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Mobile Evolution

1981 1992 2001 2010 2019
2 Kbps 64 Kbps 2 Mbps 100 Mbps 10 Gbps
Basic voice service  Designed primarily  First mobile True mobile ‘Tactile Internet’
using analog for voice using the broadband utilizing brocadbandon a with service-aware
protocols digital standards IP protocols unified standard devices and fiber-
(GSM/CDMA) (WCDMA / (LTE) like speeds
CDMAZ2000)
; P —
- Mobile Mobile internet
Analogue Digital broadband (PS only)

Mobile internet
explosion fueled by
Ux revolution
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Mobile Evolution

2G 3G 4G
Voice+SMS Voice(=> mVolP) + SMS/MMS(-> Mobile Chatting) 3G +
F4F3} + Internet High Quality
+ Applications Multi-Media
Feature Phone Camera Phone - Smart Phone/Mobile Tablet PC Smart Device
14.4~64Kbps = 3G(2Mbps) 3.5G(14.4Mbps) 3.9G(128Mbps)

: HSDPA/
[ GSM HWCDMAH iy

cdma2000 1Xx EV-DO .

CDMA

: /1x EV-DO Rev. A/B
WiBro WiBro IEEE
: Wavel — Wave2 802.16m

IIIll‘rlllllllllllllllllllIIII

(19.8Mbps) (34.4Mbps)

_ G
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(@ A
> 8¢ MH|A
1G 206 3G 3.9G >3.9G
24 % o221 OXIg sS4 OXIE SA(8Kbps) 1= ZE(23kbps) SMIHL S M
4 (BKbps) IH317]8 mVolp
ay STt - - 2 8HBA4Kbps) 1= ZE(384Khbps)
SXAMHIA - SMS SMS/MMS ZHIY THE(SNS)
=4 - - I=s =29 +SIN =Y
AIHHIQIHE - HISt=l BHIX HHIX SH| (25 Ciofor BHIX (HAENH &2 ST
WAE(N )
HX|o|8t - NX= =& 2G+2L5 GPS == GPS ==
M Hel - 23 == WA/SHHH
SEM SN - O= ZT 4 st f£M g8 MdlA H3
g3 Md|A
=SB - - m-IPTV m-IPTV + JH21/J|g
ot MH|A
A2 g8 - H=E M2M CELTE M2M CFSTE M2M + 88 M| A
MH|A
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Ol 5S4 MCHE AMH|A 2o}

O -

= X2 Y= Y > &Y

= CfE WM A: 2| M7[EHES| cDMA (BLHY > &) > mfZl 7|t
OFDMA

= B ZHIAL BPSK/QPSK > 8PSK/16QAM > 64QAM

= CrZQHE[LE THY A 7(8F 7| =(CtO|H A|E| & MIMO L=t >
Single Cell MU-MIMO) > Cts A 7|8t 7| =(Multi-cell MU-MIMO,
CoMP. ICIC etc.)

CDMA WCDMA LTE WiBo
EvDo | EvDo | HSDPA | HSPA+ | Rel.8 | Rel9 | Rel.10 Rel. 1.0 Rel.
Rev.A | Rev.B (Rel.7) Wave 1 | wave 2 2.0
W ESES COMA [(HIHY > ZHY) OFDMA/SC-FDMA OFDMA
Duplexing FOD FDD/TDD TDD FDD/TDD
HY= 1.25 1.25x3 5 1.4/3/5/10/20/40 10 10 5/10/20
XAl [ QPSK/BPSK /160AM | 160AM | ~160AM ~B40AM
MIMO Diversity 2x2 MIMO 2x2 MIMO Ax4 MIMO | Diversit | 2x2 axa
y MIMO MIMO
31T PSES 3.1 9.3 14.4 28 734 293.7 1997 | 3744 350
2= (Mbps) 1.8 5.4 5.76 115 36.6 146.7 5.04 10.08 200
sS4 83 gladEr =24 DHZ1D18F mVolP
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Mobile Technology Evolution in Standard (1/2)

IXRTT EV-DO RevA

: Voice 2x zap Dets (DL 2.4 Mips
Dets (9.6 - 56k) Dets (144 kbps)

