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Fixed Broadband Speeds(in Mbps)

Global |  203| 247 292] 336[  381] 425 | 16%
Fixed Consumer Internet Video, By Network(Petabytes per Month)

Global | 20485 | 25452 | 32981 | 43226| 56771 | 74319 | 29%
M2M Connection (Billions)

Global | 33 | 4.1 | 52 | 6.6 | 84 | 105 | 26%
M2M Traffic Growth (Petabytes per Month)

Global | 03 | 05 | 1.0 | 1.7 | 2.8 | 46 | 71%
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33 3-2. Busy-Hour Compared with Average Internet Traffic Growth(Cisco VNI, 2015)
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13 3-3. Cisco Forecasts Mobile Data Traffic by 2019(Cisco VNI, 2015)
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32, 4G YIERA 4 A¥ F g 2H
321 HEQ3 /4 Y

EPC IMS Profile
TAS |[MSG-AS
Core ([ MmE ][ PCRF | %CSCF % = % [ oA |[ GIR |
[ sew | Pew | (SBC [ mecr | [ HSS || ER
i ——
Transport Carrier Ethemet
ROADM
I
Wireless Access Wired Access
(S‘A?) [ 13 | [oLT | [CcMTS|
Access LTE (ﬂ
3(2(2)) - WiFi

a3 3-10. LGRE3A ¥ #=

H 0| X| 21 /92



LG°£E1*94 4G HEI = MHIAS Hofst= 2O AT, AT 2t EES
2ote EMAZE AF, 181 PHOI MH[AE AMEE # UESE 774 52 A
WA HFCZ FYET. 2 HF2 ME|20M 7= FHE T
gyef bl ZREFS *rﬂvrl A A7t MH|AE EAS
3% 21 BHl H EREENS 4T FYPY HEE Fd AR 450 225

= MH[24 ZH[Y 2F YES SXIsHoFTh o,
5G AlHol= e +E= 2 Holde U8 AMEX EAfa 2 loT HEO

M ZAT AR HEEE B Mo d=s BEHOR X2slof st wefet HoS

T oto] & ¥ EEY TS HSOloF B Ol ff% HEHE ST MEY T

T, T, ®o{Y F2g0| FHE A= FASHH 2 AHF XYl XY MEES HoHH

=20F T oI, & HoM= o HMSE B FSHR 56 AHE B2l AT

HEMHIS X2t FFs HAStLX; .

Mo oo 1] 3_! r_..
o mdr o r|r ru

r

H
|r
>—
s

rd rad p

322 YEY3 X3} 1

3221. X €88 34

ol

LTE 30| FH|= HZARE HE St=glolz PEE0] 4T HEW J|s
o3| Wgo|, 3 FRO| HE N8B0 28 J|ES EY AS UE HE
oloo|E 1 HEZ #5835 & 00| A|AEI Cojo] =A
Xt AFREE To| | 2t WA} 04 3 SAdo| zyjs
250 HH 80| 20-30%0 AXE T QAT Tt TRy SXju|et SFH|S U
O YElME T RHIE BI XY BBES Ol Worg HEsfolof Jict
LTE ?|X|=& Digital Unit(DU)Z} Remote Radio Head(RRH)Z #/d%|o @2, DU
St 6~1871H2 RRHE HZY + U= #Z2 HA=EHA U9 RRHE ﬁjé%* ZEOH &
8 F& DU X0 ojf2t H=t: 2285 DU &H°| ERt 4271 §F U
LGRE=LE MEXY DUY Z2M|M Xt 282 B 14% FE=E Z2MNM Xt
Z8E0| 52 49 107 DUS| A9t SiCiete 34.4% HEO| IXT ok B2 Z=2
MM X1 2REO| 10%E & o Sl DUS 92 33.3%0| i 012l Xel 292 S

_l}.' rin

S D2 XY BEES S0%IIX 2 4 UNW, MY DU 49| 28%IUORE
W A0 UG 2UY 4 UG A2 YT CAPEXS OPEXES ¥7|Mo2 BAY 4
g tolct

MepM Esfimel XE£XU S HE 2= FX[e 2EH|IY &5 A5 Ao
Me DU ZEMM X E8ES =°|L RRH EZE XNofg 2T + Us Yos &

sjof Bict.

