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4G
Smart-phone

Internet in the hand
iG

G Mobile internet browsing

1G Digital, Voice/SMS
Analog, Voice ]
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2 6G HHZA - A= 27 (UN)

| #Envision2030
= UN Ol M Sustainable Development Goals (SDGS)S 400 2030 OFHIC}H XH &4

] UN ZHE2 177H SDG

= GOAL 1: No Poverty

= GOAL 2: Zero Hunger

» GOAL 3: Good Health and Well-being

= GOAL 4: Quality Education

= GOAL 5: Gender Equality

= GOAL 6: Clean Water and Sanitation

= GOAL 7: Affordable and Clean Eneray

= GOAL 8: Decent Work and Economic Growth
= GOAL 9: Industry, Innovation and Infrastructure UN’s 17 SDGs

= GOAL 10: Reduced Inequality

= GOAL 11: Sustainable Cities and Communities

= GOAL 12: Responsible Consumption and Production

= GOAL 13: Climate Action

« GOAL 14: Life Below Water 6G as aroad

- GOﬂ.L 15: Life on Land to solutions for UN's 17 SDGs
= GOAL 16: Peace and Justice Strong Institutions

= GOAL 17: Partnerships to achieve the Goal
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2

| MiE£2 6G Use Casel1]

Next-Gen XR (eXtended Reality)

+ 6DoF, LF & UHD (6G 220|¥Y)

« HEHZA, AU QUEHO|A (66 2AA|H)

- SEE S YA AT A2 AY, B2

Supreme Digital Twin

* LF, Hologram & A2 42| &#HA

« 66 SHYL R HE HEASIH 71/ 2TA S S8
SAMA B > AL EEY HYHY HE

& ¢ ulu 5 28
4 {t=3)
44 o X
ﬁ DISITAL TWIN -

Industry 5.02] A&

« 5G > 24 0| & ZUAAEE Al

+ 6G > CAIENA|, S24A| Bio|2217H Ajo] FrEAA
- 6GESIR U B4 84 7|5

Digial

Physical 66%#

True Tele-presence
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ctM==2 S8 U d&(2]

Al =22 98t £l
Communication for Al Reinforcement)

AIE it E4t Al 212t D=
AlIE 78t EH}% I Jla
MXg- ZZUS-EU3) WESRZ JIs

%,

AlDL LHTHSHE HIERI2
(Al-Native Networking)
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3 6G H|X - A2 ALI2I2 (usage scenario)

| 66ux
« 6 AI2 24 (Usage Eement) - ZHHY, XS =9, ZNM|-HXINH, 328 XHEF, XL
« IXH XI= (Ubiguitous Intelligence)
 JIE 5G AF2 AlLI2]< (eMBB, URLLC, mMTC) 2] 2Haknt 2hat
6XE AK2 QA% XIS BECE ME2 A2 AILZI HIZ

eMBB
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3 6G H|X - A2ALIRI2 (usage scenario)

| 6G AI2AILIEI 22} KPIQIO| H|

[ Peak data rate
User experienced data rate
Areal traffic capacity
=30y Spectral efficiency
Ultra broadband SpeCt(\aI efficiency @ mobility

237 \
Ultra 3D coverage =3
Horizontal Ultra precision positioning
cnverage pﬂSitiﬂ“ing
Vertical coverage accuracy
2017 ETME-X XA
- Ultra high reliability-low latency
Ultra massive connectivity Reliability & Latency
Volumetric connection density oy -j Clock synchronicity
Ultra low energy _
Energy efficiency
B x=s
%'quuous lntelhﬁe“
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3 6G H|X - A2AILIRI2 (usage scenario)

| 6G Use Case

- OlU 82 52 A8 24 S8R M3

Use cases

Comments

dE L2EXR/EY| HE v v dHet g2 VEHL UF BE
6 DoF XR, Hologram, .
Perceptual Illusion x limiershoe 23
X HES 2UH|Y 25 N HESE AR YERMM DHZ/H
e X My

- , x|t dholj 9 =M
Digital twin (B, 2%, t¢ | y B EEg ool sy AE 3 B2
Y s & dA|te R #E
Digital twin (2 +&) v v A e e
Digital twin (4IR) v Vv 7t 3ol M ZHYUXIH HXIE 28
Self-driving car/pav v S5GUIA AJEHE MU 74 S oLt
Smart factory v 5GO|AM AJZHE MH|A 7§ S @it
Smart city S5GO| M A|EE MH|A 74 3 Fit
Tele-presence v Hologram /2| &

17

- 662 -




3 6G H|A - kpIs

| 6G vs. 5G KPI H| 1l

Peak User Experienced

Data Rate Data Rate @ 3D Anywhere
Volumetric 1000 1
Areal Traffic Capacity - Gbps Energy Efficiency
1 — Improvement
Gbps/m? >50
| times

