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Y(Internet of Things, I0T), =4 3-& 1S (Urban Air Mobility, UAM) & 4171
& ol 2] st mel Aleel Yeiek G WAL glE-2 AXITHWER, 2016)
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N
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0 (BAXS, 6G IIoT Z2AE) Zf=7 AH7]¢ 52 2019 43} Ahdswg o] A7)t
7ol f-2lel A v Al v G 55 alEste] AT JHHE 6G

Summitol| 4] 6G R&D ZERAEE ubrsh

)

FH-(ola} ‘TR 2 Sth & 202837 6G
ShAu] 2 7RA] 20308 o]F AEAl A7 6G
o

o= RGN, 2021)

o ($-guv, 6G loT AAHES}) 7%
X714 A3k 20304 6G ToT

[IoT AR 7N E HRRE dh=

do

S

G 279 3+

o (AtdEd, 71dAHF A A) 42 2 A1 Alo]H &2 A2~ Bl (Cyber—Physical
System, CPS)S 7|WH(NIST, 2017)2.2 6G AFdg& AMEQIEY, A AkIQlEly

(Industrial IoT, 6G IIoT) AFHRE S A Al 7|=A 2 AASHE A A NIST, 2021)

0 (R&DVEHYA, =7F3A A1) 6G FF-F% IloT Z=rEoF Network 7%, 6G I[loTE
9% Computing Infra 7%, 6G IlloT¢ A=Al A5 AMu)~ %7] A, 6G
[IocT-MVNO ZvfAlg-2] th7ibgd et vhds), 4445 A A=, AlolH Het
Az AA A Fol agk o= Ay
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@ 6G IIoT A|2E AdEd 4 Y

0 (6GIIoT A% F&) 6G lloT A2l 6G $417]&(WEF, 2015. 2016)(NIST, 2019),
A71e o] Anp7lES wkedste] 6G MoT A28l BEA28(q,), A2

(ay), AFOTHAI R (g) &2 Fratal FadAY= 722 Fdd  Us

il 6G IIoT Al2H

Physical System (a1) Communications System (az) I T System (a3)

6G Industrial ToT(IToT) System and Service

Access Network Core Network
Retail o
Fog Real-time Data Transfer (RDT)
01l and Gas gy i Platform
\lt J Storage
Manufacturing Network Aggregator Multi-GW (Big data)
(Satellite)

Healthcare
Analytics

(Machine learning(AI),
Statistics)

: : Ints 5
Real-time Control, Insights (RCT) i

v Information technology (IT)
+ Enterprise computing

MEC
Transportation Sensors

Devices

Actuators

Bl

Energy and Power

)

v' Operational technology (OT)
+ Embedded & industrial systems

+ ToT networks * Data center

(&
B
|

+  Cloud platform
Cybersecurity (Privacy and Safety)
I 6G(post-NR). Satellite. Wifi. Bluetooth etc.
i 3 M Cloud Platform Provider (CPP) : Data collections &

Ducts. Poles, Pits(Manholes). Sites o & Analytics, Application esiablement, Device &

. - MVNO Connectivity management

Q|| Fibre cable o Network separation*

6gNB*(with satllite terminals). RRA, BBU, ONU. OLT Switch. Router

* Functional sep . legal sep . structural sep for ducts and poles sharing (DPS) etc.

** Node B at 6G network

¥ Z3]0 EC(2020), NIST(2017), WEF(2015. 2016), #7]8%E5(2021)S npgro = 224,

o (6GII0T AHIED BH) 6G LoT A8 719 AL EAA 28 () U
E92 Qe 7529 FAG gt 2 4714 SHoR ART + AL 66
[IoT At Ede] sk 6G MNO(Mobile Network Operator), 6G MVNO(Mobile
Virtual Network Operator), 6G [loT AFAAFES Industrial IoT AH|2~ A A u}e}
A7)V ST, AtEEAY) AMEAGRSAIH () w2 WA E B (Negative)
T ZAE| B (Positive) ¥ FAIS] 8-S W

ii 71&=A 2 o] 2021-10 @O




i1 6G IloT AP ==

T Model
6GIIoT

Retail Oil and Gas Manufacturing Healthcare, Transportation Energy and power
a, | A 1H Duct, Pole, Manhole, Sites, Fibre, ONU, OLT Switch, Router
as R&D Bigdata, Cloud computing, Analytics, Machine learning (AI)
a | T = 6G MNO 6G MVNO
f+ A 6G MNO 6G 1oT-MVNO
as | & o 6G IIoT
B WE | AEAN, ARIERA, AR AREAEOR), AlelReb By (1)
e A= TFAA, =riAlE, 2258, ARlAlE, A7Fg
AF Uh AvEel o, A7k M e )
Awl s AEAAN, S EAEAN 2, AR R EAAN A1)

# ZA: 71T 02DE wHges AL,

0 (6G IIoT AFFAFA B 2) S-2vhel 782X H T olA 6G ToT A4 AFgAES
BAAN 2 (g,) AT (Infra) AV|HEAF B EA] ofF 9 gfRe] Aol )
MNO, IToT-MVNOZA] LA 55 B Aals Fato] EejARl(q))olA #17]8t

3 )+ Retail, Oil and Gas, Manufacturing, Healthcare, Transportation, Energy

and power 52 AH|2E AT 7 &
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i 47t A48 ™ A 6G Industrial ToT )7 =4 A eoe

X

@ =27 66 10T BE AR BATT 2

o (A=) 6G IloT AR d & AefA 2=ALS vlgdaga4¢l 1IC A4 (Industrial
Internet Consortium)©] X33l 5. FAA 6G [IoT-MVNOS! A H o] ~X(Space
Exploration Technologies Corp, spaceX)A = EAI71A]7]13<¢] FCCEZH-H 2020 99 &-2]

il =
BT AEORCNN, 2020), A= $14EAS S5 F JAEHUAH| 2 AlE T4

==

2 v 6G B4AV]E 2EW

2021-2023 2024—20: 2028—2030 2031—2035 2038—2041
White House
decided to invest
$2.5 billion in 6G
R&D. Suitable solar
FCC proposes new drones & 6G 56 deployed
above 100GHz for near orbit
o1 1 . standards at under 5G gone
R&D ('21-'24). satellites up o
around 1THz 200GHz ('40—"41).
ATIS Launches for 6—8 years (30—'31) (132-'35)
Next G Alliance to at a time ' ’
Advance North ('27-'29)
American
Leadership in
6G('20)
&
Widespread at
low
link 1 h Limi
Sta.r e fow eart. imited THz('31-'33). Batteryless
orbit satellites give deployment . .
Widespread devices
nearly global USA, Europe,
. 6G standards . deployment at commonplace.
coverage. Practical EAST Asia . .
L proposed at around 1THz. Directly—internet
system & circuit under 1THz.
evaluation. s of sub 6G networks Many ~connected [oT
V. . W
1THz('24-'26). . . end—of—network nodes can be
140GHz ground will be in . .
. devices have deployed in
being development supercapacitors billons
i .
tested('21—-'23). (28). pereap
and no battery
('34="37).

¥ 23] enterpriseiotinsights(2021).
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0 (=) Ysr|eie v 6G 7)< 1loT A28y A%E Ao=Z Bil 6G R&D
A 97 2FS 20199 AHekaL, 2030 JE-3E HRE R&D #5515 2. &
A28l (g, ) 9] A U] 2 (Transportation) AFg2F 7191 A7 @ E(Geely Auto)AF=

o
AAH TMoT-MVNO ARRIRIE 945N ZRAEs A5k, Fd= 1090e

=
QiAo g ES] FAE ANE A4 BAS AAT A
Z 3 T3 IoT A/ 3574
=5 H=72) UEE) il
J|EBIAl 012 « 0i=17[3} Ol CHBLO| J|1x o1
ahat 435t
] AODIETHEZ| HAM - ojz
WD 25 56 2OISSIERl 28 156 loT 91,
22RE &5 ol
— iz It = . Zpl=ZzS ir
%ﬁol__lial' FAIIDE A . ||O-£ EE/H;E_:I'Lﬂ?  HER=Ze E%H%_E, =
7= - i Soll ME ohMEE MM - MH[A KS 2t
Hlole =& = =7t loT BI|0[E ME A7 i
A3t o] TE(xIof 207H, Al 1074) £ | x
Gl KIS e —— - FHIZUA, SH7IE 2018 28 loT A
=0 95 Sl EE spu N
el Mo zre | S B - 2t RIXAOIA 0T UHE Fg 5 o
- < oHX| =Y U= MAAY T[X] AM o
- A SiEoE S2 ASs MEEA, o
KM - Hot Zt5t | HQoF 245) CHXIZE iAot S8%0l 7= Mu|A &3 ~
Alrg) P <

¥* = TEE(2021).

&

0 (Y7) 6G 10T A28l ¥ T2 47221 Ofcom 20161 1149 YA A A
(Digital Economic Strategy), Ofcom®] TJA|E %A1 2]H(Digital Communications Review,
DCR)E HIEo2 UESL A ARFAR] BT Ak} o)z SAIA 28l (q,) 441 F-

ol tiste] BT—Openreach®] A igl& AAsA+

o (EF) NBA FAH= 20161 10, ToT &&o] 7t F2lA28(a,) A5E 9
gle] A5 4l (nbn's Sky Muster satellite) S EAFsle] 54, HFC, 4%
TE AT g A HAS FAE 719 NBNAF A4 9484 Ao m theFst
[IoT-MVNO AtAAFEC] FAIA 28 (a,) AHIE Telstra thH] w2 Z=vjAlE o
e AL BONEN0) GRE AR Qo ANSE AT S 3

Ko
T

o WwWww.etri.re.kr v
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0 (Y¥) T2 20161 d5F 6G IoT Al2=8lS din]ste] 55U Industrie 4.00] W-&-3h=
MAoZA Society 5.0& AASFaL, 2017 39 Ea]7} CeBITolA] Connected

Industries#h= 719 S AATH(EFA, 2016.1)

WEA AE ALAAR T L AESbSe el o
I g AT 48, A Tks 244, gz oA RS aa
: ERIESU 28
ol =l Apar ¢ks} A sfa
_ = E 100 4 | 10,000  Hlol2 | 1,600
. A o] * *
) 90 180
(30, $B) . . .
HAdgl | 1,000 A9 | 1,5000 XA 448
. ) 25 b A A A7 3 .
FAFA | =R SUMEL | sk welws oT 4 3 CRE

) e A AE TR 9o

¥ EA RFEEL(2017).

vi  7]EAA o4 2021-10 @O




© 599 66 10T B3 AP

0 (6G R&D 2 FAMTE, RIZFE YEHT F2b) -ejuah= 2021 92 A 7]%

é

5G ARl A= MRIFER FACH Zo] B BRe) Ggoln, HRE o *
N

ek FAF R v Zof HIEA AFRe] nhdEaL QA S Alow ddy

ole]gt Fx} Bl VIEL A A Aol sk« oW 6GIoT TAIA=H(e,) R

(Ducts) 2ol #3k 3pA Alleh 22 shfjob APt Al =7k o] APd#Ql oS3
AERE tixjell SAZE Al 2 Aoz ®Bel o] Al]WAIAR(g,) HlElolE A
B -] Sl tiste] Rz Igell &I U ok Aew diet

0 (6GS} AEA 2u=m U, AT AY 2F) V=, T, = 2028~2030

Aol 6G 483171 2 5 0% 6G R&DE 1 7. Selvehs AAE 94, 2999
WAR7E 2031, 6Gi= 20281378 73-8-3F Al 6G 943 EA1S o8& = fI7H, 20310
6G 1982l 7IWk Mu|~7E A Zlom A

0] QIAARINA 914841 HIFo] A gli= AERl 20213 69 dA)] o] 5EAl 94
FEA AA 7HEAF Tl Y1354 vl 0.02%% A2 Ak o] A = A

