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(. 20| (Abbreviations)

O 5GAA : 5G Automotive Association

O ACC : Autonomous Cruise Control
O Al : Artificial Intelligence

O AIO : Activities, Interests, Opinions
O AR : Augmented Reality

O ASE : Aerial Spectral Efficiency

O B2B : Business-to-Business

O B2C : Business-to-Consumer
O B2G : Business-to-Government
O BER : Bit Error Rate

O BSD : Blind Spot Detection

O BSW : Blind Spot Warning

O CC : Component Carrier

O CCMSC : Cloud and Crowd Monitoring for Smart City
O CDN : Content Delivery Network

O CLW : Control Loss Warning

O CMSS : Cloud Monitoring for Smart Safety

O CPND : Content, Platform, Network, Device

O CPS : Cyber Physical System

O C-RAN : Cloud - Radio Access Network

O DL : Downlink
O DU : Digital Unit

O ECU : Engine Control Unit
O EEBL : Emergency Electronic Brake Light



O eMBB : enhanced Mobile Broadband
O eNB : eNodeB
O eV2X : enhanced Vehicle-to-Everything

O FCW : Forward Crash Warning
O FoV : Field of View

O gNB : gNodeB
O GNSS : Global Navigation Satellite System

O HD : High Definition
O HMD : Head Mounted Display
O HRTF : Head Related Transfer Function

OICT : Information and Communications Technology

O loT : Internet of Things

2018 5G S&MH|A AlLi2|2

OISO TC : International Organization for Standards Technical Committees

OIVS : In Vehicle Signage

O KPI : Key Performance Indicator

O LCW : Lane Change Warning

O LDW : Lane Departure Warning

O LKA : Lane Keeping Assist

O LiDAR : Light Detection And Ranging
O LTA : Left Turn Assist

O LTE : Long Term Evolution

O MEC : Mobile Edge Computing
O MR : Mixed Reality

O mMTC : massive Machine Type Communication

O MU-MIMO : Multi-User Multiple Input Multiple Output

23 21
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O NGMN : Next Generation Mobile Networks

O OAM : Operation, Administration, and Maintenance

O QoS : Quality of Service

O RAT : Radio Access Technology

O RLVW : Red Light Violation Warning
ORSU : Road Side Unit

ORTT : Round-Trip Time

O RWW : Road Work Warning

O SAE : Society of Autonomous Engineers
O SLAM : Simultaneous Localization and Mapping
O SON : Self Organized Network

O TCO : Total Cost of Ownership

O UAV : Unmanned Aerial Vehicle
O UDN : Ultra Dense Network

O UE : User Equipment

O UL : Uplink

O URLLC : Ultra Reliable and Low Latency Communication

O V2V : Vehicle-to-Vehicle
O V2X : Vehicle-to-Everything
O VR : Virtual Reality

O WAVE : Wireless Access in Vehicular Environments

O WUS : Wake-Up Signal
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EUO9| Industry 4.0 ASHAL|
X|HA (Siemens) 2H 23 (Amberg) £ 2%
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SZo| ERE sHi7t S
S
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S o SR/ OlJOILE MZF T 7T B2 54 540 JHOA
12702 A3 ZaotACh HA2 7] Qe Mo ¥ FX|eh &EfO[Ct.

2t = Y2 FF M=gH, =8SE, =F0M EOH=Z|AEK] Crdet HFEO|
lEsliez AHALLCE T L 4 FH £F & EE A= 9Al 2HU SRE
AMARoz AZEO Hib dH| Al X0 IC EfAL HEE FEE df=sts dME
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T A4z} LrHs{Hof| wZ D[2fALe] H3}
O A4}t 4G E o mE v fALS] M= V)& - AR TR, 8T O8a AFYE 5
Al ZHA SRA e e E dSHT
o7& A4 SHoEE Ve 9 A 1 e B3l AT ERE WAL AlEE
20E H2Y2x 2dS FSA Ao R o SHT 274 2X58= AlolH EE]
A 2<®I(CPS: Cyber Physical System)”]5+e] ~nlE HEg|(Smart Factory) 53 £

MEZLE T2 4 AEAE ST AoE o=Hn

0XE&TE FHAANE Asd 7Ie 9 HAFH AiVIEy P g - HEEFHQ]
ARE-Z] - P2 T o sy JE-oF AHEE ugo] G443 gAadE o= d=H)h
L~ = sHOxford University)] w}gl »~Z(Martin Schoo)?] AolA = FHFE
2 253stE Qe @A AP 47%7F 200 ool AlgkE stsAo] = Ao=
o SFH A

OZAFIHE =HoE= ATz o AI(Skills Stability)ol] HFS wlx 4 Eolr}
873l 8 T8 2 A5 WU Ad ACER o SHY. EFEA A2 sY
2 AAFH g AFH/AEH Q77 sold Ao =E HAgHn
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eje) vlg BIAWEDAAS Qua 2 wae] s ATAglAe] T2
Sx 9 SN} A8 - AAE SHolAe Fa s Eelol T, HeE%
Zooe wilel olEd, 2ees ARE, vole, ABEY 2 AzA ol
Fg sl Bl B Aoz ARHAG

 usimold EE Stobs, ME{Ole] -236
[ 2.2] H4AXt AHSEHOZ2 0OI8H AFH BHE S0 [2-1]

0 HoE THE TgAAE F%H Zre] Aelust EelSo] Uxte AFe] UMl
Gake Az Aol ZA BAE Aoz Awsdt Wake FAdE o,
22 5 APEs) S| 7)%o] 4B Ao dEstel @AY 7% T4 WA SHEaE
AN

052TE thste] ATl W 2 HHolE] 5 ARENs|Ee] YT QJrelo)
AESISI HETWIE L 9D R 1% 52 FE2 9 A9l 2

& AR qFste JA 7le T4 M3 FAE FATh

o A8 Y4 EY(GE: General Electronics Corp.)e] wlg] o= RudAEs Fg9c,

A58} 7%, o5 BA 8 AntE AxE S s1%o] e e BY &R
AR D, AA AAst AFUACIM 7%, 3D Zd" 7% 5L wAe] Y=g
=N 5 9t 71%0] B Aoz dzsqan. J1E dAe A A ge

= d =
SAolal ol & Axste 719 AHgle] 48 A ST
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[E 2.1] M4kt AP MHL 20| 7| Hat 52 [2-2][2-3]

T2 W &

=4 HIHIO|H, 22X, AIE2Fd, AOESEY, XItEES} 7|18 S

g Hol2 S LteH3, XM HFE, AR/VR 221, 3DEEE 5

o|= ZERE, Xts27|E, MM 8 AHJRLAOIM, 3DEEE, S/W, loT, At2Fd &
F 222 E, IoT, 2HOlE, A, ER &

7HAE Fo ATl 2928 2A53E AlEdth

o z %
AdE T BHo} A 5std AR E W3tk 5Ge Al4xt AhdEdol B aR
zAF3lo| 83 7wz I3Hs ATtk 5G«] Z3124(10x throughput, 100x trafflc
capacity), ZAA|1(10x decrease in end-to-end latency), ZHFA(10x connection
density), 27 #14(100x network efficiency, 3x spectrum efficiency)-& 43} 4F & o]

Multi-Gigabit

[0 2.3] 5G2 JI=H QTPAE [2-4]

B

Fiber-like speeds Uniform experience Lower latency Lower cost-per-bit
Multi-Gbps peak rates for both Reliable performance, e.g. 100+ As low as 1ms for interactive Significantly lower than today’s
download (consumption) and Mbsps, even in challenging content, as well as reduced networks to efficiently support

upload (sharing) environments or at the cell edge buffering requirements and lag cost-effective data plans
10x 10x 10x 3x 100x 100x
experienced decrease in connection spectrum traffic network
throughput end-to-end density efficiency capacity efficiency
latency
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M 4xp AASEHS ICTO 2§t C|R[E3}(Digitalization)e] @2 M2t & =4
£9] 5G& ICT 4t¥e HZEs Chyst MY 20fM 2 #3Kindustry
transformation)& OF7[Stl= Clof Z2% Ig= s € A2 oS=2 ot S,
Mz2 0Ol sHFHEs dAydez oisgd £+ Us CAE  HeH(Digital
Transformation)2| =31t 43 {2 79 0l 2% 45247t & dYo|Ct.

o o
Oi7|M, CIAE M&togt At 7|AH/ZR 2t §Yol ME22 7|&S btdsty| ¢
2f MUY B2 HAEeE 9

T £35|, 5G& AtsAHautomotive) A, |RE2|E[(utility) MY, 332t (public
safety) AFY H|Z(manufacturing) A, A0 (healthcare) At 28 AH|A
(financial service) A2, O|C|0{/A|¥ (media/gaming) AtY 59| B2 200 A2

