 100
eRRH 1 CRRH 50 ety ¢ Days

. C-RAN HIAEHE AIAEF), AyA] A A ZAIHS)
A& Saxena et al.(2016) &) p.1018, (%) p.1020

_rg

oA sHAY 9 B A ?ﬂ%‘—(Energy harvesting and transfer)
et P C 2 HE X E Fdte] MO R HESH= energy harvesting
71e2 74 84 AARY oYA] 883 =Y + e 7IeE dFEY AUk
AAZ energy harvesting 7I'H2 HiE|F] 9] Aoz T4 HEHI] de
T30t oUA &S =Y & AUTh Energy harvesting 7]&2 $85k= 9

[I2! 3-13] RF energy harvesting network architecture

Infrastructure-based Architecture Infrastructure-less Architecture

Information

\
Transmission zone / %
~ 4
Cenu ar Base ¢ \\
t:mhons Gy

Harvesting zone ',
DMB transmitiars

P— \ Ener, zyfluws /
Information \ .l’\mblen

Gateway

l
» \ Transceiver
Wi re1e“ Roulers Iriformation ] | “
flow | |
i =t RFy d fiF-powered
% -~ poware! [ P
m N e o Wl @
Frergy flow/ & U \\ ! S -
m Interference ; / 4 ~ Eneray
i 4 Transmitter
-,

SRIPKIIF
T ansmitiers
F M &AM 2 :
Lmnsmuueys a a ‘| . A
Dedicated RF Energy !
= )
Sources Harvesting zone

Energy Transmitter
¢

/

- -

3 /
N ;s Erergy flows i
/I i .—"-
@ o= > v/ - i
2 g £ m & ’
¥

Z4&: Lu et al.(2015), p.759
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U A] Y9 £5H0f w2t environmental energy harvesting, radio-frequency
energy harvesting® 2 FEETHUlukus et al., 2015; Lu et al., 2015).
Environmental energy harvesting 7|&2 oL} vy} -2 A AR A
NUAE o= 71eS 9ustH, radio-frequency energy harvesting 7|
=2 (O™ 3- 1313 Zo] FAer Ay 2ite As=RE ouAE &
stol, JH|E= oyA|9] AEE= 7Fs3HA St

|

0

A3d AR 5F

1. &d(Samsung)

S AHe] 7HIRket HIEQA BREFY] AnE0] /dE BT ovA
e P 7S MLl ST 71e2 (219 3 - 1419 Zo] 7|X]= Wl DU
7MY SKvirtualization)2} a(poohng) E3 vDU pool& /st & dlo]E
YAAE HEA AHE Forsto] dBAor Attt ol 7|A=E AUA
250] FEj7} obd, SR FEj ] U] AR= ofvA] e TR 7ol

[J2 3-14] & AO|E L} vDU 22! 7[Et vDU pool HILX| &8 Skt 71&

Cell site Cell site vDU pool

Cell site

Cell site pooling Cell site - | i
| .rvof
( e

Cell site Cell site | ISt

Cell site

b Samsung(2021), p.11
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EQE [T 3- 1519 o] 7|A= A Al|E ] UES] 47t ExtFsHAl 23}

I A= AR Has ALY 9 EY 7[eS 7|RICE vDU poolof|A A =g
= A= UEY "ol A 2dsto oyA] 2& F 7I&S /HEsiit
[O% 3-15] SZ7IQ] 20 ME AAHU} E2 78t )UX| &2 S I

Scaling
cell #1 Cell #2 cellir "l cam
resource resource resource resource
Pooling
7. R 7R 7.
& ¥ E &
W 400 UEs s00ues ¥ “ 600Ut 200U
At&: Samsung(2021), p.11
[OJ% 3-16] CIOJLHY AAYEIS S5t HEYT D2EZ0| 2F XX

Site #1 _—
% N vDU #1
%
.'- D Flavor #1
Flavor set D D
= = 1 cell with small users
avor
Site #2 -
4 vDU #2
Flavor #2 Capacity £ -
volume A E
b > - [ Flavor #2
-0 g =
A —~ 1 cell with large users
avor
Site #3 5 %
7, N e 4N vDU #3
£ &
, o U 0 &
:vDU pod
e -D D :] D D [:] Flavor #3

Multiple cells

A& Samsung(2021), p.9



A3 AHAA-AE7FsAH olFEA EHT Ad 71

EQF (27 3-16)3 Zo] A A|E W #A[’E UEQ] <] W} vDU pool Ui
HEAD AlLE &= toluie] 2A|187 7eS Sdtod HEHA 3= AH

Aote], glolg EfjgE Aegtth sig Ve dARIeR ¥kt YERA
SFZ AuiAlste] ELQtt A AE HAAAA oUA] BE&S A

2. =7|0KNOKIA)

NOKIAE= RAN Y RUS &892l JZ-& ZZo7 Hg AX T4 7|&& 7N
g5l 7€ R

old, &2 383} LS4 Jzh vpAle 83}
IS

2
S
hb ]
_0|L
fr
o4
>
o T
N
ol
1>
£
B
)
9
S
i)

&t aasiol el wBE A
sof 242 A28 5 3loH, ol A I ol ARt siE Ve
Zeda] Wz vho] vla] AY ARS FHd 90%, ojAlslebs viEERe Hd)

80%7HA &Y 4 ATt

[2& 3-17] NOKIAQ| ‘Liquid cooled AirScale base station’ 7=

Abs: (&) NOKIAQ020) p.6, () e=17341(2022)
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E3F SoC(System on Chip) #29] [1¥ 3-18]3 2 &g 5G RANZ
fekstdct. ol o]A Aol RANHCTF AH Aedt HA AY 4wt oF
60% H= it

[ 3-18] NOKIAOfIM 7S SoC 7252 5G RAN

Nokia SoC benefits

ReefShark
chipsets

Products in 2020

» Next generation baseband cards

+  mMIMO adaptive antenna products with
integrated beamforming

Ak&: NOKIA(2020), p.6

* Remote RF heads

3. Oil2l&(Ericsson)

8
i)

Ericsson<> [T 3-1919] Al 718t olvA] && 4 7Ies 7NLskith
+ 5GC W A== HEYA HolH EYE S4sto] dARE 278t
T AXZE HolE Edigo] A% AAXET A2 AE ddd VA=
AT} & AT 719 oflUA] 2& 71&9] 82 $I5t] Ericsson> + 7HA
)& 24, A3 Bd)S AASIH A5 2E A4 789 5GC W Y]
EQ|F tolE] Edfjuo] FFE 7|gto g thdo] o5 A(AREA} fIA|g Al Ato]
EoA Hlojuh t& A2 o] o An|A Ao] HiH = @A), Al ARIA AF
Wl §AISE UE 74 55 A85to] AH|A A Y AREE oS REge AA
gttt 7|&of] AAE AUA 2 HAS} 2l oS 243 o5t 7|59
AARE He2 9Rt 229 tojuiy] JARE =&t & 28&HTH

e
@ 2

kS
)Y



A3 A A&7 olFEA HEAT A 73

[J2 3-19] Ericsson?| Al 7|8t OLIX| &2 & TI=

High Level Solution Methodology Model Fitting
Candidates Forecasts
Threshold Combination A ——+ —
Threshold Combination 8 ——» — - Applying rules and conditions
) — ey — : Lowest Forecasted Energy
Threshold I:otmhinulion o D:":::u:ﬁ:"gg_' a ,‘;‘;;Z,;‘,’ o :’J’,ﬂ,m

Optimised Scenario

<

Data-Driven, Intelligent Solution

I Forecast energy; @ Measure energy impact

per threshold o | |
candidate (Doing —> —> [ —
soat scale based E,Q\j
Craate list of on deep learning) s
capacity i Recommendations Stakeholder Ericsson SW tean

thresholds with for configurations approval Sxecnes chaes Babysitting and
incrementsof #/-x  Projected KPls to® TGS Byt o -
bosed on identify whether

processed data cell will go to sleep

The solution is a complex composition of rules, conditions and deep Ieammg model that aug ments a manual
implementation workflow overseen by NDO engi Having ions set by the feature
and its capabilities within customer's tool landscape, the Al solution improves ways of working with precision.

A& Ericsson(2023)

ERF Ericsson [1¥ 3 -20]3 Zo] Al 7|&°] J&H AUE 7|X|=r A|AH]
‘Ericsson Smart Connected Site’ & 7Hdst=tl, ol= 7IA=oA Aest=
AAZE HIEQA HlolE EfiE &5 Al 7|¥to g ZA5HH, HAjE AnE A
280 7A=Y HEE FA6I R er 7 GRS 28Rt ATt Al

[OJ2 3-20] EricssonMlA| 7H2iSt Smart Connected Site 7|X|=

Smart distribution: DC up conversion/AC inverter

|

Precision climate control

Smart controller for asset
management and secure access to ENM

Energy metering Interface
for sensors

and surveillance
equipment

Remote-controlled rectifiers

Smart locking system Smart space management

Smart connected
batteries

A& Bricsson(2020), p.10
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718E olvA] && P 719 A dEs HAlHd 7RF Sy 7IHS
MIMO®] #-&ste] Qteute] 52 of 75 A4 sk= MIMO Sleep 71&([71

21] #=), 73Fsk5(reinforcement learning, RL) 7]&< ©]-&3dto] ol4itsteti
HiE g4 9 7[R9 ouR] ARE FZHISk= ‘Machine learning for

HetNet traffic pattern’ 5°| Uth.

(O 3-21] mlgd 7IHE X85t MIMO sleep 7I&

Actual dota Sleep start/end
Prediction Threshold

60
50
4@

30

Cell usage (%)

20

10

Monday Tuesday  Wednesday  Thursday Friday Saturday Sunday

A& Ericsson(2020), p.7

4. 3120|(Huawei)

9] SAH] AZPA Huaweis= UA] & 2 fIste] 74 Aniet
YEYT Ato]9] Hlolg A4S 93 23¥H Y RRURemote Radio Unit),
C-RAN, A3A%5 714t UIEQIA Intelligent RAN & 59 7|&& 7HdstA
ot [19 3-22]19 %9 RRU= EFE Fo55 Eolo] FPFo= B4l
5= FDD(Frequency Division Duplex) 7|H<S &35l 0oH, SAAH] Ax
A HxE 2P RRUE /NLsIelH. ol 7|20l 4834 3719 RRUE
ot FHet 5L 52 At 71E H] 30%9] A9 ange E
o Stk TS QFEY WRO] ouA] E4S HAAZICEN RF oUA] &

it
@

U\l
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€S =90|&= SDIF(Signal Direct Injection Feeding) 7|&S &3t 17

EuE 7idstel RRUS A ARE 15% daAl7]le 52 SHH

[e) —

[t

Q o
= U

ol

xR

[22! 3-22] HuaweiOA] 7Hetst Dual Band ZZCHS! RRU

O

H 4]

Dual Band RRU

Ab&: Huawei, “4T4R 6 Sector, the Next Leap in LTE Capacity Expansion”, p.3

Huawei= [[18 3 -23]9] 8&2Ql YEHA 5 % U4 a& SHE A
sto] S A4 FE HARY 716 AlIA"Rl C-RAN F25 ©]&5H3ith
C-RANZ 7AW ASE A=l {3l ARSsk= BBUE 59 HSAC= i
2okt T3 Huawei Intelligent RANS Al 7]&2 B4l HER A H&
sto] 5% FA Qg Ho|AE 55lo] smart grid, scheduling dictionaries

A A A RS 9IRt d4] 7]e2 ARERITE TR B A}
ol B&4Rl FHE &oto] 7IA= 9 UE= 23k Holy &5 % ofv=x
o

T 9lon, ol S5t Al YEYA WHoA ouA] ARE %
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[O= 3-23] Huawei® Advanced C-RAN architecture

Centralized RAN Next-Gen Cloud RAN

Etige o Non-Real-Time
Central Controller Functions

‘ Master Base .
BSU PQQ,

CPRI eCPRI

Real-Time
Distributed Radio

A& Huawei(2017), p.4

5. #Z(Qualcomm)

oo 24 B4l 719 Qualcomme Al 7]¥F C-RANY| 53} 2 YEQS
o 7]l ‘Edgewise’ & &5t RAN oA &2 5T (1118 3-24]
9] Edgewisex= CU, DU & 7|A= W A7} 442 vendorel| 93 55 H &
Y=+= multi-vendor RAN 7|&2, t==9] vendor % 7P 49| vendorg
AEgtth. Edgewise= RANO] H53 4= Sl & HlolE &2 FATY &4
of RANOJA AHEE oUAE TAAAA AUA &&& I7HIZIH ES
network slicing 7' €-8otf Ao = YEQ IS AHet Ediy A2
A & 5408 Soo|A AdS 2EstL IistH, ol= e A g 225t
A1Z 7180 = RANY oufA] ARE 400t FAlo] AUA] 882 S7H
7It}. Edgewise= 7]& RAN, vRAN, Open RAN 59 thakst 4G € 5G YE
93 AlA”le] A8 7Fssltt. Edgewises AIAIHCRE 3071 o)) HHlY WE
A ARAAO] BiELE 0] oA G&/do] w2 5G HEHAS] 483lo] 7|5t
Rt

S

il
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[O2 3-24] Qualcomm?| Edgewise

Cloud
APls

" Qualcomm
Edgewise Suite

SaaS-based, customizable
multi-vendor RAN management

Estimate Build Staging lab Zero-touch  Acceptance  Associate devices Operational Reconfigure,
Project project testing provisioning w/ test device  to service profile Cloud data expand

| Deployment ]
Network P’:;’f::t‘;:;}’::’f‘ . Install and Acceptance ""“;){“g"-“e A“‘;:‘;‘L'd A':-"_‘lgm
dimensioning 8 o1d customize canfigure test sarvices operations monitor

Ak&: Qualcomm EDGEWISE™ SUITE

6. ZTE

=Y HEHT 34 9 Fi717] AxdA= =7 71991 ZTE= 13
3-25]9F o] AUl HEYA ouA] aeids T A &7
‘PowerPilot & YWISIATH PowerPilot> T3 AH]A 59 ofU 2| &&84
Afol5 Egoto] AH|A 9 AR AlsAo® F7RICEN 71 olvA as
Aol HEYA AARIeE AMHIAE AFT 4= Qlth o= YT AHAge
Az e HEHNT = AR UE HYY ovA] aa4 #fols &8st 54
ABIAE 7FE ofluA] 380l 2 HEYA/HHow Hdsto] 7 22 9] o
YA &H] 284S 4%t E3F PowerPilot ¥ksT} 2pgt, Afd Ad 4 &
H] o 4 59 7|2 oA doF 7|52 7N e ® oy|A| deks 7hsstA ¢
o} ZTEQ] YEA A Aok &F42 608t 7l o4 AlEZ} Q= 207K
olgel HEI wixEom, oftA] HlES 109 2 ol HHsI
ZTE= AESIA o A2 oyA] 482 gg Aol &4l §4 HE/IE

FEE A% A7E Wt ok
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[OJ2 3-25] ZTEC| PowerPilot solution

Energy ﬂ Basic 5
efficiency Functions, ,

« Flexible service pilot strategy
(@ + Inter-RAT deep coordination

ﬂ Basic [ ., |

Functions
®" Automatic and accurate configuration
=+ Cell-specific strategy based on traffic

prediction
@ « Weak Inter -RAT coordination

« Deep sleep
« Symbol/channel/carrier shutdown
® - Complex configuration and analysis

1T"GEN 2"GEN 3"GEN

A= ZTEQ020), p.7

=] S4l 719 SKT+ g4 HiE®e S458k= WAIZ(Net Zero) Z24]
ES 245P] #fstol I Al &°F 7Ie/igS Fseith. 19 Ale H9d,
Zled, A= v H4
e At W Al 71& i
5ol ettt 7HSEHA Ve dd2 AR 2
A AlLE, ouA] e Al2" Y]e iR 5ol T 7}%‘%*{&% =0kl
wF5l7] fIsto] SKT= AEAs e
Aol A9l Wgs ASshAY, 7R 4 =
AqZ9] FL=E AIE &5t 59 & Atk SKT= & 71e9 /S §Isto] sK
qHA], F=A7ATE & T 35718 2EERH dAS BTk

oj
S8
o
1o
2
=2
)
=2
i
N
it
i)
A
O
ol
I
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E
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)
b B

yE
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[OJ= 3-26] SKT Green Al

Net Zero / RE100 E40j| 7|0j8l=
SKT2| Green Al
® ©) ®

& °

% Ok =
MrjMofluix) AL EASt TEXQI oflLix] 2| Xhel e E3

Al 718t FIEHA oL x] Al 7|2 Clo[E{MIE] Vision Al 7|ut
Oj2f 7Het gE L W HEst AL Cizi2y welols
(VPP) (CSM) (ShmIsHY)
, 0 N _J

'b EAIAL 337
SK telecom AELEY] Ly

A& SKEHE(2022)
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A 47 Open RANT AHAA £AP
A1Z Open RANY 584

Open RAN'2 0|54 484 FolA £4 JETRANY EES
non-proprietary”’ 7|80 & Fjulslo] AFIoix} B A Hshe AL o]
St A= o] FEAANRIAE RANS 53517] fIsiAl 574 dHl AZAA7T
proprietary 7|¥tC& 7iHSE SIEQojet ARE oS dEAH R Fuf A5
oF 3}Lt, Open RAN©| A=W RAN?| StE=oje} AZLEo}E v 4t
a5 AL, o] FFANIATE AZAA ] FEHA B AZ ohE ARAA Y
AFES st T2 AL 5 ATHAAE, 2023).

Open RANZ o554l 719 28}t ¥ F shol™, AAA19] A4l +=
OlF ol ®EIPE AP ]l FARY] A QlEEHolA 9 HESHE
A Esl2G o]EEA4l) olF AFA - AdACIA A&HOE A7|HA olFE,

_’_[c'z .
4G o] FEAl olF Holg F4 Avaz WEsil, STPE ARY 5 AHU

R

8) A4 & HAY F7HEATER! KISDI Premium Report “QEZ#:(Open RAN)T:
o554l ARIAFM] A (IAIE, 2023)2 EUlZ ¥ £A5l0] 2SI
9) Open Radio Access Network: /W& A HA&

10) o}584l AARRE Tio) o]F 22 AlFsls 4 & (Radio Access Network,
RAN)Z} & glofEl & A2stal thE Wato] 4% A2 5= Algsts A4 F(Core
Network, CN)2.& 4. RANZ ©g7[e} 7|A=0] A H& 7e&s B 944
TS OuSHTTA HEEBAIGOJALH).