0 (6G Industrial IoT X T % A3 \A v F) 73]+ 2021 49, A=A 552

A% W B Astel PEE 7 F

AFEAREAN B 3 71?3 Xlgl ?ﬂbfﬂ A}%Xéi%ﬁ Al 2
HAMAID A (QF A23ZFF-E] A25F27HA]), A58 AR RS -85 7] AH]
A ©EA Hg Fo] & e (3], 2021)
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0 (6G IIoT-MVNO =mjAlE, Zufth7t T Adh) A3, A7 Aol MVNO=
ZIPEAAIALR, A7 A E 2 mulAlF (P A138%) 0l 2Eke] 4G H 5G MVNO+=
5G MNO®] OLT Switchol] 7|4 o2 1E3ste] A7} el wha], F=oluljit w2 <]
CErti7kS A &3k, [ToT-MVNO AMB|AE AlEd = JS
T2} 3G-4G-5Gel Wt =8l Cost—plus, Retail—minus, Bandwidth & t}Fsh
L7 AR A S A AR S A AAYIATE HEE 5 gl 10 o)

q
WAoo Ageka 9lg

O (6G Industrial IoT Alo|H R, AEEZELY $H4)) 6G IIoT Al2=8lS Seamless Al
719F A4 ZF7F AR o2 Ao FA 07 Qs I7ALS] n| x| = JEko] v

[oT Aol &8kl mhs A= A5318, W43 dges B Zopd di

tjuHol gA7F s AoE HS
6G, 915 H IoT 7ol A8d e, e, A8, #% Az 9z 5
(Accenture, 2015)°] T3t =) A A7} F-=3t0] Alo|yA|eto] MY = = 9 =5

&
EFJ(153) wiell F-31-d< 3+ 113 gstisol oh=7F A=

=

0 (&3) 6G9 AAEA 2= EAX] 2 AN AEHA A&, 6G IloT JEF 4
A3 HA| 7=, 4G [IoT-MVNO Zrjth7} A|g 6G IIoT A7 ZAIA 02 H
ZutEAE] Al HA TE, 6G 1oT 710l A48 33, 47k, 1%, 19

5, A%, 982 S (Accenture, 2015)9] 3 T AA = A3} ddd

=

’
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Jiils

© 99 66 10T BEA 24 A

0 (6G IIoT =m0k Network AX Fo] 73} 4%} A& At 6G [HoT A|2~Eld
53k 2028~20301 6G AH]2= AlF-S s8] AAY FAE HEY, I Fe

dlol8 M¥& = 27 100Gbps, 1Tbps7t 7Fsdt A= 4% Fxlo] Ag

0 (6G Industrial IoT Computing Infra 7+%) 6G IloT A]2=8] AJtoll+= 194 Single
FAolA Multi G/W 4w, 207 dag]s 7]k dloly 4, 12lal 3942 6G
IIoT #13F Data ScienceE “&3ato] Hlo|E7} 1S A&std Zql. A&std vloly =
O AgetA dArom Eer2tl(e) W AHI2E Aledt

ole}d Zol A 6G IIoT A28 QA Z2A|2F 312l Big data, Cloud computing,
Analytics, Machine learning(AI) 7|48} Cloud Computing Infra %3} 2935 7}3}3)
Wi 2] wag
0 (6G Industrial IoT YAAEA ARJAENA ZA) 6G 10T Av|2=E= AAE 994 71 949
= T HFE Mu|= E”o] Thsdh v #1438 ] 2
AEl2 A RS EAE SN B8 RS A AN 1~2d 2]

AAE YPAEA F2H A [ToT AH|~ 7|9k 2Ado] FQ s

o)
)

© (6G IoT-MVNO =wjth7F A4 W She)) 6G LoT-MVNOZF AlA4-E &t
thFel ARI RS nhddt 5= Qles dAle] HAI38z A5ae] ‘o] A9 virte] 4
A A H] 0] Aav ol A
AMB| 25 A FEHA] op 3w 5] 3

S o7 Frl = A" Fev) gle

A ESIBOIEA A o]ﬁx}oﬂ 741 4%

3]
e

o1 Slale] 3G, 4G, 56, 6G 7148 2vl7atsl, e, WL, ool Evjo)
ukAo] MNO, [IoT-MVNO A2 719k 27he] 2l vhaky]- - Afu) 2 Fof 4 A1e
A3 2 F09) gel A Bl F|oIShES selok @ Nest U
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© (6G Industrial IoT A% F8ZAT A FE) 6G HoT Al2=Fle] =)A=
(a)), ArolHA| 2] (a,)2 RIZHR £
a8 6G [oT AlthollE= Alo]BA| ~8l(4,) 2] Q134

as
AN, BAANZE(e,)S A B Fo] HEYA FEE S7FEY] 5290

i
N
bl

IR AL SR s a2
v]=r vlo] =2 20214, -8 1 Efe] fiFo] 1IZE Bl Ay o] 1z
AfolB] HOF Extol] tha] AxE AAF L Qe AFel mwt A]xE0] Alo]u|9E
=l tiste] A& slal A5-(The White House, 2021)
0 (6G Industrial IoT AFe)B] B¢ AvjAA A A 744
AEEo] -4 A7MA] AAE. 2A4, 27 v /’\}O]‘ﬂfﬂﬁoﬂ o] W=7,

9 A, o AgEe ee a7

N

AtelH HRE o], AW AA|, RIZFQ- 0573 A77 |3 ApA] Eg, Afo|ERE

WX (57 47358 Q1ze} =2 A 7AAE
748, MAAE FF dSEY AATS & Bt AdkS o} -2 Alo|HEgt 7]EH
A AEZL 283

8@
5
@3
)
N
__>.~I_,‘
re
B
&
i
e 0
hind
J
0

0 (24) 6G AFEFE IloT Ev&oF Network 7%, 6G IIoTE 93 Computing Infra
T%, 6G IIoTS $1ABA A% AMu|x 27] A4, 6G [IoT-MVNO ZujjA|Z 2
7 Wt Ods), 3873 AANY ZE, Aol AWML AA 7iA Fol
gog Aoz wdy

AAN7HA 47 2] E 9] Mobility ok UES T AFAFES] Fsto kg 12t
6G IoT #ok= B A2 AMFAFE9] Computmg InfraZ %3}l o] 7Hlo 2
A7 B [oT—MVNO AR E AU AE Algehe thdst AM9 P ezt A itst
AL ZE A 2=E] A= BT Uﬂ A3 AHSH 7|, JH T2 UES A iof

ARIARRTE AA o] glrkaL $heks7] ue)



g

I

}\1 =

T

(1 ISR

o (X71&71E8%H) AA A A EH (World Economic Forum, WEF)< 2016 4=}
2FASIT (4th Industrial Revolution)S 2JA|8lskal $1-8 A5 (Artificial Intelligence, A,
A= Q1E] Yl (Internet of Things, I0T), =418 1%(Urban Air Mobility, UAM) %
AWeETlEed dol %8 &3 e Aol =gk 4 SF(WEF, 2016)

6G T AAA MoT APFEE 2030 d 10% 639 2, 8 A4 5 A% An] A 14.2%
5 R&D % UEYI FA4+2] 50% S A] GDP(Gross Domestic Product) A74o] v|=r
2.3%, == 1.3%Y(WEF, 2016)

6G 217]%=0] CPSA A28l 3F 8 -335 A48k AR B Yl (Industrial [oT, o T) ¥}
Négdshs UENT BoFel B 49, A4 olERARIAHMobile Network
Operator, MNO) ¥9F ofyz}, thekst [IoT-MVNOT #FiAn| Aty Bl 2 nj2 AdiE
A5 A, AFS], A, 18] a m7F Al~Ee] wrigk s mE F dSs §oE

o (6GIIoT ZRAE) 7t H{7|¢ 52 20194 42} A o] A7]sa) 7]
sl 2o a2 v Aol vA J3F T agste] A=A JHHE 6G
Summite]l 4] 6G R&D ZEAE HFE (IJACSA, 2020)

o

] ZRAENXME 2028Wd~20301 37l 6G A171%&0] &8s AAANE N (IIoT) 3}
QA= A AA el HAE 7S AR A

N AETEL 6G-6GIoT-6GHAEEA thite T4, HMoT- Y%A 244, An)A)
e} FAHAAS Y3 MEYT EujEoF HAE 2 (Legal Separation):
T-ZE-2](Structural Separation), AH]Z~ E35), 18] a1 Ao H QK Cybersecurity) A Y2~

T5 5 6G IIoT AFA54d % &A31E 93k e A =4 HeERs s 31 =

0 (6GIIoT R&D AA) H7AEFE= 20284 6G Al7|e 443} 20304 6G
[IoT &3AH 2 7121, 203010 o] $4dEA AAISE 6G IloT AH|X= A&
EXE 3= Ao FHE(HAER 2021)

N

ARZA () ETRIE 20208 79 5G Industrial 0T 7142 7idslar, 20213 &), =
1125 (Rate—centric Enhanced Mobile Broad Band, eMBB), Z$17Z (massive Machine—Type
Communications, mMTC), 4] A (Ultra—Low Latency Communication, URLLC)S
11313 ZFeMBB(eXtream eMBB, X—eMBB), =reMTC(eXtream mMTC, X—mMTC),
=eURLLC(eXtream URLLC, X—URLLC)9] 6G &217]& Q7AES F+d38h] 918l I+
MER&D)S F F

o WwWww.etri.re.kr 1
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O 279 27

o (AHgRdE, AY) 42 Ay A Ato|HE- A28l (Cyber—Physical
System, CPS) 7|9HNIST, 2017)2.2 6G AFg8 A=Yl O Ak olg|

(Industrial IoT, 6G IIoT) Al =R =S A

AAEAERD-S 43} A S-S S8 0AY, S2-A49A), dAg- WA 1 7183,
)AL AR ] AR 2ELe CPS &, TToTYS A3HWEF, 2015. 2016)

)G 98] d 1 (National Institute of Standards and Technology, NIST)-=
CPSE =2]A|2=8l(Physical System)¥} AFo|HA]Z=E)(Cyber System)©] SAIHEL] A=
7= AAIRE AEE= AlAEle 2 Ao THNIST, 2019)

6G 1loT Aldmdo) HoJ3dl= 6G MNO(Mobile Network Operator), 6G MVNO
(Mobile Virtual Network Operator), 6G [IoT AFFAFES Industrial IoT AR]2~ A2 9]
w2} A7 SN, A ECATHE AR BISAH ) whE v E] B(Negative) =
SXAJE]E (Positive) ¥ GFA|29] 28-S Hk2-

o (Z7HAA, A) 42 &AW A= 66 BE-F= [IoT =vfiofF Network
T3, 6G IIoTE 913 Computing Infra 7%, 6G IloT<} $145A A5 M)
2 %7] A8, 6G [IoT-MVNO %EmjA]3-¢] th7Hab4 kot thaksl 444
I AANY ZE, Aol HEE AW AA A 5o Bads A

O:

Subehs 2021d 99 AA 7€, 5G ARelM e WIFER F03 = Zlo] 3]
2] el AH= o] Fatol gk T2} W Luflitof UES F A A o] nlH a1
A 2 Aoz Iy

3G-4G-5Gel T3l 4=¢1ufE- Cost—plus, Retail—minus, Bandwidth & ©}Fs+ ooz}
ARALS 4 AR E T Al YA A g §lEE 109 o) Ao

AgrekaL 9

Syuels AAE 94, 23898 DA 20314, 6GE 20287 831 A 6G
HAEAIS o] 88 4= Y, 20319 6G YAEA 7]HE uj2rt E Ao g A

[ J©,




I 6G Industrial IoT A<

O s s

o f-#uels 20199 AlAl HE2 5G BA1714S 48316kl Industrial ToT
7|2 42 A Y A B A AH] ARtEAE, AntEA| X, AuLENE,
2utEo||XA], AntES T AntEAn] =l jLof FoA AH[Z A%
gl & AEaA ekl s
2021958 6G R&D et f, ol s 8Al7]e=e] 857], 144 48 % I 52
s w) 2028~2030 70l [18 2—-113 2o 6G 14541 719k theksk [oT 7|4t
AR} &9} AH|2 So] AW Tongyi ete., 2019)(F714%%, 2019)(ETRI, 2020)

F7)oh Au)

1 Blockchain

S Terahertz

= ~Tbps

g BDMA

“ SDN

Mm-Wave
UMTS WiMAX ~20 Gbps )
TD-SCDMA LTE-A < iG)
TDMA CDMA2000 <2 Gbps & 5
GsmM WCDMA —
EDGE ¢ aG P
FDMA Rre 2-100 Mbps N e
Analog <64 Kbps C iﬁ/) ps 2 » . "—'
<2.4 Kbps C/*ch’:\D — e H -].L ‘ f Naiss i
= T — & = — 'V_.
C 16 D —— _ STSE e ) ot gl
s - e @D ‘%—'( p 8
< RS £R € oyt
Voi 7 ™. web ~  Mobile Internet HoT Fully intelligent and
oree service SIS of applications covered connection