I{|0|X| 22 / 92



@ LG U*t LG Uplus 5G White Paper

cPumsz  SMMEAIS 227778 21Kl =) —CPU 23tE H2{ 1071 7| A= —CPU 25HE ot9f 1071 7| Al =
u

80%

70%

ORI o VI A AV A Y ot VD N ¥ A N ¥ A W
e N \ / \WI \ /S N/ \\wl \WI

20% - 2149

)
;
é
;
¢
v
g
E
}

<
/
S
/
\
/
q
/
<

10%

0% -

O 0 N W OO F 0N WO O F 0N WO O 0 N WO O F 0N WO O I 0 N W OO & 0 N W O
o 00 -d A NO OO - 4 N O OO0 - - N OO0 - = N OO QO - - N O 00 -« o N O O O — = ™~
N W W W W wwmwmWwmwmwwmwwLwmwwewmwmwmewewmwwwwwmeweewwewewwmwwmeewmwwwmwmwm
= d d d d dd dd ] d ] d ] ] ] ] ] ] ] A
o 00 0 0 00 00 0000000000000 000000000 0000000 o0 oo o
gfgddddgggdggdadgdogggggdggogdgddggdsgoggdgaggsgdagdd
NN N NN 0w WYY O NSNS NSNODONO NN OO0 0 O 0 0 A A
NN NN NN N NN NN AN SN NN SN AN SN N SN N SN SN AN SN NN NSNS NN NN MM
S TR T Tee e T T T e el Tl e e T e T Thel T Tl e Tl el el The T Tl Thel Tl el el Tl el el e Tl Tl el Tl el Tl el e
[ e s o I s o I o N T o0 e o O o T+ o N o O .0 O o T o T .0 O o o O o s o T o O o T .0 B o O o o B o MO T o w0 O .0 T o s o O .o T+ o O o o w0 N o T o o o O o o O+ o B s o I w0 0 0 ]
o 00 0 0 00 00 0000000 000000000000 00000 o 0o o oo oo o

O =

3 3-11. Digital Unit XY &2&

4 PR 2R Zo| MiSote iAo mEr WY, FTTHY, HFCY2z &4
O 21’8 Hspd, UTP Aol 20| f8dE O|&3te= FHTOXM 2|7F MH|AF XS5t
2| YYo= 4Pair?t HRSHH| UTP 2Pair?t & 3 Q= 2127t ™H| ofLEHX|2| ofF 80%
= X5t U 219F MH|A Zoof| of2{go| . AHE=ZE Jskd ZEI=X, UHD TV,
loT MH|22 ?Isl|f F7I5t= E2{HZ X25t?| oAM= 2[4 UTP 2Pairg &-&5%
1Gbps”tX| A& + A= 2l&S HYsHoF s,

4Pair
= 2Pair (&

m 2Pair (

APair 20%

1Pair (Kigts) 3%

a3 3-12. 7|1% OfME UTP E’d 33

0| X| 23 /92



Yo S 0|85t FTTHY-S i3l ONTIt CHUES Lb:of Argdfjof 3t2Z OLT
BaTs 1Y HHEO| Z0157| WEO| 2|17 MH|AF H5
52| H FWH”*—J EXE 58 + 9 gle AZolH. FTTHTS FXHH|&= F2o=0|
80%, MH|7l 20%E XX H[E2 =°|= 0| dHHe=z E715%
UHE 21E FA°lEZ 8ot o':}g% &0l —'?—If'ﬂg jHjh"HOF Sttt ol
Aol OLT H|ofA Ef” Y Fob
= jlé, e ®E0| 2rsTh E I 2= 2HEol %’Rf’ft’r-

