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B Massive MIMO 7|=9| M&
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[13 6] Massive MIMO Z|X|= U FH7| QUE|LS| of

*ZK: O|XHY, Ll 56 A RF A 7]£(2020)

m SHU7|g oE|L 7|
Massive MIMO ©27]§ ctelvhs A A4A A Azz Adstel (139 719 @9
e mE Eu GAe ANSE A REh AR ek gl 54
Ast RYTe] A% FA FE ARE WA e 1015 Apen) WE 249 T
FAsk 540 0F dHGE BEsel doly AU 2w Y
gk Akd QrEltE (19 719 9 ol WY wE 9%
Wb 27 20y QA8 45 aae] SAEES Amsts 29
FUF) Y2F YA o AAES shleh,

* Edge-based antenna arrays for diversity
* 2+ data streams for MIMO

* Beam steering in the xy plane

* Polarization 1:
» Polarization 2: W

Antenna array 2

(a)
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AdAAZE FAeE kel WAAARE [ 819 (a) 9k #o] &

78 = 9% (Mesh Grid Patch) 7-%2 &&3at3lon, o3 PCB FEle 9714 714k 1x16
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360% W2 g AT+
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Ideal V-pol. antenna Slanted V-pol. antenna  Folded V-pol. antenna
traveling in x-y plane  traveling in x-y plane traveling in x-y plane

Dominant Electric field: ------ *

s
(b) 1,=0.44 W,=0.65
1,703 W,=0.6

£X: O|M Y, 5G &4 RF &%t 7|£(2020)
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Circularly-
polarized wave

Fresnel zone plate

Periodic boundary

Linearly-
polarized wave

TE b
Incident; -
Wave | ..
™ < \ Periodic boundary W
Circular Polarization

Converter

(a) (b)

*Z2X: O|MY, 5G E4 RF &Kt 7|£(2020)

B M3XE2|7|s - 4Yd 7=

Massive MIMO 7]%o] ALEw H5=9 otgUE o]gsle] FAISH HE9] AT E9
AT} o] A Es AA3] Hste] A5 A7 A5 ogAd 2
Az AY 7]%€X Massive MIMO 7]«9] 3 £H% 3}

NEA 7eS oy gHUE o]&ste] 54 WFgFozE & 9

LAY ATE FAlsta, b2 wFoge A =
AT Jate wjAslE AlsA g 7]%o|t)

rlo
s
qn

23 10] ¥EEel 7|2 HEE

Transmitter I Receiver

- j Z .
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e / \ £

) = =
Information ol 2 2 > to dectector

bit sequence E r\ /} g

[ I l ©

o m

Desired direction of
‘ transmission/ reception T
Phased arrary Phased arrary

SA2 I CHE QtE|LE 7|£(2009)
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WP 3 F9elAe] A3 de"doz sidd + vk FEHY ofdold 7]&ksH
Tzo o8 1T Aze AR v ARt Z42e] Ey dae] TdstA Ha ol AR
O T4 AlE Atole] 97 Hol& fdatA #oh whek 2159 W3S & & i 153
A58 A Aole Al AzEe gebr] oldel 94 olsriv A AAE ARE-S
BAE g ols Aotk 1 A3 S 249 ogole] AA dHY HEe A5 wEgow
Hoj7t 4 Aotk

AFHE Az Ast Ax WB3s FA7|A da vk HEAd Ves olgste] FA7] |
s it A2 Weks et s 2430 ZH SNR(Signal to Noise Ratio) o5& 9=
T Stk olgfst SNR ©|5= QHHY o5 =& offo] o]Solgtal Fhrf. whek FAl7| oA
A AR weke da god sid wEeR FA AYs ATHoEs dA e
Wwagoro Hyg ARE =Y F At FFA7] RYEA 7l CCI(Co—Channel
Interfernece) & JAlst7] flste] v AREA A= AE&d F+ Utk FA7]AA 7
AFAE U2 FdAY AFEAE WgorE Yol Qlu At HE WIoRE FE
Aol JAEE W HHe 2AFoEN v FAANE AMEAEC] tis] SINR(Signal to
Interference and Noise Ratio) % ofu2} k= ARg-Atel] thdh SNRE &€t
FAZAME e d A AFEAEE] WEo] FastE I deke FA W] FHES
WoEE 2R 4 AR A 4l SINRe 3344 5 vk CCL AAE
el AutE HHUE ARETOEN sd Fu diged Sl ot sdAE AR AES
24 e oldgt Mds w1 £ th53 (space—division multiple—access)