Years

oEEHIIE 1G 26 s 36 4G 4G Gs G6

(HSDPA) (LTE) (LTE-A)  (LTE-A Pro) (NR) (post-NR)
CE R FDMA GSI‘C%TMJD\M* WCDMA ~ OFDMA  OFDMA OFDMA NOMA
Al:jlol El = None 384Kbps 14.4Mbps T5Mbps 150Mbps 500Mbps 1Gbps 10Gbps
HEAZ (31 s 5 3 5
a9l Esn ]| ToT- : 2
F8 MH|A =4 4. 2%t Il Er‘;‘j_ = 5‘{' 18 NG I T-MVNO 6G Satllite

# E0 Tongyi(2019), H714E5-(2021), ETRI(2020)5 vlEgo= A2,

0 6G A7 [3E 2—113 o] 5G tiv] Hdfl dlolH HEEo] 1Thps= 504,
AREALS] A= 1GbpsE 108 =™, F-A7 7kl A A AATRS 1ms]
1/10 23201 0.1ms, AJH]2 W= 24 10kmz A% 9807 Zalolg)

s UAM Auv|27} 7hs3H( #7148, 2019)(ETRI, 2020)

oe www.etrl.re.kr 3
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At 6G Industrial IoT AEjA =A A

7579 (Computing) ©] 7}

=
=

g ol ek 714l AH|(Base Station, BS)¥ERE ofu 2}
7] 7](User Element, UE) 9]
1] 7ke] AAZE B0 R [oT AHl2

™ &}

welA7], =7} 2010\, 3+ 2028~2030% 7 104 F
Ay F FCC
EH o 3.5GHz(3,420~3,700MHz),
K 28GHz(26.5~28.9GHz) 100~300 116~246
GHz GHz
= A & 20Gbps 1Thps 50u)
Jj &= T 100Mbps 1Gbps 108
=
2 A 1ms 0.1ms 1/10
! A 224 10km, A= Zep)7hn|87)
AR & Abet i E Computing
i] A& NR post—NR, 94 BS Computing
.
3 FojHk A AAIZE AF
] I3 i
A A7 3D VR/AR Tactile e 2 Zehel ot
H] [oT Consumer IoT Industrial IoT 29
A o - A EA
XR-MH-DR CPS F-2-H]AAI7H CPS &3A Az
Het 919 NFV, SDN, Cloud Al, THz Al 99
A A A7) AN, 2RFEAIE R, AFEA EEAIH (71, AFolHELFZ]EH (7
) %= 1% 300~1,500km (3GPP 7]<5).

¥* A 71 EH(2021).

7144 A o]

2021-10 [ J&

55t 6G CPS
AT 7P

S 5ol Al WASh= =71-AF8] A7} AlelH| 9] giel Add

2= 0]o
T



© 6G LT B FH

o

AAZBA RS 421 AT S-S B UAY, S2-ARA|, A E- A8 A 1t
7145t 1e)ar Akl o) AAA)IAELS: CPS =, [ToT9)S AF3SHWEF, 2015. 2016)

v oy ¥ 8] A 7Y (National Institute of Standards and Technology,
NIST)2 CPSE &8 A28l (Physical System)3¥} A}o]HA]2~El(Cyber System)©]
SAUES IS AR AR dsHe A= R FOFHNIST, 2019)

SEubhe] A7) EAIATH A3 (Al E) ol we A7) EAAdHE o)sd=
(Optical Network Unit, ONU), ©|&%Anl27](Optical Line Terminal(OLT)
Switch, Router) & 7}F9A} 91%] 9121%%] (Home Location Register, HLR), -&-&41
Az ire] Al AdH], TWF(Inter—Working Function), PDSN(Packet Data Serving
Node), GGSN(Gateway GPRS Support Node) AIH] X SGSN(Serving GPRS
Support Node) 2.2 A% (7 AHTH-, 2021)

HA|35Z2(AN]52] AlE) 2] A7 EAVH = B2 (Duct), A5(Poles), 3] E(Fibre Cable),

AP H(Sites), 918 W =3 (Manholes) 5 (7 AEH 2019)

wbA 6G IoT Al2=EL [3F 2—119] 6G E217]<(WEF, 2015. 2016)(NIST, 2019),
A7 SRRl An7|E=S drdsle] 6G IloT AlAElS EE|A|2H
(a;), BRAANZEa,), AFOIHAIZE(g,) 02 SAse] [17] 2-2]9F o] 4

1 e o
HaE = &

B A28l (4, )ol= Fog Computing, §AIA| =8 (4, )2] Core Networkoll= ¥4 #
< 3Bl A7) (Aggregator) 2t MEC(Multi—access Edge Computing) 7} 715 o]
U2 Ay ARg Al Al IS4 a8x 0w Hloly o] 73t

o= FAFH (Computing) 52 ©] UE(User Element)7F4] 7Fa3l Aol 7|16pH, E2|A|2~H]
(a;)°] EAIA =8 (a,) 8] BSH, APOIHAI BN (g,) 8] SEh9-E SHEES AXA] &

A= 6G 1EA (Satellite) I AF1SAl0] 7Fgsto] HolE A7 =7

_,4
ool
T
T~
i

S-guet A7FAAGETFNA 6G [oT FAH AdAES [28 2-2]9)
SAA 2’ (0,) Q1Z2H(Infra) AH|ER Hf EA ofF 2 i) GLrof
w2} MNO, IoT-MVNORA FAIAAAL 55 3 Alals Sste] EejA|=H
(a)o)A A713FaL U+ Retail, Oil and Gas, Manufacturing, Healthcare,

Transportation, Energy and power 59| ABH|AE Al&d + &

@_ r _.:_g“}—
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a3 2-2 6G IloT A]2~El

Physical System (a1) Communications System (az) Cyber System (a3)

6G Industrial ToT(IToT) System and Service

Access Network Core Network
Retail
Fog Real-time Data Transfer (RDT)
Oil and Gas Seat ¥
Storage
Manufacturing Network Aggregator Multi-GW (Big data)
(Satellite)

Healthcare
Analytics
(Machine leamning(AT),

Statistics)

Transportation

Sensors
Devices

Energy and Power

Real-time Control. Insights (RCI)

v* Information technology (IT)
+ Enterprise computing
* Data center
Cloud platform

v Operational technology (OT)
+ Embedded & industrial systems
+ IoT networks

Cybersecurity (Privacy and Safety)

6G(post-NR), Satellite, Wifi, Bluetooth etc.

Cloud Platform Provider (CPP) : Data collections &

= Analytics. Application enablement. Device &
MVNO Connectivity management

Network separation*®

L Ducts, Poles, Pits(Manholes), Sites

s
e

R Fibre cable

6gNB*(with satllite terminals). RRA, BBU, ONU. OLT Switch, Router
*F 1 . legal sep , structural sep for ducts and poles sharing (DPS) etc.
** Node B at 6G network

# E7]: EC(2020), NIST(2017), WEF(2015, 2016), I714&5-(2021) whao= A4,

6 71 M olgF 2021-10 @O
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Jiils

© 6G 1T =2 FY

o [1¥ 2-2]9] 6G 1IoT A=) 71§k AR Ee BAIAAE(,,) UEYT <l
ko] F&-- FA, 18 AR AFAA EFAA, A7) SAIA
Hl 2~ =Rl (HAI382)S 1este] [ 2-2]9F Zo] A4 474 o=

= O~ [e)
A = S

249 A= 6G MNO7F BAIA| 28l (4,) 9] Fibre, ONU, OLT Switch, Router §A14
H]" ZARE 5383 Alo|WMA|2El(4,)2] Bigdata, Cloud computing, Analytics,
Machine learning(Al) &% ©]&83] Av(Retail), A|ZF(Manufacturing), 2|5
(Healthcare), 1L%g(Transportation), Z12](Energy and power) 52 =&|A|28l(q,) A}
HALN A Assh= A
#2021 119 v|=2 Q1) 51} 2 dxjg] HHIIJA: Infrastructure Investment and
Jobs Act) W FAHAI1E 232 (The White House, 2021e), & v]=ro] Uzl A2k H-
A M| B2 5o) 2 ERIE Yl AE]-ss A B, B3k QIEYl 71ARlE)
UAE A3} 245 I3 Beeals 91Za} 6509 Yel(313), °F 76.6% ) AP 24t
24l BE 6G [IoT-MVNO' 7} Fibre, ONU, OLT Switch, Router £414d0] Q& 1.
I, B V)RR Sl A 6G MNOOIA ' o]8- th7ke Alatal TloT &3E AFgA
oAl Mu|2Z AlF

#2021 8Y AE MVNO AFgAel glelmnld e o)% whibo A UES T Fo|r
T SW H|ES o] 9 Z:M(Open RAN)S HE=E 5G A8 Agsla =9

1&1 SAARAAN A 2290 S4171E 5, 47 ool e2d a2 A T
22 CE 6G IIoT ARIAFE 6G MNO®| SAIA 28 (a,) & o] &3kaL 2ple] Apo]

A28 (gy) 05 2R 0] E3HE ToT MHI=E 22 A 128l (a,) o-&ALlA A

ol

2E D 6G IoT AFAARE AbolMAl 2R (o) & Al %3kl 6G MVNOZA-H
BAAN2E (g,)S d2bEEe] BT A 2B (g,) 0] 82N A 0T AHI =2 AF8h=

A9

AN}
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Al 6G Industrial IoT AEAA XA A o000

o

[ 2—2] 6G IIoT AFgRzdo] #redsh= 6G MNO(Mobile Network Operator),
6G MVNO (Mobile Virtual Network Operator), 6G IloT AFIAES
Industrial IoT Au|2~ A4Z0) whe} A7 SAAAH, AnfEEAIH AFEAHEA]

n:E

(ZEDol & YA E] B (Negative) B3 EAJE]H (Positive) T 1419 482 HkS-

EER AR BRAA, Sl s Al A b e o] VESIA A 44, dela
HES= ol guizt At o 7 5
AFEARA 2 CheFE ALY
x2021d 49 wlo]= G

Open RAN o tla of 250] (33}, of 329 FAES wug

=

o we} Wl [T BN, rlEANE A
|2 2ES AT

)

:
o,

T Model
6GIIoT ™
a, Al Retail, Oil and Gas, Manufacturing, Healthcare, Transportation, Energy and power
a, | A 1H Duct, Pole, Manhole, Sites, Fibre, ONU, OLT Switch, Router
as R&D Bigdata, Cloud computing, Analytics, Machine learning (AI)
a, T = 6G MNO 6G MVNO
A 6G MNO 6G IIoT—MVNO
az| & 9 6G IIoT
B WE A, 2P ERA, AR AREAROH), Aol 1ol B (7H)
I A= ERAA, ElAlE, 228, AuAE, A7
Al izh ariZERRLL efEl, 7 7R i E v)E
A oH 2~ ;<47]EA]/\13]}\ /\U]-E}\]E]/\:f]:]]}\ AFEAREAAE| A (7HY)
% 22 ) BEE(2021).