11) proprietary:= 7F&et 7|0l et AZALHE 715k A{EZ F6to] o2 A7}
ARgeE 4= QEE Sl= AR oW, non-proprietary= AZAAHE 78F A5HL F
ZAolA] got o 71eS U AT = Sl AAIE YRRk d¥HEOE pro-
prietaryS 532!, non-proprietarys HIEHA' 08 WAt & HuAoA=
A% “E-(monopoly) #+ £59 A7} 9lo] Fof A= ARESh




A 4% Open RANI 4434 84 8]

»
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o
4o

718k 71&9] Aol et 5G o584l &8] IFoA EAAQ] =297f A

o|t}. Open RAN =9 F=E ol 55AKYAL FE=E o|FojF=H o=

5 9 8HE2 AT 4 Q= 7137 2 £ ofyz), HE A &3]

= B9l 5Go] S5} MHIAE Al YsiAe T F29 #slr a3
4

It} ool 2016WEE] TIP"?, O-RAN Alliance"”, ORPC" 59| @9

oX

.l
=)
Mg ol

il

(o]
__}H_v“
i
oj
%

7 ARIAEo] E9 Fold, 3GPPYE EE e FA Folth
Open RAN®| AL 7|& AQlolw ] FEWIE= AL .5 25

HoflA] m]=o] Open RANZ ©]5-5-4l #oF 44839 e
A A e] BEiAE Agkstr] fsl A524o% A5k Q7]
o|Fa4l U Aol F= FHY A AR S4Y THA Algol=t
skl glow, 35| S 7|9] dFEE =] A =7IRbE o]Q]of Hgtst
A gFe=rty woslal ot EFX PR S uiAIE SHYos A g
H, Hlo|E PR ARAHY"S B3 529 wiA|} o] A= 7|Ygo] BA

o ot 2708k1 Siek. 53] 0| A=-hBF A2 AUl Open RAN
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ol
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2
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o oft A
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Sl
)
=
=)
]
T

12) TIP: Telecom Infra Project. 20164 2¥ Facebook(d Meta)2] Ao & AJZH
U7 FYAR A AlAC BAT JAZ2hE 5ot AlFsty] g 71ed WS ¥
9], o]% Open RAN©o] x3Hs.

13) O-RAN Alliance: 20184 2¢¥ AT&T("]=}), China Mobile(3=), Deutche Tele-
kom(&¥), NTT DOCOMO(ZE), Orange(ZHF2) 5 F2= 571 ol 55AIAARE
o oJsf AH=|ler, 30091 7N AFA7F Frofstal = 7FE & Open RAN H
7F FYA.

14) ORPC(Open RAN Policy Coalition): 2020 5% u|= 7|Y FLsto] 22H 31
7l 719°] Open RAN it HA-E £XI517] I8 AEgt YA A= 5270 71
ol Zod).

15) 3GPP: 3™ Generation Partnership Project, 3GH-E o584l =4 BE3E F
Tokal e Wzt 71+

16) Secure and Trusted Communications Networks Act of 2019, Secure 5G and
Beyond Act of 2020, Clean Network 3% 5.

17) Hlol& Y o]F BIAIZ] AFAH Wil Qlzat 159, Whe Ao A 5o
0]5%4l ¥ Open RAN H&o] Z3H.
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of tisf =2 W= FH& Aletal lo™ 20224 59 219 &1 A &
5/978°1A %= Open RANO|| tigt =] d=2 &3 vF AHAA, 2023).

A2 A o]% oF 80 Fto]l wl=o] AAFAS EAH o2 A=
oA vl A 521 o, T2 1o gt vk dEke 1
gk 9871 itk Open RANZ ©<9] 7]& o] o YEYA A9
FLH Aol obd & qlow, 15t HfA T olFEAl HEYA A
L AEIA ARIGEAIY Aee ESX5k= A7I7F € 4 7] dleelth oo &
ZJolA= Open RAN®| 7i'g X Al &%, w|=2] Open RAN AH4AA T} S5
Mo gA 3 5l dish AuEA AARES =S3THeIAA, 2023).

ol

A 27A Open RANY 7id 9 AR =

1. Open RANQ| 744

Open RANS RANQ] #&, & RU, DU, CUY st=go] ¥ AT Eo0] Q]
Hlo]A9t Backhaul, Midhaul, Fronthaul® <QEHeo]lA H*FES non-
proprietary 7|8t = 75t} el AZ ouititt. olF &5l S #*

< TE0H Open RANY| StEofe} AZEQojE 4 AT 4= 1, O]
SEAARIALE 159 RANS 59 Xﬂ}_/\}(single vender)ollA FUsHE 2

oAzt FEEE 549 A2AHmultiple vendor)olAl 4 4= = Y o

= AL 5 ATHAAE, 2023).
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[22 4-1] 7I= RANZ} Open RAN 7H4 H|u

7|E2| RAN Open RAN

Backhaul Backhaul
Multiple

Single Vendors

Vendor

Multiple
Vendors

Fronthaul Fronthaul

Multiple
Vendors

RAN

A& MathWorks(https://www.mathworks.com/discovery/o-ran. html)of| 4]
AL AR 5275, oA A(2023) AUE

A 02 Open RANS 7HIsHvirtualization) 714 B85 Open vRAN"
o] d & U=t ol olEEAl AJAHAY FreH A2 7St & 5 3L
t}. DUSF CUZF 7Md3l=9, olsa4l S AH|7F ofd ¥E A= 5310l
ATEOIE Aofst= o] "t 53] FoJYHCN)= HEYA 75 7HIst
(NFV)” ®gfo = Hbdstar glo] 17te] E<= |7t opd HE AHE 34 7}
ol Wt vRANS NFVE] &4 Fe=® & 4= Qlrh o] 3%, AHe} thafjt
ATEolR 0] = ST EHE AR 7IE HEYAS 7124

o% & Hol7} glo] olFFAIY A FEA A3 FRsHo] ol Z,

Open RAN°JY Open vRANS &3 RAN £} 5l 2FH]-go] Hopx|aL, A
go] 7Hde} vlgo] ZEtdrE olFSAIANAA S AEAT S9E EF

18) 7Hd3k %8 st=dlo] AHE HE st=fo] AH|2 WSt AZE0|R A|ojst
= 4.

19) Open virtualized RAN. vVRANS RANQ] BBU 391 DU} CUE 7H}s}st.

20) NFV: Network Function Virtualization® & A& UEYI AH|E HE AHZ
AL & JEE HE YEYZ ] 762 AZEQOE F&EsI= "4
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2 QA B0 A % Qs Ao, 2023).

7}. vRAN

ol Aol Al AlARES 842l ovR] &, HEHZ &3 54 £
4, EHT A a&Ad AES f8 5GolA= vRANS Z=Ysieith
VRANS 7Hd3} 2](Virtual Network Functions, VNFs)& ARg-5to] 7]& of
Edlo] EHEFOAM RAN ofEE|Aleld ARELolE Fdf EAXIY. 22
RAN of&&Alold AZEQJo}E &5 vRANZ AH|A ARARES] HIE-S A%
AlXItE vRANOIA= [T19 4-2]9F QO] 71X =9 &2 Alofske S FA
(Centralized Unit, CU)¥} 7|X|=roll A ®h AREALS] A5 E HAdohe BAF
A(Distributed Unit, DU)& 7Hd3kste] 22t 7Hd /S W (virtual CU, vCU)
3 7HE A S Q(virtual DU, vDU)2.2 Agsitt, vCU vDU W ofE A 0]
AL AL sl=go] Al COTS(Commercial-Off- The-Shelf, 7|&0 &2 W
&= AT EY0]) AHoA AdE= VNF E+= CNF(Cloud native network
Function)2 HjZEC},

ot

=] o-cu

- \ i

4 ]
: jvcu [
N ! ]
' | 1
1 1

1

: Closed Midhaul ' Open Midhaul
: i
1 ]
1 1
: [f==]vDU i ===] O0-DU
: i
1 1
! i P
! Closed Fronthaul ! ~~ Open Fronthaul ™\
g (e !
' [} 1
| A '
| 24| e 1 ‘
: <A 2 : 0-RU 0-RU
' RRU RRU :

__________________________

ZF: vRAN9] #2(#), Open RANY #Z(9)
Ab&: Kundu et al.(2023), p. 2
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t}. Open RAN

A AGNA A olfE &Y 3N S S dAIE RANY] &
A4S HHE7] $13] Open RANO| Z=E U vRANS oj35] AZEo(9} 5}
o] Aole] AHRAE Aok 54 QIFHOIAE 2 T 3IUA o
g &F49L Ao ¥Hsll, Open RANZ 75 Al o8] 35AA=ZRE 3+°] 7}
551tk Open RANS 7129] DU, CU & 71| QIEHo|AS} IZ2EZS QF
Sto] olsEAY AH| 119 de8AdE APITE o]F S Open RANZ
vRANZ} 2] et 541 3aAA7E 7t WY gule] 282 7FssHA St

2. RAN % Open RAN AE &gt MY

OMDIA(20232)° W= 2022d9] A AlA ol&&4l YEYA gH] A7 of
EHL 4819 (T 632 ¥olH, o] F RAN wWiEdo] 4539 Z(eF 60
DE A wjEH oF 94%c] SFE Tt RAN APgolA] F=-2 Huawei 19
(31.3%), ZTE 49(12.2%)2 43.5%% Aot 9Jom, 482 Ericsson 29

(2 4-3] X Ml RAN ARY RIE HRE(20224 71F

Others 3.2%

Fujitsu 1.0% Huawei 31.3%

NEC 1.2%

Samsung 7.6%

ZTE12.2% i

7 : Ericsson 25.7%
Nokia 17.8%

Al OMDIA(20232) 422 A-8sto] A2} 2Hg, A& (2023) A&
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(25.7%), Nokia 391(17.8%)% 43.5%%5 st ot SEuehe A4-A71
7.6%E AR5t 595 71SSHATHIAE, 2023).

OMDIA(2023b)ell w=H 2022¥ Open vRAN ©iZo] A RAN A% wf&
9] 6.1%5 ARSIt 2025V FE HIHZ Bolsto] 2026 16.6%, 202749
18.5%F AHAIohk= 5 FF 5] S7Fd ACE Adstal Qo 20224 viE
ZWol|4 9 Open VRAN ZZUAE AAAAF, Fujitsu, NEC, Mavenir,
Rakuten Symphony SO|EHAAE, 2023).

Open RANZ Algf o] 5-54AARIAL S4o= A=4Ql F50] FAHIL glo
o, RANT} CNES 2% 7MISksl= Open Cloud-native NetworkE A|&FHct.
H|=9] At o 5-BAIANIARR] Disht AWSS] gt SER-E9F A5t Open
VRANS 75 ol 202249 6¥7H] A9 20%E #Hsk= W= =33t
=AO] At o] EBAIANIARR] 1&12 Rakuten Symphony®t @&t Open
VRANS 15 Algolth. d£9] A4 o]5-541Q1 Rakuten Mobile o]H] 7]
£9] 4G ¥ 5G o] & st, Z}3JARI Rakuten Symphonyd] S2H9-E9F A
Alsto] AA| B2 open VRANCE 75 9 BAT o o[t (o4&, 2023).

g 7]& o] 5-FAIANIAR= Open RAN A-80] 7|& Wato] Ao #4171 ¢l
ojo} FtE R EAE Zo|AY AFRE EASHY Yt Y Deutsche Telekom
2 o] BgtdIF 2 30] Open vRAN 25=-& AX[51loH, vl=k AT&T, Verizon
52 Open RAN HIAEE A Fo|H, Verizon< 20234 Wo] Open RANS
AT AYDLS TIHSIITHAAE, 2023).

21) A4HAAE= proprietary vVRANS 94 3301ttt FZoll= Opeen vRAN FH|:
IT5oh= A= gl



A 4% Open RANT} At A=

2
r«lu‘.
0]
Q

A34d "9 Open RAN 4AH4A4 4 =29 A=

F|T E0] vt o A AlAIF g Aol FAPA] FRE A
o ko 24 718 Aoz datErt. UN A/ 7| o] BaA®
of E}E% 200995 H 20199 &3t AA| TG F 449 HlFo| 2H]

7H19% — 47%)3+9al, WEF(World Economic Forum)2] A& A}
q E}f—_"ﬁ A 4 F1 AAYRXHChief Economists)?] 3/4-2 A& =o| g5
3T A digt 22 g Aol E 2= oSkl itk AFE A
2 © A= 7t 7\1 gor 11739] A3t @ Q== Y 52 fI8 B
23t 3T oyt Zasith= A4, © A A g9 K54 st 5ok
U= EYI PPFRE S5 HgFAE(decoupling)S FAI5I M, Hio]
£ PAFNAE ¥ 5= B AT S0 UAEES HS oot
AUt olof & HojA= vl= Hiol= PAFoA BAHA o]5F4A X Open RAN
T 9 AFAAT} RUE-ejEg M ApoA FAHY Q= 59w 7
g A3t A2 A E A ATHAE, 2023).

A
e
fo

O

lo

1. 0|32 0|54l RAN A1 A A

ol5%Al 27191 1990 ol AlAl il BA14H] AZ2AA= vl=2] Lucent”™
o]t} 1990\t 9] M AZUA|+= u]=9] Lucent, H2] Fricsson, Siemens,
AE O] FyjitsuZ vl 78 - GE0] AlA AFE AESIATHAAE, 2023).

22) UNIDO(2023)

23) WEF(2023)

24) WEF(2023)

25) LucentE 19999 AI7FEd 7|202 w|=k HA 7|9 5 oA HAZ & 3AHS.
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[12 4-4] 19900 S| Al HRE

19939 19974

i 7| et 7
e . 5 e =k 110,
IEF SOtA[Opalg 7 72 /;f"? = 0p 4ok 119

F: 7]el BoMol= F=, &5, Ao}, §HE, TEojAlol, WEjH, AJ7fEE,
g, it &
Az U.S. ITC(1998), p.22 53] A-8sto] AR 2H4, oJ4d(2023) A&

20009 o]FRE 5 FrHS JASH FHY S| FEoks AL
& HRSIH Lucent= 200094 S0 W& sk} $= Huawei 9 A%
A& A& TgA Alcatelo] Q5 H(2006)= M, o]F Alcatel-
Lucent %3+ Nokiaoll ?152(20159)= 1t 2000t 28k 3G o]-5-&4lo] 4
AAFC R =YPE Aol 719 B¢y 508 & 15 9 AH|A Al Fo
A7) 2ol YEYT FuAlgo] BiFo|glct. 1997 AT 2022WE H|
St gt i AP HISS AY AL S5 FHOE FREIZS
& 5= Utk 5G AlHiQl A v]= RAN FH[AZRGA= A9l glow =3t
FEY 7o) AE FESte T Pl oleEAl UEYA A9 FEdEE

glol#|2l Zolck, nlFe 941 Fejed Ar] QA AR vherow AA| B4

) WiE9] 16%S XA QLo RAN APZAAE 1% Blihe XR|7she &

ol2te AJRoITHAIH, 2023).

Rl O ¢

1

il

20) 2yt 2000490 3G AMdES ooy, AHATE ZHAIE A2 20069 9.
27) Pongratz(2023).
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(O3 4-5] O|SSAl HERT | AR =718 HRE(19974 vs. 20225)

19974

Z: 20229 ABo|A F2 Huawei, ZTE, $HL Fricsson, Nokia, $H+2 A7
A, AEL2 NEC, Fujitsud] A0-5Y
Az 199792 U.S. ITC(1998)9] BA4131] A%}, 202282 OMDIA(20232)2] RAN
AR A AE, oA #(2023) AL-E

[O2 4-6] 5G BZ0| HIFE 5] 2 =71 HRS

(=p =1

100,000 Japan 4.95%

80,000

Europe 37.04%
60,000

USA15.89%
40,000

5. Korea 747%

‘ China 33.96%

2016 2017 2018 2019 2020 201 2022

20,000

[t}

w China S.Korea g USA g Europe g Japan

A4&: IPlytics Platform(2022), 9JA1&(2023) Aol&

5G o] HlgE S8 AMEolE 560 FEAL FYT} S| sl
9ol B 6G Aol % 1A Ao oEr) 56 HE ur S5 vlg
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2 o] 37.04%, F=0] 33.96%S AA|EHAL glom e 15.89%, Syt
2= 7.47%S Fota AtHIAE, 2023).
o]=-2 05841 YIEYA ARQjollA FEdE YA EgolE, g+ 2Hd9] of
T RAE FoHA] UL AR A AL ARSI A A olf+=
12734 o o2t A8Y 5 o F4l 4o = A o] oA 7| o
Folgk= 9AL 9lout, FEE A A AAIM AR, S)o] A
AL B, 9] S0 FAFY £29 FAARI ARIRAS HE d 4

&

U5 Sol M ZT9) wiAIe} TlEo] AT o] FHA A Y g 9 A

= v d =
29 AP 37 Foleh. E3] Open RANY 3% ‘ﬂ&—ﬂiﬁg% HF 7

2. 0|=2| Open RAN

i
z
2

2
IE]
i3
2

7} Ql=et B2k A 18
fAlze} £4F & 1.8+ j(ofsh Az=pH)of o3 &4l Zokoll= ml= Wi "gAE
A efa 9 HEEE lidl 24k 95 6509 2E(eF 86 ¥)E FARY
3loltt. ORPC(Open RAN Policy Coalition), US Ignite” 5 ©A= 3f
Aol 74 Bredie 755 913 Open RANO| digh x|o] azgte|ojof

A
ol

il

A

051

4
ot

28) U= B3] = AHFoE o vt A HA E7] H|Fo] Eot 714 FHoA =
191E= oA Qs

20) nj=L9] o|ZEA]l 7|& EE2 AFARIC] AEAA ARgfo|A|ul, S¥Lo pno] A
A= A BHSE Q5] 2GE= GSM, 3G= UMTS(W-CDMA)Z T #5313},

30) Atkinson(2020).

31) ‘o=zl Ex ¢ E—Q%(Infrastructure Investment and Jobs Act)'< H|=9] Q1
2t AT dAtE] FES Y8 12 2,0009 (S 1,580 DE FARBRE ¥t
(20214 10€ B3}, 2022. 5. 14 ¥H).

32) "=e] HEEWME 15 X0 9Js) wioko] o5 2012¢ 6o AHH B ¥
AFEA.

T
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the 72 AIEsAAL, 6509 €2 § ¥5F= Open RANO| £E Aoz 4
FEA ATHAAIE, 2023).