2 WSS 7tHE A|YH-(starting point)O| E|AHLt, 2t AAS9| EHE o ZZIA|Z

LA (catalyzer)e| d&E otA & Ao|ct [ 2.5]2 5G| 8¢

7t thyst HEIZ LtS(vertical industries)2 20iECt O] SH0|= B2 AASO0|
5Ge| g&fe Sol M2 HeE 78§ 24 € AOo|Ct

Automotive Smart cities
Utilities Sustainability

Intelligent . ki
transport systems Public safety

[O& 2.5] 5G2tel 880l Jt=8 st HEIZ &Y

-
o
L

uin

ool =0 HolLh YRt F9| 72| S4
**%*Q*%WIH gEO| tiFet Y Aot O|FHA[EA,
ZOMoM HEO| MES Y= 56 HEXHI=

i
18°
ujn
l_o ~
2
il
=
it

T 2 225 7td 7|7|(consumer electronics), A=zt &4 (automotive transport),
=% (agriculture), & (environmental), QlZ2t(infrastructures), & 2|E|(utilities),
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A /28l (health/well-being), A0FEA|E|(smart cities), 28X (process industries)

S| Ctyret At FHoM 5G7F A8 Jtset ME FY9E5E E0EC 0|2t 0],
5G7F HEED 2t AAS2 MRE Ao BESE Waktransformation)® Z10/0,
Ol= 2+t AtAE9l ¥ &2 (Expansion of business opportumUes) oF S, ARE

210tz & (Creation of added value)o| 7|0i& £ QU8 ZHo=Z OfMECH =,
5GE 2 At O{EAH Agstn, O{EH ZEst=L0| Tief ad 7|HSel dH4=0
zt9E ZO|Ct ol 5G2F 4 MEe| g2 4 Ay FY
(Creation of job opportunities)d|l= 7|0{e 4~ Q!

G

[# 23] &g BHE 5

o 4

NEERREEE

N
Q
nE

0
i

Connected gadgets
Appliances Water management
Consumer . .
. Wearables Utilities Gas, oil, renewables
electronics ) o El
HE717]) Robotics (FE2E]) Waste management
. Participatory sensing Heating, cooling
Social web of things
Remote monitoring
Automotive ) Health(&2), Assisted living
Autonomous vehicles . .
transport . Well-being Behavioral change
o A Multimodal transport -_— ]
& 25) 1)) Treatment compliance
Sports, fitness
Integrated environments
Forestry . )
. i . Optimized operations
Agriculture Crops and farming Smart cities c .
_ onvenience
(= Urban agriculture (2OFEA|E]) . .
) . Socioeconomics
Livestock, fisheries N
Sustainability
Pollution Robotics
Environmental Air, water, soll . Manufacturing
= . Processing
&3 Weather, climate . ] Natural resources
Noi industries R i
oise (@A) emote operations
Infrastructures Buildings, homes Automation
Ql=zap Roads, rail Heavy machinery

0O # RuAMoAE gAY HES 93 5G] &5 Aoz, th¥4 283 (autonomous)

An) 29l AgF3aket 28 25 (ntelligent) AR A-FX%5 HIA, F&3(public)
Ani 2ol A oS, BAS(omnipresent) AH]Z2Q1 AULEAE] /@Eﬂ, 2 =93
(immersive) A H]2Q1 737 4FdS Attt wela, o] ZA A= 6719
& S0l 5GE S3lA oABA WslE L, ZF AR e o] ofEA = =A
A FAHORE AET) Eg ZF AFE U3 5G §RAIHI 20 HiEiA = YolRal,
7y A e JAelA 5G] FaEol sl E AR
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(Intelligence Everywhere)

27t (OnLine-OffLine Mix)
Zto] AR/VR 71&S o]&3] &33
ste S8 FAA o] go] vFHE.

I ZH251El AH|AQ| AMA| 0|2 (Life Companion)
0% Rzl Q3 S AA AA-HZ 28 ASZEY o)l5SF
3 =3

U =7 A WH3le} 5G thEAH| &

T 5G CHEAMH|AE o|235F HE 27 83

056 Aulzr} 7% B2l Aulzse) el S4He B4
3afo] 5G AHl 2ol o] 28l shsahl Hlths Holth 46
DECIRE PSR E SR RICE

AR A3l 7HQ] d9e doAXes TN ALd/eS

23 IAE 7RI,

05Ge] Z1&/ZAAN WES D
Tl 275 5ol 2AAH S xﬂ%s}%
A AREANA FOIA e 24559} 222
cRHow WA Ao,

o
rulo

'_l h

45 A-F7-TEE o]
Ike] Rtk 5G| T
02 o gdtel TW YT

ToRRE GAHL

RIS

SAMHIA AlLte|2 ZE E1M



ﬁ
ADIEAESE, Tietthg :

@:-

n‘i

: Ig—mouw 28 .

[O& 3.1] =018 H519 5G HEANHIA

28] FZRA AMATMPEAAME 5G] Zstd HESA s8€oz 2R
SH A Au| A7 A8 " 54 g9 oz oy 37l E
o E JRIE SHE T FEHY AEFY 2R olFe] ool

£ &9l
tetdnh. =7F @99 Tl AntE AEZ Ao FiEI A
°|

A -§ AP 22HE FoAXY. 73S AR/VR Avj2=2 d4
3t Agrsle] Aujse] 2AZAAH S FRST



2018 5G FEAH|IA AlLig|2 S EXAM
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AlLtg|2

900 o 12:0.0 13:(30
On the Road Working Place Meeting Room
@

I L
L
. i "
iL
7 o

= &
o) ( i

gLt Tt
o
19:00 15:00

Concert Hall ~ Factory

[O& 3.2] =018 Hal AlUelQ

OAM 08/, AN = F2 W02 o] 2ol Al S B2 E3] ofHol] ol 4]
Yoyt AMANE 2ukEE ol wAE chFak AxAo] AASS Fa) PHolo)
A7 A3e U @,

OAM 094, HRAL FAALFHOR SqTE FEY A2FY A5AE ol 831
229 o] A TulE APAES D AU T oJFL AFeE LR
BAFel ST YTk AZEn

0T Bl =T BAAE AN ZROZNH 8T 2SS AT, o
2Re FH9E Auel AFASS TR ofF Fo|x 9F] Fo| btk
BAALE AM 124 HAAIZE) I A 2502 HE 93] me Aulsg Al Fusch

OPM 014], BAH = 2AAA 5G AR/VR AH|=E & 4
ABI=E 3l AlAl Aol BolA e AHEE Adele A4 398 IR AR
A 2AAA 5G AR/IVR A =5 F3l @& e A 4% adde =
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OPM 03/, HAHE RS0 BE Y5 G52 Sl 34k 2nte A Eelo] B
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XRFCIOIE BMS 83 A8 T A2Fe| 3 AAZt WSS E2 4 AR R gl
QU ATt 2 Ol ARY HE QK| HE ES B2 SSHHIXL A2 AH0|E U 2
Zn/ox folst, AFgX}e x| x5} 434 Kl2fzte| Hex
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HijA} rEFd 2
[0& 3.4] =28 NE MHIA &AM AlLt2I2
0 ‘ASFd Frl= AH|2’ = o|FAIZE B AFEAA 2EE )83 HEr| Yo
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W2E AAsta, AAZ 1F TR A3 4SS 53 A AAES 1S
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7VFsshH, ols F BRol uehA e ARE AAXZE g 3P33] 9]¢
8:00 8:30 ~10:00 10:30 ~
MH|A CHAS X252 AARFDEABIGI C2 O ARFS DSt 0|5 & 2 L2t
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SOHRBksE XI2F ikt QMM MAMS DBt BEIX MU|A X2 ol Pl i I
A% A2 MH
[0& 3.5] A8F8 ZHEX MHIA AN AlLi2I2




2018 5G SFAMHIL AlLt2|2 Z8 &

U 252

I 22t2E 7|4 56 B2 STUMH|AIL R MEto|

T= o=—

}

tol

05G AR 2HL2 AA oy Y B3 ARlAE AlFstes Ae FH02 oy,
5G A5 AN FastE YEYZ 7wk X5d 2ES st
7l MY ZHX Ay 7|E}
24 gyeIA, 2ty ¥y 2ex A2, ZTHX XS S loT At NHE
ABXIs, M2t 5

MH|A 291 At{

—_— O
AIEA B, 2E S

28 4y
EREe, ALY, 2RAI0| S

71 %3} %w Lo A (AT SRS S ERAF
71eg Afste ALERAl 1E] AB|AE A&GEHA AlFstr] g 2H 7)Y
7Ho] ULZ—G:] A«]]:]]}\g Zﬂg—fﬂ—q—

_ﬁ_
2 wople REY MWL AFBL.