Dets (14.7 Mbgs)

(3GPPRE)  (3GPP R10
Mobie Network Transformeton to A8 1P LTE 5
Archtecture Harmoniston Advanced
D-100MBs D¢ 1Goos
UL - 50 Midps UL - S00 Mings
3G R99 HSDPA HSUPA HSPA+
Voice Optimzed DL
(DU/UL 384/35%)  (14.4 Mbps)
GPRS
: Dat
. O ™ 2
3

- + + + +—

0060 200809 20010.11 012+

* DUUL speed i3 33 per specifications, however actual speed depend Lpon many factors
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Mobile Technology Evolution in Standard (2/2
3PP S8

7/ FL:~73Mbps S
RL: ~27Mb ~
= UMB®

LTE

*VZW, AT&T, NTT,
Korea (SKT,U+,KT)

Verizon  FL: 288Mbp
LG U+ RL: 75Mbps
KDDI

Uy

FL: 153Kbps FL: 2.4Mbps FL: 3.1Mbps
RL: 153Kbps Rk

LTE
Advanced

:Lead to LTE
Market

: AT&T
DL: 42Mbps NTT DoCoMo DL 100Mbps DL: ~1G
UL: 12Mbps UL: 50Mbps UL: ~500 Mbps

3GPP/ DbL:384Kbps DL:14Mbps TeliaSonera
UL: 384Kbps UL: Telefonica One movie (700MB)

) /6Mbps Orange Down Load: 1 min
T™MO 802.16e
. 802.16m
DL: 236Kbps ~ DL: 1.3Mbps IEEE SKT g (WiMAX) -
UL: 118Kbp$ UL: 653Kbp5 KT... Fixed ] DL: ~300MbpS

Clearwire :\D,llabi?éhfbps
Yota DL: 20Mbps
— — — =» No commitment UQ.
* UMB: Ultra Mobile Broadband India
(TBD)
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3GPP Evolution

i B
3G 4G 5G

384 Kbps 100 Mbps 10 Ghps
[Pl | [A0HE] (£
384Kbps IGbps 10Gbps
2001 2009 2020
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5G commercialization

/ / 2017 2018 2019 2020 2021
3GPPStandard  Rel12 | Rel13 Rel-14 Rel-15 m ® ® ® 56 evolution
Deec Jun Sept Dec Dee
O O

5Gstd start NSA TeSA %,
5G SOC

Availability
Sub-6 & mmVave
201 T2
Commercial E)
KorealUS Global  Japan Global expansion
NSA 3% SA
TDD 45Ghz
358 25Ghz| |FDDn71,n3, né
28 & 39 Ghz ni, n3, n28
NR CA
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5G KPIs

>10 times better performance than LTE in pursuit of eMBB, mloT & uRLLC

d 5G main drivers

I
Mobile Traffic Avalanche Connected Device Explosion | Immersive Multimedia New loT Application

nies
£A™R

W4 IAS 203 MAT ml 2019
<Source: Clsco VNI Mcble, 2015

Poak data

rale [Cbps|
204

5G Areal Lapuc.lly

User expencnced
_data rate [Mbps]

_3X Spectrum

4G LTE Evolution — “Generic System Performance”

KPls .
£ erg‘}oo - 600 » Revolution in core network technology, €.g., NW slicing
————  efficiency ' : y _ Tgﬁ,’;f{ « Evolution in radio access, i.e., LTE tech is mostly reused
(@ P 10n P— 3,1" *LTE is backbone technology
Ose Connaction Latency « LTE will have long life, coexisting with 5G
density [#/km?] [ms]

=Source: ITU-R IMT-2020 Vision Document>
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5G’s three main atributes

(eMBB)
Enhanced Mobile Broadband ICapacity Enhancement

Gigabytes in a second
3D Video - 4K screens
Work & play in the cloud

Smart city cameras
Augmented reality

Voice
Industrial & vehicular automation

Mission critical broadband
Sensor NW -~

— Self Driving Car
Massive loT Low Latency
| Massive Connectivity | Ultra-high reliability & Low Latency
(mloT) (URLLC)

(Source: ETRI graphic, from ITU-R IMT 2020 requirements)
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>G business opportunity