AFHor dite] FYHA Ptz Azt ®ofs Hio] of]7HBuy
America) £370] glo] A} djjato] BRIl Qlxel o] wl=it AE AL
o] olFatErt. ofof wet v Wo A AR dlite] A ¥E= Open RANS 7=
St B, ml=olM ARt AERE E83foF k. vl W AJAIIA = o] 1f
goll Hisf +HE EYSIaL 4 282 ol BoAS FATIL 3o, Hhol=
B2 AdEet A= 4 HdPol FokEL Sl o€ &9 NTIAE 20234
3 16Y THOM ARME Sle 3t 7ol #-8sHd vto] of|2}7} 172
F7F FFole 7ol 52 SHoke Zo] wle- ol Aol gl v 9l

IS, 2023).

. wEA 9 Bek Y] IS A 33T 94l 71

Mt 2 38PH(CHIPS and Science Act) o] o} ‘2% &
Al 719(Public Wireless Supply Chain Innovation Fund, °|s} €4l 7]&)
159 22(eF 12 9,2009] &)< ojlite] AedE oot sig ik 202
T olit F 1.59 2220319 9 3097HA] ARE 7Fs)9F 2023 o
13.59 €2/(20329 9€ 3097H] AME 7He)2 H3ET. NTIAE €4l 71+
T Rkl il olsfEAA 2de (20229 12€ 13¥~20234 14 27
ottt JAs-EES Ag BA 0 2 g4 7|F2 4 4, A8A E Y|
EQT AR B d3t, 22 A A Ante] 94 A, 56 35 A

o} SRE sial 9lew, olF A3l s FU=e iy VY, 53] T4

r>~
I
o
i=)
g

2
[\]
oN L 2

o

33) "= @9 olite] FYEE dxEt ARlER, 2E, SAl JxeE), $34E 5) 3
Al AR ERE 2 ASAA A(&) B7g0] vl £, vt A2EE F
F H89] 55% oMol vEihE ARE RS T AAEAET, 2023).

34) 20229 8¥o WARE Ao, $F A ST HAl 7150l digt oAt A o]
HEEA] Zopell digt oF 5279 239 Aday e Ald 9 ] Fxpo] it 25%
A A 5ol 2.
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7} Aelish= o584l HIEHA Au] AolA BAL
U= 7131E FBolF= AL FHE S Stk B HEHNT BH 3594 S
= w2 S Waxsta okl 7]&sto] S=dA(Huawei R ZTE
5)9] Het oA Hloju= Akt i) ZRUS YAISkAL ATHIAE,
2023).
oA 49 o]F, 20239 4¥ 129 NTIAE 84l 7|5 A9 AHS 9Igh 1%
Z3(Notice of Funding Opportunity, ©|3} NOFO)”Z W#s}t}. 13 Bx
= AY9 -2 fPHo|al HT & 7heet A AAlA HIEYA(Open

and Interoperable RAN)9] 7jgt, = 9 AHE 71&Sloles w2lof RS A
%ﬂ%ﬁﬂqzv+ﬂélﬂﬂwﬁs-ﬂﬂ%ﬂ@km%ﬂﬁm1ﬂ4omﬁ
2o 1,8009 ¥E Al dlFolH, 7Ig oAg 25%~534nE 2ei(eF 3
21~6009 ) WA HEaS AT Agoltt. HEg o 717k A4
lo] HEaa AR & A © IRERE o SA7AE AASEAL /o™
20239 6¥ 29714 A1 W B2 20234 Yo AFT dIFolcH(oA
o, 2023).

F2ojo} & REL AHAY AAoR AUF AHelH 7 5 54 i)
1A 99 719, W9E 719,
5 B8 7%, A9 18 9 E olie] It wAR AT AaAde XU
U, S7HE 5 8918 4 Qi $E7h U 4B S5 ghone A1)
Aefo] et HRE oJFA o AZor dek. 53] (& 4- 1ol FEE A
e B2A RAANE WPl et B OA Br 3R] BAE %

ll

¢

rlr
i

35) NTIA(2023)

360) 12 A9Y F8 W82 (1) MH3E 2 45 28 7k #5 715 5G F4 AAA
YEYZY 45284, 45 ¢ HorE gy oz 45ty Brlstr] sl dA
A QA= HlAE U FrIE sl Hok (2) @A) AA 91F HAE D 2y A}
g7} obd 8 47HA] 23tsto] LﬂE%i—J 4% 84, 45 2 HeZ ElAE, 37t
9 A35sH7] AT HAE PHES AE dstAY AdF o s FjAst= et 5.
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A wiAE Aoz o dEr(eAd, 2023).

H 4-1) S 715 HiM| CHERE

o 25 912 A|(A foreign entity of concern)”o] E3tel= AL

o kLol Fot LA} SJAF EE(People’s Republic of China Military Companies List)
o] SA4E F¢

o vy ELo] Aok HijA] E=(System for Award Management(SAM) Exclusion List)l
SAE BF

o AERO FEFAEEY £E AEE, ool FAE o1 @A EE(Bureau of
Industry and Security's Entity List)oll SAIE 3%

o AFEC] Non-SDN 5= 4 E3 7] EZ(Non-SDN Chinese Military -Industrial
Complex Companies, NS-CMIC List)’ol 5% <

o OFMslY AlFE £ Q= BAl YEYIAH(Secure and Trusted Communications
Act) ol 25 AHFAIHI(FCO7F A/get =7t 821 &= gl= TS 71t &
A ZFA B=270] SAlE B¢

A& NTIAQ023), p. 11014 3 Az, qA&A(2023) A&

ot o] HjAlE] FAI HAH
o= 52 20234 49 19 Male] H]AIE] 541 BFH(Countering Untrusted
Telecommunications Abroad Act) & 9¥g9] w4 28 EFA|Ht

[e)
o A AA kg0l AT 4 Uk BAGEG AHIAE ASFHES BASHE

T

37) BH=AeF Tehy ol Qs WHEA| QIAIEE g 9] A7 S vE 5 Qs A
== =9 GAR, vl= F7IRtEe] foligh Fflol ZhEet 47 ARstAY
BASHAY dlEd =719 BEHE EE AAE v dAZ HoH.

38) AF-E9] SDN(Specially Designated Nationals and Blocked Persons) Listol 5
A=A 24 52 2 DA A7 SAEH, Non-SDN Listo] 3¢ 54 A7t =
A, NS-CMICe| SA1E 7149] 35 F4oll digt FAt S48k s

39) =29 YEYA Y] AZAA Huawei, ZTESF S4IAF4A} China Mobile Inter-
national USA, China Telecom(Americas), China Unicom(Americas) 5 107}
o] ¥l ZAJot9] AO Kaspersky Lab ® &AL AX7} SX).

40) 3 410 of Wit 8= st F3o AEH A& wot FHEOU, ofF] A9
A3 B QA7F X Hot o] I IFolA dHIL HA 2 = =
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o] wl=e] HA) 9 F7iehw ojolo] etk AEAT YL, W BHe v
o] H7RQIEe o]0 S HEaty FH="o] JIHE T FaTt FAE HoteE
= Aoz PAEo ot olF 5l =0l Huawei®t ZTERISIA 9 AE
AR ZS) 5 ARE T AR SA HIEYE BHIE ARSI EA 5=

o) 2ERAL 244 o8l BuYsteS o|RslsigrkeiAa, 2023).

H 4-2) =75 H0M0i| ZE00F 5f= £ ARY

(1) 3 =712 56 HEHZ A=
Q) AFE 4 gl BAEH E= *1 |
= A

ARELEEEERE

O] 5 BAIAAR}
(B) AT 4= gl= B4 ¥ Ee EActke AuA7F YMEYAY St(core) E= FH
(periphery)o] J=A] oJFof digt 24
O AT 4= gl B4 B AHIAE AFT 4= Qe SAH] B A
'51'34‘: %”3% = 7iE ol AR BE Al thet A
(3) Open RAN 7l &= 33 7I&9 34 7I& E= IFF 6G HEHZOA A= 4= gl=
BN El AEAS ALSEE YEYT 29xie] Al gt A

r =0

g v 5F &3 MoK Congress.gov, 2023)°14 B A2, oJA1d(2023) A&

S g A EE AEAe] E4 off
27} o 1 9=10] EASH: A9

148 AHg3HL G oS BAMIASE T34 9L

Lni
£

HR2 Open RANZ RAF thdol]l Z3tsf = 9 5= Open RANOJA]
Fo= WA = s s =eual Qi @3 5G HEHIEYE ofyzt
Open RAN EE 34 7|&, T 6G HWEYAZA Egolo] F= AH|E ALE

41) vl QRS TR IR XS e 2 St X3 53t
Do, T, PR, 2gle], WARE, Urlelk, Wula, molust 39, 5
o SENOf, Foicl, §23, ALool Sl ALk Wl 7]
elo}, Hebd, Auql, Zzublel, SruUe}, olZalE, ojolawtE, oloe),
shol, o|AEvol ojshe, AMlEE, G, efeks, SRl ojgeol, o
A2, ", A, saekelt, S8l Fut Szotell, €, 7], Eeldct
= mvhn Shpl shelel, W%, Eerg Sd ga WA, O, W,
%),

42) ¥ R ol% 180 o} ¥ 1 o|F 2uviet B,
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She 5T 9 o EEANIAE BE molslcks AZlols, % 53 o)

gAl AR steteteS Sto] S 2 ST AdAelA o] hRlE &
w3 AZolth. 3 FuIS 8K FHFOIE Al et AR 2HE

ot Aol A AR, vlFo] BRT ThE FEFS| et @ A So] of
UET o8 Fo ST SR U] mIFA Ul oA L A
5 A vlEar A Aol EHE AR ogETHelAE, 2023)

3. 224 M=oz A9 Open RAN

7} JA=-ejHF H=H(Indo-Pacific Strategy)
nj=to] S0 i85k Yt 38 M F Shul UE-ejHY MF o=
Open RANS £ 847 Aujzlsta ot A=-efgf Ao BHE ¢
A= AGshy Pdstal 3158 =, AHEal(Free) N2 (Open)?l QU%e-
oz WAYAFE Ao& 10719] 94 ol A F ‘@ /AFHolx, w©E
Zoj, kst A= 4= Qe 7l AY AlZ] Open RANO] ZgtEo] 9}
o). E3F Open RANI 22 FAIZQ1 HEYA op|g9AE 23tsto] QHdstaL
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43) Bicheno(2023)

44) The White House(2022)

45) Advance a free and open Indo-Pacific that is more connected, prosperous,
secure, and resilient(The White House, 2022).

46) We will promote secure and trustworthy digital infrastructure, particularly

cloud and telecommunications vendor diversity, including through innovative
network architectures such as Open RAN(The White House, 2022).
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3) Choi and Levchenko(2023)
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7}. Fajgelbaum et al.(2023)
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L. Freund et al.(2023)
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2}, Cavallo et al.(2021)
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TR BA7E S ICT Aol plAl= FaF= 45 ASEA 0 W2, 1
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HPATEL FEHoR T vjFto] AP tim TGS 18T 4]
94 2xo)4 Br)Hos avte yehfglor}, 1o e ulgo] sutEra
sk e, WEstaAt sh Algle] 18o] Z7eAY, 329 ICT 7199) &
24 A5l So] ZHE Ao}, TS Bsl TP ) AL Hlgo] 4

Bos a3t Fold. Eat A Bajo] digt o 1

o|»
ol
ol
e

o

o o

ox
o|»
1o
rl

o o] BEWAS -Ha S A9, S Ao Aol s HArgol
eI stk e Solict Sast AL 22 THUe) WekE shAel
A9 o] obd FEoIA uFo el 0] 7Rk, o] A0R Fif A1)
o W& FAp} et gk & e Horh
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A 6% drEnlolde S7 AN I Fo] B4

A1E BA PR D P

FAZ HHSPEA B=o] FAR 0 A2 0R figoial ot mEbA AR
HREE =7HE o] tis) 21 FFo] =7t A 2] gttt IF= A=
ARA7EAIIA] ofyd A=e] o7 "l FA] Ao oA -yt 473

S

=2

rlu

o [;
ol

b

UAIA] g BARIA

[e]
1=
rO
)
il
jm
il
ot
ol
rlr
fin}
0,
o,
=his
i
H
oft
o,
iz}

b
&

B oM Y THEE GTAY A2 AgEo tigt gojgE 35t o
72l £ HAlRd Akdky 7[HQl 2AAE 3AEA Ky (Agresti, 2007;
Gosho et al., 2023; Loh, 2023)< o]83dto] afjd F&o] (A, H|4d) F&
IR & A5 EHole= da1g|E2 Aotstal Hrleltt. 7€ A+ (Juhasz et al.,
2022: UNIDO, 2023)] oJstd, At dolgt Ta s &3 =71 3A] &%
Gt A A= BAIFERO] WSS ERo] f%F AoE siME - Qe
BAIF-Z0] HItE T Al=2] ARSEAA] 2Fl 9] S22 5] fIjt 4
g™ o g BERsla Qlty 20189 195E 202349 897H4] 6871Y &
re] A 5 2,000719] A AEES FAAR A=sie] AErt 59179 o

) rEr

o & &

)

62) GTA(Global Trade Alert), https://www.globaltradealert.org/latest/state-acts
63) AAISH vFA} 391, AFESt HRAE 201 & 591



22 olgelel wRoL 1 ke B,

dole] 24e dole +4 W shue, dole sl 27l £33
TP-IDF 541 33), dlole 24|, 2448 s7ied B 75 2 271, sl
wielole R @ RAAE, SR o ol 25 338 9 olgoldl
ot dA, HolH= GTA @AIEA FAEE 1-/3t #1491 Intervention 1D
(i 92)E FlEoR sig A it AUES +seich 20184 193]
2023'd 8Y7I* AR 2,000718 Agate] H27t 5919 =hid
AAcd 24) 3 F, ol& S HolH=E o83t FEE A sksy o]
g 3011% A4 Fo] 95871(47.9%), Bl =0 1,04270(52.1%)7F =3
o} 185l polyl lojE o] AE Jo] 8015 Xl F 4,563712
E8ol5 XAt ABEERE dol9 S8EE U6t 7|4 o] F8%
+ TF-IDFE(Term Frequency-Inverse Document Frequency)@ AFY(AEZE,
2023; F9UE-MIE, 2023)511L, ol HYPHSE AASIlH IEWSE
[P=10] 4473, 1P=00]™ B4 AR oz %74t

upol i AtolZl-(scikit-learn)oll Xt 2o|H2|E}E o]gsto] =AAH 3
AEA 2L 53T 2,00070 HolEl & 70%(1,40070)E o582 & o]8s
I YHA] 30%(6007) 2 F=EF9 A5 H7Iath I EH(Oversampling)

E _.
o,
2
O{N

71 olgalo] (A, vlAkY) FHo] ZHA EwtE EAIE dWolal, sto|H
neta|e] 7Y, 54 FARPIY, N-gram 71§ 52 ol-&sto] Izt 24
o] o2 HRFE AXsIFoH, HYLE ZI UL, WL, Fl-score,

ROC(Receiver Operating Characteristic Curve), AUC(Area Under the
ROC Curve) 59 tfofst A5A|#(uhasz et al., 2022; °]7]-FF=, 2023;
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A - A5 A, 2023; A3A, 202208 H7}stTt.

3. HIAE Djo|d

7t 718

EIAE uto]g(Text Mining)> td2] BIAE Ho[EoflA o] = HHE 5
o511l BASk= Ao A2](Natural Language Processing, NLP)2} H|o[H
ntold(Data Mining)e] AEE Eopo|tHAEE, 2023, F¥&-MIE, 2023;
Gurcan and Cagiltay, 2020). §AE ufo|dS Fof HAE Ho|HZEEH 58
o S AAE FE o Qlol, T TSt BopoflA] Hol o§H L Qltt. 8

T84 8l Ve (B 6- DI gon, £E HAE fojHRRE JE FF,

A Bl B B, BA B, 248, o5 29 1% 52 $ote] 24 )
tol B4, 174 o B4, WE B4 P4, ARHR 35 So] 32 olgHrh

H6-1) SAE 0 24 7iE

5 F8 e
grE |- gY SAE dojg 4
(Text Collection) |+ AoLE, 4, 28 ultlo], osal, 21 m4 Sl 47
£} -5 HolgE B4, do] BE pEoR By

(Tokenization) « A 7S HYE UE
E-80] A7 « A SAHAIRE B0 -85t 2 o
(Stopword Removal) | * & E° ‘a’, ‘an’, ‘the, ‘is 9 T2 Tolz B4 A] A9
T ==
o FE |-uclgegds waeel i 2e
o « tho] HFoy thE e 9] BAL AL FEAF Filoto] 24
Lemmatization)

FAF A s FHACPSE 22 o] &9, 4 9u|E 7Dl sl FAF F&F
(Part-of-Speech (tagging)
Tagging) * ZF Sol(Fefa)oll ol A A et £33 9n| 24

27 ndg 39 FA AE U &
(To;c Moje(l)ing) * LDA(Latent Dirichlet Allocation, 544 EY 2d) dug&
A




A6 diEvolde B AQRH 22 Fo| Y 129

= Fa &
e 24 < (378, #) E= THEE H w4 2 24
(Sentiment Analysis) | * A% g5, &4 Hdo] AXE 24 5
A B
O . c APRe] FoE MR B
ocumen o
AW g, 74 7MY £F7 5

Classification)
A 32 =4
(Association Rule |+EA tho] L& T FAI7HY] A BA
Mining)
Al1Zta}
(Visualization)
Az ABE(2023), 01712 HB2(2023), el - 43142023), 48)4(2023), Gurcan and
Cagiltay(2020) Zzx3}a] A=} ZH4

cHAE HolEg Y, B, 74 5¢ A4HoR wd

U4 24 W 2o F8=
HEAN ZoplMe A4 HolM ©ole] F844E B7IStL A4S Alel HlaL

Al TR(Term Frequency)?} IDF(Inverse Document Frequency)E ©]-&3ttt.