O 1l

54t 104 1544 204
LHHIEE phonics AT A0t WEl2 off2|=E AR[=E SOl CHE T S &2 HiA|
e == o Ato]| CHsHAM Fo| SEE TSI FAEHIECR 28
oto|o] HZ Mz ERT Hiztoh= HER SH2| ZEof gk Z0/7t EE0e YAR g
FH2IE 2 49 ZIgH SOIXIXL OFS S0 222
201 X|3H THE MAE.

[O8 3.7] Z2IUA 222 0|2t 0t0l2 LIolKl 2 20 &5 AN Alk2le




2018 5G SSMH|A AlLt2| =8 HaM

0 ‘AY =9y dyxdo] 2E H
A=A 7171, 4F
B 2 T3] A
o) =159 A%
$79), Wa RS
He, 119 32 5 3

FX20A &

[O8 3.8] & TR0l HelAAN0 2RAMHIAS] &A S& ALl




2018 5G EEMH|A AlLI2|2 E§ B

HHAE QA Al HM7} 2= MEe| w5t

UBRSHMABA2 %[Ol

30cH B2k XFel
o3| Zal 30cH &K F Y FolY

T el ofe! “2Z: C0| B2 S8l /BN B
g0l 235 IESe) 0] 2l

Concept 2, 213M2] Personal trainer

Key Characteristics Key Characteristics

OlZM|e| HZ AEHE FV|He2 =& Ol
[ | | = 13 - [Sy=] —o o - I b | k=
A2 QI8 ZAsH0F 2 0| oIZMe} Bzl HasT i om0t A O
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- 7 52 U ARSI 20| Hr G Ey
SixFE] Ox| O gloa. 0|3 &2 MR/ho\ogram SESHEEZ 2
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X2 SIS OFS22 A4S Sh= PR LI} i 242 FOfiTE Concept 3. 1M} OIXIMS| Hlo|= Salid
258 EX} 501 SH=H| of2E S LIt R s -
YT Sy 82| LELSF M2t S o= “RIX|2| QXIS M2} Hefstol S2|
%01 8350] 2UCt. HOIES 281 w7y
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Ta e BN
(22)~ (7)) > (7a)

[O8 3.9] HHEAMHIA HE2AU EAS A8 Jt42 AEX £F
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communications, ultra-reliable communications, broadcast-like services® T-&3a}al Z}z}o])
st FAAFQ Mul= o & AASHE T Broadband access in dense arease] 7%
pervasive video, smart office, operator cloud services, HD video/phone sharing in
stadium/open-air gatheringe] 323%™, broadband access everywhereol= 50+ Mbps
everywhere, ultra-low cost networksE., higher user mobility®] 74-%- high speed train,
remote computing, moving hot spots, 3D connectivity such as aircraftZ, massive internet
of thingsoll4]+= smart wearables, sensor networks, mobile video surveillance & #|A]
39t} Extreme real-time communications®<toll= tactile internetS lifeline
communication®ll+= natural disasterE ultra-reliable communicationsoll<= automated
traffic control and driving, collaborative robots, eHealth, remote object manipulation such
as remote surgery, 3D connectivity such as Drones, public safetyE broadcast-like
servicesell== news and information, local broadcast-like services, regional broadcast-like
services, national broadcast-like servicesE #|AlSFA T

ONGMNelM= 7] AB|z=ol tht ARgAL dRolM el s A &9t U EYIE Ed3d
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[E 1. Use case & 7|& 27 A (NGMN white paper)]
Broadband access in | DL : 300Mbps 10 On demand,
ms
dense areas UL : 50Mbps 0-100 Km/h
Indoor ultra-high DL : 1Gbps _
10 ms Pedestrian
broadband access UL : 500Mbps
Broadband access in | DL : 25Mbps )
10 ms Pedestrian
a crowd UL : 50 Mbps
DL : 50Mbps
50+ Mbps everywhere 10 ms 0-120 Km/h
UL : 25Mbps
Ultra-low cost BL: 10 Mb q q
: S on demand :
broadband access for P 50 ms
UL : 10 Mbps 0-50 Km/h
low ARPU areas
Mobile broadband in | DL : 50 Mbps 10 On demand, up
ms
vehicles (cars, trains) | UL : 25 Mbps to 500 Km/h
) o DL : 15 Mbps per user Up to 1000
Airplanes connectivity 10 ms
UL : 7.5 Mbps per user Km/h
Massive low-cost
/| L (typically 1-100 Kbps) S ds to h On demand :
ong-range ow ica - S econds to hours
grang ypicaly P 0-500 Km/h

/low-power MTC

Broadband MTC

See the requirements for the Broadband acess in dense areas and

50+ Mbps everywhere categories

DL : 50 Mbps )
Ultra-low latency < 1ms Pedestrian
UL : 25 Mbps
. . Regular
Resilience and traffic | DL : 0.1-1 Mbps L
communication : | 0-120 Km/h
surge UL : 0.1-1 Mbps .
not critical
ultra-high reliability & | DL : From 50 Kbps to 10 Mbps ’ On demand :
ms
ultra-low latency UL : From a few bps to 10 Mbps 0-500 Km/h
Ultra-high availability | DL : 10 Mbps 10 On demand :
ms
& reliability UL : 10 Mbps 0-500 Km/h
_ _ DL : Up to 200 Mbps On demand :
Broadcast like services < 100 ms
UL : Modest (e.g. 500 Kbps) 0-500 Km/h

M
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[# 2. System performance requirements (NGMN white paper)]

Broadband access in
dense areas

200-2500 / Km2

DL : 750 Gbps / Km2
UL : 125 Gbps / Km2

Indoor ultra-high
broadband access

75,000 / Km2
(75/1000 m2 office)

DL : 15 Tbps/Km2
(15 Gbps / 1000 m2)
UL : 2 Tbps/Km2
(2 Gbps / 1000 m2)

Broadband access in a
crowd

150,000 / Km2
(30,000 / stadium)

DL : 3.75 Tbps/Km2
(0.75 Tbps/stadium)
UL : 7.5 Tbps/Km2
(1.5 Tbps/stadium)

50+ Mbps everywhere

400 / Km2 in suburabn
100 / Km2 in rural

DL : 20 Gbps/Km2 in suburban
UL : 10 Gbps/Km2 in suburban
DL : 5 Gbps/Km2 in rural

UL : 2.5 Gbps/Km2 in rural

Ultra-low cost
broadband access for
low ARPU areas

16 / Km2

16 Mbps/Km2

Mobile broadband in
vehicles (cars, trains)

2000 / Km2

(500 active users per train
X 4 trains, or 1 active
user per car x 2000 cars)

DL : 100 Gbps/Km2

(25 Gbps per train, 50 Mbps per car)

UL : 50 Gbps/Km2

(12.5 Gbps per train, 25 Mbps per car)

Airplanes connectivity

80 per plane
60 airplanes per 18,000
Km2

DL : 1.2 Gbps/plane
UL : 600 Mbps/plane

Massive low-cost
/long-range
/low-power MTC

Ul to 200,000 / Km2

Non critical

Broadband MTC

See the requirements for the Broadband access in dense urban

areas and 50+ Mbps everywhere categories

Ultra-low latency Not critical Potentially high
Resilience and traffic | 4 160/ km2 Potentially high
surge
ultra-high reliability & Not critical Potentially high
ultra-low latency
Ultra-high availability Not critical Potentially high

& reliability

Broadcast like services

Not relevant

Not relevant
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[H 3. At&Xt D& 20F use case & QFAF (EU white paper)]

On two-way roads, automated overtake
maneuvers will require cooperation among
vehicles on multiple lanes, to create the

Client authentication

o . . Authenticity
10 ms necessary gap in time to avoid a collision )
Automated . . . Integrity
10-5 with an oncoming vehicle. Lateral and ) .
Overtake o Confidentiality
30 cmf longitudinal controllers need updates .
_ . . o User privacy
within their 10 ms cycle time. This is a .
. . . (optional)
safety-of-life use case with ultra-high
reliability requirements
In a critical driving situation, trajectories
have to be exchanged, rated and agreed
upon in order to avoid a collision. This
handshake must be completed within 100
Trajectory ms and shall not fail with a probability
handshake : | higher than 10-5. Upon agreement, during
100 ms the execution phase, lateral and Mutual
Cooperative 10-5 longitudinal controllers need status authentication
- Status L . . .
Collision undates - updates within their 10 ms cycle time. Authenticity
Avoidance F1)O ms ’ The status information is used by each Integrity
10-3 vehicle to update its trajectory and inform Confidentiality
Positioning : its controllers (in case of minor deviations
30 cm from the agreed trajectory) or cancel the
maneuver (in case of major deviations). A
status message shall be received within 10
ms with a probability of 99.9% (packet
loss rate of 10-3).
The idea behind high-density platooning
is that vehicles will be driving very close
to each other. Thus, latency and reliability
become the KPIs. The control cycles of Mutual
typical longitudinal controllers are in the authentication
H|gh 10 ms range of 10 ms .(as above). The.plfatoon Authenticity
Density 10-5 must have their own synced timing. Intearit
Platooning 30 cm Kinematic data needs to reach all ?,;g” 'yl'
participants of the platoon within a single Confi en'tla Ity
cycle (10 ms) with ultra-high reliability, User privacy
and, optionally, all participants need to
acknowledge that they can provide the
necessary control within this cycle.
The main KPIs for this use case are Client authentication
channel capacity/data rate and tolerated Authenticity
See- 10 Mbit/s latency. We assume that view-sharing is Integrity
Through 50 ms usually done one way. It requires a data Confidentiality

rate of 10 Mbit/s and a delay of 50 ms
(e.g., 720p video @ 30 fps, MJPEG).