A ol9F 2021-10 @O




O = 2da7r

0 6G IIoT ¥& A= 20169 Zb=7 AHF-Ec] A5 vidsto] B3
2019 F¢ [3 2-3]3 o] vhgdt ddy=wso

Foll= 2028~20301d0l 837 A== 6G2F AAS] [ToTE <AAI8ke] Prafulla et
al.(2021), Janbi et al.(2020), Sekaran et al.(2020), Clazzer et al.(2019), Zhang et al.(2019)

59| Theoretical framework, Techniques, Networks, Security & Privacy %ol A
A7} o] FAH AL AU

0 6G lloT+ 44 A9 Y™ A7 7]egde] x4 Eofdod e E+star
AR MA Zt=e] A7, AT, A 5 A7 6Ge LHoT Al2=8 A
o] A1 7k Akglizel AN, A28 9 Ajelzel vl Al :
e FohH Ae] BN ol 2

@_ r _.:_g“\@—
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Research Direction

Reference

6G-IoE Theoretical framework Prafulla et al.(2021)
IoE-6G-Al 6G-Smarter [oE Janbi et al.(2020)
6G IIoT | 6GToT Automation 6G-IoT Sekaran et al.(2020)
6G-IoT IoT Applications in 6G Clazzer et al.(2019)
6G-IoT Aspects 6G-Super IoT Zhang et al.(2019)
6G Research 6G Technology&Application Syed et al.(2020)
Directions 6G Applications Chowdhury et al.(2020)
6G Networks 6G Research Activities Alsharif et al.(2020)
6 6G use cases&requirements Giordani et al.(2020)
6G Speculative 6G study Tariq et al.(2019)
6G Techniques Potential 6G Yang et al.(2019)
6G Services 6G Vision & Trends Saad et al.(2019)
Wireless Evolution Survey Towards 6G Huang et al.(2020)
Machine Commun. 6G Networking Mahmood et al.(2020)
HoT [IoT Industrial Control Wang et al.(2020)
IoE IoE Eppi Center(2019)
Security Security&Privacy 6G Vision Dang et al.(2020)
Security 6G New Horizon Gui et al.(2020)

10

7= A ol4r 2021-10

# 221 Prafulla K. Padhi etc.(2021), Syed A.H. Mohsan etc.(2020).
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o

I

3¢ 6G IIoT H&E& ¢

] 5

AXE R&D B3 71321 DARPA(Defense Advanced Research Projects Agency)=
FTAoZ 2017HH-H 6GE AYsta U5

DARPAT 2018 1€, [3£ 2—-119] 6G T3+ t(116GHz ~ 246GHZ) ¥-sAT5
3k AE A9 2o 5 7€ U193 34 6G R&DE &5+

ZX7FA1 712821 FCC(Federal Communications Commissions)+ 2019 3€, 3=
3THz7MA] 7Wste] 6G FA74H] HAE 3748 A EHFCC, 2019)

Aefhe: 20219 44, [ 3-119] 6G 7] 2= ¥ AP ol Al vESA
(Open—RAN)°l] S-S 11 6G R&D 5 ICT R&D 2 A}d3}o] 259 E(2% 8,512
A, B8 715 2021.7.16. 715) FAF AASH The White House, 2021)

6G IIoT AFGEE [ 2—2] I A A4

(Industrial Internet Consortium)©] =538}l $J

vl g ekA ¢l [1C AL A

O

| 22192 MNO?Q! AT&T, ZHA1A oT-MVNOR! GEARE &35t om, ToT 2ok
A7, A AL S8 RO S8 AXskaL SlIC, 2021)

FAAAS](ATIS)+= 2020 109, 35 101 5<F AHF-2] 6G R&D2} Q1=
2o AA -2 918 MNOS! AT&T 5o #edsh= ‘Next G Alliance’ S T+
A8 S-(ATIS, 2020)

Next G Alliancet= 6G 7171 A2 Fol 2294 3 dijohk= 2l 548 F1L
A2 =71 6G 2= =1, 6G AH- it F2H guy 55 3 A JA= AA g
20213 A 3]o 2 £ 3t MNO(AT&T - Hglo]&=-THEHIY), B2 (ol - 7o}
), HiEA(QEl.AA 5, SW-ZHZ(VS- Hlo] A 5 So] Hadslar glom, nlate)
A, AE- AR 2 ol Zg Ao, B o FER-E AH| A S5 Alyshs 7o)

Zro] 7153 Next G Alliance, 2020)

274 6G IIoT—MVNOS! 23|o] ~X(Space Exploration Technologies Corp,
spaceX)AR= &A1 A] 713891 FCCEH-H 20204 99 9] BEa-& A Yrto}
(CNN, 2020), 2021 29 7] 1,085719] 91743 A7+ 550km “g-3-2] A =0l
Hjxlsle] E1) A 9S FAHSRE FY AHUABAE AlFstal &

oe www.etri.re.kr 11
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wak 20219 69 7)1F 1.8000] 7)) 9Alo] B} T AElE ol #ko] o=w
2021 spRkzlel] A Al Mu s AT Zlele) B

[Z18 2-2]9] AlolAl=R(e,) SeH7= ST ARFAR]D o kE(Amazon)< 2021
d 4¢ 1009 & 5] Hlg7] ﬂlziﬂ?jﬂ R (Boeing)AFe] WA 7|A3} A oF
5007] YAS AT A= 23 IloT AMB|AE AT Al

n)at 719152 6G 83} A17] 2028~20301d¢] oF 21 Q1 20261 7€7HA] FCCEHE]
S 7HES AL 94 3,2367] T 1 AWES dhALEE AlEY

U= 6G $A7IE 2EW

2021-2023 2024-20: 2028—2030 2031-2035 2038—2041

e

White House
decided to invest
$2.5 billion in 6G

R&D. Suitable solar
FCC proposes new drones & 6G 56 deployed
above 100GHz for near orbit
o1 1 . standards at under 5G gone
R&D ('21-'24). satellites up o
around 1THz 200GHz ('40—"41).
ATIS Launches for 6—8 years (30—'31) (132-135)
Next G Alliance to at a time ' '
Advance North ('27-'29)
American
Leadership in
6G('20)
Widespread at
low
link 1 h Limi
Sta.r - OW eart. imited THz('31-'33). Batteryless
orbit satellites give deployment . .
Widespread devices
nearly global USA, Europe,
. 6G standards . deployment at commonplace.
coverage. Practical EAST Asia . .
L proposed at around 1THz. Directly—internet
system & circuit under 1THz.
evaluation. s of sub 6G networks Many ~connected 10T
V. . W
1THz('24—'26). . . end—of —network nodes can be
140GHz ground will be in . .
. devices have deployed in
being development supercapacitors billons
i .
tested('21—'23). (28). pereap
and no battery
('34—"37).

¥ 23] enterpriseiotinsights(2021).
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o [3 2-1, 3-1], [72§ 2-2] Ao ERl ¥+ mjujolyl

<
o
oxl
-z
rr
[\\)
(@)
[\\)
(@)
rL
©
it

6G S1HEA B, 97 Aloluinel 47 591 WEd

4} 7)4de] SFANE FIA S Aol 9P o RNE WEE] 918 Aolulner
-9, S5 AlE] RS 297 1k Aol rst 18] B, Aol nst 97
O 7 Aolunot g, $EAsRe] AfAS 94 1 Al W, 2aa g

o @gE Bu gk w8 44 5

i

ol 717l v AL 20201 11€Y [ToT T, AFESQIE Y Alo]HRer /)|

(The Internet of Things Cybersecurity Improvement Act)S 5<1&h

NIST+= 10T 71719] Abo]Hret 91813te] 38 AAslof . o] T& NIST?] 71&
A3} wgkelojop gbn] ID ¥, x|, 4 #EE ST T 717 AlzdA=
NIST] AlEQF EFE FFellof s WA= 283

20211 9¢, w|=ro] AtolH Het AWz AA = [
HE®E 20219 5 w= ] AW S G
A= HolXl Al elo] 7 s Ao e v ATt
A7 &= 74| Abo] Bl H.QF(Cybersecurity)& Zd3tatal AR M EAAE
Ha7] 915 FAEHA AP

o] PBPHL A HIEHY A Boof Aol ZAol gk m] AR-e} 7zt B4 71
AEZH WA, AL 2 A wlEre] glgs e el B8l AlelHugh o] dHujgle]

A2 ARl whek [F19 2-3]0ll Bz vle} o] Al Et ePIHE 19185
AAdstar AEel Wz Fito] os oS ol AlolH Eet FAIE s dstes ¢
Eok v AR [H 2-2] BAANER(e) MIESS 78 ek biFd2

Colonial Pipeline?} #o] WIZH-FoA - d o] Afolm el Fofeha A

4%

X

[19 2—3]oA] Alo]B] Bt ZATHCSC)S hE=H Al AlolvH et e Aleks-
A71H o7 Hush A Hu7|EHAXHCTO), AR AJRHCI0) L}t
FEsto] AR N I weE A7 Ao EQE A 7F M9 A E 7] 7F

2 2Ashe GBS shar GitE Aoln Abd) Al FAAT YRE FAF

el
e J

@_ r _.:_g“}—
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SR 31 " AbelWESH Avds A

e
(The White House)
I

i

7
i

i
=7tets el gl / AFO|E{ .0t ObH ZHE o3|+ - =
’ wun 4 i s ! ARO[ QSR E S SHMIES
(National Security Council) A A (Cybersecurity Safety Review Board) i (HC"IDH%)O =5 ]

7
/
| £

NE R £
[ (Cybersiaﬁynnimate) J 4[ AR _ SO E| M ]

| £ (Office of the Director of National Intelligence) (NCTC)
; i

(Cybersecurity Coordinator)

ARO|H s O Ehes ]; --------- TR PN
(NCSC)

=
27 OIR 2 B
(National Security Advisor)

[ 22(DOD) ] [ 2EQ ri-r(DHS) ] [ R EE(DO0S). HEE(DOo)). 4FEDoC) ]
ADIEAr 2 %‘MEP@IE" *20214 A1 WHES Mo Ol QI7E S OF SO A0
(US CYBERCOM) (NPPD) At 2l S g0 AEHE A ALO[H 2O M S 3
M=ol AT AFE HAl
[ ;|17|»A|»0|H-]ED}-I1E§ # 20193 AFO|H{ EOHRH P2 R I QLA 2 @A 1 E
2H EpNcoo)

% 2] The White House(2021), GPO(2016).
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0 3=
o HsrjEH= (19 2-2]9F o] nlg 6G 7]=0] lloT A28} Asd Hoz
B, 6G R&D 33 917185 20193 AYsta, 20303 A8l 2=

20203 11901 AlA A2 6G 21942 Bldl-55 % LA S Hld-5350)+=
6G Hls|2 =3} o] gl [17] 2 P
A, At & ToT AbsiEel BUHY gl 6G 4ls A4 A4

T
it
Au)
>
[
jatit)
)
o

2031-2035

China testing 6G

components on 6G testbeds
tellites('21—'23 ldwid
satellites( ) Intelligent reflective Wjor ‘,Nl € China has largest
— Automaker Geely ('27—'29).
= . roval for surfaces at sub Intellicent reflecti 6G deployment
in ntelligen i
ga s.app oval fo THZ('24—'26). elligent reflective (133—'35)
satellites for surfaces at
self—driving 1THz('30-'32)

constellation('21)

¥ 23] enterpriseiotinsights(2021).

I

0 TPARIEE= 2021 149, ToT ANt 3% A48 (2021~2023) 8 BHEsh
2023 3A7FA] ToT #-oF A 2e v =y 2d 23} 2] 4 e A 948
[32 3-313} o] Al Qe 75704, 7IedAal 9 &, QYA 23,
Hd-BekS Astshe AlEld
AR FRIAA = 6G 1T A2 (e,) A3l AlelHAI2=Rl(e,) 2, AR
4, 71% 9% Ao, AgeA 24, Bt Fi 5o 1%

0 TAEE= 20214 649, 20219% TloT AFADLE AZHT/EE6, 2021). 12
7HA] =7} 10T ¥l dlolH AEHE A" APHA Z717F dlddely, o]=
[ToT 21708k 315 481(2021~2023)2] AZFAQ] Zo =z it

oe www.etri.re.kr 15
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Z= [[oT A7)k

g5 A2

7|EEA gk sy | V|sdEF M1 o727 |2 & cfste| lloT 7| R&D Qi 25t R&D =X}
. 5G AOIEHMEZ| A : 5G lloT 91,
HERZ Zst Zaiec §T.='= = =
= —_r—_—|6 _ _ _ OI
srolmal loT ZHZE 7= : HES|T ZAES =
= . i mA EE 2M Saf MZE oty ZE MM 2 MH|A o
o
Hlolg =&l =7t lloT HH|O[Ef ME{ A A = =
et 2o TE(X|AY 207H, Ai 107H) ; x|
SEOHZ2IA0IN | oz six FH|=LA, EX7|E 2otE {8t loT 7N
53 U5 =s = e ZUE N M
~ Aol &{2d 2t 7(|7(}7'(-||0{|A'| lloT 2t S _7'<__|.:_6-I- _/'\_
selde s | o 2 oo polAl JIx| A ol
[ o M= - = = — = E1
Al-ElHolE] S22 AlSsH AEEY or
Ok - Hot 25t | =t 45| CHRIZE oiAlet & 8%21 7|& MH|A 23 ~
AlAE F& <

16

% ZA) TIEE(2021).

o [ 2-2] =X 28l(e,) W& (Transportation) A H] 2> A2k 71¢<1

7

<
e
=

Y Q. E(Geely Auto)A= FAA 1IoT-MVNO AFAAI= =71 29 A
2 2P dAAsk, 2021d 1€ 419 229F $JQk(7,454

2021.8.20. 7]5) TR HAHEA TRAEES 2pElal

U] Alo1 A8 48 A% A AakS Al Ag

500719 ¢ At

o] o

- QEN)