ZA0|E5E ©|8dt= HFCYZ ZHHMIE JFUXE o] ZH2H CMTS(Cable Modem
Termlnatlon System)2t CM(Cable Modem)2 AX|5t0 AMH|AZS X|-Z25tH, $HXH 16X
g o= |O ot¥ 500Mbps?tX| X|¥dst= 2|17ta MH|AE FH|StE . HFCTZ
L o Fogy LHEO| 1:20 +FY HUHY LX22 HREE MH[A0M= ZX|
X E2Y, 4 HIES HO| A&ste P2P ofEE o] d0|H SCCTVY Z2 MER
MHE|22F 530 U HFCYS| & £&=0 ofst F& #=f9 ofz{Zo| . 221 ot
S00Mbpst= B9 UHD ‘2 822 HHEY £+ U= 2FH 7|71 MH|A HlES 15
SfH CLHHE BFO| K& 22 ofof ozt oA ots Ofstof S

[m]

3222 2F ST M

39 HEf3= CDMA/EVDO/LTE & AH|AHZE HEQl A|AHIES 2T}
YEQI RE E Ch27| W20 0o|F SA| SYSHOF St AR Y%
Soo] 37, Chopet HH|9) FOf AIX) Y XX WHS SSHOF st 2
e AREZ 20| AHHEICE W2t OPEXS Hotn B
| G TsfE £ BAE MBS SN AHo| Basicy,

PHETe 8y Edmel D4 X2 Ush ClojE g, Mo 12D 2 J|50| B
£ Ol HH| U BYE] o WIEYD 2o XtSa Y FY U} oD YH| 54
of G2 YEYA B 57t 59 SHWS o2 Uk

w5 MEMO| 2tQE T2 EFo|ut o|=5t0] EZ{LS 2|5t HHAloZ L H|FAEO|

r K

Ho of
A
1o

od Ho T
ox
i}

ox
o
mo do

o[ EPfmT} Jch T QUS| Thoh XPHEQl EAT Mo} of2ey MEL M|
20| Tt TS RIEgol HorE Aupofl gict.

et olefe EXHE IS 4 Sof Parh B HES o RAU XA Uy
A7, FYolM Hico| 23 glo] SUS Y MAR M XSk + U= Y HP,

I ME
MEX FE9of tE MH|A HlES A%t A% HEAT X9 “EJR*JOI == UH.

I{|O|X| 24 / 92



‘J

1
T Wi HA gol K”"f“”*-/
§

17 3-13. 712 20N Y HEP 2 *s2 SHE 125 E3

M&5t= LO(ROADM) A&, H2|/4 QIEO|AE g5t
Z35t= L1(OTN) A&, 2249 HIo|5E EoIH| MEst= L2(MPLS-TP) A
% Ao AX/EL ¥ YEdS EEII| Yot J|2HC=E 290 A o4

e
[0 mn A
Hu njo of

10 o

o
o

]
o
L

>
op

>
I
rir

[m
o
JE

gor Mg @ FTH 2 8y A%, BEEN|, Foj 24X %

[ (o] a
+ EMSO|M "’Jﬁ’PI W&ol F2 HMEA HEPHIE 2T B¢ M=
CHE EMS 29 s F2I12 &50°F ste #F(0PEX)O| UH.

= ot > =)
Layer2 = V“ yﬁg y" =
v —t > — S v
Loyer =< = = =2
= d - ) = A -
vaggz 5] = vz
LayerO @ " . a
- -

.|

3ol HHl 2Fol WE QAAH|, H2| AER, EMS MH H|Zdt HHEY FIt2
OPEX?} 4&35t=0| o] 29 o|F &H| 2t AF2 Provisioning(AH|A 1GE AT HH]

X =l 3l M) AZHel B0t2 EF Xstel FRER! JtsdE SOHARIH.

ol2{st ZHHe 35 YUA=RE Y X 2F TeStE CAPEX/OPEXE
HEXHI AF 2t 252 2 AHIFY HZAE
(il

| 0| X| 25/ 92



EMS 2 N EMS
s ) - == = - =
_ - il =
Vs g . = 5 VEmas
Layerl d J ~ et d ~
= J = — = J =
vz - - vz
Layero — L EE == . =3
= =<
St 1< LO — L2 =5F