m MINEI|E -

A8 1] M3t £2319| /|9

ORI

ZHCHO|HAJE| 7|

Transmitter Receiver

Information Space=Time| : ‘o Space-Time Estimated

—_— ——

bit sequence Encoder Y f? Decoder bit sequence

Redundant signals

*EX: Y- FH S4S fle OhE 2AHILE 712(2009)

of|

W holuAE 7S toluAE W ¥5E o5g Bele] oF A dAL 54
= AEAY 7129 AFelt telwAE A 2
Voo b 4l QLS ALg L 44 A E

ol
-

1 (diversity reception)> G

& Agste] tolWAHE i,
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T ek Fojgdo Ag st Ad ARE & o A3 289 SNRES Hulslse
HH] Ag(maximum ratio combining)©|t}. =& Adt

W2 A A5 58 Yok 50& o] A3t (equal gain combining) ¥} FH | <A SNR<
zbe 2l Asnks Aesks AE tholWATE (selection diversity) 7} Stk ol& EF F4
HelY el disiAl #H E]ro] /\]E]§ g skt

gy 74 UESIE ke dE AHE 7 ol § =
5 S, TARE SEtokelA &8d ¢ qlow AE st ZF> ATA FH
HESZdE &85 + St vE Huss frstel 73S <tHuY
ogolE FAT 4 Utk webd, @A QFEHUE 7 kEEo] AE FEste] 7MY MIMO
(virtual MIMO) & FAEo2ZH 7]& ] 9= o]EL e 2 ot}
Tk olyd wrtiEol ANz gHste AP Al F &3} (distributed space—time

coding) st @ tholmAlE] 71 AL % glnk.

= =

B M2HEI|E - SUCSE Js

20 OE3 716 458 dolHEe MY AndER v o5 EIF Fus
gofold A% e M $41 HEIUER BA6] et 7ol £V E AEH
A

NEE BAA FaeEe ALgstel Beldr

A3 12] 3 oHEs}e] JHEE

Transmitter Receiver

Information ___

Detection » Estimated
bit seguence

Algorithm bit sequence

Demultiplexing

M sub—sequences

*ZA: Y ERMIIE ZE MIMO 7|E 88, §EES4A7|2EIIRI(2020)

T3 BE (frequency flat) #old 49 B¢ AZEA(ZF, zeroforcing) o]t
MMSE (minimum mean squared error)a ZIdko 2 St A8 HE diugEso] W
BAEE ZHAE A5o] g3 , Hd =ML, maximum-likelihood) 7]4F¢]
F7E e FFstd FAl ?}Eﬂ‘/} 7H"r9} A 27 Sl we AE 5RE7F
AFA oz Tk Aol vk

10
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B2 =8 7=

MEY 5 4E ASANNES A8 ANAE SR SN AY S
stelalor ek Massive MINO 718) A4 %0 41 qhelh o Heel 54 qhelis
13, 2t clEvt Alold AYS BE P stolsiol 2E ASANEE 48T #
e,

Sdle] 4G LTE A2&"lox= 7+ Anjty ] A4 ¥ = CRS(Cell-Specific Reference
Signal) & ©o]&3to] A W9 wr|Eo] V|AFOoEFE WHV|HA S AMEdE FAHAY F
Atk 2y, CRSe W 7A4Y FAAES Algtstd, odyA vla&dola, 6GHz ©]49
a7k oo Agsty] otk ol wWekslr]l fla [2¥ 1313 o] TRS(Tracking
Reference Signal), DM—RS(DeModulated Reference Signal), CSI-RS(Channel State
Information Reference Signal), PT—RS(Phase Tracking Reference Signal) &2 AZ-%
71 4Al% (Reference Signal)s =93t A2 o9& Fi5 g9y gtst Ayl e
s &+ AEF sl

[3% 13] 4MICH LTE 7|& MS2t SMICH NR 7| MS

NR {(Rel-15) downlink

LTE (Rel-8) downlink reference s'gmk

reference signals

Synchronization

Synchronization tind)

(CRS)

Demodulation '
Demodulation ) (DM-RE) .
(CRS) g 'Channe| State

‘.;‘ﬁ-i =
lte v Channel State ShiGrEaHET

Measurament
Information {CSi-RS)

g:;b

Measurement

(CRS)