EAE o33} ol AAksitt
TRO)=(54 ol to] 54 35 / @l A4 el AA &ol &) (D)
A& £°], ‘industry 2= o7t B4 WollA oAl ¥ -0k, &4 W AA
tho] =7} 100709, TF(industry)=5/100=0.05°]c}.
IDF= E4 Tol7t AA] 4 A4 duiyg F33KE Yefl+ gz &
A o7t E EAo gt 35802 YER=AE HtYgst= A|HEo|tt.
IDE(t)=log(EAH4A9] & £A4 +/(EF ol +& Zdol= E49 +1)) (2)
IDFE A4 W (A2 28 4 A 'BX=0'S LX57] Y& (EE+D)E
12 g3t} dE £9] ‘industry 2= ©@o7t & 10709 A 5 5719 £A419
233519 h industry] IDF(industry)=log(10/6)=0.511°]t}. TE-IDF 713k
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%%01

o

$24<S H7Ish7] Hsf (TF, IDPE -S4l AL3fst™, TFS} IDFE &

TF-IDF(t)=TF(t) < IDF(t) 3)

9] AAeIA g A9 “industry @] 7FSEH(E 8 &) TF-IDF(apple)=0.05
x0.511=0.026°Ict. TF-IDF(D) %2 g ©ololl thet 4 tii EA10l4 8
EE UetliH, o] glo] £84F did A0 a3 4TS sh= ZoE 14
gtk TFE B9l 45 24104 o] 57ddl= dolg Fasittal wdshH, IDF
£ 55 WA 5 GEtor HE FA| go] 55k dolkt £ EA T
St ©@olE t Fasitty WA "ok &, B4 EA104 A 57g6HA
ok g2 BEAoALE TEA SASE thol =9 TE-IDF e 71x4 "tk

TE-IDF= FEAM, BAER, B4 2313t 24 dzl, 9AE QoF 5 ookt
HIAE o]y §-§ HofojlA| o] gHrh.

4. ZXAE RN BY

7t 718

ZAAE 3 HEA(Logistic Regression) REH ()L A5 HAHY &
ol Al AREEE S5Q33%F B4 1l F shuto|tiAgresti, 2012; Gosho et al.,
2023; Loh, 2023). o] &9} 72 Thet A4kt FAISHA Nl 2ls] 4=
Row, 1941719+ 2041710 SAIsH W & o229 T o del AMEAL
ot ZAAE BEL tE5EF(Multi-class Classification, 93 S84 &=
HE FolA stte] SFYAE S BAE A& 5 oy F& olHERF
(Binary Classification) #A1& dllZsk= Hl o]t} =, o™ Apdo] A
GEZ 5ok ol AMEY, £ Y Be 24, A Be AW, 94
T AT Zo] F 7HA ¥F 5 shuoll &5k ATE ASshe o 8 B
Foltt.
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BAAE IHEA Yol 38 EAS Q9otd thZdt Zrh(Agresti, 2012
Loh, 2023).

« ZGE dIS 2AAEH 9= 0 1 Af]Y] BEE AIS0H, o] &E2 F
ojx A W8} 1o gtk At AT ZEolth
A|TRO|E T 2 AE F]Fo| A= EAS) S<r(Activation Function)®
A|Z1EO|=(Sigmoid) = ALY 5 F2 o|8RI. /\DEO]E o
= SA FHY FAS 7HAH, dgge] IAY &S [ 52 1 E= 00
7A S=th 2AAY 3= o] 8438 e o]8ste] AY Waet 7t
A9 23 (A SER HASIL, 0] z%% ¥lo & o|XHEE Zasic).
S} Al SHHNEA)R} 4 S-S sigsks Alg(Coefficients)
£ ARESto] dlSstH, o] Al E‘*‘O] 7t £ 585 E ok dl A

ﬂl_1>4

2R 28 HARAGNAE theat o] EPMs()e] ttel PH(EE 4D)Y
A8, Av=1)=r(0)E A% A ol3te] thaat Zo] eftet.

P(Y=1)=n(z)=a+pz (4)
by, SA(EE AN BE, Py=0)S o3t 2t
PYy=0)=1-7(z)=1—a—Bz (5)

o2 Sol, PATAL Thit KA Agol xl B9, A4S 7Y A8
() 0 EE 191 AFS 7Pge) wA dubHom x=sur 9 o mr}
x=1008F 2eel 29, Yl @go] BUSHA 15t 29 57} 4| Z2do] dhs) ALt
Fol S0 ASEIE GeATIT Bk, 3, x=1008F 22 Aol x(a)=10
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Vhe e 7H Zolok weby (28 6- 110148k 2ol n(n) e x7h 7Kl
weh gaoR FAsAG gadks st mope] B4S btk

(O 6-1] EXAE 3@

>0
)

7(x)

Ab&: Agresti(2012), p.71

olefst SA o] A W] 93 et Lo| A4E4E ol gk

exp(a+pz) et o 1

=)= T+exp(atfr) 1+et ™ 1te @00 ©

™

—

9] 2(6)& ZAAH 3ATS(Logistic Regression Function, T A| 1R
O] =(Sigmoid) F<)Etal oF, 22H]|(Odds Ratio)?] #+484%1 ofd A9
(FgE/mEYS ) ot o= 2tk

1

7‘—(-7:) 1+67(a+ﬁz> _ _a+fzx (7)
1—7n(z) oot €

1 _’_ef(a#{jz)
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Al
A

23 o] e?l ARRTE o]gdto] BAAE FHET
2.

oflt

Uehi et

o

TR ®

el Rands oo 2xAE P84 Rgois EHHa(X, X, . X)),
A8,y 8,), B T By o-&dto] thZt 22 o= F0iX fo]
£ okl FFAQ RRUCIKERS A&t A(8)& ol8sto] A3

A} FLsHA A WHAS shEstaL, AL8,.6, 8,2 BEFK(B)= T3t

Mo Aget HIgE Tl s F=2 HRSEFYH(Maximum

Likelihood Estimation, MLE)< ©]-8(Hogg et al., 2017)%t}.

2= By + B.X, + By Xy + 4 B8, X, 9)

n < n

ZA2H IAFRAO)E 0183t FE(n(2)) TRt

. 1
1+e *

7(2) (10)

OIFEFE Bt BALH 9] EHgin(2))0] 0.5 ool FH(Ee 4E)

AL, 0.5HD Zow S4(Ee AY) SLs gt

of. Tejaa 9

71299 B Overfirting, FHAWE 207l 3| Ridge(HA)}
Lasso(@2) A4S ol 8ath. ol BAF 7¥oRA ARF HENA%S
U WS 2Fsle] o QUL Aol L HREFS AN

1) Ridge Regulation
Ridge 3|74l AAIZH V)T AI=3H(5X)Q] FAA G (Residual of Squares,
RS9 e AT AHY T2 Hadot= A F42HSherzodjon,
2023).
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Ly 45 = argming (Z(Y*BX +a2ﬂ> (11

L= P10 7F5Stth WERA Gradient Descent o2 X3P} 7Hs
StH, Al(Parameters) 9 7171 & A2 © HE $E(FR2 AEHE £0]

A Hot. =, o7F 29H 255 Ridge SAAS2] F4A= 00 7PHHAIL, o=0
QA A% HdE 2 a3t §lol, MLE AlsgkS deth 2= Ridge 3HE #
dEE duiy BiHAtA] AX)sk=te 2Eske @GRS ol&5to] sk
tlojglo] Hjdgteh= As HWASHA dot. 8 E4LS o33t At

I

- 0183t = Ll HIR(RSS) + ax ) HEA?
* Ridge 74l L2 #AI(L2 norm)2hale e
« Bl &=l 7S A1Y] Algge e, F7F 2 B39 7RSAITE ARA]
R=F ARk, 7HSA9] 2715 11
* a= A A BEE 24 stoly miEtulEoH, o7} 00 7PheSE
22 A9 a3t FSkET, o7 A-SE A A7 o FEjRc
= B4S 18T TSR A= APl /e, o2 Qs mEo]
orgZo g Hil, tEaAAd(Multicollinearity, SHWH4E Alo] 743 A%
A7 010) BEAE o245t ¢ E8o] Hr}

ol

2) Lasso Regulation
Lasso 3|41 th23} o] Hdg ol Ax(CaA)Ee] 2@ des #
FEh Aol drigtol2} Closed form® & +2 & §°l(Ly,,, "HE &
7Fs), FAEE 7] Ydl Numerical optimization ¥ o|-83t.

L, =argmin (Y (v- 33" +a X3 |3) (12)

Lasso S} Aokzzlo] drjglolet AR folulshA] gke S4S0| tidt 1t
SE(ARE 00] 7V FAToRA ROl WSS Adsie
1e)3 setele o) 27)9 FRs 2L 520 FAS 48T 4 ol L @ol
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A2 AT E)E 022 vHEo] B4 HEbE EAREFAA AR EN 1
48 da5HA THEaL o] Rolsit) & 399 F8 EXL g9k th
I ¥y

o H]23p=al Hl-B(RSS)+ax Y [7HEA |

* Lasso A= L1 7AI(L1 norm)=2tale gict.
- Hl-g9ko] 7HA]9] AYighs sk, 7 I TSRS 4RE 02=
o] £4 A= (Feature Selection)Q] 83E A=t
+ Lasso 7#A19] &g £Eske stoln metulEoH, o7} 09 7S
5 Lasso 71412 &37} of9l=Al, o7} AZSS Lasso AI7F B AsiXinh
* 7F5A7Y 00] H= 54& THRER B4 AdEe aske At Qlof, +4

2o 8ol 4ict.
A9} B FAE 2AAE HREY XS 2Aste] HojATS $A

Sl mRo] Uukd A5g S H 288 F0 A U BE 44T
FARM)S sk Zo] F25H, o2 Fd(Tuningd] Adl wAAZ

(Cross Validation, CV) W& ARSI

3) N-gram o] 2d(N-gram Language Model)
N-gram o] 2d2 EAA Ao g(SLM, Statistical Language Model)Z
o] Bleof 7|Het SAA F WHoItHR-UE - 4, 2023; Juhasz et
., 2022). 9% & ‘ﬂ"ﬂ% IEske 7o) ofyzt YR Toldt sk
<+ WS AMESHE, o] B9 dF TolE # AI(N) BKLUE A5l EAIS.
N-gramo|zt %Al N7H ol UaE &otH, oA ©olel A FX
HANNE &L, o] BAE st EFC R B7Ksitt N-grams AR8sh= 7
2 N=19¢ ©} Unigram(l-gram), N=2¢ Bigram(2-gram), N=3Y uj
Trigram(3-gram)°|g} 5t N=4 oAU o gram ol A4S £ Pyt
N-gram= ©-§3F 210} £4 HHojA= thZof U2 ©of2] o452 N-1719]

= rlr(
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Sojoat o171t} N-gram 24014 Noj 2 2Amae] 450] Jake m)al
u} BE N=1Erhe N=22 Heshs o] Ao) tj5ie] A9y mgol A%

LOITHRUE SR, 2023). Telt NG 7] AEishd A4 £ Hojelo]
A 81 N-gram BAJ5te] 1 SEGHS AXSHE 49 84 B4 A4 o 4
Z1IAE, No| ARSE BA] o myo] Aol =7t AX BAAzlo] o 28

(H= A4 N-gramoll tigt 7l ARY) k= EA1%0] ek 12]aL Noj &
2 739 &9 HolHd Higt 28 ol AE & WrleAY, £70 FgEE

>
i)
ro,
/]
ll

ShER ol HolX|A Hrt. webA o3t trade-off TAE W] &
4% NS Adsis Zo] a5t o NS 58 Holds o

=5)3k1 Slo] N=1, 2, 39) Al 74K 495 Brtste] &
Zake o] Hhealsitt.

i o el
-y
B9
o
0%

—Z

1o

Ni

)

E?l

)
1o
3!
of!
o

4) 3FE2 AARF}H(Stochastic Gradient Descent)
ijd Zh=ro] FE AR Aol AR WREE AAH o5 Hlo

1
o] ofuizt Y WY S el B9 /I e

ZH|EL= A glojEol Az
& HolHE F715l0] HE& oAl A7l Ao] vigZsith. ofet &1 W
e A4 o Be 2] shsolEt o, diRAQl HXE

o3 54 HAFIH(Stochastic Gradient Descent, SDG)& ©]-&stH o)
a7, 2023; B4, 2020). FEH GARPIHCIM SEHols, FARsH
A &2 HESHA Y SolH, BARE TIe7l, P Wk

P [T 6- 219 o] & Hlo|gof|A sHESHA sl
&S AEsto }”Jr% BAE 2o WeItHEAR(AAIR T ASEt Aol
Aol Sk )2 #hol Ao 9h). 1F|al 9 HlojHolA HE A
22 ¢ ¥l o AEsto] gEor AAE u WE7F £ o] e WA A
2 BT AR wi7hA] BEE gheF BE AIES oF ARSHLE 7MY R
AdS A FHEkRvd, ARE St IS vhEdith &9 HlojEE o ¥

2% AFESRe BE Epoch(NE)et 3k, QuFEom 541, S ¥ o)yel

o
JQ
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EpochE 350 &9 B T3t} oy 7j9] AMES ARESH= ¢ 1
Yl x](Mini-batch), 3+ o] HA MEZ AREsk= ¢ Batch Gradient
Descent(¥ix]7gAlst3R)ol2ar gt

[0 6-2] =EXN BARGHIH

PR gz e vt (Y% NGIPY)

T e soecoe H‘&q*.l:;
e el k| (01 UHAL TR BP5) ki

s
Gep ] (WA Mk 30TYY) ved

obf,

st
RS ok ieltpud’

aron X o]
20 AZ

° .

Lﬂ%ﬁ_ 3og 3

" ‘-Jl k| ﬂl..',

E‘i"‘l %ﬁ"l\‘;

z ((=uZ3 26%)

A7 91841(2020), p.202

AARE b2t W7 71&2 &8 (Loss Function T+ H[E3HP)E o] &
gt &A= AE shuel thigh SAEAIZE AS3ke] Ao F=
+ &9 fojgo] xgH 2= AL TolEd] gt EATSY Fe R RS

T gtk SEA AASHAES) A9 TRt UGS o] 85, o UERE ¢

3
=
s
fo
ol

¢

)

¢

@ 2AAY HARE BE] A4S 8T L 2AAY £UTSE olgU:
L(y,z})=*]—1\,;[yilog(lﬁ)+(l*yf)log(lf.i:” (13)
o]7]A N& o]l 74, g AAIG, g d&gtolth. XA &%=



138 7|27 23-11

2t7ke] dlojeje]l AlAZkel 19w log(y) S, AARe] 0L o log(1—y) S AW
31 0|2 H3t % BE dlolHe] et S Tt HHo 5Ee 2] A9
o] £UE HASSHE YFoz PL sAYIA Hrt

olr

O EFAIAFA = HIAIEA)E 213t Holy £4HF9 H52 B7st
ol A& = (Accuracy) 2o &5 H(Confusion Matrix), ROC( AR}z &
g4, Receiver Operating Characteristic), AUC(ROC =41 o}zl w3,
Area Under the ROC Curve) 5°] o838t} S5 E2 S=9d, Jodg,
LERE SOEE EYH, [I1¥ 6- 313 o] ALgFollA EF BFol 9%
3t ZH(Predicted Class) ¥ ehlE=lo] Q= ‘Y] Zh(Actual Class, ZH3h) A
o|o] IAE UEhdH. o] ol-&sto] HlolE B4R H&k(Accuracy),
YT (Precision), H#E(Precision), F1-Score(F-Measure) 5= H7}3tct.

N
10

4

d

[J2! 6-3] =53 (Confusion Matrix)

Predicted Class

r '
Positive Negative
- . False Negative (FN) Sty
Positive True Positive (TP) —— TP
Ype .rTor m
Actual Class
. False Positive (FP) ) Specificiy
Negative o ' True Negative (TN) TN
ype I Error TN +FP)
. Negative Predictive Accuracy
Precision
P Value TP+ TN
s ™ (TP +TN + FP + FN)
(TP + FP) B
(TN + FN)

A 2e141(2022), A - 4814(2023)
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H

E5PLoA dizbAlof| = FH(True Positive, True Negative)?] 3%, o=
I AA JFgho] d|ste] SHIEA St Aotk v, gz Q9] 1t
2 1 AW AASHA] 92 AR Byl FAEESH STt Allolt &
24710 5ol digt vlg2 B7Ite = HolE 4 Yo
d5= B7IH "ok &5 ZA0 tiet WAl 715k ol A9 B

SEAYL 0|83 78 AWt AXS QoA (E 6- % Lk

(B 6-2) =7 HOE 2420 45T/t X=

A% Ak o]
i c Qe
QA& (FP+FN Ho WzZ m Hos .
I R St HlS- = 1-A%
(Error Rate) | f(TP+ FP+FN+TNY | ST tﬂ: 4% ERR A = 1HHE
z=
=

A1) glo]e] Sl A% B dojs 5] vlg
FER WRE M ST v
PA 5 AT BEA(IN) B8]

At (TP+ TN * 1-27-8(2AHH]&, Error Rate)
(Accuracy) | (MIPHFPHENT N o 1) ZolA 2ut2A) A4 B35 243 HA
Hl&

¢ O F-8I= At g

3 (Positive)?] HF F SHLE SHIZA I
Z(True Positive)st B}

» 2 FAHE(TP rate)

HdE

o FRNTP+ FN) * Recall A¥-€), Hit Rationzll® R =
(Sensitivity) Al P R
o AA Q1 ALE o7 Rl Tyl vHlE
) 574 Aol dis] A o] Y= =
Fgoz o= vl
« 29 (Negative)?l HF 5 F40= Suf24 I
Eol i Z(True Negative)3t H[&=1-AAFIE(FP rate)
(Specificity) B « AR ARl AS-E AR LR EFoto] WHsl=
Hl&
¢ v gy || O SPositive)OR A= HE ol AA] 5
(Precision) Al A(True Positive)?] H]&
AX 4% . ldr7’ei(Negative)°J_ HE 5 dHoE AR g%
FIW TN+ PR (False Positive)§t H-&
(FP rate)

=1-Sol
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A3 A ol
* Pr(a): 4¥&E(Accuracy), Fg=
* Pr(e): @A&E(Error Rate), A&

7]-ﬂ— %}: =. [e] =] 0]1%16) BL=.0
® - 3E9] ojEgkal AAlglo] 9015 YN BEL
Vel w Pria)— rle) Aoigt el gk
aKue - 1=Frie) < 0~19 3L 7H
appa < 10] 7PHeSE mEo| d&g) AAlglo] Hst
Statistics) 3 23

* 00 77heE Bd9] o&gtat AAlgio] 893

ULt IE(AES)E SR et s ¥
AvE:3

¢ Aol AT 23} Hit

+ 0~1 Alo]9] ®H9IE 71

o AUl WAL oF& o} & u F-Measurek &
e Y

F-Measure | 2TH(2TP+ FN+F]

A= A3]4(2022)

[J2! 6-4] Receiver Operating Characteristic(ROC) =M

227 1 —
L ///
08} Test ,]-—7, 4 :I'ESJ‘
ecls 7 e
ML

)
-
a o6t —
% 338 T
(Hzs) =8 T ;
(TPR) Rgoal Test
a0 = . Model 2

02

[J o] s =Y

fid — NeiChop C-term 3.0
— TP + ProleaShik—
|I': ", ProleaShM—

N ! | ! ] L | !
0 % 2HE(-B0l5) (PR) ] B el e
250 3 VIZ(FP rate)