% 1099l

=

.
-
s

=
L
=
35 7
-

AAEA AFGARR] AZZH(F)AR= Geely Auto AIBAE Y334 Sdsh= Azt
Aglolekar 93]
Y6

Z1 N

o1

ol4F 2021—-10
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o I EATEE 2021 49 [2¥ 2-1], [2¥ 2-2] T 6G BA7)e A
oJUME| RS gl 6G 79} ZRE ARl tel 20259744 a4k 79

B 29,4309 9, 38 7|3 2021.7.16. 7]15)E H 3 A

[ 2—-1]9A AA5% 6G A

54 UES A v 74 A4S, %ﬂ*]é%‘(al r% %Ok 1%%16&34 of =2
k=2
=]

Aold e, T4719 R

o [1¥ 2-2] 6G IIoT 7= =3 H|eh A A 2=, 99
Industrie 4.0 &o]=2 w]-F2] 6G [IoT A|2=Hlo] HLs

111
¥

Industrie 4.0 735-2] 'High—tech strategy 2020' 7|2 Z2AEZ g1 - FAl-1|t]o]3]F]
(Bundesverband Informationswirtschaft, Telekommunikation und neue Medien e. V.,
BITKOM), 7]AI&3](Verband Deutscher Maschinenund Anlagenbau e.V., VDMA) & #17]-
A4 3] (Zentralverband Elektrotechnikund Elektronikindustrie e.V., ZVED) & 2013\d A ¥
2015 A AR F-oF aGAT-Ro] X o= jIZE 55 V93], ez, A7)
A= 7138% 7o, 20173 Industrial Internet Consortium(™]=%), Alliance Industrie du
Futur(2%2) % Robot Revolution Initiative(2¥) e} &, =33} &l Z-A (MoU) A2

2020\ 37FA] Industrie 4.0 X2 AES] 213}0 &2 CPS(Cyber—Physical System) <554 A=
02019 9% A Rost, ol WAL AL ) A0 Ao
A7 i R He Z2EAAE B4 A sl 7190

&3k %E’Jr AW ATH(BMBF) = CPSE oMt 244 35)al,

34
F9 AEAY THS BRT 447
o] opAlth= 2025W7HA] THA0E AdT [19 2-2]9 EYA=H(e) #H
4 -5-87]% FoF= Cyber—physical systems for the smart grid, for networked

mobility, for telemedicine and remote diagnosis, for industry and automated

production®. % A3}
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IT 29t Network 22|d

2ohAtOl |

CH 24l E
. - 7
¥
=inl ot Mo} AT M} 21
i \ S ) v ‘ I .
SAFA | | | Critical Infra |
ST 7 MEEL
(Web £7h At 8FTA 2%t

\ / \ / J

¥ Z4: BSI(2021).

o He [ 3210149} o] AelulRere Wskels | ho 2 A%
obA’ 3} ‘Aukte] 'S A X]8)al, ‘Act to Strengthen the Security of

Federal Information Technology’ 9l 5A+4Q1 WHEZ ol& ZAS &3} U=

o

=

AR W 7] 9 (Bundesamt fiir Sicherheit in der Informationstechnik: BSI)< =& <A1k
W Aste] Sy o R, Just AelE nRstel (17 2-2] A~
Kol 8 () B 43 A4S Akl S AFE L A F IT nol

Tl ARt TAE v A0l THAR] AT 1]

w3k [17 2219 6G 10T Al2=Hlol|A] Ao Bl dhd Al WY A] 7|4 54yt
olUe} APHA AF XL, Bl AR 3 2 A7) AR B i 2R 5 3 elst
AbolH] HOMIF-S FHela FJast 5= IS

18 7]<=A# o]4r 2021—-10 @0




O =

o [17 2-2]9] 6G IIoT A8 ¥, T4 27| 3<] Ofcom 20161 11¢
X197 A A2F(Digital Economic Strategy), Ofcom®] YA EEA1 2] (Digital
Communications Review, DCR)E HIH o2 Y EIAGAR] BTALS} shel=
[32 2-2] SAAEE(e,) FAEN] Fol oiste] [Z2¥ 3-3]3 4ol
BT—Openreach®] W4 #2]& 24383

55849193 (Equal Access Board, EAB)E Openreach®] FAIA|2El(g, )0l &%
& WS Bkl MVNO, ToTS 22 wmrdsie] &dsts A3t

t

J
£

Openreach:= Fibre First 21388 23l 202013714 7|71 E(Gigabit) UEY A H <o)
7538 FTTP Ultrafast Broadband A2H]E E=A] AE(Premises)oll GIE5A7]E= T2 113)sh

Functional Separation(°15)

Legal separation(*17)

‘?L BT PCT Main ‘

New organizational W o Board _ BT Subsidiary
units within BT - : Organizational units

Equality of
Acces;\ Board

T :

BTWS

BT Wholesale ‘ ‘ BTS ‘ | ‘ BTWS
Service

Management reporting -3 Compliance reporting

% Z2]0 EAB(2016)E vlgro g Aj#4A,

olg]gt Al9F =3+ Au)~ &3 2 A= 95| Government and Innovate UK
AEE= R&GD A 52 TR 55 Boto] A& x5t S

v]g T}kl IoT-MVNO 71952 [ 2—-2]9] tpekeh AR mdle] A4 6G $4%54]
718t BAIAA 219171l sst

oe www.etri.re.kr 19
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1% 3—4 Ofcom Openreach®} 5G IIoT 2=FFEAE] AH| X~

[ Government and Innovate UK

. =
T

FTTP Funding || R&D Funding :

Manchester City Council City Service
Strategic leadership

= Culture & Public

e Realm
i 1/ * Energy &

¥ City center -gy

Openreach (Manchester) | 5G IIoT based Cityverve Environment
Ultrafast FTTP Smart City Demonstrator = Travel & Transport
N \;, Y = Health & Social Care
BT N\ ( Cisco A Siemens N B Community &
+ Data Platform +  Smart+Connected « BMS Packages
& Privacy Digital Platform « ALL-IP BMS & Engagement
grid integration /= Open Innovation

# Z4: Informative—age(2018, 2021)& W2 A2HA.

o BAIFAI71E2] Ofcome [18 2—2], [3% 2—2]¢} =3} 20173 ToT AEiAIE
(3£ 3-4]9k #o] HESIS &
IoT %EV\V\E“ S AH=(Things), $3-(Connectivity), AH]|2~(Service) 2 3575}l Things2]
SN Al 7)42 Sensors, Actuators, Algorithms, Artificial Intelligence &% A A8k,
Connectivity= 6G, SatelliteE A8} =
u]ﬂ] Al (Market) o= ToT ¥ W7 2 35 AMu]27t Al &3E Aol [oT
A3} GAdsh= AR A a1} Alo]HHSke] Fa3hS HESIG S

20 7]=AA ol4F 2021-10 @O



¥ 3-4 Ofcom IoT AE|A £

Enablers

Key technologies

Key players

Inhibitors

Low cost
Sensors,

Sensors specific to
applications,
actuators specific
to applications,

Device,
component and

Things improvements in . . Security concerns
batt local processing, chipset
atter .
Y algorithms, manufacturers
technology e
Artificial
Intelligence
Network .
6G MNO, MVNO, Geographic
coverage, e
tand rg q Bluetooth, WiFi, Ofcom, coverage, Latency
.. standards, . .
Connectivity tandard LPWA, LoRaWAN, Equipment or capacity
standards . .
. 2G~6G, Satellite developers and demands in
supporting new
vendors some cases
entrants
Evolution from
products to . .
. Cloud services, 1IoT Cloud service .
. services, . Privacy and
Service o brokerage provider, IIoT .
Availability of security concerns
platforms platforms
scalable cloud
services
Payers Beneficiaries
Market . .
Companies, public sector
Drivers Barriers
. . . Appropriate business models,
External Cost savings, improvements in user . ..
. uncertainty of use cases, limited
factors experience

awareness

Government policy and intervention

% &3] Cambridge Consultants(2017)E Wl = A=A,

Oe

www.etri.re.kr 21
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O ==

o

=9 Carrier?] NBN FAMS 200949 49 FA1H(1997)00] oA HA¥Hsla,
2010 69 Telstrad] [1¥8 2-2] EAA 2 (q,) FAROES] PSTN,
HFC H]E NBNA} FibreWo g2 Hdgleh= ti7t= 1109 E+5 A &she
TZEE AAMS E=Y3FaL(The Sydney Morning Herald, 2010), 2011d5-H
AR

#* NBN&AF7} Telstra2] Ducts, Pits(Manhole), Backhaul fibre 5 < 7}=2 459 &,
Telstrajit Copper-HFColl4] NBNjite] F&A UEHAZ o]zl 459 & Telstra
213 BH A2 o) Fsks HAX]= APEA(Entity) A H =, USO 714 A Hell
209 E-(The Sydney Morning Herald, 2010)

=

NBN& A= 20161 10€, IIoT &-&o] 7Fedh [ 2-2] SAIA=H
(a,) AFS $15ke] 914541 ('nbn's Sky Muster satellite)S BHAFsle] &
T, HFC, 914884 & A& 5 A =3

2021 6¢ 7|52 =2 Activ8me, ANT Communications, Bordernet, Clear Broadband,

Harbour ISP, iiNet, IPSTAR, reachnet, SkyMesh, Southern Phone, Westnet &<
NBNFALS] 9145418 A3 glo} AMu|AE AlF 5

A 719 NBNAR A1, 9148841 A& o2 thedst TToT-MVNO A AFE©]
[Z17] 2—2]9] BAIA|2=El(g,) AH|Z Telstra thH] W& TofjAly di7lE A
ol EYA 2B, )e] TS Retail, Manufacturing, Healthcare,

Transportation, Energy and power & AHS tjdo = Au|~E Aad

[t

or H

— ol ol
B X o

G719 o2 AitE AARe] [1F 2-2]9] Alo]HA|AEl(q,) Z

A4 F53tal IoT-MVNO AFAAF AFA S = NBNjit+ 4144|1322}

&35l S A 2~8l(g, )9 Smart grid, Smart farm AR]AE 7fASE o]

2—2]9] & Cof tjxA Akl a3t

* NBNi% 938} A|9Z3= 'NBNAR= Carrier} Service Providerol| A5t #R2le] AfH]
Al 7 b ehal 714, Al10x= 9Fo| &= Eekal g Au|2rt F, A9
AA7ba4, A, B2 B B2 A e SA e v

=]
ZAS AFEEHE A9 52 d9)®E A (Commonwealth of Australia, 2011)

rr

>
il

|

of
i

o I

]

N

[ J©,




Cyber (Telecommunications)

| New NBN Corporation

Physical (Industries)

Telstra Co. Service
(ACCC, “09)
Rental . Grid
= ' mart Gri
_____ | Wholesale (long t,erm) Wholesale \
P (Carrier) | ; ‘ (Carrier) \
| Equal access/cost l/ Rental Rental Smart Farm
, v , ' . : —
CSP(ISP/SP) ‘ CSP(ISP/SP) ‘ ITS policy
; | framework
; \ Rate cut/new md}lstry ) .
tf B NBN Regional
~-»|  Retail service ‘ Retail service ‘ E-Health
Service

Functional Separation(‘09)

Structural separation(‘11)

----- > Wholesale and retail trade, FS
—=> Wholesale and retail trade, SS

o 2021 6¢, EAIA
157 19%)

Telstrarl=

Connection Manager) =2

A28 a,) S
xZ 90 3Fla.

T2 =0

% &4 PARLIAMENT of AUSTRALIA(2009).