User privacy
(optional)




2018 5G FEAH|IA AlLig|2 S EXAM

This use case mainly requires highly
accurate localization. For vulnerable road

e Authenticit
Vulnerable users, the positioning error needs to be . 4
Road User 10 cm Integrity

. less than 10 cm (sigma_1) for a 1 m _
Discovery y R
width pedestrian/bike lane. Relative ser privacy (VRU)

localization must be supported by 5G.

This setting is similar to the See-Through
use case, but with four cameras pointing
at an intersection. Consequently, the
required data rate reads 4 x 10 Mbit/s
and the required latency 50 ms.

Client authentication
Authenticity
Integrity
Confidentiality

Bird's Eye 40 Mbit/s
View 50 ms

05G °]5&FAle ArFAtas #oF 485 9% A 71« = IEEES02.11p / ITS-G5& Z| A
skal, 71 7le tiv] 5Ge] AR -9 24F AASIAT 5G olFsA B ICT 71+
Zgol o3k Abd AR A Wskel FAA]] R A B flal Fukr, B, A9
ek dAFHI FA R o] daghes WFYoE A st

O A E ke AHstr] 97 5G olFE4le] Tle oA Ha HopEe VeX
Spectrum, ProSe Direct Discovery, ProSe UE-to-Network Relay, PHY, Scheduling and
Rate Adaptation, Retransmission Protocols, Connection Management, Mobility
Management, QoS Management, Context Awareness, Security, Group Management, Load
Balancing, Multihop Routing, Positioning, Power Control, VRU/V2P, Multi-Operator,
Multi-Link Connectivity &©] A= AT

O oA 4H4 Boks AU, AitE WAL B4 A7F, wEele] v ge
NUiA Aatst 2] spEle] Wek, AE A BE A 54 Fo| Mg Ax
Slow, ol Walol we} slze] Fo 15 oA A 2] ParelA B4R o

A ALkt am) oz W) ATl £4E U (6]

o AE AEe] 74 2421 backbone™, backhaul® 18]3 % HaccessdolA el 87
F-& ok &9 o] AE=E A

>~
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[ 4. O|LHX|] 20F use case & LT AtZ (EU white paper)]

Failure Handling of
bandwidth  E2E latency Packet loss Availability convergenc crisis
e time situation
Grid access
communi Tkbps per
cation residential <1s 99% <1s X
network users
domain
Grid
backhaul
communi Several o
cation Mbps <50ms <10-6 99.99% <1s Mandatory
network
domain
Grid
backbone
communi Mbps to o Seamless
. <5ms <10-9 >99.999% . mandatory
cation Gbps failover
network
domain
OolUiA 4l ool ABHOE Fashl A= gl AYH S nEoz 56
olFFAIe YA Ak EoF A 7 Y ARFOEA oA 4k}l o] A=) 9
2ol AbolF, AR ALGA, Wek 88, J1A g T askd 87 e
gFE = A2 AR =g o o] AA HA
0 oA 4He] Hoks X Qs}r] $138 56 o] 5EAlY] /1% WH P Bolri XA
A, Al Fe, M2 AFY 229 H-84, Bk 1] 2154, unlicensed H1 =2

71943 B4,

o= 3 AxYd Fok= A=A 2020087H4] GDPoll A 2

(el ele]
XIEILTTE_—E’T

20%77} A

¥ o} industry 4.0, Made in China 2025 5-2] A&-g 735t ot AukA

® Azdlo] SR ol

=, FAlo® A4" EF

=
T
=
=

ol FFalole] a7 A v e Ak

Hile 34 E5, &8 A4 E309] A 2 A= AH] gy Fo|l pE F
AE, BE gure o de oA Sxte] Arv}
Bl HAe] BF xEo| 7lssiH, o AHR=E

A3 LvlAe] wEue vl g R AFA. oY M Ageld Tz
L 3 UelAe] AAZE A Alo), B ) Bl AAZE FR Fh, A4A,
Aol AL AFol T B AAA Folek [7] 2 Aulzo] T 56
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& =O0F use case E Q7 A (EU white paper)]

S : Coverage : Heterogen
Reliability = Bandwidth Availability Security eity Autonomy
Time-criti Low to Less
cal Ultralow | Ultra-high hiah Indoor Critical Important critical
optirrization 9
Non-time Less Low to Indoor + Crflgcr:al
critical o High . On-site Critical Important .
critical high location
control outdoor .
tracking
Remote Less . Low to Wide . Less
control critical High high Area Critical Important critical
Intra-/Inter- | Ultralow Wide
Enterprise to . Low to Area - Less
Communica less High high (on-site/ Critical Important critical
tion critical outdoor)
Connected Less Wide .
Goods critical Low Low Area Important | Important Critical

0 °l¢} &2 AMH| =9 AlF< 935G ol FFA e AT I =Ee v= 22 W8] AA

=

- Focus on high throughput zero defect manufacturing with research on

ultra-reliable broadband wireless deterministic communication

- Focus on high availability and uptime with research on proper security

mechanisms and ubiquitous coverage

- Focus on lowering the TCO of factory automation solutions with research on

network capabilities to manage heterogeneity

- Focus on high flexibility with research on plug-and-produce capabilities by

adopting internet technologies

- Focus on new data-driven business models with research on networked data

management capabilities

- Revisit the legislative framework, standards and social acceptance

- Build a specific strategy for 5G & Manufacturing SMEs
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@)

o

o5 41 Rolol Ao 56 A AulaE WY W 2
B2 2R 22 9), 97 98 (=2 A WA, A
(elolel B, op B, A B B) SO LFIUE 8]

2} AH] 2 Zopd 5G ol ssAlol et a7Ae=E Y W =7 B =4l sl =37
olde] Abz T4l Im ojske] A& Wi 91X AYE, vt S4l WA A9, 27 Ad=
218k Al 300Km ©)/de] ool Ao, 25 &8-S 93] 2159 41F %, 30 ms
olate] SH A Aol AAHUH. B4 5E s Anl= AWEA, dEeA e 10d
olde] wiElg] s, dojEE Hulel2 A ¥e 7 AlE 300 Km o] 2] o] sAfo] AA|
Hom 44 ARE SsiME AR, wiEE, Abe FAlo] AAE .

1

™ E20042) 27A 24

o)

Zaol A IMT-2020PGE F41 0.2 560l thd Mz 27 A% £410] AWHUTY. [9]
A3}, B]Ejo], ALZQIEY
JJEEA A 2T A

- Office : Tens of Tbps/km® traffic volume density

- Dense Residence : Gbps user experienced data rate
- Stadium : 1 million connections /Km?

- Open-air Gathering : 1 million connections/Km?