Valumetric
Connection Density / Mobility
100 \
e © 33@1000 km/h
bps/Hz
107@0.1m:s |
PER
Reliability 10 Vertical
) Coverage
km
Air interface ?'.,;] ., _
i ea © == em  Localization
Precision
6.0 @000km
ms
EZE
Latency

18
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| 6G KPI MISEAREH1)

= 6G S AHE IMT-2020 & AME =4
DL: 1 Tbhps . .
peroaK | UL: Hand-heldtype UE 0.1 Tops | D20 Gbos + Bandwidth: 40 ~ 50 GHz
IAB type UE 1 Thps
" o MU~
ser Experienced | st 7t ofCiouiLt DL: 100 Mbps ¢ 8DOF XR: 02 5Gbps.
@ 3D Anywhere 1 Gbps UL: 50 Mbps ==_1% 3|2 =~ Gbps
”“}'r‘:;fi‘: C | 1me xnmEm o 9 27IE 10 Mbps/m? BW ZICi 506 =7},
Capacity 1 Gbps (Area traffic capacity) | 272 Z&lEIE2 7 traffice] U= =7}
Volumetric
Connection :g:ﬂlﬁﬂﬁﬂlﬂﬂﬁ 1 device/m? loT ZZ|2] 5= <100 (3D 22+ 213
1ces
Density
5G= 500 km/hOlA connectivityfX| E=, 6
. 3.3bps/Hz 0.45 bps/Hz _
Mobility @ 1,000 km/} @ 500 km/h Hﬁlﬂiﬁliill—.aﬂtﬂ 1,000 km/hollM 1 Gbpsa M
Energy ZAE + 1Wh = 3,600J (UE 200 mWh = 720J)
Efficiency S50 Y O Ak [Gon_ld} v 1Thps—=> 720 pJ/bps
Improvement v 10 Gbps = 72 nd/bps

19
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| 6G KPI IS AKEH2)

g5 6G 27 Al IMT-2020 2 A =A
Vertical Ta== SE —
7 Coverage ~10 km O|L} N HRRSRARBLE 857 a8 2x
8 Reliability User Plane 0lA{ 1-10- @ 1 ms 6G latencyOf]M i3} SSIEH FMEE,
(1-BLER) 0.1ms 0|} PER <1-10"* Industrial loT 2 AFE

Localization SMART SUM 2756l= Connected Car2]| &%

9 Precision 10cm Ol NA. HEx Industrial loT 27 AFE
User plane

Eiifiaraca User Plane: 0.1 ms -eMBB 4ms Tactile = latency critical application E2E del

10 Lat Control Plane: 2 ms - URLLC 1ms ay 27AEN 1ms
SRsney Control plane Industrial IOT 27 Al = 0.1ms
-20ms
- - 5 us/km B0k X121 7K

11 | E2E Latency | 1000km 742I0il Chsk Neax.Latency: ~100MS | 9174 A1zt \ju|A AAIZHS 2T (Motion-to-

Max. E2E Latency 6 ms

(GratZEhA | IS E7P

Photon Delay) : 15~20ms

20
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M ScMAIA JISMAIL A2 HE

= 2= AtEleverythingl? CIXIE BE(digital representation) Jts > JHSMAH =
- 8K UHD, 360-degree, 6DoF, LF (Light Field), Holographic 1&g =2

= SclMAHIQ JFEMIAHIC] DX
- Haptics, gesture recognition, speech recognition

= 6G SAJIE > SCIMAIS JHAEMIAHIC) AT X2 MAIZICE AW

6DoF X & Game " 3D LF YiH|Ao| M

| Hologram H|CH® 30|

21
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| Terahertz - FIi5 82 J|1&
= 100 GHz ~ 1 THz &0l U= Fh=+ B IS
« B2 SEAH, RF impairment S8 3l S 50| 4|

= =ZH|%: Terahertz 2t=st SMOHM|A Y

+ Max Bandwidth: ~40 GHz
* Peakrate:DL 1 Tbps, UL 100 Gbps
* Userexperiencedatarate:> | Gbps m

L
e« @ |l ¢
&
L
. MNew Waveform Channel Coding Synchronization
Channel Modeling & Modulation & Signaling

RF impairment
New RAT for THz

22
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Z=ZHH: Terahertz 2t=st S AMOH

| Terahertz - IS CHHILY/HEY J|S
« Ultra Massive MIMO: SEHz2| &=
« MU-MIMO: 37t I 88 Sl
= Multi-Point MIMO: AHIEH A2 S8 S