Carrier?] W% Telstra=

He] 10T AH| =2 21]75—5}14
TESRAL
ko] Yarra Valley Water 3AF7} @4<] A4 do]
[ 2-2]9] 29 A°] EA Al

ZHA

o] AA7ko =z HE&TH =~ Q=2 X YT} o]=

of side

Yarra Valley Water/\}oﬂ AeE &
S420 AMYAE A|l&S

gste] v g

P

1

AL AEY

Ael e

= FARR] Yarra Valley Water 2}
FS A2 EH(Telstra, 2021)

AOTHA] 28 (¢,)Q]1  ICM(IoT

A (LPWAN) &

s Telstra NB—IoT+= ©F 4AM km2, LTE—Mi= 3M km2 o] 2491 [T HAE Al
Telstrarb= 10T 924 2 ICM &S Alg-3te] A UEY T wijx)5 tjkst

ANES Bol Ad ANZEeZ dolHE AFoE 4% 4 U Yarra Valley
Water BARS 7 d) edtel S A% S S BT S sl
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o

0O u=

FH9L 201618 [11 2-2]9] 6G 0T Al Hiulste] =<l e
Industrie 4.0°1 -&3sh= 7@ 224 Society 5.0& A|AskaL, 2017 3
Z2]7} CeBITol A Connected IndustriesZh= 73S A A THETEA, 2016)

~H O
— 1 =

AR A=

20173 102 Connected Industries 422 ¥gstal, [19 2—-2]
A2 (g) 9] 5 T4 AdRorz AEe- Y, AR5, v)
_]
o

’

o0 ), U -OITE) Hok AulE eo]x A
Z¥7}o] Ak (Industries) S HA|E = A48 ] Y X9 7d Al (Digital Economy)©ll H-38h=

M 28 AP R d(Business Model) S 2

AP

afoF 3hS A|QFSH(riFEEY, 2017)

[IoT %] 7199] 28 7141 7171014 =518 HlolElE v 7|9E: 73
01_1]:_%

23 dlo]H (Industrial Data) &3 (Platform)= %3k ©| -5 38}al

2% 5} o} 14
AE al S = - AL,
am wg | SRS caman 50 ce
LI Az sha a4 7FE 244 AN 27 H= wopll A a1t
. AbaL st o AR .
o574 A S 24
. ﬂ 100 ﬂ 10,000 | w®pel® | 1,600+
GDP &3+ | = - 90+ 180+
(2030, $B) | A 3
1,000 1,5000 2 448+
o o
) 2Rey A7 -
FRFA FEILEA oL E] ‘j;é o1 ﬁ T
T) W AEEE R ).
A RFERE(2017).
o AEelA [2d 2-2] lloT Alz=gle] tizmAQl 7] SR (FANUC)AF]H,

243 o] 2021-10

Manufacturing AFdol #-838}e] &4 =<

a9 2-2] EEA 28 (e,) ] E175F% (Fog Computing) HWIER A 7]
Manufacturing 40|25 AlFsl= o] GE(W]=), Siemens(5Y) 7|
2= 7379 (Cloud Computing) WIEL A} Aol 3t

[ J©,




o FrAg(ANUYAZAHS [11 2]9 ZTA2"(4,)9] Energy and powerd] 3
Fote AFFARE A7 AR Fareal MEHAE 8 FAA2(ge,)9
A-8de 535k, BBIQE Eall AlolHA =8l (ey) o] Seh-5 ZRES 285t
of AREAFI Al A QYA U AE Edtste] Aled

o WwWww.etri.re.kr 25
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8™ Al 6G Industrial IoT AEfA A A oo00

IV 219 6G IloT A& I3

o 1

@ G R&D R FAFE, VPEE YEHD £

o0 IW|AERE= 20204 8Y, 6G R&D FR A 343 1A= 2021 H-E
]_

2025\ 3A714] 2,000 L(5d7h) A7 FA) 29 A= 2026~20281d (3471
o AE-3t AldS WS (I AER, 2020)

6G R&D ik A% =019 1089 ¢, 2871 239 o, 2AW-%2X% 339 9 =
Z 1170 AF-Ae] 1649 9L Qe 20280 1Thpsy A4S U9 A4E%
PN

(1,000Gbps), 2nlE SAAo] (AR A 2AE Y
EXE (AT 2A45), APENS(AET82]), AutEA|ZR(AES), AAE 237t

A4 6G B2 AAS HxE SHIAEY, 2021)

=72 T1a-

6G 7| =289} R&D £ X}

) AleN/W
J/G ] ( g oy
5G 7|e¢A 5=
6G 1074 T =F1tH|
2,000 & (21~25E)
L MR 21 | AR -

% S 7| AEE(2021).

=7} 2H19) 6G FAF R 2021»:1 ZA5371F(IMF) 2] GDP 7|52 44 A,
n2L 1.99%(25/226,7532 2), =& 1.1%(8.26/43,1932] &), S-gvel= 1.0% (1.75 /
18,0679 &) FFORE dit T FEIF thA WE Ao R vy

26 7|=4A ol4F 2021-10 eoO




0 6G &A1 [1§ 2-2]9 SAIA 2" (e,) A1 F2<1 Scriber—Splitter —Bac
kbone Network 77+ 5GH.T} 108) ©]/9] Gbps &7} &5-¢

d=r2 BT—-Openreach WAEY, S5+ =7} FE2 1109 =(12% 5,51099Y,
2021.7.16. & 7]15)S o Ax] EYT S Fx5Fe] NBNZAF 214

o $EuEh= 2021 99 A 71, 5G Aol = IFEE R FR3THE Ao)

) HER ] elgoln], HR o] HEo| 3l Fx} I LujiRol YET
AMo] mpAE L Q] o Aow ATH
ol Fx} 2 vESA A Asto] Wskx] ko 6GIoT FAIN 2 (a,) HE

(Ducts) BB #st 7oA A9 e A9 Al A =) —,—J_,] AR ) oﬂ%y)r
&3 iAol A7 YAl 2 Ao He. quo] AFOHIA 2= (4,) H]EO]E] %
B 53 E Sl tlste] Yizel oFErt 1 o1l oz o4l
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©) oGt AHEN ZEY BdA. 9B MY 2F

o IV|AERE= 2021 6¥] [ 2—
6G A BEAXV|s A5 AES wEsH

NJ

19] 6G IIoT Al2=E1e] dl4] 217]%=<]

A B i ﬁlzlol 5 %?‘é. o] AUE BN AUHOR e
AU AASIALI S S A 2 5 A A A 2

6G R&D 37|20l A [:La 4—2]9} o] A= A=
YEAD, A-H7d &2l AL, Ta2)al sl &5 Aulas 31T Aol

W18, 2021)

a9 4-2
“““““““ GEO % a
6G Networks | | ko Satellite e Quantum
Satellite .-~ s repeater
[ 2 el >
- | r{\\ <
| | - 2 ZHEYY
IS ESEEEEREEOEERER ..1'!'[ Sl ESIEEEEEEEEEE fEESEESESEEEEEEREE -aaa (S 2R RRRRRRRRRRERERRRDH).]
Wq HAP — Ulﬂlllﬂllll
. channel

UAY \.-r*;"
"q

IIIIIIIIQ\PIIIIIIIIIIII SN S SEEEESNEEESEENEEENEEESE T EEEEENEENEEEEEENEIEEEEE

AL Jiig Q| Al /K| A EBF ol A=

g;w a@ >

Terrestrial
6G Core Network

i

i

,

]

I

]

: i

! \ 4 Air

1458 Backbone
i /\ x

e

*

1

i

i

]

/

'
| communication
o B e e T o W i

1 5 H)\I-/)LI-_T'_ 6G )\-[Hl

Undersea

% S 7| AEE(2021).

pre— RF/optical/acoustic é Undersea
sensor

28 7|=4A ol4F 2021-10 eO
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o

o I|AERE= 2021 2439
oA 2031WI7}A] EF-Fo

6G 1N = AT 249
==
'T_

14 7 Aol
Fustel, 95

=, o
7 ZF. v AdE
283l A 6G YHEAS

Aquj~7t ° Ao g A

3Hat2 2028~20303 740l 6G
A4, 25919

o83 4 gL,

o 5o] SARIeNA SPIEA Mol [17 4-3]o1A] mi= wist o] Ae)
919 FrohEAl ) 71904 Sl SPEA 1)E

A,
3339)

20213 64¥ A o5&
79l Ako] A

= T

e

A E+914) MM 2 WF (RS0 %)

&
AF7F 20319, 6G=

« NHF RS WS 4EY, 2021). T
iﬁ:ﬁéﬂxa 1007] oS 2 A =
=
[€)

sl

=
=

Ao 7 6G R&D=E
2028317
20319l 6G YAZEA 7]Hk

347}

i 434
2 0.02%=

120.00%
995.98%
100.00%
1.56%
80.00% -
60.00%
40.00%
20.00%
11.73% 14.25%
5.31% % 12%%
1.39 1.38%
.02% .02%
— f— = Rl
2019. 12 2020. 12
20|55 BS0=E = 7} A7 HE THab kK] EAFEQIEY

2021.03

B 7| B2

LR Y

e

# Z2]: Instat(2021).
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Al 6G Industrial IoT AEAA XA A o000

© 6G 10T AF 2 243 /A A

ol

o WIFEH= 2014, 0TS 288 AAYE AvtE U EYA =9 S3&

&) 900MHzH < (917~923.56MHz) &8 RFID-USN 7]&7])5S /WA -4

A BAAY 1km, Hd vlolg|dE5<4% 0.8Mbps”F 7FesF AMI(Advanced Metering
Infrastructure) 7} 485+ 2ArfE YR =91 7|WHI(F7AER, 2014)

2016%d, 900MHzt % (917~923.56MHz) =97]5= 7| 10mWolA H 200mW=
Ak 714715 WA, 152k 900MHz te)-S Z3 A3k & RFID, Z—wave(Home IoT-&)
T TR SAYE Aujzd SAEAE, ARG ABAE A (19 2-2] #A
[oT(Industrial [0T-§) F3 HHLE AR = YA (F71AHERE, 2016)
W78 2017, 4xF A EE ] LRI [29 2-2] EEA~
(a,) Ate] Bol AnlEAE], AREWE, AnlEAZRE £33 RIS =218
EAog 4G LTE 9S &8s 0T 71€¢ NB-IoT =92 93] A
71828 TN ] VET|es A

ml uE

.

SKT, KT, LGU+% LPWA ToT A=1d-S 53k A3 SN 2(Fm7122%7] 14,
7d S54), %ﬂ%’ﬂ*ﬂ‘ﬂ]*(ww AXFH, ok o), ApAA BAA), AdAn]2~
(B, FalEZ, 7t 5 RUHE, A58 #4734, AR =092 s3], 4153}, 0]
Sk #e]) Toll gk AU AE AlFE 4= Al BEPIREY 2017)

20184, ToT 717] 7t &215 215l %EJ%T@J%WF TSI 71E2] 7|75l A
[oT AlM = F375]-8Y o o] o= st 7ETAlE sl o=
IoT A 71&< %%& 2ufEFAo] sk ¢ = Alwd 7Rte s 1 anE
7l s = (71455, 2018)

I AERE= 20219 69, AA] o] SEAl 71AA} 71,453H W = 10T AFEA5EA

7F1Ak= 11,1455 Wolw -1 n)% —g 15.6% s=5=°1™, 1oT 7FdAk 4= wiid

2.5% o’dH 7V dee WRS

\:
>J|
Ay
i
HN

AA tin] 1oT AFEAsEA A B2 AATA 7.9%, 2FFA] 5.9% T4
1.5%9. A At oiu] A 3A, A=A, A2 A 1%%4 H|52 50.7%, 38.1%,
9.8% w4, HL 52 A vlF2 JATATE 7P o, 20204 7 ST
A oiv] 0.8%= Pv|gt JGES He

HH‘

[ J©,




18.0%

16.0%

14.0%

12.0%

10.0%

8.0%

6.0%

4.0%

2.0%

0.0%

15.6%
4.6%
2.7%
I 12% 1.5%
-2/ 0.2%
o | e
2018. 12 2019. 12 2021. 05
K 2FOEE| 2] 2 2HE| S AKX = 7| E} — |

% =210 Instat(2021).