A& A841(2022)

ROC ZHGAIA 22 B4, wh8 48 54, 484 w8 E4)S 54

S 0|83t A7 AHE F ARZHE(EP rate, 1-Specificity)® FFHE(TP

rate)S o]83sto] ZAJsE Jajmoltt. (I8 6-4]4F FP rate(FPR)Z TP rate
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H

(TPR) Ale]9] TAIE Te=s RHTOEHN ERHRIEHHUP) o £57 A &
A HF(Positive)2t B4 HF(Negative) S WHsh= 7|&4] W3l e -4
I AR FA9] vl WsE Sheo] 1T & A, BFE Aol FeE AR
v - g7leke d R-851t

dlole £42g B}, TP rate o] 245 181 FP rate gto] 225
& 57 Aol 5% Hygoln, webA [18 6-4I°1A Test Model 3°]
Model 1 &2 28T} o] S5t Bgo =z syriech v, JefmoA ofzt
A9l Be& Hole P2 dEgo] glE ot

AUCE ROC FAl ofgff HEo] Wzoz [17 6-5]94 ROC 49 (0, 0)
oA (1, D7 T4 ofef F9] HAolth AUCS] H9l= 0~10]H, Fhol 25

2 Hgrio] 92517, AUCH 0.8 oJAlQl AL o923 maloz Wrlsid

[13 6-5] AUC "0 ME HsT7t

1 AUC ¥4 IS
HAE
2871
0.9 ~ 1.0 Hold
% 2YE 0.8 ~ 09 S
(BIZE)
(TPR)
AUC 0.7 ~0.8 Plielely
(Area Under the ROC curve)
0.6 ~ 0.7 =9
0 HX 3HEO-BOIE) FPR) | 05 ~0.6 | ¥Es80] g

A A841(2022)
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A24 A &5

o

glae

5
i,

!
1. 8% HOJE 24

7} oy 4

GTA(Global Trade Alert) YA|EGDoA] Z7/PEE HHEE AW A9
I3ksla] (FE 6-3)3

Z j=ANe)
B gE)e

==
S4H=™, 59 tﬂolEi—% 4, Description(d
He £3, IP(1 B 0k 35

H 6-3) Sk H0JH 4 AMZHF)

Column °J& H] 11 Column °|& H] 31
State Act ID 4 HS Implementing Level 48 2
Intervention 1D MY S Eligible Firms AL AA L&
State Act Title A A= Intervention Type M &3

=R=1 7 _é_
Announcement Date| A& LE AR} MAST chapter MA(;??:}T%)]
GTA Evaluation GTA 7} Affected Sectors | YT = AEHER
Currently in force | @4 &€& ofF | Affected Products JPFS = AE
Inception Date a8 /A L& | Affected Jurisdiction T B
Removal Date a8 Az 9z Description A PR
Implementing | ey qigpey P ARU1), B0 T
Jurisdiction

3 Affected Jurisdictions GTA Elo|&l7} &Y Intervention Do =7PEE Hxo] o g
TEoto] AlgEo] A TR o4k It Hiolg ¢J2lo] Qsto] B HiAoAs &
oA A|Ljg

WA, GTA YAIClESQ] [DATA & METHODS] H3ollA 74 o] A
ole1E FAslal sig A dolgo] tigt AHE(Description) [LATEST
STATE ACTS] W& o]&sto] HlolEeE F71eith 20184¢ 1€ 1¥€8H 2023

64) https://www.globaltradealert.org/data_extraction
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= &0t s g2l

DREEE

7+ A9

i

(O 6-6]

Sk~
ok

AR AR ([P=1), oPdAI(IP=0)5 TE(=HE
27t 5R19] e oS

Bz
1,04271)°l o

of tigt &, i, B,

& HOIH2| 7I=SAE

ngh o
i)

SR
2t
e
71657

U A

O

[1]
> summary (data)

Implementing Jurisdiction Implementation Level Eligible Firms
Length:2000 Length:2000 Length:2000

Class :character Class :character Class :character
Mode :character Mode :character Mode :character
Affected Jurisdiction e Description
Length:2000 Min. :0.000 Length:2000
Class :character 1st Qu.:0.000 Class :character
Mode :character Median :0.000 Mode :character

Mean = 0.479

3rd Qu.:1.000

Max. :1.000

GTA Evaluation
Length:2000
Class :character
Mode :character

Currently in force
Length:2000

Class :character
Mode :character

Inception Date
Length:2000
Class :character
Mode :character

Class
Mode

MAST chapter
Length:2000

Affected Sectors
Length:2000

Affected Products
Length:2000

State Act ID Intervention ID State Act Title Announcement
Min. 129647 Min. 60158 Length:2000 Min . 2018-
ist Qu.:45343 i1st Ou.: B1471 Class :character 1st Ou.:2019-
Median 8203 Median 56567 Mode :character Median :2020-
Mean 155609 Mean 94482 Mean :2020-
3rd Qu 6386 3rd Qu.:107421 3rd Qu.:2021-
Max. :77426 Max. 1122351 Max. 2023-

Date
01-01
11-07
12-17
10-16
12-23 06:00:00.
08-25 00:00:00.
Intervention Type
Length:2000
Class :charactexr
Mode :character

00:
00:
00:
14:

00:
00:
00:
13z

00.
00.
00.
55.

Removal Date
Length:2000
:character
:character

Affected Products continued
Mode : logical

[1] 958
> print (sum{datas
[1] 1042

Class :character Class haracter Class :character NA's:2000
Mode :character Mode :character Mode :character
> describe (data)
vars n mean sd median mad  min max range skew kurtosis se

State Act ID 1 2000 55608.94 12782.60 58203.0 15932.02 29647 77426 47779 -0.16
Intervention ID 2 2000 94482.06 16166.57 96567.0 19334.59 60158 122351 62193 -0.14
State Act Title* 3 2000 948.20 544.22 953.5 701.27 1 1872. 1871 =0.03
Announcement Date 4 2000 NaN NA NA NA Inf “Int -—Imf NA
GTA Evaluation* 5 2000 2.74 0.55 3.0 0.00 1 3 2 -2.05
Currently in force* 6 2000 1.74 0.44 2.0 0.00 1 2 T =210
Inception Date* 7 1961 446€.44 254.79 469.0 306.90 1 207 906 —-0.07
Removal Date* g 1133 72.88 86 . 51 15.0 20.76 1 246 245 0.76
Implementing Jurisdiction* 9 2000 55.12 35.67 45.0 47.44 1 107 i0e 0.12
Implementation Level* 10 2000 2.29 0.75 2.0 0.00 € = 5 4 1.70
Eligible Firms* 11 2000 1.62 0.85 i.0 0.00 1 6 5 ®.35
Intervention Type* 12 2000 30.95 16.47 24.0 14.83 1 56 55 0.18
MAST chapter* 13 2000 15.62 5.76 14.0 0.00 1 25 24 -0.02
Affected Sectors* 14 2000 27577 203.86 261.0 274.28 1 641 640 0.11
Affected Products* 15 2000 242424 276.83 135.0 198.67 1 850 849 0.78
Affected Products continued 16 o Nan NA NA NA Inf —-Inf -Inf NA
Affected Jurisdiction* 17 2000 41.13 48.28 14.5 20.02 2 141 140 0.78
IP 18 2000 0.48 0.50 0.0 0.00 0 1 1 o0.08
Description* 19 2000 599.36 575.€9 1000.5 741.30 1 1873 31972 =0.03
> print (sum(dataSIP == 1))
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T(skew), HZ(kurtosis) @ EI(NA's) 5= AT = ot F 19749 ZHY
Z [Affected Products continued]:= [Affected Products] Oﬂoﬂ st 71491
2 YeE A Qloy g5 HlolE el e EF Fuol gEE 7HA|AL Qlof, o] &

& bsto] A

ERRSEE DI

A1 Industrial Policy)oleh, 7t Uree] 57} 37} BA|9] Wzt ebg e
98] Tkt Akl REo| that W AW ANSEL 2HsHe AL ojulst
o, dubHow wle] A4 ZRE DS G Aol A4t AL s
517] 919 %=}, Juhasz et al.(2022)7 UNIDOR023)014 Ashe 4114

(Part A) Stated goal

Industrial policy is goal oriented state action. The purpose is to shape the
composition of economic activity. Specifically: industrial policy seeks to change
the relative prices across sectors or direct resources toward certain selectively
targeted activities (e.g., exporting, R&D), with the purpose of shifting the
long-run composition of economic activity.

(42) P S AgAe BEAFHY Slo] Tl 1 BHE 7} 34 L5
TRl TAH A A FRE E- AUSS G AHH0l BE FHCE: 5
2 97 MO WA 4ol HNAE ANE 7o) sk welole], o5 w3
Moz 3A B5o| 7S AYS| P Brow Agurt

(Part B) National state implementation

Industrial policy is aimed at the stated goals at the level of the national economy.
Specifically: industrial policy action is taken by a national, or extranationa, state.
Thease actions are sanctioned and financed by national governments, supranational
bodies, or amalgamations of these units.

(A1) 571 Al AR H7F AA 2004 BAE EXE ARIth FA1E A
AAZHY A2 A= B Bol o) FHoixIoh I8 AR XS 5719
g5, FA7| e 22 227HE 713 B o5 AAll Jsf) A=AV Aol 2
A= Juhasz et al.(2022)9] HYE 235t
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(Part A)2} (Part B) oo tfa] o] Hlzsrof mE Q= Zekes 24 Avt
= [29 6-713 2} AHdA-R9] AHoE 3] (national, industrial, policy,

state, action, goal, economic, activity, purpose, composition) 2] o]
7 #2 A8Hee o 4 otk

[E 6-7] LIAEHO| Holo)| Cieh A= SRE 24

dwplmtmr )Lteconf)my. 1 a[t]_\,f]_t]_eg 1 ,sanct]oned

r Sourc targeted aimed

= 20d \__l5€g_‘_scomp051t10n

a OS run
units selectively
t l a ]_orlented

bodles

economlc g extrananonaldactl\/lty

long faken 1mplemer1tat1 on

pI‘lCES ac‘t lon EXpOI’tll’lg
change purpose

"'Zl'i\}"l nments

oA - 2SR AQARY] BRL thel 2 Sue Eake

* BAVEY 4 =7 3] S BAVIRES Adsh] A%t W= Al
AlBt 2L AMY] Hofo] 7 ° 7|& AMdo] HAly}; vhbde xelsict
& S FA A AAIA S FAskL G =719 AF E A
A7} Q] ARoA AT & QEE x| Uk

7l AT A7 e 57 7169 2 94 58S =] SRt AYS
St AT A FE2 AYgt 183 RS 7]1ES F sl A BE
o] BAEe kit

O

c A Y A 7 FY W T A Aol Bk A REE Aol9] 79
HS FW5P] T YL ANFORA A 3} ARE FolT A 7 F
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Sol Asti gk

(B 6-5) A1 3 ezl of

ARJAAO] o F2201749)

In the PRC Ministry of Industry and Information Technology's policy released on
the 1st of March 2017, a plan is laid out to boost growth in the Chinese battery
industry, batteries for automobiles. One of the instruments mentioned in the plan
to be used to achieve this is the use of specific government funds’ to invest into
relevant firms. The release contemplates the establishment of an industry-specific
development fund as well as utilizing existing government funds designated for
the IT industry more generally.

(49 20179 39 19, BHE 33 AEu74R] FAY F2) wele) 41, 53]
AEAE HEE] A1Rl) 4 221517] 912 Aslo] AXEIST. olE DA Siat 24
% St Tl 7Iqe] S5 93 A% R0 AR A Aole £ AL IT 4
IS 919 AgE HRe] 713 AGIHe A ol B AR LS 9I% A1 HE T

kit

HARIA O] of: Ef=(20164)

On 21 April 2016, the Thai Ministry of Commerce announced a reduction in
rice-growing zones to stabilise rice prices for the upcoming harvest season. The
available area for rice harvest has been reduced from a total of 61.7 million rai
to 55.8 million rai (9 hectares). The amendment comes in wake of an oversupply
of rice, with affected areas reserved for other type of crops. In addition, the
Ministry has encouraged rice mills to purchase paddy directly from the farmers in
an effort to supplement the farmers income and incentives them to stop from
further growing rice. The amendment is in effect from May 2016.

(89) 20164 49 219, B JTHE hrot S2lolH & /4L gAY 98] &
A A0 S48 BESE & A BHE F 6,170% RaiclAl 5,580 RailOet 9]
S22 ZAGT # A A Y Fol BE A02, JFL WE ¥ F4 A% o
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£ FAES Aulistes 12slgith. F7HE0E, s v REY aYs Bdd &
< 9 ol AuisA] L=F AEshr] ol & TFE0] MY FHRERE =2 FYSESE G
E:]é}ii‘:} 2 78Rk 20169 5YFE At
A& Juhasz et al.(2022) p.369] AJAIE 29T

Holo ) Fo] WHE AHYL (Part A) Holo} (Part B) HolE W
Sheh. = (Part A4 2R, A2o] BaE 450 wigje] Ak AYska 3
HA717] el =7t AAA dEele) A 7S wAstnA St (Part B)
of TN F7he 20] BHAARIAR LR BN SFEHE
| st gholelch

=

_|.4

A

ut

¢}

= AR} AO] AZES QPAAIYI] S8 o] BETtedoleks S thes)
9 Ho]7] HEoltt. AHe] Zxw B v, FREC] 2L 5

o)% 4] Xo] BEE ek webd o] A
B QA (Part A)E FE5H FIL 9

3l A F=xo] HelE FHstele FRo ot V1€ THAIAL A &

.—El—‘

(i

o ehEy 9 B5 Az

A A9 ol§sle] 1 Ao] AIHAA MAAHAANE T
SJste] A7} 5910] B Avie] e AR AHste] Hs BRsgt o
HolER AREE F 2,000709 B 5 ALFAP=1)L 95870, ulArIB
(IP=0)2 1,0427f0lch. 4H182] rgEo] cfst golo] 4 Bms (1 6-8]
= FepeE(8o] ZE (19 6- 919 2k
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(721 6-8] AlQEa(IP=1) MBS Ciofo] 4 &

Distribution of word_counts for Descriptions with IP=1

200 1

1754
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125 A

100 4

751
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y T T T T
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(72 6-9] Aleisip=1) Mgl 9= Saje

Word Cloud for Descrlpt|on with IP=1
{ estinated S t a -t e a l d See re]_atdjed

urEIgn commercial
uor Lo ject s
Supp P =

1d propos

E-80] 4,5637§& A|Lgt Description AHES TF A9 107] @ol&= (E 6
-6y} L} AR O] Aolo A AF9] 107 wrolE3} Bl wshd [P=191 TFollA
‘state’ 2= ©@o7F A2 LX|RiTt
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(B 6-6) AlRIEE(P=1) MEZC| TF 2t &% 1070 HOf
Word TF Word TF
million 108.77 foreign 56.26
state 95.53 financial 49.32
support 75.38 export 48.92
firm 63.48 products 48.49
government 59.95 subsidy 48.38

2t A

A gl gt 24 Ay (19 6- 1019 (1™ 6- 1113

A= vlaste] AFo = 231 FE(HE=)0)0]al HAIEH

ZH
2 HAal] o) AEOR He 5of HolS ARG Y Aoz Bridrh

[OZ 6-10]

HpL A

H(1P=0) M Tofel 4 &

= =20l L

Distribution of word_counts for Descriptions with IP=0

200

T T
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(32 6-11]  HRMRIgRH(IP=0) &%R0| 9= 2o

Word Cloud for Descrlptmn with IP=0
“’"”” ' .e.product

SSI'QWH]IT- 10N

”USD PgL i dmglmprorrtDecember

E
] gen ranted
ﬂu. meriz
term T
good 1;

Suppo rt S C herne newm ‘:%itrf c]a{!]f%.tlpmt tariff

_sﬂee e

relate “Sstate Arril

HIARPg A A= (R 6-7)TF 2ol TF 491 10719] Tol(E-8&of A7t AL&
S| ATt

(E 6-7) HARIHAH(P=0) MBEZO| TF Zt 42| 1070 Hof

Word TF Word TF
million 89.59 duty 52.56

state 75.47 government 52.47

tariff 69.97 support 49.83
import 54.09 see 48.14
related 53.40 loan 47.41

A7 AT} vjArd Yo A AHEE TF 49 107] ©@olE HlwshH (O™ 6-
219} Zt}. (million, state, support, government) @ol= A& FUsHA|
o] AEEIL ‘state’ 7} FASHA AFAE MO Ao(F9] 107 Tof F)ollA 5Lt
Al AgH Tojo|th

&E
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H

(12 6-12] MPHRL HIMRPYAO| TF 4| 1070 HOf

IP=1 r=0
(A E M Term Frequency) (] A 2 E M Term Frequency)

taritf

firm

million

foreign import
finandial state related
export support duty
products government e
subidy loari

2. EX|AE 3HEM Y

(3 6-1312 ZALE R4 2P o8t ok ¥ & A5 +3 23
EoJA ehgoll Eagt HlojE

oltt. ®A, GTA HWAlo|E AR
HIAARAIAE ERET. 223l o] &85 AHsto] 7 =9 &l

=
it E235} S 485t APEEE tolo] QT E TF-IDF JE& #H3
oy Aol T2 (9, H7h HlolHE &St & =
Kol

g}, dloly e 5]

deo] s Est WA AGE AL, FHEY(Oversampling) 719

& EF 359 w7t AL S5 Bl S80] Tae #cHES o
RALE SRS o]t EF P& 7S5 71 stoln et o]

et &3, 7D HolE e de 7kt okzd wAS, A dE 3 A

H sk Nbs g 27gsto] 229 stolH mEtulE e mEvith wAee

2 29| 7 2HEFZ ol8sto] 27,96270] SPEFEA] 92 Hlolg o] tigt

ju:
i
i
4
o
ol
=
o,
3
=
L
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(72 6-13] BXIAE! 2N D3 75 U 24 B

Hlo[E 7 9 apyay HlolE X 2| &0|Ef Hxy

GTA Web site %%01 =7t iy o

Global Trade Alert I:f> =2H(Tokenization) I:> ;_a\(;ii j ;p FLN;!E&_'_ED
(https/jwww globaltradealert org/) Eﬂ¢' TF-IDF matrix K ﬁﬂ? % T (©versampling)
& 60/5: 2000 B&85 P=1 or 0 i
30| mi2lojE| EL x.&EI B
CELEEETET Solemanle] e | o,

o /\::| TAHES (5-fold) K:'
TSR PSR R TEEE S 12 sfo|H Hetojelgt 2 x

o
O
__(TL‘
9,
! T,
>4
i)
H,
o
i3
o,

< 3t wEdo] 20189 1¥ 1¥%E 20234 8¢ zsowxm R
Hotal (A, B4 BAS R EREE7 589 5 Adto] digh o2
A2)strt. 5 21, F 2,000719) H# F AAGHL 95871(47.9%), HVJ
AHHL 1,04270(52.1%)°]tt.