TRS: Tracking RS
DMRS: CeModulation RS
C51-RS5: Channel Status Info RS

CRS: Cell-specific 85 PT-RS: Phase Tracking RS

*ZX: X|£=8, &M, 5G-New Radio MIMO EZ7|£(2019)

dejulelap tfede] 5G AlAElelA DM-RS+ Type I3 Type 12 %2 F Stk
DM-RS& A% Ba/s F39 Ads F437] A& AA H3lon, 5% H3(coherent
demodulation) 7} 7}Fsdlth. TRSE  AZY/FS4 F3 (tracking) ¥ A A/ EE¢
gt (delay/doppler spread) o] F4& |l AAFEHNSH, PT-RS= /518 7 A olA
A FE9 BAS 98 AAHUY. &, TRSE DM-RS$ d%sate] Bx Ao A #5S
AAsHE 9 AlFstt. PT-RSE ﬂ% 1Zo|u ARRE = Wx 7R FEst el whet
1es goste] AMgHET SRSE Y #Ha A F4Y oW w7 54E 94l
AAE AT webe, e ASA (reciprocity)©] A€%+= TDD 44 &3 dHa QY
ARE S AHE 5 Qi

CSI-RS+ at¥Fa Ad HeHE F4st7] f&l AAENOH, o]E o]&ste] @7+
CSI(Channel State Indicator)& 7|A=rel 2|3EEZ 4 Qlty. CSI-RS+ F7], H]F7]
w2 o] CSI-RSQ) 37H4] FE = 7hch
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[ 14] F7|, HF7|, BtHEH (periodic, aperiodic and semi-persistent) CSI-RS2| £

Periodic CSI-RS Aperiodic CSI-RS Semi-Persistent CSI-RS
Orthogonal Ports Up to 32 Up to 32 Up to 32
Time domain Pericdic transmission once Single transmission when Pericdic transmission once
behavior configured triggered activated until deactivated
Activation/ i 0 n
Beastivation RRC signaling L1 signaling MAC CE
v Hybrid of periodic and
Characteristics No L1 overhead Low latency AriockcCSI-RS

*=N: X488, ZA8M, 56-New Radio MIMO EZ7|=(2019)

m 2 HA Vs

Massive MIMO®l| A 7t 71#]=9] <ty 5
Osstell AREET ZF AREAel A= ke Al A
TEs w37 fgt 48 Wo] gddEn ndu tE g4 (NOMA, Non—Orthogonal
Multiple Access)7]&ES Al =28 0] AAE ol g3t sdst At Fob
oS TAld AMEshe 7ER, AFEAE IS H4sE ¢ 9l Massive MIMO 7€

=
dete 45 T4 A2"Y Aee AA FIANE 5 e VIsolth

N 7HFa /75 o)A AFERe] 27
9 7

[33 15] MIMO-NOMA 7|=

Sll

—>

SI.J

—>»1 NOMA
Beam-

§Q_) forming

51.1

—M

Cluster 2

*ZK: M8, 5G and BeyondE QI3+ H|EW CHE % 7|&

[717 15]e] =Al® MIMO-NOMA AJAEle 2709 S8 AHo, ZF 299 ARgA=
TAEM, 4zte] ARgAbe RS tHYE AREET SRAEY MS oAlsy] 98
=2 7 A A (SIC, Successive Interference Cancellation)+ ZF 8 2AH Ul F3=H,
FYUAER e A f& WERYS o] &3tk MIMO-NOMA A AR Fak A5
FHE AT e oy, Wxy, 4984, AFEA S AHE, SIC A4 24 el o
ATEo] ASHT Ut

12
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B Massive MIMO 7|2 E3|5E
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— Massive MIMO
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Massive MIMO
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Massive MIMO
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Massive MIMO
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B KIFRS HZ7|F)

Massive MIMO

RF A0S 7iesigion,

Performance

, Q) TEEE:
4) 7ed|8:

[elo]2H|A] o] AE|a=

o] F 52

7190t sARE ol E Al 7IA=E

. FAe

22|51

5G 2249 7|y AF

Massive MIMO€ 64T64R Antenna <
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BHUAZ Hae
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AEEEEE

Fiscal Year

#0[2)(2f &)
EPS(&)

P/E (x)
EV/EBITDA(X)
ROE(%)
P/B(x)