Ultra Massive

MIMO

Beamforming &
Beam management

F ﬁ Smart RF

Beamforming

Multi-Point Multi-Antenna
Transmission

23
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— Z=EHS: Teraheriz 2=t S 419K

| Teranertz - AZHI0 % 0ISA 22
« 21 J|EO| OISHS X HELH HIO
= XA (UItra-wideband) FH2l0f A
« Intra-/Inter-beam (cell) Z+&1 X101
« OIS AHZA A (Multi-connectivityl: THz, mmWave % Sub-6 GHzE Z&0t= Multi-layered

cellular networking
. Terahertz €2 X0 & 0|54 &2
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4 6G AMH|

| XIS¥ B (Intelligent surface)

= 2O EY0-HI0 meta-surfaces
- Meta-surface 7|14t intelligent & interactive M1} &A

- Phase/Amplitude =

= Massive MIMOS| X139t
-80S0 BY S0l TX/Rx IS

| Engineered surface
- EEMS (Engineered Electro Magnetic Surface)

E' 2

- M8 23, 913, Fillg S HI E4 X

« HH X A
= Blockage 21|

25
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4 6G AMH|A 2 7= ~ =ar)ot: Terahertz 5=

| RF 2220 =2 JHZLHE (100GHz ~ 1THZ)
- JIXI2/HEE XL BISHEX OHEILY/ERIS|S
- ABHA SWAIH JIS
« IEYA D8 BMEE )=
 H2WIZEX AXH 2 28 MK Jl=

r

R0, 2
?v¢¢ -

S

as!
Q006"

PAAAL
i
3]

¢¢a¢¢¢¢¢,
i

Hys BYET Y3 —
MBS YA T

26
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4 6G AMH|A 3! T|= - z=apiz| - MxI91: AA|ZEOIE{RHE|= AH[A

| F4 72 o1E 56 XXX S E 35, SEHZH A2 AEHBEIE MUIA +8
» 203019 Z S22 SA1 S Thps 014 SHLO| MAIZH B 27 MHIA H 014
- RSN UIEYT AHE SO ST AN ASXS JISS EUNN WIEYT B

S

Music Play Visual Control Virtual Reality ]

Cornfort music playing
requires delay to be no
more than 10 - 15
millisecond*

HIEER S %|H: <35ms {Source: Univ. of Oclo, Ph.D Thesis, 2016)

Ea—w
|-3||E-nlﬂ I|‘3‘[ <Pms .

(HY: <~ Eﬂ'ﬂkm} H.264 CTD (Capture-to-Display) "
| H: 39.9ms@720p30 4 ot
| 33 3 RO ) (1] s T A :
rll lI'| =T =The Tdand :-‘ - "_':'.' - .-: G [ d o

'nl 'F'r'l G = 15 m

HMD/Controller HH2 %| &
+ Drone/Camera Y& X|H
+ 22X (o|c|of) EE/7H2/AE XA

o
(Source: Texas Instrumaents, White paper, 2018} + !"1[5143 IlE < 20ms

{Source: Gibson Lab. IEEE 802.3 RE 5G. 2004)

L B 8- o g ~
g, ‘ Zgentrol-to- DISF'EI},{ o : Lk A =
: i < 75~100msec® a3 Fatm . R |
; i ; i ; ; ¥ — Motion-to-Photon < 15~20ms

27
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, 6G MHIZ 2 7]

= =JIAME| - x-'x'n

| URLLC & Mobile TSN A5 JHM
= Higher reliability ~ (1 -10-9)
= Lower latency ~ 0.1 ms
= Clock synchronicity < us

"
1
g = ._] controller _ ' i
g N ) § &
SeNsor - % ; iﬂ-inv-?u“!‘ g v o ab
s :;% i T i3
? actuator VX, Autonomous Driving [ & &‘t‘ %:f
Smart Factory ’ Logistics 5010 S 1T
S -
e TR .
([} #55: Wo reauhrements Reliability
? =i e Sl 000 cesese

UAY (Unmanned Aerial Vehicle) WRIAR ¥ intnet i iad Resiyl Clock Synchronicity

*TSN: Time Sensitive Networking 28
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EHZE XA LIEST9);
-

| 242t =6ms@1000km XI& 2 Nine-9's SAI MH|A J12A B& YEYT )&
« ZNXN ME O EEE S0 ZHHZH delay-sensitive MHIA HIE
= SCZ2F XM X S(In-Time)/ A& 2(0n-time) 2 & HIEH3