2) HloJg A=
gto|X nltk(Natural Language Toolkit) o|Eg o] A= 179719 &&
o}5 EFSto] F7HH O R 4384719 TolE A= A7gsto] F 4,503719] E&
o AYsttt. E&ol= [19 6- 1419} 2ol L, IFFAE <=2k AIZI(E
= ARDE UEhlE oo, b &9, AAAL Fo] X, 24 dedE 58
oj7} AAH TolEol gt TF-IDF dE(Hol9] $85)S SH¥sE oot
S Aol gk [P=1 E= [P=0 S&HSTE 3ttt 2,00071 85 Tlo]
Elo]l tisf ¥ 7.3127] ©olEol tizt TF-IDF 9] A9 1078 @ol(million,

state, firm, export, support, government, loan, tariff, aid, subsidy)°|t}.

65) https://www.globaltradealert.org
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[ 6-14] GOl 2| 2 Zut
oo 2 | X TF—IDF}JQ?‘E&I}J;HQS%? X 7312)
(Natural Language Toolkit{nltk) sl dite; fheoe, sipeit; skgport
I‘”T';“ StOpWO rds 1797H] government, loan, tariff, aid, subsidy
=
2 AL9l 1074 EHOI(TF, IP=1)
million, state, support, firm, government,
=80 F7} (4,3847H) ? foreign, finandal, export, products, subsidy
=80: & 45637 B
220 M| = &%l 1071 ELOI(TF, IP=0)
SHTIHEIA K 5) million, state, tariff, import, related,
ﬂ%%*l’kBl’;lL T = duty, government, support, see, loan
ZAHsecond, two §)
A 7[(October, November ) =
BHE| R (USD, euros S) = | 1P = 1: Industrial Policy (At 2% #)
TR Aof, among =) i IP = 0: Non IP (H| A&
SdutE CHOi(also, well 5) =

3) dlol8 A4

FHH7=70%:30%= HFsHA Aste] F 2,00071 Hlole & ks
1,4007H, 7} HolE] 6007H2 &3ttt TF-IDF #o2 A SHHsE
HEsl7] 98 CLM(Coordinate List Method, Hl°lEl7} 71&7]=
11, S0l tfgt HlolE EE35)
qch 70%9] - HolE 5 IP=12 66571

(@, DO ANZ o] A7) L ol
AQY(GH-H D/ EEBN)S 5

(47.5%), 1P=02 73570(52.5%)Z IP=0%1 E-F47 5Ls5H

9lsh 1P=1<1 =] sy

735702 27g3itt.

o

THEE o

SEAS
sk

glo

]

i)

kel

SS9 A5
HHEZ(Oversampling) 7|HS o]&odto] AFAAA

Ao fis] 718 og ShSSHEE Ska [P=13} [P=0%] glo]go] &=



154 71297 23-11

(72! 6-15] GIOIE] XXy Zie! Zut

== 7}=70%:30% SEHHs v (2E-E2dET)
E3(1400): (X_train, y_train) - | (X_train_dense, X_test_dense)
H 7HB00): (X_test, y_test) Coordinate List Mehod

Ed 0l (Oversampling) —
IP=1; 7357}, IP=0: 7357} Clole &=t

(X_resampled, y_resampled) {X_train_scaled, X_test_scaled)
' _ > StandardScaler(): (x-p)/a

H7} 60| =4 Eo/H
(X_test_scaled, y_test) IP=1: 6657H, 1P=0: 73574

4) BAAE IAEN B 15 9 57t

715 stolH mEtu|g S 7FA|+= Baseline ZX|AE S|HEA ol st
A5 A= [O9 6-16]3 &t} Baseline 289 -9 Ridge A, C=1,
Ibfgs A3} L], HHkEs4=1009] goz AFdct 2424y, &3
tlolElof] gt &= 99.79%<1 BHH, B dlole 9] B¢ HEET 85.33%
2 ta BAgE A5S B 12y [1'" 6- 1719 ROC FAoZRH
T8k AUC=0.854% Baseline 239 Ffole 953t BP0 & BFridrh &5
FE A A, 1P=191 282719 Hlol8 F 244715 LM Rt U
A 385 HAAEM o ERSto] QRE YEloH, 1P=0%1 3187]9] HI4F
A Ho disl] 268715 HLstA st UMA| 50715 AR AR d
SFRATY.

A
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[O2 6-16] EZXAE SHEM Y EM ZiKBaseline Z&)
EX|AE S YEM BH (Baseline Model)
Penalty(r# M) L2 Ridge oAl C(7HAl ZHE) = 1
Solver(Z| & g} & 12| F): Ibfgs (Limited-memory Broyden-Fletcher-Goldfarb-Shanno)
may_iter(Z|0f BH=2312=) = 100
$3% Confusion Matrix, == $3$
([268 50] Het: (Accuracy)
[ a8 244]]
o B2 2N PH MSEHI R|E e 89.79% (2 G|O|E)
precision  recall fi-scors  support 85.33% (87t 0|o[H)
0.0 0.88 .84 0,86 318
1.0 0.83 0.87 0.85 282
accuracy .80 600
Macro avg .86 0,85 0.8 600
weighted avg .85 0.85 0.85 600

[d2 6-17] EXAE SIFEM T5 22X ROC ZXM(Baseline B8

1.0+

0.8

0.6

0.4

0.2 4

0.0

0.0 0.2 0.4 0.6 0.8 1.0

5) sto]® wmetvlE Fd(Hyper Parameter Tuning)
TA Z=(C)2t 2t §HE Sle(max_iter)9] sto]¥ mfu]EE ]85}
T2 AR &, 9] gEr|E Zh2 C=0.01, max_iter=102 & 4

WA

UL



156 71297 23-11

85.67%, AUC=0.8576% Baseline X @3} v st k7t AJ50] 7HAE QL. ©]

© £53E 2R=RE [P=12 FgotA 573 dolg7t 270 o 2= 9] o
Zoltt,
[OZ 6-18] A 5lo|H D2(E &8 2t
Sto| = nj2to|e] F'd (Hyper Parameter Tuning)
5-fold Cross Validation (X ES
C (7+H ZE): [0.01, 0.1, 1, 10]
max_iter(Z|CH 8H531==): [1, 10, 100, 1000]
$3$ Confusion Matrix, == $33$ )
[[288 50] C;OLOI-EmaXJterﬂO
[ 36 246]] Het e (Accuracy)
e R B4 28 HSEIF AR e 99.31% (=& G|0|E])
precision  recall fi-score  support 85.67% (B7} HOjE)
0.0 .88 0.84 0.86 318
1.0 0.83 0.87 0.85 282
accuracy 0.86 B0
macro avg 0,86 0.86 0,86 B0
weighted awvg 0.86 0.86 0,86 B0

(718 6-191= 85 dHlole s o sk& AMES71(Epoch, E@o] ZA|
ts HOIHAIES & ¥ SA7]= S5 HAsHA SE2] FAPE(EA
=, loss="log’, max_iter=100, batch_size=1)& Z-&3t Z3}o|t}. Epoch7}
7hetol whet &9 HlolElof tigt Ad52 A ®igto] glal, B} HlolEo] tigt
= 60~80%°|tt.

Lok

ok

olN

oX,
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[12 6-19] =X FA ofgy g Zut

1.00 ——
| (w—"-l\—\/‘“
0.90 1
0.85
2l
o
£ 0.80
a3
g |
0.75 1
0.70 1
0.65 - Mg &
LYY AT B
—— Train Data o .
0.60 1 —— Test Data
T T T T T T T
0 50 100 150 200 250 300

Epoch

Aol digt EZst 3 dyE 0|85t N-gram 7|¥<S 489 A=
(E 6-8)1 Zth N-gram=(1, 2)& E49] 7|45 67,360712 &335to] 2719
A&E dolE E4or 74T o B7 glolEof Higt £+ oS 459 4
= 88.17%= FAEAT. 1Y N-gram= 3 o= F7Iste 549
Mg o S7HRI7IEEE B7 Ages 34 FAEA L=t

(% 6-8) N-gram #=3 Zn}

N-gram £89 7 % qei ]3)3 n‘i;;i;}? AUC
1, 2 67,360 99.79% 88.17% 0.8797
(1, 3) 149,200 99.79% 86.50% 0.8606
1, 4 238,732 99.79% 84.17% 0.8362
@ 3) 141,888 99.79% 84.17% 0.8356
@, 4 231,420 99.79% 82.17% 0.8143
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N-gram=(1, 2)° Wit 24 23} ROC FA4 24+ [O19
g 6-2117 2ot &4 dolHol tigt F¥ == 99.79%01aL B7} HojEo] tf
F A= 88.17%(AUC=0.8797)% thA 7|A=E ATt
[d2! 6-20] N-gram=(1, 2)0i| Chgt MsEAM Z0}
EX|AE F|YEM 2H (Baseline Model)
Penalty(71H[): L2 Ridge 7H|, C(HHM ZE) =1
Solver(Z| & =t & 12| F): Ibfgs (Limited-memory Broyden-Fletcher-Goldfarb-Shanno)
max_iter(Z|Cf BF5Sl==) = 100, ngram = (1, 2)
$3% Confusion Matrix, =S 333
[[290 28] HBE (A
[ 43 230]] =t (Accuracy)
el _'__’@‘_ _E_J\‘I Ecd Jg;i‘g‘jf K|_-g-_ dekeok 99.79% (—!E—E-_i HlGiEﬂ
precision  recall fl-score  support 88.17% (E7} Ho|Ef)
0.0 BT 0,91 89 318
1.0 0.90 0.85 282
accuracy 0.88 600
macro avg 88 0.68 0.88 600
weighted avg 0.88 0.88 0.88 sgli]
[O2 6-21] N-gram=(1, 2)0i it ROC
1.0
0.8 1
0.6 1
0.4 1
0.2 1
0.0 1
0.‘0 0:2 0.‘4 0:6 0.‘8 l.IO
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2A2E IARA 2Y 4 A3, iﬂrtﬂx—."?; BAZE DS A ol A2
] Z

18 =8 2 &9, 4 B £

4 g4 AA(REO] BRE 7F4), opAE 1
AL z%7] F=(Barly Stopplng) 7Y 5= O]Q(Sherzodjon 2023)3tct.

Baseline¥} WAHISOlA= 7,312709] TF-IDF gh& S5 Hl°o|E= ©]-85k3
oy, £49] 5 £0] TF-IDF o] 7Fd & Atz 549 & a7
A Baseline B9 2|4 sto|y m2fuelE 2gsto] 453 Hlad & o,
(719 6-22]& 1 Z3olrt. E49] 7} 1,0007 olstollA &1 2 H7} Hlo]
Efo] tigt A=} 83~88%= A= BSOS Ao TAHAEY A7 siE
ot Baseline 2g9 B¢ 549 77t S71etel wet 71 dlofEo] digt
gl AUC gfol S7FstAIet, 24 stold mietn|BE 8ok 39 A-T
E499] 741,000/ 2= H7} glolglo] Het 5ol HE=88%(AUC=0.8817)
2 FAE

£/49 71 10071 E= 1,00070%1 3% 54 BAPY 28 A&
“loss="log’), max_iter=100, batch_size=1)= 2z} [1¥ 6-23], [18 6-
2419 2o, 549 =100712 o & HloJElE ¥ Sk5dh= Epoch?l $7F
oof| wet Adsol /NS HefAeto] TAYSHA] gkt 1y B HlolE
et 257 Fg s 70~80%= Baseline @I} v|W S “d5o] thad AohE
o} ®Hd, 549 #7111 OOO7H°] 74%- £7] Epoch grol= & go] L5k,
=7 gE=80~85%2] %
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[72! 6-22] S4o| 20 M2 Fai: U AUC

1.00

Accuracy |AD\1§ L, x100%)
= =]
] b

=)
&

0.80

075

= = 1.00
p 7 1
B + 095
~ T+ 090
1 + 0.85
+ o + 0.80
—B— Baseling|Train)_Acouracy —8— Basaling|Test) Acouracy  —8— Optimal{Train)_Accuracy||
—@— Optimal({Test)_Acouracy -4+ Basaling(Test) AUC +eeai¥en- Optimal({Test) AUC
075
0 1000 2000 3000 4000 5000 6000 7000 3000

Number of features (TF-IDF E4719| i

AUC (Area Under ROC curve)

(72 6-23] E=X ZAL oke M ZIEHQ £=1007)
— Train Data
0827 st Data
0.80 1
0.78 1
2 0.76
o
2
2 0.74 1
0.72 1
0.701
068 |
(I] 5‘0 160 150 2[‘)0 25‘:0 360
Epoch
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H

[0 6-24] SIEX A} Sl MR HINEMO| 4=1,00071)

1.00 A

0.95 1

—— Train Data
Test Data

0.80 1 |

T T T T T T T
0 50 100 150 200 250 300
Epoch

£ aaT 4 oy, (&4, = 7}) dlo EHOP % dlZo] Hotw Ase

£ 249 urodsls A9t Hl@alol ﬂﬂl AAEA) ghect, 123 Baseline 1
W} vlwste] 29| sloju wetuleg M8l AP B4 g At
£ A9 Aol A sklat 4 9tk

o] 2-85H= AL Baseline B2 AH&w:=85.3%,

435t A= H3e=85.7%S Ho] 2Ft Aso] 7

AdS & 5 Aok gebA 2 AFoA= epEEE] QA %2 HlolHo s

IE EAS 1ot &9 ool ntetulE(C=0.01, max_iter=10)& %-85
=
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7t 71E8A4 24

Global Trade Alert FAIIET A [17 6-2519F Zo] =7hd & 2o
gt JEE 2913 4 i} [DATA & METHODS] HlolAE 2008 E5E &
A7A] A dlojeHo] A(xlsx) LT}t RS 0|83t HlojE] BAjo] AR 4
A+ Rdata LS AlF3ict.

(O 6-25] GTA =29 3 g+

GLOBAL DYNAMICS  DIGITAL POLICY ~ COUNTRIES  SECTORS & PRODUCTS  LATEST STATE ACTS ~ REPORTS DA

i, GLOBA
@ ADE
IR

Data & methodology

DOWNLOAD DATA

a=)a

o] it 4 dg(Description)&

GTA DATABASE

The GTA database now includes more than 52'500 records of unilateral
commercial policy interventions since Nevember 2008. Click below to export them
all into one file.

The GTA Handbook describes the methodology used by the GTA team to
assemble this dataset.

Please send any questions and requests for additional information to email
address data@globaltradealert.org.

Database (xisx)

Database (other)

CORPORATE SUBSIDY INVENTORY 2.1

This inventory cantains information on corporate subsidies awarded and changes
in corporate subsidy policies by 148 customs territories since 1 November 2008,
This inventory was published in May 2023 and follows the release of our first
inventory in October 2021.

The explanatory note below provides more information about the contents and
construction of thic database. The powerpoint presentation below includes factual
findings from 2 preliminary znalysis of Inventory 20 and draws out policy
implications. Inventory 2.1 contains the same corporate subsidies as inventory 2.0

Please send any questions and requests for additional information to email
address data@globaltradealert.org.

St

66) https://www.globaltradealert.org/data_extraction

[2" 6-26]3 Zo] [LATEST STATE ACTS] WS o]&sto] zHzto]
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[3 6-26] GTA & MHZ(Description)

GLOBAL DYNAMICS  DIGITAL POLICY ~ COUNTRIES ~ SECTORS & PRODUCTS  LATEST STATE ACTS ~ REPORTS  DATA & METHODS ~ ABOUT Q

Latest State Acts

State Acts (50997)

IMPLEMENTING COUNTRY: INTERVENTION SUMMARY AFFECTED ?  AFFECTED ? DATA SELECTION
SECTORS PRODUCTS
Commerail flow ?
A Announced: 25 Nov 2023
United Kingdom: Government launches the Advanced Manufacturing Plan 171 352 354 /A all
State aid, unspecified 431 439 449
461 463 464
469 471 475 Flows affectad ?
(+3 more)

all
A Anniounced: 23 Nov 2023

EU: Commission launches the new European Hydrogen Bank 342 2804 2806
Price stabilisation

A Announced: 23 Nov 2023

United Kingdom: British Business Bank launches GBP 130 million Investment Fund for N/A N/A
Wales to support small businesses across the region

Capital injection and equity stakes (including bailouts), State loan

(28 6-27]7 Zo] 32 E77F =4 g2 vlolHe F 279627101 £4
4ol A 2H AZHAnnouncement Date)= 20184W 1€ 1Y4FE 20234
89 25¥47tA|olH, Z+ A 9] Descriptions °]-&sto] SzH ZA|AE J|HE
A Hgor AR g A S R

o= g T
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(O3 6-27] 2FAZEX| 42 HO[EQ

=8 2 VIESAE

> nrow {df)}

[1] 27962

> ncol (df

[1] 18

> summary (df)
State Act ID

Intervention ID

State Act Title

Anncuncement Date

o] 6,92674% 7V L, o]F AwMR oF 580001 7o} o]

=2

202392 19014 8¥7HAI0] Rz ThE St 1 47t Ak

i=lavs

2
S

Min. 2668 Min. 60043 Length:27962 Min. :2018-01-01 00:00:00.00
1st Qu.:45645 Ist. om.: 81915 Class :character 1st Qu.:2020-01-01 00:00:00.00
Median :55163 Median 98657 Mode :character Median :2021-01-01 00:00:00.00
Mean :56858 Mean @ 96120 Mean #2020-¥2-13 17:06:31.13
3rd Qu.:68671 3rd Om.:111172 3rd Qu.:2022-03-15 00:00:00.00
Max. : 77426 Max. :122362 Max. :2023-08-25 00:00:00.00
Implementing Jurisdiction Implementation Level Eligible Firms Intervention Type
Length: 27962 Length:27962 TLength:27962 Length:27962
Class :character Class :character Class :character Class :character
Mode :character Mode :character Mode :character Mode :character
Description
Length: 27962
Class :character
Mode :character
GTA Evaluation Currently in force Inception Date Removal Date
Length:27962 Length:27962 Min. 2011-04-05 00:00:00.00 Min. :2016-05-18 00:00:00.00
Class :character Class :character 1st Qu.:2020-01-01 00:00:00.00 1st Qu.:2020-12-31 00:00:00.00
Mode :character Mode :character Median :2021-01-01 00:00 Median :2022-03-31 00:00:00.00
Mean 2020-12-26 04:41 - Mean :2022-07-24 00:21:26.41
3rd Qu.:2022-03-25 00:00:00.00 3rd Qu.:2023-05-15 00:00:00.00
Max. :2032-12-31 00:00:00.00 Max. :2060-04-26 00:00:00.00
NA'S :783 NA's 120574
MAST chapter Affected Sectors Affected Products Affected Jurisdiction Ip
Length:27962 Length:27962 Length:27262 Length:27962 Mode:logical
Class :character Class :character Class :character Class :character NA's:27962
Mode :character Mode :character Mode :character Mode :character
Q Q Q] 70 g o] 4=
A, 201849 1€oA 20239 8E7kA] HRY VIEoR AxE HHY] +E
- 2813 At AlAA 2 L SRIA7) #axde] o] 2
YEIWE [19 6-28]7 2tk AlAIZCE I ZA7E 2 3140f o]& 2020
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[O2 6-28] A =Y FHO| £

Total Number of Policies by Year
7000 1 6926

6000

w
a
2
©
o
45 5000+
e
L%
-]
E
3
Z 40004
=
S
3000
—a— Total Number of Policies Released 2383
T T T T T T
2018 2019 2020 2021 2022 2023
Year

(19 6-29]= BE A3 Ao gt 9 S%E A1Z3 daHE80] &
3holc}. USD, million, state, related, act, subsidy 59| ©o]7} Arg&o] &
o] 3tElo] U & & AUtk

[OE 6-29] FH HEE0H| Lot Y= S2RE

Word Cloud for Descrlpnon
o for eign comn1e1 CJ.al

USD million

ern1 -i. GTA database *

MWJStatefaC

subsidy amountstate al

commerc1al 1ntere5t

ecipient firm

ééXten;

av

Z4ZY0] g io] tigh ©oj9] A4 B4 Aik= [O9 6-3017 Ao Wit
ol9] £t 16770, AA 1271, HH 1,96670, 1AHEQIZHEHY 25%)2 11370, &
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VEE 16370, IARERRIGEH 75%) 19870l

72 6-30] M| HaiE Cojo] 4 21

Distribution of word_counts for Description

2500

2000 -

1500 4

NUmber of Descriptions

, f T T
0 100 200 300 400 500 600
Number of words for each Description

(19 6-31]2 A= GTA H7HKGTA Evaluation, 2155 H7])o] tjgt Hlx=
oot GTANA = AAF o= tha3t o] HAHEZ Al 72 EF3HEvenett
and Fritz, 2020).