7)1 A])+4 REY-E
e YoM E= = 19, F2H 599 A3
CdE Y3 5G Massive MIMO ZE|, 5G
assive MIMO-& 32T32R

=z
T

4y F4

, oG M
arerson 2018

20174
2,037.2
-3.2%
-30.5
-1.5%
-86.9
-259

68.4
-17.9
8.1

&

)
=

A:

HelY &

2018
2,962.7
45.4%
-262.3
-8.9%
-312.9
-927
x|
-26.9
-45.5
48
HolH a8,

= O

=

2019\
6,828.8
130.5%
1,366.8
20.0%
1,026.6
2,652
s3
19.3
14.3
67.8
94
NICEC|HH| M7t

A 2/ 2o 5

[
& ARES

Antenna

d109%E S BAA 8 EEd

G AdE 3 fFH T WY FL F7E9 42l 5G FAIY FFo] olfd Ao=
g St 7HEY (Gartner)°ﬂ w=2d A AA 5G FA UEYA 2xe mjEde
2019d 229 dejoA Ud 429 Z8lE 89% Z7}stAA 5G EAIY AlEL =2 AAS
A&e Aoz oiddn. A FAE XS g dF FAAN] QA THY dF
71997ro] Massive MIMO 7]&& HA38tal Q= Aoz &% Al oo wE A Az
oglE 5 229 FAX W FAH] JAZFE S uiE vt 7 e
[ 2] Ofo]AH3 FIt5F0| U 7|2 HFEHBK-IFRS AH7|F)

Performance Fiscal Year 20174 2018 20194

(EHRl: %) OHEHE &) 3,516.2 3,773.2 3,786.0
- S8 YoY(%) 9.2% 73% 0.3%
Feold o) -144.7 131.8 27.2
m H0| 2 E(%) 41% 3.5% 07%
#=0[2(Y &) -555.7 12.4 -96.9
EPS(Z) -1,926 926 247
R EPS SUE (%) x| = XM
’ o P/E (x) — 53.3 —
e CEEES - EV/EBITDA() 41.4 11.2 21.7
1) £A4712 3 Tz) TAE: SYu|F, ROE(%) -61.2 4.4 -11.1
() 2L g8, @) HaHH|8: gie P/B(X) 2.3 2.2 35
*ZX: HO|HZ8, NICEC|MH| M7tS
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Massive MIMO

[Qo]&EFAH] o]|&FHLE FFAl AAoA W7 AEE Frle=m WEsty, FATE A
A7) Az HEste FEAE 54 REd J*E%Mlﬂ Az, Hdujsts Aol A
FA o] FEAE 25Gbps, 10Gbpswe ¥ EWAH+= 5G FA o]FFA AulA 29
Az He] o A= FA ol&EAl, Datacom, Telecom, Yul 7FYAE A[GeA &8-3
T e S ¥ EWAH BFE AEFTS Bkl v F EWAIHY ARGFE AL
Al 2~Elo o] AR EHW, FFA AR AR FAAMEIA Al FAY A ket
G B R FARE 3 EWAH ZF AFE Qe AAHAlA AlEE Fastl o
A= C-RAN(ZZH9E 74 HEYW) TEES YEYJIAE TAHoZE FAY LS st
BEWAANY E£FHAE AFsta Yt Massive MIMO 7]<0] A&435= 49 C—RANS
oy EES A F7FE Aoz oitEw, FAFY FEMAIH gt Fo% S
Aoz dAE
[E 3] QO0|EFM FIIF0| U 7|2 MFHEK-IFRS HZ7|F)
Performance Fiscal Year 20174 20184 20194
(SH9): %) OHZ(Q &) 765.9 815.0 2,102.8
. SUE Yov(%) -3.9% 6.4% 158.0%
w0 ol &) -19.2 2.3 582.6
AHO|YUE (%) -2.5% 0.3% 27.7%
- #0[9)(9f &) -17.9 25.8 460.7
EPS(H) -196 261 4,642
90 e EPS SUE %) XM =H 1,679%
P/E (x) — 51.0 10.7
— [ EV/EBITDA(X) 326 26.7 7.5
@EEZQ 2M7|F) .
(1) BAIIZE 36, (@) ALY SIS, ROE(%) -2.9 3.8 444
(3) 21 gie, 4) AHaHH: gie P/B(x) 1.3 1.9 38
*ZX: UO|HZ8, NICEC|MH| M7t=
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