Subways : Over 6 persons/m® super high density

Highway : Millisecond level end-to-end latency

High-speed Train : Higher than 500 Km/h mobility

Wide-area Coverage : 100 Mbps user experienced data rate

TG TEAQ ANl Thge] 28, Aulz A B 2 Aol A TeA, T
BA 71ee] 42 Fa ARE AT, olF AAs] 98] 18 He AnA 9}
A FASHL scalable @ WEND T2} Fopre] TEAQ B, AR A AUS
9% B9 AAAo) 56 YESZe] ek BT BLOM SHeIAE
oI T84, 7V, St ) folAe $1F MED Baty 2a A% A3
AzElsh Bebdo] Waste gxsidn)
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T 0I=0AMe] 27Are 24

04G America (& 5G America)ollA+= 2015 10€  “5G Technology evolution
Recommendations” A [10]1& &3l 5G ©]55419] use case ®#43} o] WE Q AL}
A4S XAk 2 iAo tE F8 use cases AU A|, ZHLE AJE], 9 F, AFsAte}t
2E = Fopol| o] AHERIEY, VR AldS 33 AHEQIME, Adebd Foltth 4G
America®] WAfoll A AAE 56 5 TARFS U E8 Zrh

[# 6. 5G performance requirements (4G America white paper)]

End-to-end Data rate

Scenario e Mobility oL L Battery Life  Reliability

Mobile broadband

Dense Medium Low High Medium Short Medium
urban
Urban Medium Low High Medium Short Medium
Suburban Medium High Medium Low Short Medium
Rural Medium High Medium Low Short Medium
Remote Low Low High Medium Short Medium
Automotive Low High Medium Medium Medium High
Ext'reme Low Low High Medium Short Medium
Video
Virtual
reality and
Gaing
Applications
Public Medium High High Medium | Medium High
safety 9 9 9
PSTN Medium Low Low Low Medium Medium
Sunset
M-Health
and . . . . .
Telemedicin Medium Low High Medium Medium High
e
Smart cities Medium Low Medium Medium Long Medium
Spqrts and medium Low Low Low Short Low
Fitness
Increased
density of medium NO High Medium N/A Medium
data usage
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oy

[H 7. E 62| legend]

High Medium Low
End-to-end latency (> 100 ms) (10 - 100 ms) (< 10 ms)
. No : 0 m/s Low : ~ 1T m/s High : ~> 10 m/s
Mobility (static / nomadic) (pedestrian) (mobile)
DL/UL Data Rate Low : < 25Mbps Med'”mM:béi =200 1 igh - > 200 Mbps
Battery Life Long : Years Medium : Weeks Short : Days
Reliability High : > Five 9's Medium : Four 9's Low : < Four 9's

O oI} I AEA Fale] 2T Aoz, WEE A% ARk A8 9 HolH A% Sxo
ANz A, ol 54, T T4 7% BHNNE Al Ak B 52 A
stsith VEY S 24le) RTARlo 2 AL ClElle] W] we T 4e] 27}
HolE o Z7tel W g bed Tx WESD 8%, /M B84, AEsE B2,
Hlole] gz} Ao} Qo] Bel, RAN} core WEHZ1e] e, 7H4sHE T3a YEY D
A B, A EeH P, 531 AR AR AR A% AMA B, 6
i, Thkd T B8, DR Aulae) Tk A7 AUl Brela o
ZH99 A8 AT 2L P

3
Q]
=

™ HiE

O GIGA Korea AHl 2= Alube] 2. 7k Ajol A A-gFaat, 23, AL AD&As), AR/VR,
slEAERAELS] 67) Eolo] thl U] ol 54 AlRIAI] FHOE 7} Hole| HEI}E
TE dke eIt 4 2ok A AR T AR 5GE 83 o AHls

& =2atdon, o] AFeA Z Anlze) @ FALE BB 7 Rl =28

QFARYE T3} 2k

m AgFUz

O AHE&Y Av2s BopollA AHE&F3YA) Avlae T2 1F APl EF 2 alE Anls,
At Y] AHl, 2HE T8 FERlZ AH) 2 5o AH|2E A B A ES| T d4
72 234 2AXA e2e B4, 1E8H/1E FH= HAEFE 21% eMBB B4, 1%/
B ZAFE 54 7%, o]F A AIARIWAVE, LTE/SG V2X) 7F -, Network
Slicing ® MEC 7]& &°] 8 7|2 AA Ak

R
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O AEFd< A7 T BN ‘:‘*4011 UM, A AEFHFE Adste 7]zl
Bo] XY=t Wave 7]42] 749 AA 7]¥ke] MAC Z2EZ (CSMA/CAE Al-g3}o]
Tde] dxrt ekl we Ado] 43 SUkskaL Ad &) dadhe Bl

.

A7l Hew, o] B $Ad AEe T3 AD BAE g5 = o 2EA

2 o] HA Foh= Aoz EA4HAT. E=3F hidden node A€+ RTS/CTS 4=

A&k 5 F7HQ Aol ErhshH Fukr meS AaATle EAZE A4 E S

‘g o= a3k convolutional A48 2R T QY F&o= Fo] hgkekA| Rt

deol A or Eojxls Bs AL Ak T4 W97 dubEos o uinH

Aol Al AT S 98l BEF o] F71 HALY o] A FUHA ==
2o BREe AF AA 5 WA =S a8k Tilo] dAS:

O @A A& 133 A= B4l 7124 LTE-V2X 7]<°] 3GPP release 1404 %53}
A=A % fii B A LTE-V2XE A&3 Wave 7| thy] A4S 712 o
Release 149 /H = 3d4%= 500Km7kA] 2= B41S A 6} | 913l doppler &}of ti-§
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S AL HE FFE sl 1 o F FA0A 2 AFo] 7hssiok kM Al km 3
2,000thel olz2= 2 FANAM= 5G ol FFAl 7lee] B or aqHn.

A

Y wF AB|29] A T U ER A ShHANAY 87 ARk T 2k AHET3
< 93 vlolE Y] A9 7] El(pre-processing) Elo]El= 50Mbps, ¥ Hlo]El= 1Gbps<)
AE&TE 2731, Video data sharing®] 75 sl4= 1280x720p, 30fpsE 2| 45}k7] 93]
500m AglolA Hoh 24 Mbops A<= 2730 28-S 213 (2000/km), RSU, H33=}
2 AEF SOoERES AAXE ARAYE sl Al WAET IMbps ©]/de] Area
capacity A= Q2 3t iyt re] dZo] oL E35| HlY L FE HAEFS M=
3145 HoJg Afo] 7Fedt titE dAo] 872 F vk B4 Wl & ojye}t B4 I EE
=7} 71 33 AE QB ABIAE fEAE HHE AHE JIHY 9] dZ40] SHTh
Collective perception -§573%, Emergency trajectory alignment, Remote driving,
Automated overtake-2 99.999% T le” Alg]4o] @7Eth Cooperative lane change,
Cooperative collision avoidance= 99.99% 2] AlF =, 1 9 LuHAd A= 90%2]
A =5 g3t} Collective perception, Emergency trajectory alignmenti= 3msec ©|5}2]
A AAZHE 275 Remote drivinge 5msec ©]ske] A AAZHE 273t} Video data
sharing, Cooperative lane change, Sensor and state map sharing, Automotive cooperative
driving, Cooperative collision avoidance, Automated overtake 52 10msec 2] A<
a7%t 1 9 718ke] 79+ 100msece] A& 7%t 87 E e AGAIRE (Latency)<
end-to-end A|A o2 Fd WES T Dol A& o|BT}; 2 759 Ado] 875 23
25 AMEAE Qs ALY X SHo] E4FHolth Vulnerable Road User (VRU)
Discovery= 10cm®] HYWEE Q7384 Automated overtake, Cooperative collision
avoidance -2 30cm AEE7F @ FHTE 7B AHI2 74 894 SHo = =204
AREARE Zpe] RS RS AT ¢ Qe ] AEETF 8T o 22 Ye-S
A HEL A9} e Y ES| A SHAAY a7 2 At ths %9 Zth

T4 GbpsQ| %[} & S
W1 xnL MEEE 100Mbps2| AFEX} M HE & N1, N4
M& O/EY 1Mbps 0|2l areal capacity

M km 22,0007 Xt X

w2 o2 9Z | RSU, IS5, 23X}, CCTV S ChY3t AZo| 7tz N1{\|J1\B'
e

w3 SRS 99.999%2| AMZ|E & N3, N4

W4 XX K| 2M FZH0IM 1msec 0|8t x| “

e2e K| 10msec O|ds}

W5 1ols4 500km/h Ol =& X|& N4

_ 30 cm Fehzo| X mbet (YEHA Xtg )
40 b =
We | B EAEE | oo masel eix mor uy 2 F)
w7 Ct& RAT 9= WAVE, 3G, LTE, 56 ¢& N7, N8
S o SO0 = N2/ N 1
w8 1oHX[zE CHe| HEY O|HX] 28 SO NG >
W9 IHERE ClHO|A(THEhe| H|E HZ N6
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EfI SHoAe a7 A ded 2 7|2 U EH A JIZHE A B

gaelol=3l7] golstelol s commodty ShEdlol/AZEN ] FAES BEF A7h
£41€ WA} TPsselok Gk 89 AHetE S8l V=YD B, B B4 Se)
ARl o W2 AN D Aelrk FRsstelok shel RSU 2 7147 95 S, Friee)