* Red Triangle(874A4): offd B2 A9l SHlsHA thE Y] AHZ o]

& Apggik

olt.

AA 27,962712] AA = Red=22,28070(79.7%), Green=4,36871(15.6%),
Amber=1,31471(4.7%)Z Redo] &3t AFMo| tjx o]}
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[ 6-31] GTA H7KGTA Evaluation)

GTA Evaluation

- - I

Green

Numpber of Policies
15000 20000 25000
1 1 |

10000
|

5000

0

Evaluation

20234 89 7|&o® g J(Currently in force)dd AHL 21,2054
(75.8%), vIa ZAHL 6,75770(24.2%)°]tt.

[O2 6-32] s =9I ™=HO| 2(Currently in Force, 2023.8.25. 7|&

Currently in force

21205

10000 15000 20000
1 1 |

Number of Policies

5000

o 4

No

Currently in force
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A3 o] thigtl=el -] A == 4127001, [119 6-33]2 =
7h8 A2 9] Frolt}t. u|=H(United States of America)®] 4,905712 7} @i,
Z=(China)°] 3,1477l, <9lx(India) 1,4067l, E&+&(Brazil) 1,33571, =<
(Germany) 1,2427R <=o]t}.

[O2 6-33] Al a2 MEHO| 2~(mplementing Jurisdiction)

A%y Teh=o] gt RIESE Egf(Treemap) 22 AlZ13ked [T19
o} Zot. W (FA)7t SerE AR 27|7F A BEAREE WEo] |
S)E 19 6-33] 27} SUstA v, S, =, Bepd, 59, Ay,
S, olgEol SAE FRIT 4 glom fEjuehs 412719 HAE Ut
QUEu|Ajo}, m7| A%k} H|S:g ol
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(O3 6-34] ARY

rk

S MAHO| ~(Implementing Jurisdiction) E2[3

GTA® 98l RUEH == 7HY(Intervention Type)> thdt Zo] IA 974

o 3L ek

* Capital controls and exchange rate policy(RFEEA] @ &34 2): 7|2l
A, AN, FA4F FE, o4l dF 59 A B2 B2 dot, 2 79
= A

* Export and import policy instruments(Z 2 £ AA): 524,
S57t 84, = 99T, K, A 99, = Ae, AEe, Bl
A5 Y B4, 7Y JQAEE, £ oA, 9 HE, $UIA|, H

Al 22, WHEA, Q= 324 {72, 59 49 24, 79 58, 79 de X

PN

N
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= 5 A
* Foreign investment policy(2]=9 Ex} AZ): FDI(Foreign Direct
Investment, 2=AAHEZD] tiet 1Y) 4 AFH, 585 JAEHE, FF
A 4 29 5

Labor force migration policy(lr52 &H): L A9 H2A, &1

= = =
3Y 24 5

—{O[i

-
o
o
0
=
8
2.
5
o)
o,
=
=
rall
)
T
>
L
)
18
l—r
offt
I
1
H
)
i)
Mo
of
fru
i)
P>
o,
ol

o
Public procurement policy(z& & ) o5 & F24, A A

4, oo vl Alg, 35 22 8

Subsidies and state aid(B%% ¥ Z1HZE): A |FFHEEY, A&
1

Z, T &, Alg Ee ARREY A, 37 B 5

Trade defence instruments(®o]% 9] £9): Az 4 £A(5-4 B35, vt
g3, e 5 o AR 2 A 73 59 AlojlzriE £

* Other instruments(7IBF #3): AAA4H 2o, o8 2 A= o 24,

Zled Y 24 5

[1% 6-35]= ZF ZAo] gt Intervention Type? olth. 7Y §F
Financial grant(FE=2)7} 5,4957 02 7P @il o]o] State loan(=712]
A A|)=4,160, Import tariff(G A F2)=3,568, Trade finance(F+Y

+849Y)=1,502, Loan guarantee(RA & E3)=1,2687 <o]t}.
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[d2 6-35] 7HY S3(Intervention Type)

A o}olui mietu]El 3 o83t EXAY IR HFPo] £F Adkes [
g 6-36l°]th 20189 1€4E 20234W 8¥7HA] ¥ 27,962719] B F 433
o] 13,37370(47.8%), HIAFFHRo] 14,589(52.2%)S AA|gic), ArEeE v
H, 2018~2019¢9= AR O] 471 @i, 2020\00= B4R 7t
4457702 F7FeE &, 2021~20229 Aloloflis AR HIgE FRE Kol Qi
202092 IAHCE COVID-199] FE-S {3t vy aEo] Wol HHEG O
o] Ao g BRrlx] ooitt 2023W2 195 H 8¥7HA|9] A7 =2 o}

£ d%e} Bluwste] Jridow Wi A At At
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[12 6-36] A 4 F HRMY YOl

Number of policies by Year
4500 Ko7

—&— Non Industrial Policy(IP=0)
—&— Industrial Policy(IP=1)

4000 -

3500 A

3000 A

2500

Number of policies

2000

1500 4

T T T T T T
2018 2019 2020 2021 2022 2023
Year

1202392 8E7HA9] AlmolEg T 4] Hlao] Fo2 F87t

[O2 6-37] S M 2 HIMERHO| HIg

Ratio of policies by Year
0.65 ] 0.64

—— Non Industrial Policy(IP=0)
—— Industrial Policy(IP=1)

0.60

Ratio of policies
o o
v w
(=] w

o
&
w

0.40 \

0.351

T T T T T
2018 2019 2020 2021 2022 2023
Year

(3 6-3712 =2 (i, ®lARRD) B&el Blgelth. 2020d00= ¥

A

Zo] 64%= AFAEAB6%) T Blaste] W2 o] HAIAARo] THERC

ol% 1 gL it

4
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ARAZZ(IP=1)L22 E5d A dgE9] 39 (17 6-38]x o] s do]
E|9} FARSHA AR FHiE Wil 1o, E801E Xt Y= ST
24 A28 (USD, million, state, subsidy, act)?] ©@oj7} @o] A+8H&
& 4 Sl

[ 6-38] LFYM LHZ0H Cier Tol 22

Distribution of word_counts for Descriptions with [P=1

17501

1500 4

12504

1000 4

750 A

T T T T T
o] 250 500 750 1000 1250 1500 1750

[0 6-39] ARPEA(IP=1)01| Chet |I= SEIRE

Word Cloud for Description with IP=1

dncrmnmrmnl 190, 8pPro d related state t
2 [« s amproduc( egal qlu 'nr| 2
e

C Lo Ltd

uuh filings

©

= ff d d

affected products

o HEprOJ EUR million re atEd
{ Q)gu hm firms ap ‘ approumat y USDe - >
o .2 approx UsD e =
b <: 1p o
"‘ﬁ 5]
G&Export Credit 4+ A 1mp ementation affﬂgg:m e S

known

.-u'(l‘.mge rate §
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BIAFY HR([P=0)9] H-$- Tol9] 4\—([1?% 6-40] D)= F=o0=2 A2
T)0) ExE Hoju, oho] ¥z B4 AN[IY 6-41]19 9= D)2 R
HUBDJmmeﬁmaad,wb&&ﬂ%@ﬁ}%ﬂﬁﬁﬁb1%320*#
ot

(72 6-40] Hiseimsa o) of z

r&"

Tofol =

HI

Distribution of word_counts for Descriptions with IP=0

800

700 A

600

500 A

400 A

300 A

200 A

100 4

0- s

T T T T T T
o 250 500 750 1000 1250 1500 1750 2000

[O2 6-41] HRMA™RH(P=0)0f| LHEt Y= S2IRE

Word Cloud for Description with IP=0

IVIa e o®COVID pmclemlc ey
S;[) v]ll mmmm ) i
El.‘\-,m- c .t.-uppm l_I

amepgent cor mg import tarlf

ecember lfdt. e d
2 August

S e e r USD billion USD per

statemact~v

September June™ et gevementt January,

o

October
anreased

Y earit me ?‘S L_l reEy ro\,nr_»:u'-fj Commission

scheme " ewpror st
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H

3THA GTA B7F A3k (F 6-9)9F 21, AEg & ‘Red’ B2 g}Eo

= T

_

71 gt ARARO] A Qo= ‘Amber’ 7} ‘Green’ AHO| Rt wWAwt Ht
2 vl H o] o= ‘Green' BFo] ‘Amber Bt} Er}.

GTA Evaluation )
TE Amber Green Red ¥
AFd A (1P=1) 748 410 12,215 13,373
i AA(IP=0) 566 3,958 10,065 14,589
A 1,314 4,368 22,280 27,962

2023 89 7|&02, (X 6-10)3 Zo] ¥a 9l HH = 21,2054
(75.8%)°]T}.

(B 6-10) M L HAMR HaiH USS0l (20234 88 7|1E
e ;C;lrrently in force _ A
Yes(248%) No(H]€®)
ARG Z2(IP=1) 12,036 1,337 13,373
H]4 BA(IP=0) 9,169 5,420 14,589
A 21,205 6,757 27,962

Ao ERE 13373719 FA S AP Bd=E7HImplementing
Jurisdiction)g@ & A ] =& v|uwold [1Y 6-42]2F Zt} F=0°] 2,89471=2
7P Bal o]of m]=5=2,336, £Y=1,039, °o|&z|ol=0648, 7futt=514, Hapd
=505, @==504, TFA=487, LE=414, AHQ1=398 <o|t}. tfjgtyl=o] It

O 2A IO AFAHRL 203710
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(72 6-42] MREHMIP=1) Al B =t

MY 14,5807D00 that A% BARIPE A AL (19 6- 4313
2. n)sio] 2,560/ 7V W, QliE=1,045, Beka=830, Ate=679, 5%
=617, oF2AEt=608, E71=533, EAlol=505, AmMIAlol=439, Tr|Et
=334 <eolu], TRTIEL 200749 Bl Ae WSS
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72 6-43]  HRMRIHEYIP=0) AR izt 27t

AEAJAE 7 2= (& 6-11)3 2 2 FA@l)ol J-8=+= 397t
50.2%=2 7F} @a1, olo] EA AA|(firm-specific=44.5%), SMEs $(3.2%)°]
o} J1Eu B4R} Bl wske] Ak Ao] Hfoll= £ dAol H8E= A
7t iAo s Hot
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H6-11) HE A 2F(Hligible Firms)
firm- | location- tor- tate- state
TE | all {rn | JOCAHONT | SECtor™ | g | State trading | §4
specific | specific | specific controlled ‘
enterprise
IP=1 | 4,097 | 8,693 90 67 392 34 0 13,373
IP=0 | 9,937 | 3,738 129 242 | 512 28 3 14,589
A | 14,034| 12,431 | 219 309 | 904 62 3 27,962
7N FB(Intervention Type)H= 9] 1071 & Uehld (3 6-12)2F &
o} 4R A T vlAdAR Ao sl Y 739 S AR tEH, 5840 E 4
|5= 592 financial grant (RIPAY), state loan (& A9), loan

guarantee(F-Ad3+ B3), tax or social insurance relief(SJ5F HA)) solct.

(HE 6-12) i S3(Intervention Type) 22| 1074

AHARF(IP = 1)

HABA(IP = 0)

Financial grant(3 A|<¢) 4,253 | Import tariff(GQ ZHA) 3,429

State loan(ti& A|¢) 2,141 | State loan(t& A ¥) 2,019

Trade finance(F<=8A%) 1,278 | Financial grant(A73 A1) 1,242

Loan guarantee 695 Tax or social insurance relief 648

FAgER 3) (A5 HA)

Pubi t localisati . . B

ubie procurement locaiation| g7l gumpingth 99) 6

Local value added incentive s -

(EUAE olIE) L) 638 | Loan guarantee(¥3-JATHZ) 573

Financial assistance in foreign =

market(312IA2 AR 22 | Export tax(F24) 2!
. . [. HE 2]

iﬁz? ald, unSpeCIfled(E—? fe) %7]— 472 Import tarlff quota(fF?J 51‘:1_/\1] ‘62—%—%:) 477

Production subsidy(A§AHEZ3) 425 | Export ban(& &X)) 457

Tax or social insurance relief o Internal taxation of imports 346

(AT BA)

el diRt Wi=Al)
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H

Aol f-2ly=HImplementing Jurisdiction="Republic of Korea”)
Q1 A [T 6-44]9142F Zo] 5 8714 &<t & 412719] FaE EHSIHU L
H, o] & ARIBHZ 49.3%(2037H), B4 50.7%(20970)° 1tk

[12! 6-44] A[GHZISHHO| CHEHIZO! Z4Q KizH 74

Total Number of Policies by Year, Implementing Jurisdiction=Korea

—a— Total Number of Policies Released 199

100
0
a

S a0
°
a
s
o
5

2 60
E
=]
=z
E

P ap

20

T T T T T T
2018 2019 2020 2021 2022 2023
Year

|2 6-45] ARBISITO| CHSIIZON ZQ (MY, HIRY) HAY 7id

Number of policies by Year

| —e— WNon Industrial Policy(IP=0) 6!9
—&— Industrial Policy(IP=1) 4

Number of policies

T T T T T T
2018 2019 2020 2021 2022 2023
Year
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(O3 6-46] AREZSHO| CHRIIZQ! AR (MY, HRME) HHO| HIZ

Ratio of policies by Year, Implementing Jurisdiction=Korea

0.8 o
7 = 0.78
== Non Industrial Policy(IP=0)

—— Industrial Policy(iP=1)

Ratio of policies

T T T T T T
2018 2019 2020 2021 2022 2023
Year

vl dEeE ARl AL [I" 6-4713 Zo] (support,
project, USD, KRW, million, billion) 5-2] ©@oj(E80c] Z3h7} Eo| AREE

AL Sl

[ 6-47] ARLZAHO| CH3IIRQI AR A 9| = S2RE

Word Cloud for Descriptlon with IP=1, Implementing Jurisdiction Korea

sblinsee rela t ed

S_

orean Gover nmen

% g t L
global ; -=, gy i J'E::.rt Bank o
st | exﬁdrt g_
KRW I rllllon fimdi related“State  ®1um g
Guarantee % WM
U S D i & ]' ]- 1 O n Qchnology J :
ateb l]. lOﬂ 0.& g spec1f1cally
p ‘ ' flnancmg ReRVES
South "Korean wplease see

related intervention= - "thNew Deal



Seltete} vl F0] AW A9 107 S0 wTIHY (E 6-13)
2t elUeks RS B3, FolRg A9 5 A NUe FHoE 4

)
ok

N
ultl
N
ro
o
o
e
ON
Y
1o
ofy
o2,
i)
4
=
)
i)
ofy
A
15
N,
A
o)
s
ot
oX,

A 2ok =A AR AdRe Leshd Ul A AEAE Edsi] As) gF

A A G A AFY] e ALE AT FH sEe v Wavt Aok

H 6-13) o=, 0=, =29 &9l 1071 F2Y ¢ HlW

gk B %=
MY St Hj% MY et H% MY et Hj%
BAdet BE 19%  ZExg Axst  20% AR Bz 88%
FoZ8 Ad 18% YA 2T 13% g ol A 1%
27 AYEEDY) 16% A Bz 13% & AY 1%
Q A EX

ML AL 8% EAZE AW 10% 39;;%3-4 ﬁf{%}@ 1%
EEE] 8% Aol v 10% 233kl S 1%

AL &= z1E ol
T 1]%;}1";0}“ 7% A AEAY 8% WL AYUEEH) 1%

olzel 13 Fak

A HEe 4% & A 7% go 5 ©of T 1%
& YAlEE 4% =7 ALESY) 4% = S /AR 1%
Aol A 3% S 2E 3% 4 A 1%

ool M7 Fp
A9 @ 264 74

Z A9 1070 0]9]9] 7EF £ HIS2 S 1%, UE 11%, 3= 4%

EHEx 3% 2% Y e 2R 1%

ra
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G10 %715 =gt A
g TH-AASIAL B=] FHLE FHof qiE3h] et Ay S w=

Al AABEAL Ut

Sefelo s Fu Relgao] oS oS BASIIL AAHS] TR0
A% gt Selvet 719w 99 ojole HeHoR S Fei
2 vlgiska 45| Algstolor & wolth. 53] WY SAR WEEE FAS B