ST <Sms X|H, <+1ps X|HHEHA}, Nine-9's 718d 2%

ZCH7t < Bms@1000km
o =MXd-nEH-071Ed B3| S =g/ oE ASY

@ 273 =3 AAY S0 HENS R A Aoy e

.. ss Y I oiciton
[Presentation JEE L ST FR Prosontation |
Transport SR L L L e LR LR LT ..:'-....... "”.““““"”“..‘; .................................................................. Transport
- EXXHE E Z2REE i Time-QoS -
| wework | g na By —

o (U o @@ '
ECH DHY A S|
C @ < AHBFYU/AY #F Hof @ @

Zci7F X X| A (In-time)/1E ¥ (On-time) 2% HE L

s

29
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- cm & #1x] S5 HiS Md|=x

|10cm 2 HYSE HIB0l= Y MUIA

» TA/AUHOME XS = HEE HS010 A7 MUIA 3 22
= Al S AIE2 20243 DEX] 33% CAGRE A1 ZE Ol A (201 58, Reportlinker)

el CERGCIES

r Z
@ 2E o|5/x8 | @=2 B2y

© xtz o

| © AMHEE KH FA

controller
o D N
»

sensor ¢ n A‘ﬂ
3 =5 ﬁig‘ﬂ-;;_h-. o

G =
g actuator

30
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=FZ 57I- 6G-KPS 37| LS9 7=

| 6G-KPSAH =HE 2 2 =9 (3 m > 3 cm) MHIA HIB JI&E
* AYSBETH Jls, £ E AdaXI 18 PPP-RTK 1, 6G-KPSHAIZHAHI IS

:‘; ._:| = J:J ['“NSS| {KPSI Shas B
o o ik 324 9 4 (GNSS)

ones EEHY S <

SEE M U A

b :

- ¢
et — ﬁ@ AN
_-_* T

EHAH
=% 5
OIS EAIG 3=y He Rouns=n T

KPS : Korea Positioning System, GNSS : Global Navigation Satellite System, PPP : Precise Point Positioning,
RTK : Real-Time Kinematics, SBAS : Satellite Based Augmentation System

— ——— —
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:cm 2 A A2 M= 7= 4

. . o I~z €
| Real-Time High-Precision Positioning . Q==

{"_l'E.'r cm -}

Ultra~wide Band

&t wldy-dile |
.

~ - . a‘
F d, ﬂd; 4 ul
i N b
TDOA (DL & UL) AOA. AOD

1
I
1o £2| HEE (95% MEI$+FE): 10em Ol |
I
I

Massive antenna array

Time Resolution 4 " 3D Beamforming
Angle (Path) Resolution 184
Multi TRP 54!
Network/UE-Centric 5%

Marrow Beams

A
A

Ultra Dense Network

1+ 52| X|H: 5 ms O L

*TDOA: Time Difference of Arrival, AQA: Angle of Arrival, ADD: Angle of Departure, LOS: Line of Sight, TRP: Transmission & Reception Point

32
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4 6G MH|A 2 T|= - : E{Sl AJH[A .

| X2 OiCIIAMLE DFS8 2104 Q1B MUIA
» OISSAYTO LHT EF0I1] 0SS SSXAH2 01%0| ZXH

« NAL0| SXl 2= 33, HSXY 2 =AM A2 XA XI&20] S0 HEXIS
OiM OISSU HESY A EE
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7= - =27k HAIE SIMEAM TS

| HAIE Hasy MI:II*"* g g
Y AIATIE R =~ Thps=22 HIEHT 82 HI3
= 20204 OI20ll MAIT HEE 0122 EHH2A SUMHIA 0l

OneWeb |44

OneWeb SpaceX (Starlink) Telesat
HY 720 4,425 117
MBIl RN | 20214 (S22 AMY|Z) 20204 202044
FWD 20§ & 1.56Tbps 23.7Tbps _ 2.66Tbps
B25%/914 2.17Gbps 5.36Cbps | 22.74Gbps
Fo AEX: Ku& CW:Ka | AEX}: Ku & GW : Ka A2 X} : Ka & GW : Ka
HEFAH 145kg 386kg (Medium Size)

34
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=52k X 8/Ad Set St

1 &/914 S RE UEATI SSUE 0-3L A5 MY IS
- A JlE, 28HY UERZ VI, 28Hd HMA D=

M=

35
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0| S
4 6G MH|ZA B T|= - ==zk a9 Set M IS
| TIA/4 S 2E UE/|T) SSH ©-32 IF MM I
« S8 o OIS E(HTS) > ZOSE(VHTSIC] HEHE X139}
= 20204 0% 1 Tbpsa Throughput HIZ 1y =3 0l &
f
Separated Satellite and Terrestrial Networks [Integrated Satellite and Terrestrial Network
T LEO Constellation
Sﬂ?ﬁﬁ o ’:’p‘ '\-."h
e s 79
5&:’?
Terrestrial 5G Network LECs
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