AT MEAN], AAEARSA] A T4 A, ATE AR RS ST
SRR AR (QF A23FHE A26Z7HA]), Ae @ AR RSAS 283t
TrAlel B A8 Sol 5 Wed(=3], 2021)

7 AEH= 20209 59 DHE AFEQIE Y Hot olEA|=2] /A 43

EAoR JoT W3t Q15 Am=/hd Ayuke gt A+

AFRE2 AP o2 RS A47])7] 5] W9, uE
AHH AT da E 75, ASAIFUY7 |3 X975 55 Aldsta
AA717] 5o AR KR TXZ] Nl AR B FIF0] 1575 1A A 58 =9
A (7455 2020)

9, AHEARSAH ), AR |HERY 712 (7Hg) o] vlaE 745 [17 2-2]1¢] 6G
[IoT Al=8l3 Akl o] 54 gk ¥, 12]al a9
Ao sy
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O 6G oT-MVNO =vjAlE, =uju)7t A8

o

4K

717885 = 2020 9L FE] T4 [oT woko] dlolE -84 MVNOE
SR 7EdAE Sl EER Easkal Sl
(28 2-2] =2AE=H(e,) AAFEoF AvtETL AmpEdyA]

= 2 =)
okt Al EdE [[oT-MVNOE B3 §53F Au|~7) @xte Zlos Haska

Tl AR PES A95h] 913 71 &9 sk FAle) wul

AR|EFaL (71 A-ERE, 2020)

of
ol
=
[o
D)
B
ol
>

=}k A | 1,792 2,466 37.6% 3,640 47.6% 4,246
A MVNO 239 252 5.3% 2,141 750.6% 2,587
A A 3,078 4,203 36.6% 5,175 23.1% 5,646
A MVNO 537 512 —-4.7% 501 -2.0% 485
A A 797 854 7.1% 1,038 21.6% 1,092
AA MVNO 35 37 3.5% 37 1.4% 38
A 360 561 55.8% 198 —64.7% 161
I MVNO 22 22 2.3% 124 464.1% 131
¥ &4 Instat(2021).
0 ARsAAIZ AFFAR] fA]-7]okAs k= 2020 9€, A71°EAIA A MVNO
ANEAAAR S5e7, 27 2-219) SKT A28 () HES
g o]gale] aAolA kAHom EE|XAEl(y, )] Transportation AHgE
of 2}&F AAA0], PHERL, QIXHIWE 5 [X 2-2]¢ 2 D= IIoT
SEIENE
Adl-7]oka}, WlzAdlztl=se]o}, 2Ad, -84t HiEekateo} 5ol loT-MVNO
POz AA AoIAn] 2 AT Y= Ao Feky
olelo =, BMW, oFf-t]&2=np7le §)|¢] o] 582 S &3 2% (Roaming) WAl 0=
el A ZpAlo] AMu| S Algsal s AewE He
32 7]|=AF ol4r 2021-10 eO

fl




o 20219 59 % 71, HoT AFEAS54 Al 7197}k %, o T-MVNO 7144 5=
EYA 2" (g,)Y Transportatlon 2 Eob AR A] FEo] 2,587H W
o2 7P 2 MFS Heln, 53] 202036l A v 750.6% %5
A39)

F'QEO

SN 2B () ARIE H|FHAE [IoT-MVNOQ| x}&aiA] HlZo] 2021 5¢
715 60.9% = "9 . OIFE [ 2-2] BY CE Y

391 %)
90.0%
80.0%
70.0%
60.0%
50.0%
40.0%
30.0%
20.0%
10.0% I I
0.0% = . l L1 . - | -
2018. 12 2019. 12 2020. 12 2021.05
PN S|l 13.3% 10.2% 58.8% 60.9%
W 2 A 2| 17.4% 12.2% 9.7% 8.6%
=P 4.4% 43% 3.6% 3.5%
W et 6.0% 3.9% 62.8% 81.1%
m AR mRAA3K s SHZEA m7[E}

# Z2]: Instat(2021).

o I/AERE 20214 49¥ [ToT-MVNOZ 93] 5GE A7) Z2AH (38%) 9]
71828 22 Tl AlE B ol Ao AR 2 XA Ete] o]Eo] mAA o=
5G A7 A5 AE AAE 4 JeE ¢
A o] F3A7} o] gl Al AlE-3kaL Q= 110GB ©]4+2] 5G LFAE Avf e tiv]
[F 4—2]014 B ule} 2o] 60~63% 302 TulAlasl e 3o [IoT-MVNO2)
5G 87 A4 AslE xdst
[IoT—MVNO A7} A4 23415 48t o] doje] dAH-S v)g] Fujahd Euj
)71E delels dlolE] ATl 2-&77Hs Alislsto], HloE] Algeko] He F4
A],ch]_ur E]]O]Eﬂ _g_ IoT /\Pﬁx}t glol S ZJ_Q_HLQ‘ B 0174] %(_‘,].7]%&%[« 2021)
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Q=A (2021 49 7]+

ZogrHC20d—'214) to|E] A2k

55,000
36,30094(66%) — 33,0004(60%)

\ 819 207 570004 9,10,12GB+1Mbps

42,7804(62%)

B +
A RO ) 69,0009 110GB+5Mbps
47,2509(63%) 75,0009
150GB+5Mb
« A5 AB(4Y) « £2}el Sobd 51,0009 ps
180GB+10Mb
60,0009 (75%) — 50,400 (63%) (80,0009) ps

(LGU+ &&EE d8)

75,000
56,2504(75%) — 47,2504 (63%) '

+ 220] Tokd 52,0009 200GB+5Mbps

 F2 7S5 (2021).

0 ey o] g Al7]EE MVNOQ| A8 [3E 4-3]0A Bz miel 2ol
5G9 2019 MA Hzx 483} o]F 2021 69 715 2G 7IJAF = A=
(o)oltﬂ 3GE #A& FA, 183 4G HA MVNO 7HIAF 4= 13.4% 5 o

. 4

[IoT—MVNO A{H| 27} tfF3to]lm 5G 7|49t [ToT

MNO 63,658.7 66,355.8 68,892.5 70,513.7 71,453.2
150.9 62.3 29.1 17.0 13.7
2G
0.2% 0.1% 0.0% 0.0% 0.0%
5,158.5 4,905.4 3,903.0 2,853.0 1,676.1
M 3G
8.1% 7.4% 5.7% 4.0% 2.3%
i 2,213.4 3,021.7 3,817.3 6,235.4 7,842.7
N 4G
0 3.5% 4.6% 5.5% 8.8% 11.0%
0.0 0.0 0.2 5.9 36.9
5G
0.0% 0.0% 0.0% 0.0% 0.1%
Z*-?rg 11.8% 12.0% 11.2% 12.9% 13.4%
% Z4: Instat(2021).
34 7]=AH o]gF 2021-10 @0




-0.
T r W)
(I AN
‘H’ — o’ T AATAS
> 1o o
on O

(HA38%) oJsle] 4G 2 5G MVNOE [1¥ 4-6]3 2
OLT Switchell 7|4 o= A-gate] Aanfry &l 2] Folullit 2 o] Snj
7HE A&akaL, [oT-MVNO AH|2=E AT T s

o 13y} 3G-4G-5Go] el =1 E Cost—plus, Retail—minus, Bandwidth &
tpoFel Szt APgRkAlS 42 IS Al (29 211, [29 2-2], [3% 2—-2]

g AAAdATE Ao = =S 10d o) Ao R AjtEal 3=

9@ 4-6 56 MVNO o|5%4 A&A7 2 2ujrbare

= 1L

(Access Network) 5G Switch

(« ))‘) Fronthaul R Backhaul
A

(Small cells) )
(«g)/

eNB Y,
(Small cells)

/

A

RRH (Remote Radio Head)

RAN

eNB(Next generation Node B)

Bt (B Bant L) Wholesale pricing: Retail-minus
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36

© 6G T S48 Mujz= EH A

o

(29 2—2], [3 2—2] Transportation, Energy and power” ¥& A~n}ELZA]H
A2z o)A 23] AuFEAEIMB|AE AlFstr] sl A7 AA] Al F2
AFAR] A64z Aol A Aa(YEHH o2 Ak 49 Alal HWA) 2.

* Z0PEO LA (Smart grid) AFFAR= 237 NI Al ]) AN22215(3d7 AR ARSHAIIAD,
Alzzef7 (A7 A ol Ak AL 550] R AT e Ak, 2021)
A7V EAAM R AE Algdhs 7SR 7184 Y A6 AI1d
[ZFEAAE ) 55 Sl TAste] B, FRSAIAIARE A7 S
A222(F7HEAARI 2] A1aL §)oll Ak Aar 7 E 2 A (7SRRI,

20194 69 259 A]3)

* FAIH(2018.3)> FAAHIE AHA| T5ste] A7 EAGTE Algshs 7IRFEAANI A=
7E 7IRFERNIFARS] SAlar]E o] 8sle] 7 RFEAE Aleehs AN AR
5, F7FEAGN-E AlFehs ARIARE Alal 3 o] 8l Al X781 -5 Al Eshs
A71SAANES & 4 S adskar slrk $419(2019.6)2 EA SRS HiAekaL
7IRFEAA G AR 710l A BTl sFo® K9] AlE ks

71BN AR 20199 6€9FH 7]E9] VR G ¢hEtE 555 Eoke

AR Yol 715 1IoT & 8% &%= Transportation, Energy and power

MU 2~E AlFBl7] 218l 2t UIEQAE 2AvFEAE | 535t & AFGAR=

Aol V&R ¢elE A

5l Ao 7 Fdum S AR ok 59] Network separation =RjH|EL] T A=)
71 2l EAE] AH]| 2 3153} w7kl APEE

W3k Transportation, Energy and power & E} 2F32] Alx1=0] B413) Aglsio] 214kd-
Au|2 S 98l SR JY Al HIES A vheFelR] &3k Eujuiz) 52 Aol
2l 7lsAdo]l & Aow Atd

[ J©,




(a) BAAEH

2Rl ERA(FER)

A7) A7)

AN (A7)

(c) =HZe

SRVEA A | mopEa A | e BECEH A ey
(a) EHel 47) Eok(20184 7)F)
=4 g, Nk Hldg], FFAH] 2
T & A71EA MuE| 2 2mFEATE] AH]22(197)] o))
BA/98/57,
oufA)/FAd 5 157
Fop(AvkERAM, %7%1391
ne g AL TREERIAEE) 2018.7.26 %3] 531}, (Ao

F7FEAAHAL L)

2019.2.15 A]3))

A A Zp7H AR (AlaL, -S4
A7 A, 71

)

HAI6424]18)
HA2%)

% ZA 7| AEE(2021), FEIEE(2021).
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O 6G loT AtolH B3t AEEZEY &)

=
>
[»
i)
[o
it
>
9
=

o [19 2-2]9] 6G IloT A=l Al 7|9k 2A4-Z¥
FAOR QA3 F7ALE] 1A= Y] Hfd

A AtolH Bt HEZEL = Hoh), AFF5Ze 249, T2
(TNAR)-T(FHE) 5 5 U2y ax 43t 3191 o 6G, 4854,
[oT ARSI F3tstel wp2 7Z=lsh 23308, 2145 d%

oiujHol SHA7E s Ao= B

6G, 91884 2 IIoT 7ol 284 A&
X}

(Accenture, 2015)l] T3k S-S 2| A7} Hato] AlojnjAjeto] A & = Q= =

- el FEEe
=744 S7HAbI IR ATE (7) 2274 anol ek
Ao 05 A AH)
o] A o) 2=7N0] A <
ARBIER | ienaRen@ AR wEY | BTEOR ugwel | 44
9193 dloEleka A3k (R)
A0 3R A )
SEEETEERS AR
714 A B Y ERERES Wkizol o
Aol () Ay
7 olk
R Aol . o} o

W Zx] 2 AR A AL E(2021).