._[_
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AlLele S8 E0A

ALEXLL] ol 0f ME Feot MHAE HMS35H7| {5,
N N SMOIAl EXIOIAl AZOIAl ZHKOIAl S0f Q0| EFRISH
A} e N FA'| -"1, OO L-"1 O VN i
VI | SRRE SHS lolumsol ouMglojor & SateE HEL0| S| BAlS
QRIS FEBHE 2| AR DIZES X|SHOZ £Y 4+ Y.
Q72X H2XE AT ALEAS 2 E HHEHI Ipetshof
02 yonig may | MUIAE MBHE 200l Tay 20| 4R S wets
4% MERZL AREE B2 £ el A0EeE MHAE
OIROPXI o= Relol &
U3 Chopst mEIX frEHiEI_EI 4 ?:*OI if%*@ —’oElETQI E&2 ZHx MHAE M3
= Aes HEfAE F+5510{0F g,
20| ALEARt AE 42AEE FAHSH/| IFE0], AHA
U4 MHIA @FEE | AFEXe ZHEE oA &€ = U= MH[A LEE L&Y
BEE = e MH[A 2|HAH X ceto] OpEE|ojof gt
A|--9-I|- xﬂﬂ . Ef0|'=' o AP Ol AEE|D|2 0|'c'>‘|- ey =y
Maso DL : 10-50 Mbps (2f0[|2 B X Stored £Ec|TE 7 =)
us e UL : Up to 1Mbps (QIHHEIE MH|A 2 KO BYE TS
(User experienced o3t &)
data rate) [Mbps] e
0ol FA UEHFY a7 e 2 Aelstd u33 2k
ZC) ME &= | 2D/3D FAO|O|E{(X|CH 640x480 pixel, 48 E)2| AEEZ 30Hz
W1 (Peak data rate) |F=TLE MEY = U&= HOH MESHEIH 27 E.
[Gbps] Z|CH 20 Gbps (DL), 10 Gbps (UL)
0 F=ot= 28
W2 (Peak spectral 30 bps/Hz (DL), 15 bps/Hz (UL)
efficiency) [bps/Hz]
A ZBA AHEXt
FLt- B Indoor hot spo t : 0.3 bps/Hz (DL), 0.21 bps/Hz (UL) for eMBB
W3 (5th percentile user | Dense urban : 0.225 bps/Hz (DL), 0.15 bps/Hz (UL) for eMBB
spectral efficiency) | Rural : 0.12 bps/Hz (DL), 0.045 bps/Hz (UL) for eMBB
[bps/Hz]
d¢ Fht 2 | Indoor hot spot : 9.0 bps/Hz (DL), 6.750 bps/Hz (UL) for eMBB
W4 (Average spectral | Dense urban : 7.8 bps/Hz (DL), 5.4 bps/Hz (UL) for eMBB
efficiency) [bps/Hz] | Rural : 3.3 bps/Hz (DL), 2.1 bps/Hz (UL) for eMBB
HANG EfD 22F
W5 (Average traffic | T0Mbps/m2 for indoor hot spot eMBB
capacity) [Mbps/mz2]
20| MAIZL HOIZ 9B 1ms TS| EZMAY SHEE
W R A2t 275,
(Latency) [ms] User plane : 4ms for eMBB, 1Tms for URLLC
Control plane : 4ms for eMBB, 1ms for URLLC
A4 4de ER0| £ 30| 1= H{X|E 7t5d0| UALEE, Ci=9|
W7  |(Connection density)| EH20| SA|0] &M ®£0| 7tsdliof &t
[Device/km?2] 104/km2 for mMTC.
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w8 AER 28 1=gs a2 Aol oy
(Energy efficiency)
N 22 MO E HolHz 2F o] MEoor & =, ozl TS
W9 Reli b'?t HIf &2 0%0|H, 2H= & H20| 7ts8hofF g
(Reliability) 100% for URLLC
Stationary : 0 km/h for Indoor hot spot eMBB
W10 olsd Pedestrian : 3 km/h for Dense urban eMBB
(Mobility) [km/h] | Vehicle : 120 km/h for Rural eMBB
High-speed vehicle : 500 km/h for Rural eMBB
Olsd BHE Al
W11 . (Mo'b|l|ty. Oms
interruption time)
[ms]
o=
W12 100 ~ 1 GHz

(Bandwidth) [MHZz]

OUES T QFAEFS the wo} o] Uehd 2= 9tk

N Sthek XA 10 ms (%“é,*, =4, 2H0| ZetE AHHXTIL 4 20| Jhstt
(End-to-end delay) [ms] | =F 0l Al T Z|0{OF &)
N2 XIE (itter) 28 22 gkl MH[AQ| H|FO| 222, X|He Z|A26H0F g
N3 HE o2& ololE : 0%
(BER) [%] g 2 ZH 0 10% Ot
N4 Xels L : 10 Mbps
(Throughput) [Mbps]| UL : 1 Mbps
YAS/2Y
N5 (Interworking/ af A=t 23 X| 20| Z€ast
Roaming)
. HQto| 02 5.
Hot o = . .
N6 (Security) (authentication, data integrity, privacy 25 &)
Y Xl =2
N7 (Network energy | S2%t 27 AE0] OtE. (Not critical)
efficiency)
HEx Mo ao s
NS (Content Delivery 7] & AlZE xS X[EHQ 2”0 MH[ATL JHSSHER
HHE=X i, HHEZE HMTHX] S2 MH[AZF EHast
Network (CDN)) fd, iX] S2| CDN AMH|A7} &
N =iy
N9 (Self-Organizaing | 222 & HZ2 ZF M E20|7} 7ts6lof &t
Network (SON))
7leMH, HHEEME, ZEMHIL R7IFcE HESE = Us
o = 1 !
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4 FE0|Lt AAHOE 2o A2 HID /A ZHEL/AR

— — —
- 4K (2160/60/P) : 30-40 Mbps
AR M - 8K (4320/60/P) : 80-100 Mbps
Us MEsasn - HD H.265/HEVC : ~10 Mbps
(User experienced | #LA ELEHZS Qo 2 MM AZ2E WS
data rate) [Mbps] | - Z|CH 1Mbps

A MU =25 A A Mo HAX] HE
- Z[T 1Mbps (M0 HAIX])

oM MEYT RFAFE A7
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ol

Hch & £= | 2D/3D BYHIOIH(ZICH 640x480 pixel, 4X'2)S| ~EFHS 30Hz

W1 (Peak data rate) | +E2Z2 &Y = U= HOH VESEE7F 27 &,
[Gbps] 20 Gbps (DL), 10 Gbps (UL)
ZICH Fot= 28
w2 (Peak spectral 30 bps/Hz (DL), 15 bps/Hz (UL)

efficiency) [bps/Hz]

A BA AHEA
ZLht- 88 Indoor hot spot : 0.3 bps/Hz (DL), 0.21 bps/Hz (UL) for eMBB
w3 (5th percentile user | Dense urban : 0.225 bps/Hz (DL), 0.15 bps/Hz (UL) for eMBB
spectral efficiency) | Rural : 0.12 bps/Hz (DL), 0.045 bps/Hz (UL) for eMBB
[bps/Hz]
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d¢ Fots L | Indoor hot spot : 9.0 bps/Hz (DL), 6.750 bps/Hz (UL) for eMBB
w4 (Average spectral | Dense urban : 7.8 bps/Hz (DL), 5.4 bps/Hz (UL) for eMBB
efficiency) [bps/Hz] | Rural : 3.3 bps/Hz (DL), 2.1 bps/Hz (UL) for eMBB
HAYY Egfg 8
W5 (Average traffic | 10Mbps/m2 for indoor hot spot eMBB
capacity) [Mbps/m2]
229 dAIZt M E AT 1ms £=FQ| XXMX|A SHELT}t
W6 K| HAZE 7.
(Latency) [ms] User plane : 4ms for eMBB, 1ms for URLLC
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High-speed vehicle : 500 km/h for Rural eMBB
Ol CHE Algt
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W12 tH = 100 ~ 1 GH
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A =20/ LA Ao 2R2 Ofgtd AMH|22] H|FO0
N2 XIE (litter) 302 XEHZ A4S0} B
N3 HIE of2l&s HIOIE : 0%
(BER) [%] g A =4 10% O[5t
N4 SEE= DL : 20 Mbps
(Throughput) [Mbps] | UL : 10 Mbps
YAs/2Y
N5 (Interworking/ ot =3t 29 X0 et
Roaming)
N6 E ot (Security) Hoto] O Eag
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Q1 e Auls 23 Fol Utk Thake AAE B8 T
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U1

GOl =&

U2

%9 Hus
(Position Accuracy)
[m]

u3

AHEAE KM
HESE
(User experienced
data rate) [Mbps]

0 FAVEY 2TAGE Thew} 2o

W1

Zof S £
(Peak data rate)
[Gbps]

e =&/ 24 2732 728, 44, 25Y 52 2+
oqg = AEE Nold: o, HOE, Mol BF S0 =

W2

Ao ot 28
(Peak spectral
efficiency) [bps/Hz]

30 bps/Hz (DL), 15 bps/Hz (UL)