A5t ofo] th-gstHAl M A nlEE Attt A Asin gy E N
o] Qs

2 oM S7HEE IREe 2=2Y 57993 dHolHE GTA(Global
Trade Alert) AF]E0lA $23(2018~2023 )3t ZH=to] 2 &S o]
Sto] A AT} HARIAAS A ERToEHA wid HAc: A¥s 8
o5 FAs= Wk AlAISHIT
A 2 ERE Slol Rl A =shs HAled 7l 2XAE &4
= o8t AlojZlH Fo|BEF)stlon, shgof Hagt 2,000719]
£ 9A 3 - EFoHnh ARt v ] B Awrt 5o o

2 Zgoto] Ay AdS P H, o] F 70%(1,4007NE EHl AME

Skal Y A] 30%(60070)2] HolEE ol&ste] EE Hrlstlch. T1ejar 2hd
FEA 2 27,962719] HolElo] s EF2dE ¥t B7lsklt

71& Aol oot AAA A (Industrai Policy, IP)ol=, ZF y=te] AR7F =
7F AA A 9 QP oA AR L] WSEE kS| {8 TRt A Fae
of gt HF A= AAISt sk AAS Qu|gith. ¥hH HlAY

A oo

mlo

2y
l

[©)

)

4>
|

o,

o
I

67) https://www.globaltradealert.org/latest/state-acts
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H

A= AR WSk P95t BRETHE A9 98 9 ARBIEAA 2
SolA A3 At AHE Yehdch AR BRE 93] gojg £ ¢ 2k
2, dlojg X2(Ego] 7}, E23}, TF-IDF Fd A, dlolg AR, nyg
1 57}, stold mehulE 7 B AX HFHoR n] hlgH vlolE
A& AP FPotal 1 AIE EASI

. 7] Baseline 2EAAE 3|AHEA 2Fo] AL &5 Hlo|gof gt
99.79%, B7F tlolE o] et HEr= 85.33%]H, N-gram T4l
73%- B7} vlolElol gt FE=rt 88.17%= thA WA= ST B A

(million, state, support, government)g= ©ol7} A5 AREE AL,

) l‘-Oo?ﬁld l::.?_l-l)l'o
MO 9 ol o, ol
o o 1 A ;“'“
woar oo jm

o

o5 -

od X

2
A
o

9] Foll&= (firm, foreign, financial, export, products, subsidy)7}
T2 AEE A, B4R = (tariff, import, related, duty, see, loan)2]
o7t @ol| 23 o= BHriE I

P Eo] QA 92 Aol et H7F A3, 2018WRE 20239 897HA|
T 27,9627 HA 5 4G Ho] 47.8%, BIAIAEHO] 52.2%% EREILS
™, 202092 A2J(2020d0]l= H}4I47Fo] Wo] dig)starl Abdd A} vj4k
FAAO] Hlgo] A= H|=slth. GTA A B7Hell 9J3t Red H#(A 2] gHsHA
o2 U2te] AdE oS ApEdho] 79.7%E 7P Wolth. =7HEE Y, S
o] 2,8947M& ArABAS] 7} 7} WAL, FE olo] wl==2,336, =¥=1,039
7N, ol=Eot=064871 =olH L-EjuztollA Wt FA2 203710t} ¥HH, =7}
HE e Yol FAof o5 JS e =P 9= vl=ol 29271 71
Wil FE o]0 $=236, F==224, =L=19771 <ol U= 9071
Aof| ofsf 20239 8¢ 7€l & ThE U] AR HAIE AL = AL
= A

B IR FAE & W, =7F AolA FaE B 7 69.5%% 7MY B
31 NFI(National Financial Institution) =7} 2§ 7|34 17.9%2] FAS
AAsEAT. AE dAE 2= e #2oFe] AAlol sigE= AAo] 50.2%% 71

=
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W, o]o] B AAI7F 44.5%, SMEs(Small and Medium-sized Enterprise)
7b 3.2% <zolth. Aol igtHE jAY) {FBoRE= ARIEAA (financial
grant, state loan, trade finance, loan guarantee, public procurement
localisation) €0 & o] wo] TR E o HJAIAHR o= (import tariff,
state loan, financial grant, tax or social insurance relief, anti-dumping)

To2 PrHE



A7d 28 2 A 185

A7 2E 9L AAAE

toh

. 83 Nt XISTtSEE Rlet AAE

Ol5EAl AFAL oUA] AH|Z ISt OPEX(28H|-]) &7}, 2474 Hi&y
HH= A 738k ESG(Environmental, Social, and Governance), IA Al
7HA] SO A e 3HgH SHof TAHS 7HE 5= Qi o] T 7P AL T

o] e FE2 AL wiEol. olFsAlie 24U7kA HiE A4 BSG S

ot

A
29 feolwA] Ao Atk M) HYE W 4 9lof A= Telo] Ho] glet.

oJFEA VESZS oUX HRE 2e)7] e AFEL A VESD A
#el2 B3 oA B P, 1= WX % Sheglel T4 Mo B
a8y B AMY shegel Le 9 284 Y, oUA shad 9 A
$oz FEE

AGANAL AlS BEsto] EIY 4P BEHOE B ofF 7}
A S24S AAST 9l o] ol Uk, A SEgolE AASAL §
NG Ak SR AN 20 ZUARELS 27} oux] &gl
YEY $2HS PAST Yk AOE Holbd|, S, 8% 5o AEAE

-

I3 ofluA] && 7]gol AA Zv] 9 £FA42] A Aot I VA=

fo

SFTAPE FrAzARIA 9T v e FRE A F 7R Y
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B 5 Sk A, BAFAR A OIEBAAPF ofilH] 4818 Fol 1A oA
AzAS] 73R 9ol o] A9k oluiA] B80S
SI5k o] 7l%o] FAY Folw, Y LTSS WA BT A9 ABS TF
A5k oF KA ARARNA ofif BRO| AFLFE

LT pEolet A% AP H2 TS ‘1% 2 *X]h %

o]
A, AZAPE U =7k @4 Aol et A

T 1o

el
55
)
52

[o
o,
o
=

oo
_>‘~_l‘
2
Fll‘
mlo
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b
£

~
o
i
i

2. Open RANZ: AIXzHO| CHH|SEZ| 9ISt TRIAE™

u]=+ Open RAN AFAA AL 2}=10] A AR 75t A 22
a‘q A %ﬂolu}. uj@e] BEL 20| g

rlr
2
H
[
N
ﬁi
ofy
Hd
£
il
a
)
<
o ﬁ o

2919] Ol%%ﬂ LﬂE 2 gule] 2 AR B3] Yeno e n)3 %/\71
9o] 27] %42 7sle] 7de] & 4 ek, E3F Open RANE 0| 5EAIHe]
4 e 2995, oK, Sojgor o4

mlo
E
1o
o
)
o
f
rlo
rULU

68) 2 de E A9 F7HA3HE91 KISDI Premium Report “2Z#W(Open RAN)T:
ol5EAl AFAAO] AT (A, 2023)2 EZ X £435t0] A2
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t]=9] Open RAN HHLS
71315 A & At 9 vl=o] A SO E Open RANS 8514
AUTHH Open RANZ 4HRIAl A&2] 22 #F0| IESE 2oy, 7|&
A AA Y] sk 22 2% 7FsAol At s34 AAEe
A AZAA7E AFS AA87FAY Open RAN EF3HE F58 7Hs4do] A,
o554l HIEYA BH] AAY A F=7F A #sHA] S Aotk &,
Open RANZ 33l IF AEL A8 AZ 71| Aol S5t @42
Ericsson, Nokia®t Huawei, ZTE 49 §4 - F=o] FEsh= AAol= &
Hal7 QI Aolth. wehA vl=2] Open RAN A& /345 49 7]
Z AAIE thslele s FA A o2 x| Ush] whzo] vl= %= S4 Ax
JAol= 7182 A5 o Sl w=2] RAN A df-&°] W2ol= Open
RANO= ?Isf| ul= RAN A|2AAY] vi&2 202049 HiH] 20229 60% 5
7FVek vh THeiAE, 2023).

JH]E RAN F50] o584l AHIA AR Z1QJof Ao lthd, Open RAN
of o3t RAN 714 Qlste}t S5 ARdAe] High & ot AlAIAARS]
AL ° dA sk 895 yehd 5 Stk Al ARdARL &5 SEREe] B3
o] JAY STE AR FEE ASFE 4 e Alat ARIAIA Open

olx
B
é
N
A
__>;I_5‘
o
2
=
o)
[e]

i
R
>
A
>
)
X
T
Mo

69) Amazon, MS, Google & "|=2] HH|Z 7|HdE0] S9-L5, Al € dojg] 5of o
gt 229 FAYEE SEsk e A%
70) 71& A=A ZAAE= proprietary vRAN 52 53 RANS Z33}5t] Open RAN

o Age AT 4+ UL,

71) Pongratz(2023).
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S 7= 7150l E3F Al A=
2R O] RANTF 5510 o] HiRES S5 ARIANAl o&sHHAl AR
= 99T = Utk Open RANZ 7|E o|5EAIANIA Fesk= FEo|H,
71E olFEAANAANE FY HAHAR] Aol P o] AdRo|Eng V& oF
SAAIAOIAl Open RANZ S3H AR[AZAA R0 gt 714 ddE=
27 siF= Fol 14 7FsAde] & & Utk S 7IE ARAAY] ] 7HA0]
0] oIt 71E AR 5471999 Open RANETH 7]& A2 A9
proprietary VRANZ AT 7}5/do] =tHoIAd, 2023).

H]=r Open RAN 4t &o] 35k 749, o584l AR EA Y Hglo] ¢
& 414 Aot} v]=9] Open RAN H=F ] AZ5l I:}U% O] ZE AR} ZAl0|
Al AL 7I5ES] SER-E ESE AR SAHCE o|5EAl ARIAJEIAI9] Hgdo]

ol &34 Zo|t} 56 ¥ 28 55 1:‘r IRt AH|A Al5o] A4 @4l
et ST (AA 23 ARRe 8%t FEI Qlon, 71E9] o554t
A AAH o Z STHPE HIZUAE ABolAY 7]E9] TS AR}
S 43}t Foltt. 5G9 B2B E= B2C AlolA 53} AlHIAE 7SR &
gE A-&YE ol8sto] AlFsfof sh=tl, AL sl At T AH| oA
Aste HolEet 15 B8 M= 7HA =it olof o]EE Al ARIAE
RAN©| tfgt FA R T= SER9-E/AL 5ol tiet £t E8S AsketdA 22
S AAETO] A ISk gloH, 7|&9] St RS A4l A
< 7|9t22 Open RANS &9 o584l AH|A9] last-one mile°] FIE
= A7) 71E 9 At ol s SAAReE d8e B8 A= dinlskal ot
(&, 2023).

o= v]=F Open RAN AFAAA Q] AFolle= |7
of Aot 7HY WA H == 98 AR HlE2 ARIARHS 5 A R 5
= 7199] % 229le 93t &= 9l=rlolth. Open RANS 7|94, &
O] 554l AH|A ARIAIL} ST ARIALY] AMRYA *’Jﬂ*éoﬂ ofsf| 2pFA o=
LA g om ARIAIY SJarargel wet gt o it AFEH. S=52 T8

9
)
Fo
i)
o
it
o)
55
o)
)3
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ot o g AR SHolA wl=e] 7204 olgdhe FH=E A =
HAH o2 AT = Ao, AAel= E76tal 7ol AEARl o]efo] ¢l
thd g Ad=he] A&E7] ofHE A
J@o] -4 UESYA AZAA|(Ericsson, Nokia 5)°] B $9E AHZHe=
fehelele JEE A 7] Wl v=E AXSke = AT ATHEAE,

i)
i
m
ol
o
¥
rlo
=
A
1o
O
o
o)
=
>,
e,

B, 3334 29 o]l TF T oA YE AAPHOE FET AFS A
A Hzol AU 5 % AAA] it SAE Uk AL AurAel
Q) 23 3T, BURA A4 Y, FNHY o9 AT T &4 59 TAH
o sk, AYMe] AL HA| Mo FYsolor S, STt Fel vl
o AAEol: WFA WAsh AH |92 AVIS FAAL BBAT o]
598 9ot ek oIS S whEAlet Betol Y XN PO A A
3hgo]7] thEe] Aol WFIA eka AR A A8 FAC: 25 A8

A 715 B, 4] ] Algt 5)o] Z3HE o] Arh= HlEHAtkinson, 2023)%=
AR A, 2023).

=
T

e

AR, vl=9] AJEAL olseA FA 9 29U 52 WFHAL sk v=
H FH=Y ol s AR oo F-gls)
] AFd2 oF 3091t AT s 9 52 53 A 7H 29 A A
HAIE T AJ”elth. Open RANC] £4+ Bl 29|82 dHAE + ATl o
u, o] HiiA B E WS, ol Al F ALFeR Q% 3
Ol S EAINAATS] FHIE SHollA A= ofHE & ATHEIAE, 2023).

A, v=e] SeE/AL 5 HH A 7199 FAE0] oAl Aoz Aol

€

[
H 22 FYRo] WolEY 4 i AUA ofiolt. B3] FY9
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YESLZ Aol Open RAN A3 o2 okl & 4= Q= Ao S+%-
T ARG ofn] =] HlE|= 7]dol ofsf #pdstE|o] Ut fE2 EU 22+
T deo|AAE Sof S2H-E9] AAY A3k 21725k gloy Ago] ol

< Agolct. Lyt FEte-E AAY Foe FH5k= ARolA vl St
L ZAg0] §% driHe A2 Il Aol E2A 282 927t tkelA

_I

O, o] AP A Sl S AFRIT A HiAIsHAA] de-facto #
& UE 5 JEA] oFolth O-RAN allianceolA] UFH-2 0| de-facto
7F "o s 9 =2 AR ol ol8she A2 B ofEE 4 Slth
O-RAN alliance= = YAIEC] v ofstal QUaL, W2 AlFe] SA1EL Q)
ou, 5= F T AES Aok BFE AlASH BiAIsH = o2& Ao]
THoAE, 2023).

AEH o R SEyet= =] Open RAN HEHE& A3gat Al =W A
o B Aot A FAdof Tt vlxdh= oHE FEE VMo g She 5
=o|H, U7t HEHT Az A4dY FIFARNs HollA ml=19] Open

N &29 Ash=s fEAE f=21e 4 Ak oyl vl AR 17t
A= A Aol A2 AEsH S HiAlY] 7R A 4 JleHs
1 7IRE B9 =W BAEE £2535] A3k vt o s $419 Open

N @83} E0o] = Open RAN 4Fi9] HAE s 915 AdS AT
27t At P59 Open RAN ARIEAEZ = FH iR A=A
FTE= Adsto] 2yt F47199 719ld 4= o, EEheEet AnEY
of AAYS 2= vl= AR A= o] AelEe A4S 2 AY A=
o5 4 Aok weEbA W AXRAA, 55| S4 AXAA Y] stede] d AZE

Jl—}

er
1 12

i)

72) EU Z22& dato]AA(Alliance for Industrial Data, Edge and Cloud): EU=
2020¥ ‘GAIA-X'2He W7t & S89E A8S FXPAT S8 7|& gt
Sato] Azl HFslA] 53t Aog Wrhd. olo] 202149 10¥ 277) EU 3|¢=o]
TEOE QA SHFEE FEHAE T AdS I3
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ol AR H3te ol MY B2 AESfoF 519, o]F fsiAl= RAN, CN,
STH9-E Hof HW 2 SW9| $4719 AR 71t &, o]F 7|5te= FA]
4o XY AFo]l £YE £ J=E A HiE RS vpsof oh, FEtE
2 ATEo] A AAY A3HE AT FHL N&H o F3lolE, o84l
Aol AAE A8et 4 EE o A7 E AAE ukiE 9a 7t Qoo
Ad, 2023). ESF At o] 5 BAIAAAL 9 o] 5GOllA F47]99] Open RAN
ggo] ZAokE = YT A Ute AET "art ok 3] AR XA
ARE] A9 FEFo] RESl] i AXJAE EFE 3F5HA F 754
o] Fug Y F4& AZRIAQ Open RAN T2 Aol IH(AAE,
2023).

3. LAEH AIZA2| AARE

2018~20199 vwl=3 F=9] difti FIAAS AFCER Hiolz R
IRA(Inflation Reduction Acts)7FA] 11E-7}71] 1]
Hsl7] ARt A Aol A& E T . F=E o] )
o, ICT Atdelut A7) wigl] 41} 5 vl HAY 4tde A=shr] St 4

A

o £
olo
ol
ol
4 (lilo
g5
o,
):‘.1:11
o
>,
o
ol
ol
3R

A A&3A AJstaL glom, A, BU 5k A= A9 Eo 3 £-8-2 919

ARG A5 Y= Agolth. 20108t) Txl, v} 4 FHoR 3
AL A2 Siolt EWAQ] Bxo] Ggtort, 2 B4 Bul o] 7}
= F49) 224 IFYS AWk A% Ao Bl A7 APAA
A0 A9, W Aol Hobd wole] 2R FFYS Frsks AL )
L olglg Ao® Helth I Aol tiet AAATE B, nlF F
= ZH9] F2A Ao B 7K G AAES 2 5 Ak vFn F3
o RojEAe] WG ATE F2 U3 HoElS HFOR & 0T FHY Aol
o, FojiAge] Ar|Hoz Al nd ANE obx Y 4 gick. Tt 2
T )% RoEAge] B ATt WA A P1H Fjo] T ATZ v}
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oz fofst NS B2 4 9k

7 ATABRD) L BEF 5 A $434 A% Ba
Lane(2020)2 20109 o] 1A] AZEA ATES PP EAl] =%
Ho] JEolE B, ol5e] B4 ZE FulmAos WolSe] JRAYo
gt olshE old A YREIrkL AT 20104 oldY APATEL mEw
A4 §4S A AP A, B2 2 A4 g
F Ao® vehdth 1o Lane(2020/2 Sd AT-50]
A e BAS 1 4 glor], metd 43Ry Fie A=k

T ol ARdoll AR HYSHA] e Ae ARske SR 28

i

rO

ol Lzt E3lst UL ke g 3 2 AAH AT Aol A
2 94

SH29] AdAAe] UEe AHIE AFISE AZEH SIAUHKim et al.,
2021; Lane, 2022; Choi and Levechenko, 2023), Kim et al.(2021)2 A&

Frz AZEAD Foet S99 S48 F0l diste] v]A] A&(micro data)E

HjgoR 4% HASEI, F31 3ol et 24 @ BAF A9 Fao] Z9}
3 Fjo] Yot ] ST AV SRS YAk ofe 3t 3Y
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