13 3-15. M&Y Control Function £3 & H|& 2t StEYo] £

J|E IT QImate] AERIX|S MH|AE Silo WEf2 TEEO| Q0| £ AE2IX|9 Yo
xS CFE AE2IXO|M ZEO| IS, BEY 4 U A9 SiEAE AE2
xjof stEQolet YEYAS HLE, cizf Hlo|E{e] FAIZH fo| o] TRsCE of2f
o X PR WA XYY Ho1EL HOIE UR HSP} 52 AEYXR Qlsf £XiE
Sofat St AMEO| HMYHHI 27p PEO| 4 oM & Fof Ao AREO| H[XYA
UFo| XU F IHSHE UCh 124D 2 Mu|Ao AE2X| 2t BlojE | HEOE
Mo Aol QIof ARMQIX| AH|ASt 2o M Hopol| HEHI| Yshis PEX 5P
LRsitt

3223, oy %3t

Io HEYAS T 4= ActiveStandby HEHS| 1:1 & N1 Ui X0} MEE
of O} st4e EE S E2NA9l JHO= FA g ZhsstH, olFste EE9
Dual Down Al9fl& MH|AJF ZHED N1 Y LEOME 10| HHUsHR| of2 o2
HEDL uiRdo| gl= e HEo| &E + 2o gt £ Dual Down S5 & MH|A
b LAOf TP A 2R ot2 QIet 2Xt AHOZ O|o)F ItedE HX| F?| WEol ©f
=gt ZHE HEY + Ucs MER HEY WA LEF LsHOF T,

IT 21712F 770 UEY 2HFo| LY+ 2O 2 Jledt SAX G gl
A= £Z29= £39] APT(Advanced Persistent Threats)2t 22 2HH, FXH X2
Aol A FREL} TSt Y Zs2 Cl8ste Xed sFC| Xt F2retl Ut ol
Hast2| |l 2 Y 24 210 M 2o FH|E SAEHL el LXK g2
HAH H 230 o AYRES ©|8% Zero-Day Attacks olst=He AHES
Ho|n Ut ESH 20153 Arbor Networks WISR 2 EEQ]| W2 QIE{UIAIAXIS| AMH|
A QEEo I 2 EQF AR DDoS(Et MH|A HE FH)9| FL 20054
10GbpsTt22| &4 =&°| 2015% = 400GbpsE 29| 4084 SF3t}{H. B <

| O X| 26 / 92



PEls He loT Zslol T2 CHolA 4o 35 U CHfo|X ER CiE, 8
Yol FAHY DE2A2 Ol US| $4-44 o] 0l2E AEHF DDos A=

4 Qo 20|t

md'

Survey Peak Attack Size Year Over Year
400
350
300

250

Gbps

200

1560 100 Gbps

100

50 m

0 ®
2002 2003 2004 2005 2006 2007 2008 2009 2010 201 2012 2013 2014

Figure Source: Arbor Networks, Inc.

3 3-16. DDoS Annual Worldwide Infrastructure Security Report(Arbor Networks)
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7. 5G Key Technologies
7.1, YM|X HEH3
7.1.1. 5G £H EnjA oy
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Above 6GHz (Candidates)
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7.1.2. Spectral Efficiency
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32 7-3. Massive AntennaE ©|£3t FD-MIMO

7.1.2.2. Modulation
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a3 7-5. 256QAM FHHZ|X|
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7.1.2.3. New waveform
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7.1.2.4. Multiple Access ?|&

7| OFDMA $AIECH e 49| J[7|2 48311 4 8% 3012 Ao NOMA(Non-
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SCMA= Multi-dimensional code bookg ©|£35t0] Fot4 8L =0|=
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7.1.2.5. Full Duplex Radio
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7.1.3. Low Latency Technology
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0.25 ms

Control Data (entirely DL or entirely UL)
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] T Resource for Control & RS
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@~ @« — @