38 7] 4

FL\
:
o,

A ol9F 2021-10 @O




AN TS wke o
gﬂ}

V. %29 6G IIoT AEiA A A

@ 6G 0T =ujEo} Network F# o] 73}

0 6G MNO, IIoT-MVNO A}AFE<2 Retail, Oil and Gas, Manufacturing,
Healthcare, Transportation, Energy and power AFS o2 AR, VR,
XR & "WEM 2, 1279 Bakd Z2 713 (High—Fidelity Mobile Hologram, MH),
CIA1" A4 (Digital Replica, DR) 52| Au|AE A&t A

[28 2-2] BAIA2=El(g,)2] 7] Duct, Pole, Manhole, Sites, Fibre, ONU, OLT
Switch, Router AH]E-2 &4, SMS, tlo]g], AR, FgAtollA BAsk= dolE] &
TS AWshE Jo® FE-AEo] dE 2, aAE SR OXHEA A
229] Qb A2l ATl FATE d& AR HY

A= 20220 5G AT A AlEE flste] MFER A B HET

10Gbps, o1 100Gbps A= F=8 Fx31

o 4z A8 ™W AlY 6G 1oT A 2028~20301d 6G AH] =

>
uiii)
iy
fui
olo
o
&

)
AT Asl @A FHT &, molwel deld Agsre 747

a9 5-1 6G IloT "} Network A¥ Tz 9@ o] 733}

6G & Small Cells 1= Building access cable Poles
: ’ ; 6G IToT- MVNO
hoal Tnbuilding = % % | OLT S
: e W 5 Central Offi
0il & Gas cble |l 7 (D QD) S —
Manufacturm 7\ e N
Tnbuildmg Duct \I/ \\ N\
Healtheare
Burted, ducted aerial Manhole Duct system Buried Fibre Cable
Transportation P 5] <
criber iy b o
10G—100G | =ulics ‘ 100G—1T

Energy & Power

VUL Goverment builds a nationwide network by 2030

% S 7| AEE(2017).
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o 6G lIoT Computing Infra A % 5

0 6G MNO, [HoT—-MVNO AFAAFES Alo|HA|2El(4,)0] SHAES 53}
i o EYANAE +Fste] [1H 2-2] =A% 8(q,) 9] Retail, Oil and
Gas, Manufacturing, Healthcare, Transportation, Energy and power 4Fd
o2 HE WG HolB(Data)E A4 Aleshs ZRALE Fdle] 9]0

iy
Aukd o7 BA|AEl(q, )] ZF ARJEeL 6G IIoT AXMERE 13 AaE vjdd

o7 Fg}9= Z=hZo] Hldo]E](Big data) = =4SH

o [2¥ 2-2] 6G IloT A|=8) Altjolli= 19HA] Single 41014 Multi G/'W 4],
otHA <= 7k dlolg %4, aga 39AE 6G [IoT 938k Data
ScienceE &3l dlo|H7F g% AYPskE A1), APsle dHolH= o s
AANIo R EEA A (g,) U AU A5 AlFS
o]t ZHHAA 6G [oT A28l MA| Z2M| 25 3183 Big data, Cloud computing,
Analytics, Machine learning(AI) 7]4¥F Cloud Computing Infra 753 293 73}3l
U7k= Aol B 3K(Stanford University, 2016, 2021)

9 5-2 6G Computing Infra FAF ¥ 5

/’ N / N
~ 6GIIoT Cloud Platform Applications

+ Necessary to run applications + Provide savings or generate profit

+ Platform is an investment, cost + Applications create value
. * Collect and manage data y | * Process and analyze the data

. - AN

\ /Analytics Field

Qerations Research

. ) ; Statistics
Persistent Data Data Science for 6G Industrial IoT Machine Leaning

Operational Technology Decision and Control i . i
Modeling and Simulation
Embedded j Signal Processing

L

o

Information Technolgy

alytics Layers

=V

\\]
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AN TS wke o
@@ e oo g@

© 6G loT B AQEN AL WA 24

O ResearchAndMarkets(2021)+= A AlA] YAAANA A AFEE 20243 7]52
5,080 &, CAGRL 6.5%(2020~20143)=2 A3} o] A$ 2030 =
7.4129 B 27 849 Aoz 1)

0 II|AEE(2021)= RA2EE(2017)9] ARE AR F2H A o A4
g EAN O] xFA| = H)|FE 20184 15%014] 204030l = 53% 2 A3 A
o2 AWsta I
6G o]5E4 A3t daka el 203019 YAEA BIFL 40.2% R 11 AR E
2,9789] Bg =A%

a3 5-3 A 9 JAHEAN AFTFE
800.0 7412
F00.0
B00.0
S00.0
415.2
400.0
a7 8
300.0 2557
1884 2195
200.0 1189 138.9 1618
1019 :
as B2
“Hyrrnll

2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

o =]
AT mRHEE
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O Satellite markets(2021)+= $JA44F3 S Satellite service, Ground equipment,

Satellite manufacturing, Launch industry 57FA| = F+&3H(Satellitemarkets
&Research(2021)

Satellite servicet™= Television, Radio, Broadband, Fixed, Mobile, Remote Sensing % 6 w-7a}1,
Ground equipmenti= TV dishes etc., Devices-Chipsets, VSATs -G/WZ 4 &5

o] 9AAKY] FE-Folld YABAl HE-2 Broadband, Fixed, Mobile, Remote Sensing,
TV dishes, Devices-Chipsets, VSATs-G/W s©| ald&:. o]& aresle] 235k 914541
Ae| 2 D ] APPSR [ 5-1]9 2 91A3EAl AH| 2 A1) v w9 via,

7171, A Aol s B APTE SH6M w8 Aor F44

o
o,
offt

AL O IR

el =10 3.0 4.6 5.3 1.8%

oM A H[A FMSA 16.7 26.0 295 9.9%
FMSH 2.1 3.3 3.8 1.3%

2 2E MA 2.8 4.3 4.9 1.6%

TV QHH|L} 18.6 29.0 32.8 11.0%

K| & & 717, A 110.1 171.1 194.1 65.3%
AOIEQOl & 15.3 23.8 27.0 9.1%

SHA| 262.2 297.3 100.0%

2021 9€Y 7|F, 9143541 AH) 2 H] A 6G 914841 AR 27t dE
Hledwlo] 9)A] ko Alslolu), 2028~2030 A0l 6G YAFEA Au| 27} A3 A,
M2 EFQMCE o E A

FElvehE 6G oT S35 AlEE A, AIEAl Sl Fa A AAY 9144541 7171,
H, AAME 7o 2 AW glolEE 4231, ¥, Actuator & 4= & [F 2—-2] A
wdg F2d 29 giake] [IoT-MVNO 422 #FZo] 7}s3t

=3} T}kl A E3lo] 7Essh vlE) YAlE4l AE) E o Aqu) s Al A
A= YAEA 8 AHS F AT 1~24d oA 6G AAE 9445419
22 )4 [IoT Av]2 7|dF 2AJo] Ha gt




@ 6G IoT-MVNO =viAlg] ti7Mtd wy g

o

Aa AR FAA 2] EolAE) A4 TI7ke] AL wAF
elAI2se] SR SR ECIHEANAT ol gAel A 45
Aulsg AFeA o wl F3a 5 ol e v 8-S W) S Ael]
MRS A AHow Fr)e) o] sk 9l

{(

Ulo 0

9] B 23RS 3G o)Al A2l 2010 6ol WHEolA] 5G o 5EAlo] 201913 AR8-3lE
% 3o o]Za1 2. 20210 6G R&D oflate] =9 744 59

6G Aol = v=, S o] Awta Apsat Az 7)ok F ke ol
AABA e} o] TIoT Ade F=3l 7h= A3 o], [IoT-MVNO7F =%
7Fe/dol &. 6G IoT-MVNO= Aol &g AlAas] of HEA]4] 7Rke.

Z2¥ X d9] RA} Fujjo] tht 717158 oz AS A8 U 5 IS

6G Lo T-MVNOZH A149-& Fstar, chet [ 2-2] 9 thet ARl R g
whIE 4 QLS Adle] MASSE A5Fe] o A9 vizkel Abge mulA)
S AH] 9] 2 @Fel A 8151 bR (IFEAMAAE o] gl Al AR
AH| g AT ohl @ o) 9T 5 Y= B H18-S BATH S ol
AAets Ae 9HoR Sk AE Past g

o] ]l8ke] 3G, 4G, 5G, 6G 71 2vi7kdSl, e, 7R, %
Sl 7 WA o] MNO, o T-MVNO 35 718k 57ke] Al Th7]-3]-An) =
2ok A= Ao B =wwle) gref A Pl 7ojshes stefof & B ot e




i 47 248 At 6G Industrial ToT AejA =4 A eoeo

a9 54 6G IIoT MVNO w7} AR HH k)

6G Communications system

«( ))) Fronthaul Backhaul
N— A
i ; 6G Switch
el ,é \ (‘éccess Network)
—— 6gNB S—
— (Small cells)
0il & Gas
i «( ))) P p
Manufacturing f‘ ) i Cloud Platform
Healthcare e
(Small cells) \(/
— // \ | &
Transportation A L
= ((([ )))// ;
Energy & Power /é D
RRA (Remote Radio Antenna)
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© 6G 10T A TABAT ANY FE

S|
A

E=

O 6G HoT A28l BelAl28l(a,), AoltA 28 (s) & M2 F5
2 TELYHER AFehn 9e. Tt 66 HoT Aol Apelma
(a8 AFASHUCIEFAGE B A%, BN () S B
Zo} VEST BRE F7} FES] T $go] Mgt ey

W5 vlolE e 20214, T8 L] ey e] W7k RN L $slo] WIRe

AtolHH QL Fxlel il A~ AASIAL oS Aud "o AEH] Alo]H 9 H
wZo) thsle] XA kAl 13-(The White House, 2021)

> lo

I

bines

0 B, A Al AL KNCUM) SABAE Aishat 1715
YEE 4 2§59 Ak 2viA e BE A} BT 5 S
ghob, #2373%01 o|Fox|= FAo] AdE F AUS(IMDA, 2016)
PARLIAMENT of AUSTRALIA(2009)
= vlo]E2 2021 99 ‘Capitalism without competition isn't capitalism; it’s
exploitation. Without healthy competition, big players can change and charge
whatever they want and treat you however they want’ $1533H The White House, 2021)

0 A ArEEAH O R Htsh= WL Qlo 6G [oT Alt) =7+ HIESA
T2, 29, AJA A4, HiolE] % 7]7]9] Ht, b, A= Aol T8 g

6G IIoT A% 547

5 KNC Coporation

Phys“:al SySlem (Open Wholesale Network)
| 6G IIoT Apps & services
A
Trusted data management & Analytics Retail
Data Acquisition =
0Oil & Gas
Public Sector Data Private Sector Data
* Historical & dynamic data * Historical & dynamic data Manufacturing
* Geo-locations info * Behavioral data & Social Media
* Interfaces/APIs * Interfaces/APIs Healthcare
Data processing \ Transportation
: Data ﬁJSio_n & i.ntegra?ion + Data pricing & monetisation Energy & Power
Data quality & cleansing - Data standards & ontologies
+  Data protection & privacy

KNC Broadband Network
Services
Retail Services Providers (Including services & CPE*) Operational
__*Customer-premises equipment) __Separation

Active Infrastructure Carrier Active Infrastructure ‘Wholesale Bandwidth Services Structural
*Operalmg Compa.uy (Including switches & routers) (Layer 2 & 3 Open Access) Separation

Retail services
(Comrmmlcauons & Smat Clty)

Passive Infrastructure Compauy Passive Infrastructure ‘Wholesale Wirelines

*Network Carrier (Including wirelines & ducts) (Layer 1 Open Access)
g 24 P
- : D_evnce Supporting infra
= Variety of sensors capturing video, temperature, pressure, flow, . Components such as power. cabling. mounting etc
acceleration, position and light intensity etc. P P 2 2> 2 =
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Al 6G Industrial IoT AEAA XA A o000

@ 6G LoT Aol Ed Amds A 74

o

(@]

G HoTL Bel 2ol wE el $ERH AN AN, 224

vl Aol e gel o wh2an, ¥ Atekal, o AlEAQl diee 8

o F7}bAtE) WA glstels b AL
%-g-9lo] e, HohHl(CWD) Aol uigki Hehza) 414, Abo]y]
pS|

]/\Eﬂ ?_].—;(J_Q_

ohuol9le] M, RAW AR A 5 ANUs 5L S JAFAY.
AR AT et de

A Aolwoh sl 018 ()= 43 F8718, ek 71208 o3 2 43 el
a3 79 CPS AR AAR A% Bel A ATl 247 AAgE 4TS S

Apol B mek o], Auz A, W]
ApolHHGk B2 (F7h) A7)k F0 e} B), R FA| A, R&D,
AR, A A gk, AR 5

o}-2i= Aol ol Z)EY A4 AEs} Bad

—

S2)o] 7} Apolmn

Hob Avd~ A A

EXS AekA 7)ol o] 31
CWD Apolwghi A4 (214) A=ze AR 24 2}

Aolwisti gl el3]’ :

=744 S7bAtol I Qb A (1) TR} ohe i, AR 4
EEE R ERTCY
g ER EERERERIC HIgkE o} AEAugE Al

Apol a5 2H( &)

R E RS AN I(H)
A7 IR BIH(E)

& 3] L3 . o = o
NOIA R H 53] Ho]EjorA A () oMok TuU-9] F& S
A& H AT (EH)
ZF 33 A (AA) A /AR g/ = & 3kEEok
% ) W ARSI (V) e AR 273, it 7181 e A& 2 CpS AlaE AR Q13 BElH Adks-

46 7]

20201 8¢ 5

iy

lev} ]7&—@} %11?_3 /\agzﬂ—
ARPAN (BN S Hob), PEEAS A8 (LeIRop), FE9I9

AN G AN, AR Z Lol 9l 7

’1(”7%31171?3
AYREEZ 7% 7)5S Egsl] %‘-0‘63?*71 HoR WY

-
r

N
oL,

A olfF 2021-10 @O




g

I

Vi ZAE

o (4aF A48 ) ICT ;& 4A+= AL IoT, Industrial IoT, Computing Infra,
Data Science, 123 6G Mobility, YAEA 714 59
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