New Business - Long-tail .
Total
Traffic/Ravenus viden  User experienced | 5G technical requirements
{Operatar) > data rats [~100Mbps]
Peak data rate
~20Ghps
Web [ psl ‘ Latency
' [<1ms] Mobility |
[~500km/h] Connections
Yoice [~10° units/km?]  Areal capacity
[~10Mpbs/m?] |
lactle  +yaps High Mazsive
[nlermet TLT;T:::?J; .':-pcrc:u:l ol Smart
Eﬁ I Railway ﬁ I"' Othice
"i""'—i"‘l- '*-._ﬁ.f .
5G Objectives

Traditional Biz Maw |loT based Biz
W v AN Ao )
i Y 'l
Mobile broadband Mission critical Massive connections

Device Vandar's
Market Growth

Big wave of I
Smartphone replacement

Rapid Growth
of loT device Biz.

L . =
Year 2020 * Time

Wireless Evolution 1-12



Service categorization

Delay
F
1
ms Autunor.rl:?us Mixed Tactile
driving Remote re:?? internet
surgery ty
4K VR
Dr streaming
— — mei — — -
10ms | Disaster ri Real time Multi-person
alert I gaming | Vvideo call
' [
I Broadband
- - |
I .:::ﬁ\IMDhlllE' "I.l"ld eo in dense area
100ms _ I =~ surveillance self-
Remote device Broadcasti
controlling 1 | roadcasting
| | 4K/8K
I o I ..u live TV
1000 Monitoring | Ers;]c::i ideo Wireless cloud
ms sensor networlss streaming based office Throughput
<1Mbps 1Mbps 10Mbps 100Mbps >1Gbps
—-————  Services that can be delivered
A ' by LTE Fixed . Nomadic . On the go
] Services that could be
enabled by 5G
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How to increase data rate ! (1/3)

ﬁ

ADpERE. o dhieiii

Homes 2HIE + ADFEE/IHE » AOIEE FH4A
L7} 22 '500Mbps’-- SK2&|E, 'LTE-A Pro’ 68 125E MH|A

2016/05/2311:1518

SK2Z2 0|213+ 2+ H30f| i S3t0 63 1LFE AAHIEZ0f| S0MHz tHiH=2| 3Band CA 7|=1t LTE-

=

A Pro 247|291 256QAME 2 8310] MH| AT A|El0|2t1 23Y WAL -7

3Band CAZ CH2EE 7|& Z|tf 375Mbps7t AISEH, 0:|7,|0i|a256’Q'AM9§ 33% 7HM &3t CishA
500Mbps2| £& 7t M| A 7HSEHZIC 256QAME 44 H2ATS7 U ST Edge, LG G5 5 &[4 ADTEE0]| X g

5|01 QICt. JPPtiant -
(2) Modulation
(1) Frequency Band LTE: 64QAM (212 2¢ > 6H|E)
[OMHz X 3 LTE-A Pro: 256QAM (4l = 28 > 8H|E)
== 8/6 = 1.33 Hf 7{M
5G: 512QAM (412 2° 5 gH|E)

Wireless Evolution 1-14



5G freguencx

= mmWave - regional deployment among KR (28GHz), US (28&39GHz), JP (28GHz)
= Sub6 — 3.5GHz is a best candidate for global 5G roaming

Region Sub6 (600MHz, 2.5GHz, 3.5GHz, 4.5GHz) mmWave (24, 26, 28, 33 GHz)

24 26 18 -~ M 16

3B 40 42 44 46 4B M OB OB ¥ oM B W - T B W M
i | | |

| N260

N78 | N7T | N79 | |

N2SE | N2ST

3.3-:;?.! E 32-42 E -ﬁl.-l-'ﬁ.ﬂi 2*.5‘1?’.5 ?-E.F-I!.gﬁ . E E 3?—?!3.5
25 |27 J_ﬁ_d_!_] | 4 ! ! : ! Hj! El.iiﬁ ! 17 L
e o - N e’
28 27 § 2 44 | |49 L | er5i2828 295 5 L
Ja Ministry of Internal Affairs - H - Lo W i |
pan 1 1 1 1 1
& Communications : — ! o - D | i
| e | | || e 2 |
Karea Ministry of science and ICT -
| ! gk | | . ags | BELD | .
. Ministry of Information ; n . i Lo ZH i !
China Technology | ﬁ E | | I | . .
| 3 | | | 2426 | | pass | i L
HK  Communication Authority H b H i P
of Hong Kong ' . . P | R—— N I
| o’ - ! |
EU  Eurcpean Commission b ,
| w e | RN I
- ! ! | | I R | s .
| | | | NN | i P