GP (Guard Period) OFDM symbol Gp

a3 7-12. New Radio frame #+Z o

7.1.4. Multi-Radio Access Technology

5G MH|A%} B A2[os 4G, 56, Wi-Fi § M2 Cf2 250 2R3 310|0, of

A5t YIEYISS HEHOE AESY| siME ME 2 M HE Jlas 2
Coordination ?|%°| ER3IH. Multi-RAT ZZoM MEX M d5= FeME + AU
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7.1.5. Massive Connectivity Technology
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Machine-Type Communication(MTC), Device To Device(D2D)E & 4+ Ut
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MTC(Release 12)%M P2, H2F3 A TMbpse U £E5 H= UE
Category 0 THO| MEH FASRAL ©f TH2 289 71HS RFALA st ofEH
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Cat-1 Cat-0 (MTC) eMTC Further eMTC
3GPP Rel-8 Rel-12 Rel-13 Rel-14
DL Throughput 10Mbps 1Mbps 1Mbps ~200kbps
UL Throughput 5Mbps 1Mbps 1Mbps ~200kbps
Rx Antennas 2 1 1 1
Duplex mode Full duplex Half duplex (opt) Half duplex (opt) Half duplex (opt)
Bandwidth 20Mhz 20Mhz 1.4Mhz 200Khz
Tx power 23dBm 23dBm ~20dBm ~20dBm
Cost 100% 50% 25% 15-20%
McCL* 141dB 141dB 161dB

D2D#, M2 HE T
M EE T AE SUE St A3 MEES

=

D2D ?|&2 3

# 7-1. MTC, eMTC T

E
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Z 201395 E Ry

MY 259 Discovery?l Communication®| tist EZ=3F Xt

Y= A, dMl= et G-oAMY 1&g S UWEHI FHHXP) gl B2
T 2 A S0l et Aor Tl IO A

1
%

(a) Scenario 1A (b) Scenarie 1B

1
%

(¢) Scenario 1C (d) Scenario 1D

UE1
Out-of-Coverage
In-Coverage
In-Coverage
In-Coverage

Scenarios UE2

Out-of-Coverage

1A: Out-of-Coverage

1B: Partial-Coverage
1C: In-Coverage-Single-Cell
1D: In-Coverage-Multi-Cell

Out-of-Coverage
In-Coverage
In-Coverage
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7.1.6. Analytic 2|8t Self-Organizing Network (SON)
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7.1.7. Interference Cancellation
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7.1.8. Virtualized Radio Access Network
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Radio Head(RRH)Z /=0 QUt}. DU stH4of| 6~18742] RRHE AHZAY + U 1Z=2
HAA|Zo] o] RRHE AZY ZEJt £FF F2 DU X0 {2 IE2t= DU 34
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72. 9 HESH3
7.2.1. Packet & Optic Integration
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XIgtst QJet Circuit ?|&Q SDHE= MSPP(2005@)9M HX|E & OTN &= UH
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7.2.3. Efficient High Speed Access

OftH 20-30%M HE3| F2iot= EfffiE FPH2E X=stl| 510 LGRrEHLE
X 100Mbps~1Gbps £EQ! J1AXILS 10Gbps ?[HIC 2 L 8&F1N 25511} 51H 10G
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7.2.3.1. 10G Ethernet ?|&
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NG-PON2 2|2 22X EZ3t 2|72 FSAN(Full Service Access Network)%|A 10G
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7.3.2.2. SIMTC(System Improvements for Machine-Type-Communications)
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Cortex-A53 CPUs

Adreno 430 GPU

OpenGL ES 20/31
OpenCL 12 Full
Content Security

Display Processing
4K, Miracast, picture enhancement

Modem
4% gen CAT 6 LTE
Upto8x20MHz CA

Memory
LPDDR4

Hexagon DSP

Ultra Low Power,

Sensor Engine

Multimedia

Processing
4K Encode/Decode
Snapdragon Voice Activation
Gestures
Studio Access Security

Dual ISPs
(Camera)
Up to 55MP
12GPix/s bw
Camera SW
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ANR Automatic Neighbor Relation