W3

2 A AEX
Fois 58
(5th percentile user
spectral efficiency)
[bps/Hz]

Indoor hot spot : 0.3 bps/Hz (DL), 0.21 bps/Hz (UL) for eMBB
Dense urban : 0.225 bps/Hz (DL), 0.15 bps/Hz (UL) for eMBB
Rural : 0.12 bps/Hz (DL), 0.045 bps/Hz (UL) for eMBB

W4

W Fois 28
(Average spectral

Indoor hot spot : 9.0 bps/Hz (DL), 6.750 bps/Hz (UL) for eMBB
Dense urban : 7.8 bps/Hz (DL), 5.4 bps/Hz (UL) for eMBB




2018 5G SSMH|A AlLt2| =8 EaM

efficiency) [bps/Hz]

Rural : 3.3 bps/Hz (DL), 2.1 bps/Hz (UL) for eMBB

N EAT 8

W5 (Average traffic | 10Mbps/m2 for indoor hot spot eMBB
capacity) [Mbps/m2]
Z2o| MAIZE HOZ i3 1ms +F2 XA STHEET}
We X2t &
(Latency) [ms] User plane : 4ms for eMBB, 1ms for URLLC
Control plane : 4ms for eMBB, 1Tms for URLLC
oz e | SRMEL 08 25 2u Sof 58 30| =57 nEz
C s = HIXIE JhsMol Jles®, Cho| LETL SA0 £4 F40|
W7 (Connection density) - =
Device/km?2 7hsd50F .
Device/kmal | 104/km2 ol4t,
I_ =0
we AIHH =5 T xos naf jaol ofd
(Energy efficiency)
A 22 Hoig Ho|EE 2F glo] Moo} & =, Iz Hs
W9 RII_' b'T't I 2E2 0%0/H, &M= T H20| 7tsdsioF 2.
(Reliability) 100% for URLLC
Stationary : 0 km/h for Indoor hot spot eMBB
W10 olsd Pedestrian : 3 km/h for Dense urban eMBB
(Mobility) [km/h] | Vehicle : 120 km/h for Rural eMBB
High-speed vehicle : 500 km/h for Rural eMBB
Olsd BHE Al
wiy | (Mobilty s
interruption time)
[ms]
- o=
W (Bandwidth) [MHz) | 100 ~ 1 CH2
OUEHD LTAGE Thew} 2T,
Soizh x|
N1 (End-to-end delay) | 10 ms
[ms]
N2 XIE (itter) =%t @ ALR0| OtH. (Not critical)
N3 HE of2ig | GIO[Ef : 0%
(BER) [%] g A 34 10% Olst
N4 Xe|e DL : 10 Mbps
(Throughput) [Mbps]| UL : 1 Mbps
Yos/2Y
N5 (Interworking/ | & a3t 29 X0 Zagh
Roaming)
. Hoto| of e Zagh
H ok o o , :
N6 (Security) (authentication, data integrity, privacy 25 2+ &)
Y oux =&
N7 (Network energy | 2%t 27AE0] OtE. (Not critical)
efficiency)
N8 AEE MY X7 HE A EE A XEHQ A" MH[AT bSOt R
(Content Delivery | ZAHIX Fjd HHHX MEIH{X| SO CDN AMH|ATF HQst
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Network (CDN))

AAEtdYy
N9 (Self-Organizaing | & W 2X 9 A7ty #+40| 7ts8loF .
Network (SON))

0 59l AME ehiel B AR 23 Au| o] A9 mskd Gake] o] W oo,
A8E 912 Aoje} B2 Aol E Sal 911 AT, AARE wHgo] WA o|Th wFE Tl
o] tlg A4} o E vlo.g @ A% F4 Alojrl W, o8 YalAE g
AME B3 AR 3 8] dolH 48 53 A3A Y A8o] S7HTh o] AH|x
aTAgo e washd e 2

Battery CE . XX HO|AF © ) = 7t A EA| =
Y CEE) EE : ST 3020018 28 7ts, 3M 018 & Its
¢ 42k ML H2(==cm)et 3D X F217F 2FE.
u2 (Position Accuracy) | - A2[0|A 1-10m
[m] - ALHOA 0.1m OJLy
AHEXRE K&
U3 NS DL : 10-50 Mbps (B¢ HES ?ot £k&)
(User experienced | UL : Up to 1Mbps (M0 F&H HES 2ot £k)
data rate) [Mbps]
U4 X7 HEAIZ 1028 O|Lf
0 A MEST 8TAGE thest gtk

W1

ZO ME £
(Peak data rate)
[Gbps]

2D/3D YAGI|O|E{(XICH 640x480 pixel, 4% '2)2] AE RS 30Hz
FEoE MEY = Us HOH MESH[E7F 27 F.

20 Gbps (DL), 10 Gbps (UL)

W2

A o4 @8
(Peak spectral
efficiency) [bps/Hz]

30 bps/Hz (DL), 15 bps/Hz (UL)

W3

A ZBA AHEX:
FIts 58
(5th percentile user
spectral efficiency)
[bps/Hz]

Indoor hot spot : 0.3 bps/Hz (DL), 0.21 bps/Hz (UL) for eMBB
Dense urban : 0.225 bps/Hz (DL), 0.15 bps/Hz (UL) for eMBB
Rural : 0.12 bps/Hz (DL), 0.045 bps/Hz (UL) for eMBB

W4

B SO+ 58
(Average spectral
efficiency) [bps/Hz]

Indoor hot spot : 9.0 bps/Hz (DL), 6.750 bps/Hz (UL) for eMBB
Dense urban : 7.8 bps/Hz (DL), 5.4 bps/Hz (UL) for eMBB
Rural : 3.3 bps/Hz (DL), 2.1 bps/Hz (UL) for eMBB

W5

HAHGE Efjm 22
(Average traffic
capacity) [Mbps/m?2]

10Mbps/m2 for indoor hot spot eMBB

W6

K| HAZE
(Latency) [ms]

220 AT HOZ 9B Tms 70| EXX]
27,

&
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4ms for eMBB, Tms for URLLC
4ms for eMBB, Tms for URLLC

User plane :
Control plane :

oz s Al & AAHO e, £ 370 =7t nEEE HiX|E
W7  |(Connection density)| 7ts480| JLBE Cio| LEJL SA|0f| £4 FH£0| 7Hs8of gt
[Device/km?2] 104/km2 O] 4.
HX| &
W8 AEX B8 ph o emBe
(Energy efficiency)
e EZ2 Ho& HolHe 2F glo] dEE|ojor & &, mjzl A&
W9 RT. b.?t A SE2 0%0|H, AME Y F20| 7tssl{of &
(Reliability) 100% for URLLC
Stationary : 0 km/h for Indoor hot spot eMBB
W10 ol Pedestrian : 3 km/h for Dense urban eMBB
(Mobility) [km/h] | Vehicle : 120 km/h for Rural eMBB
High-speed vehicle : 500 km/h for Rural eMBB
Olzd Tt Azt
wit | (Mobility Oms
interruption time)
[ms]
o=
W12 | Bandwidth) MHz | 100 ~ T GHz
wiz | Multihop Relay | oipis aiayo) 715 ml@Al orEEOl MY 1 A2 S8 Jbs

(HEIE g0l

ovESZ aTAGE e R,

Sthek XA
N1 (End-to-end delay) | 10 ms
[ms]
EE 59 Ao 38 MH % fIsi M= =Algt (Instantaneous
X| E
N2 &1 Uitter) delay variation) 7|=22 1ms O|Ljo] X|E{7} 27 &,
N3 HE ojgfg ClolH : 0%
(BER) [%] g 2 Z4 . 10% Ot
N4 Nels L : 50 Mbps
(Throughput) [Mbps]| UL : 1 Mbps
Los/2Y
N5 (Interworking/ ot A=z 249 X0 Zast
Roaming)
. Hoto| e E2%
Hot o . . .
N6 (Security) (authentication, data integrity, privacy 25 &)
L oHX| =&
N7 (Network energy | &%t 27 AE0] OtE. (Not critical)

efficiency)
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U4 S D e N antel s visom 28 AIsY 2Y By
O FAUES A 874 o 2t
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w2 EuFERS et Z=20/H @ =449 UE =8
W3 InRE=TE 99.999%2| Mz ME& 43E MS
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W5 0|4 500km HZo| O|sHE0ME H5d BE R
OUESRA 87ARS v 2t
T2 A g
N1 Jod T Gigall HUY= S
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U1 MH| 2 A% 2HtY FE 7[QAI0 MH[A s FY
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7= 87 LH &
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w3 Mzl 99.999%2| Izl & HIE M3
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N3 IR 99.999%°2| MH|A 7t8d M3

N4 x|l CHEf O MH|A MB{ZF 100ms O[5} round-trip MH|A XA
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T& 7ALE LH &
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0 FAH vEYA aTARE T 2t

T2 QTAE &
. 100Mbps @ M £ 2%

Ultra High = N AZXO| AT A
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S CHRIQ| Chol MA B AFOO|HE 0|82 Mit S

w7 OHXl 284 |ZLHZ X HAIZE HOojgt7| fIsiM= MAMS0| EFEe=E
A-E7Hs8OF 2 10 year Battery life
AH A (o] 74 PS| = ar Z+ZF A = EAl2 5

W8 E&'“_—ép X‘lﬂ%% é)_ll__l-al'::loﬂ EEEn_l E:J)E\Ol :—Tl— —l—lgl |1|A-|EJ—I-|- OI_|E O|'7|
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Mg B3l AR 2 e AuzeA ATEE fEH LPAGE

" 7
- Throughput >9Gbps VR/AR Al Assistant 1B Connectivity about 1M/km*
- Low latency <5ms - 100Mbps(DL) / 20Mbps(UL)

- Various biz. models
- Multiple interaction

- Peak data 2Gbps
- Low latency <10ms

- 5G integration with
rescue system
- Flexible deployment

- Various biz. models
- Mixed Reality (AR+VR)

- Latency <10ms Representative

Convergence
Service

- Throughput >1Gbps
- Position accuracy <30cm

- Various services with

different requirements Auto.