Australia Reviewing 26GHz
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How to increase data rate ! (2/3)

SISO

MISO

Tx

Y m—Y

Rx

Tx0

Tx1

(3) Multiple Antennas

SIMO

Tx

Y m—pY

Sy

Rx0

Rx1

MIMO (2x2)

Tx0

Tx1

Ty,
g g—i‘[ ax

= SISO:Single Input Single Output
= MIMO: Multiple Input Multiple Output
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[0

SIS0

\D DD‘

LTE Rel'8
CHS based MIMO

LTE Rel'9~12

MU-MIMO
AN
LTE Rel'11 D

Metwork MIMO (ColMP)

DM-RS based MIMO (Full Dimensional) MIMO

u

O

LTE Rel'13/14

NE MIMO
Massive MIMO

B8 &3

Metwork Massive MIMO
= # of antennas. 16-256

* Uniform square array
* Operating frequency. {6GHz, >6GHz
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How to increase data rate ! (3/3)

(4) Scheduling N
A
o user
L
o <D -
user B
Power control

t+1 t+2 t+3  slot

—~t

o

Tx Power
Y é

Channel
Quality

Wireless Evolution 1-18



3G NR Subcarrier spacing

*NR utilizes scalable numerology (subcarrier spacings, CP length) and flexible slot (mini-slot)

structure optimized for various services including URLLC in time & frequency domain
Subcarrier Spacing: fy *2™ with f; = 15 kHz and scaling factor is 2™ with m {-2, 0. 1, ..., &}

— o o o o o o o o o o

Subcarrier Spacing [kHz] 375 15 a0 B0 120 240 :
Symbol Length [ps] 26667 | BEBY 3333 16BT B.333 417 !

5Slot length for 15kHz 5CS = 1ms subframe

Reference: Qualcomm

n Slot length for 20kHz SCS

“_ Mini stot with 2 symbol For 15kHz SCS OL-UL Flexible Slot Confiquration

Gap

OEEEOBEE( i soc v symbot o sokiescs

Slot & Mini slot (scalable slot length)
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Cloud RAN

RRH: Remote Radio Head
BBU: Baseband Unit
D-RoF: Digital-Radio over Fiber

D-RoF

Fronthaul
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Cloud RAN - RRH
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Cloud RAN

ﬁ
‘ ()
Core PDCP
MAC PHY RF
Network EPC RLC
. Traditional eNB
IP Backhauling
Core {{( }))
PDCP
Network ETC RLC | MAC | PHY | CPRI CPRI RF I-——.-
. Central Processing Remote Radio Head
CPRI Fronthauling
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Network slicing
e

U i, b peers el s, v kim oo hon | f— |
} |
f !'I."j e | o mm‘vl 4 4|
s £ R
°|! 2
‘ 3oy 0w deder e & st B N
#’f ! l-‘-l'.--‘timup-‘bﬂuu ._.‘E ' P \\
' ) neceed) | et b | S | - E i \ '\ SW based NFV (Network Function
3¢ ot ¥ il S dmn it il 2 | Virtualization)
== & 5 WEh 8| + Network slicing
| %% _32 & — + RAT selection
it - <
o= o oo
: AN i - eAT ey y
W oo ..4..1.—.&-(-4.-&“:-«1 W v
5 D
& g
o '
<
\*‘f
D
» @‘“
.‘\\u' 3
o« )
& Automative devices
~
<
& 9
-
&5
i <
Configure avnrt_ual 56 e Massive loT devices .
system per device ® &
type and service grade @ S s
(5G slice) &
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Edge computing

Edge Computing Model
2016

&

Y
+

Cloud

Mobile Computing Cloud Computing

Source: B! Intelllgence, 2018 Bl INTELLIGENCE
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