API Application Programming Interface
APT Advanced Persistent Threats

BGP-LS Border Gateway Protocol - Link State
BSS Business Support System

CA Carrier Aggregation

CAPEX Capital Expenditures

CCO Coverage and Capacity Optimization
CDMA Code Division Multiple Access

CDN Contents Delivery Network

CEM Customer Experience Management
CM Cable Modem

CMTS Cable Modem Termination System

CP Cyclic Prefix

CSCF Call Session Control Function

D2D Device To Device

DC Dual Connectivity

DDoS Distributed Denial of Service

DOCSIS Data Over Cable Service Interface Specification
DPI Deep Packet Inspection

DU Digital Unit

EIR Equipment Identity Register

EMS Element Management System

eNB Evolved Node B

ePDCCH Enhanced Physical Downlink Control Channel
EVDO Evolution Data Optimized

FBMC Filter Bank Multi-Carrier

FC Fiber Channel

FDD Frequency Division Duplex

FQAM Frequency&Quadrature Amplitude Modulation
FSAN Full Service Access Network

FSK Frequency Shift Keying

FTTH Fiber To The Home

FW Firewall

GGSN Gateway GPRS Support Node

GLR Global Location Register

HFC Hybrid Fiber-Coaxial
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HSS Home Subscriber Server

IBCF Interconnection Border Control Function

IC Inter Carrier Interference

IDC Internet Data Center

IDS Intrusion Detection Sysytem

IMS IP Multimedia Subsystem

IPS Intrusion Protection Sysytem

ISI Inter Symbol Interference

TU-R International Telecommunication Union Radio Communication
Sector

LAA Licensed Assisted Access using LTE

LB Load Balancer

LBO Local Break Out

LBT Listen Before Talk

MCS Modulation and Coding Scheme

MeNB Master eNB

MGCF Media Gateway Control Function

MIMO Multiple Input Multiple Output

MLB Mobility Load Balancing

MME Mobility Management Entity

MPLS-TE Multiprotocol Label Switching-Traffic Engineering

MPLS-TP Multiprotocol Label Switching-Transport Profile

MRO Mobility Robust Optimization

MSC Mobile Switching Center

MSG-AS Message Appliction Server

MTC Machine-Type Communication

NAICS Network-Assisted Interference Cancellation and Suppression

NBI NorthBound Interface

NFV Network Functions Virtualization

NFVI NFV Infrastructure

NGMN Next Generation Mobile Networks

NG-PON Next Generation-Passive Optical Network

NG-ROADM | Next Generation-Reconfigurable Optical Add Drop Multiplexer

NOMA Non-Orthogonal Multiple Access

OAM Operation Administration Maintenance

OFDM Orthogonal Frequency Division Multiplexing

OLT Optical Line Terminal

ONT Optical Network Terminal

OPEX Operating Expenditure
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Operate Support System

OTA Over The Air

OTN Optical Transport Network

OVSDB Open Virtual Switch Data Base

PCEP Path Computation Element Protocol

PCRF Policy & Charging Rule Function

PDCCH Physical Downlink Control Channel

PGW Packet Data Network Gateway

POTN Packet Optical Transport Network

ProSe Proximity-based Service

QAM Quadrature Amplitude Modulation

ROADM Reconfigurable Optical Add Drop Multiplexer

RRH Remote Radio Head

SBC Session Border Controller

SBI SouthBound Interface

SCMA Sparse Code Multiple Access

SDN Software Defined Networking

SeNB Secondary eNB

SGSN Serving GPRS Support Node

SGW Serving Gateway

SIC Successive Interference Cancellation

SOMA Semi Orthogonal Multiple Access

SON Self-Organizing Network

TAS Telephony Application Server

TDD Time Division Duplex

TTI Transmission Time Interval

TWDM-PON Time and Wavelength Division Multiplexing—Passive Optical
Network

UFMC Universal Filtered Multi-Carrier

UHD Ultra High Definition

V2| Vehicle-To-Infra

V2V Vehicle-To-Vehicle

vEPC virtualized Evolved Packet Core

VIM Virtual Infrastructure Manager

VPN Virtual Private Network

WDM Wavelength Division Multiplexing

WP5D Working Party 5D
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