Disast
Vehicle Isaster

- Latency 1ms

- Peak data rate
20/10(DL/UL) Gbps

- Multi-purpose

- Human interaction

- User-experienced data

rate : >80Mbps
- Area traffic capacity
5.14Mbps/m?

- Various biz. model
- Multiple stakeholders
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5 @3 Service enabler241 9] AFFAL A &olA= AAARH 7| ZEA Q1 FAl AH]
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A AiAte] ol FEA AsHS qAlslel Aulzs AT AsEe AT of| Aula
AE AZEL B 24 AEl 2 A BAE 913 OSS/BSS Alzwlo] E3E o] 918 Aol of
W OSS/BSS A=’ BF 4K Auls AlEAke] OSSBSSAZEIT o 54 ARl
OSS/BSS Al=’le] AfEe] $hE Zlolth o F AEs7] SaINE o554 AR
OSS/ESS Alz~Elo] Z2ap wste lEzol2~sh A% A28 A Ustdo} it 2l
Elsol ® 9 ofe}l OSS/BSS Alzdle] =AlHel mEshe AW HRsld Tk
OSS/BSS Al2<elol) thgt A= el AVEAl 24 B3l o554l Alizte) ulg Azkol
23 Zolw, =) B 4] 2 ohe) 22 B Aol A AA4 AUE bsapl @
Aotk

Users, content and devices

Service Service
platform producer
developer

Applications and
services

Service exposure

IT systems and
platforms

Connectivity and
infrastructure Network
developer

[O& 3. Servie exposureS S&t 0ISSAl AIEX AIY

Service
eXposure
Operator )
L}
| ) A
Controlled Business
exposure I management J
i i 7 Il I T ] | Exposable
— services
Communication || Network ]| Information }| Content, " T M2M/ )] 1aaS/
services functions]]and insights || identity loT PaaS

[02 4. OIS SA AP XY ChEH AHIAT [11]
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Internal Service Service Service Service Internal
service provider provider provider provider service

\ Operator 1

| )| = P )

()| ) —> T )

[Inlegrahon] [Inlegrahon InIegrahonJ Integration ]

I I I |
TTTTT

Assets

[0 5. M40l tHe S& K& 2€] [11]

O Al AHl = =843 Mul 2 befd A9 - Rl A e] Rt ARl &2 ol sl
Al 2=lle] kgl 753 bddt dse 73T ARl A o]
7153 Adso] Arlz=e] st wet 2 753 s TR 878k AU B
B2E Au 2] A 27] A AYe w5 AHl2E AFske] Ao, oy, ArA o
_%_E

502 A 399 HUE AYs Yok 20k FHAME 2o BF A5IE
A% F /1% WAl tek A% AFS (1 AT R AF A 87, AF
BUEP B (e A9 el 717 A9 87 SO2 I MUE §IlZ Roltk
EG TheFe AT} ol EEAY AT V&I AelA theFe Al R olg
Fol A2 71ee] BB} A2 A 2R Ak A2 Fdlolole] 2EL /T
% STk TheFRE 9] TRk Al o) 8 TAE 83k, Mul2e] KBk A Ustvl,

A 7143t AHlz, AJe) Sl EIH O S SAsirke olBEA Wel HU4-S
ez doh A2 o) $49 J1ke) AakE F4T 5 e /1ET UEYae)
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O HeM 2 A - B AT OlA o FEAlel el oS a7t 87 E = HAkA
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2018 5G BEAMHIA AlL2|2

23 22N

o ITU-T IMT-2020

- ITU-T= 20151 12€71A 5G HES = #d F8 £33 o€ &4(gap

analysis)sh+= X2 20159 4€e] SG13 4Fste
Mobile Telecommunications)-2020 *712 I1&HFG IMT-2020)<
5702 ZdutolA ZF o] B3} gap B2 =ESHH 20154
SG13 F3)d 23 HIAME AE3}AS

[e]
e

- o]& IMT-2020 EH2 18
Ak 67 FHIAFWOAA EAE gap o oish
IMT-2020 HIES T S7AS 2 ZEd9a, WMESa &
A A, MES A 2ZES 0I5} Foll B3 EMES MRS

- ITU-T SG13& 20173dFH AlZE A2 Study Periodell A4 IMT-2020
M2 WP(Working Party) ¢} &}9] Questiong WHEIL IMT-2020 72~

o 1 7|43k Deliverables EHE #d 2 /AL FYe I3 9.
- WP1/13 : IMT-2020 Networks & Systems

* Q6/13 : Quality of service (QoS) aspects including IMT-2020 networks

=y
e F

12¢ ITU-T

IMT(nternational

=

* Q20/13 :

* Q21/13
* Q22/13

* Q23/13 :

WiFi
5G (
Fixed

—Access networks .
(Fronthaul/backhaul )
=~ networks) __—

IMT-2020 : Network requirements and functional architecture

. Software-defined networking, network slicing and orchestration

: Upcoming network technologies for IMT-2020 and Future Networks

Fixed-Mobile Convergence including IMT-2020

Slice-specific Control Functions
* Session control
= Mobility control
= Policy management & QoS control
= Etc.

Commen
Functions
+ Slice control

UOIELSBY2I0) S2IAIBS
L]
juawabeuepy jomiap

- — — Distributed Data Functions
. | » Data forwarding
L - Transport Metworks 7 QoS
__'_'_— S ‘_"__ = Ete.

1l

Distributed Data Functions
+ Data forwarding

+ QoS

» Etc

_—Service Netwarks By
{_ (nternet, Smart Grid, )}
“~_Public Safety, etc)

[O& 18. ITU-T IMT-2020 WIER3 X HEE]



2018 5G SEAMHIA AU 8 BN
[E 10. ITU-T SG13 - IMT-2020 & HEF2H

Y.3100, “Terms and definitions for IMT-2020" ETRI 2017.11
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Continuous Integration / Continuous Development (CI/CD)
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Cl=Continuous Integration - Triggered/Automated
CD=Continuous Delivery/Deployment |: Manual
Old Style | Code _> I:> Integrate :> Release |
each release

€ | Code |WHp| puid -‘ Release :x" Deploy ‘

o | e --»[ -» e | {0

[O& 22, J1=Z4A0 CI/CO gA9 XHO0I&E (EX™ @ OPNFV Summit 2017)]
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T e, 4%0PNFV ———
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NFV MANO

I
R
I

VINF ‘ VINFM ‘

e T

o AHE IS
0 54l Myl A ~Eg o] (Communication Service Orchestration ;CSO)
- CSM : Communication Service Management
* 4l MB|A 2FAEES HESRA S210|4 27ARe2 o

* MH|A GAS flet MB|A ZE29] QIEH|0|A JHY (exposure)



2018 5G SSMH|A AlLt2| =8 HaM

O HES A &gto)l 2~ A ~Ed o)A (Network Slice Orchestration ;NSO)

- NSM : Network Slice Management
2| & 2HAEZ0|HE

Ac]

* HEQ|T £2t0|A QAEAQ]

= Of : Lifecycle management, Fault management, Performance management,

Configuration management, policy
ste UEshe HEYT S04 MEY 2F U 7Y

* FOIY HESRIR 220|A 274 B
- NSSM : Network Slice Subnet Management

* HEQR S2t0|& MEU QARA 22| Y A AER 0

x O : Lifecycle management, Fault management, Performance management

o0 A 2A2~EH o)A (Resource Orchestration) (NFV MANO)

- NFVO, VNFM, VIM [ETSI-NFV] ¢} €&
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