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leading mobile network evolution to 5G
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5G Commercialization and Services 551&5'( telecom

5G Commercialization will be initiated in 2019 1Q

2017 2018 2019 2020
‘17.3 18.6 ‘19.12
Release 15 Release 16 Release 17
3GPP 5G S 5G NR WI Phases 1 5G NR WI Phases 2
[ ¢
5G standard mmercialization
17.12 ‘18.6 18.12 19.12 (tentative)
R15 early-drop 5G phase 1 (SA) R15 late-drop 5G phase 2
completion completion completion completion
(NSA) :

5G Commercial Service
(with 3GPP compliant infra/device)

Smart Factory Virtual Education Remote Surgery Autonomous Driving
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The goal is to provide innovative services with less investment

= The road t65G: The
s&"’? \ inevitable growth of
o infrastructure cost

siipink, Alexandrs Minard, Halkdor Sigurdsson, and Memanija Vocevic

Ay 0= 9

Network cost could double as operators strive to meet demand for
increased capacity and deploy 5G. How can they maintain their profits?

ach generation of technology opens new opportunities for
telecom
operators didy

ications players. But when 4G launched in 2009, mobile

o the great returns they'd captured with earlier generations,
Despite their investments in 4G infrastructure, revenues showed flat or tepid
growth. In a few regions, including Europe and Latin America, revenues even

dropped after 4G's introduction.

Source : Forbes

5G service may be expensive

Customer’s satisfaction

Beyond 5G Technology

Requirement

1. Cost effective with better performance
2. Innovative Services
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The last wired network needs to be replaced with wireless networks with tera bps

Internet

Expensive for rent, construction, and management

First version to wireless

FWA (Fixed Wireless Access)

Multi-10G Fronthaul/backhaul networks
- Wireless terabit networks

Source: Samsung
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Terahertz Band Communications
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Terahertz band communications will play a key role for substitute for fiber optics

Radio Waves Light Waves
-h—
Wavelength 30lmm 3r.nm 3(‘.’.‘(;.| 4 m 30l,u. m 33’; m SOIlJnm 30lnm
woowse MW Torahertz Wave armes  nwe rovoet  cray amna oy |
T T T T T T T
Frequency 10GHz 0.1THz 1THz 10THz 100THz 1PHz 10PHz
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.))) Terahertz ((.

NR (>6GHz)

[ Characteristics and challenges] —

Broad bandwidth

Very small antenna

Power consumption (DAC/ADC, RF/PHY)
Short coverage

[ Terahertz Network Architecture ]

0))) Terahertz ( (-
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Cell-based to Cell-free Network Architecture 535{5'( telecom

Cell-free network allows to maximize network performance with less investment

Less Investment & D D

Better Performance

Cell-based Network Cell-free Network
* Inter-cell interference at cell edge * Low interference due to user centric coverage
« Same investment for areas with a few mobile users * Less investment using cooperative beamforming
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Massive MIMO and RAN Virtualization for Cell-free Network 4 telecom

Fully virtualized RAN with Massive MIMO supports cell-free network

Cloud RAN

E2E
Control .

Virtualized T Virtualized
N/W functions N/W functions

Massive MIMO a g 5 5

Data Center

Base station with only antenna and RF
Flexibility for rollout

Maximizing network performance
Cost-effective network configuration
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V2X using 5G RANs is currently being standardized for autonomous driving

5G V2X for Autonomous Driving

.
ission (((( ))))
Critical A e Low latency

S ] e high reliability
¢ Realtime processing
e Big data transmission

(o
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Non-Terrestrial Networks for Autonomous Flight/Voyage 45K telecom

NTNsNon-Terrestrial Networks \yjth extremely broad coverage are essential
for autonomous flight in the sky and autonomous voyage at sea in the future

[ Characteristics ]

e Broad coverage
e Long latency
e Low Capacity (~100Mbps)
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Ultra-high throughput NTNs with low latency become a fundamental technology
in the future where everything moves freely on its own

9, European Consortium Demonstrates Ultra-High Throughput
0’0’0 missi '
06 % Transmission over Satellite

’ 1952017
L) ¢S Source: Fraunhofer
’ Erlangen/Holzkirchen/Berlin, Germany: A consortium consisting of the Fraunhofer Institute for Integrated Circuits 115, WORK Microwave
k """ and AVANTI Communicati tly completed highly over-the-air trials on Avanti HYLAS satellite capacity employing the
& ’ ’ latest DVB-52X modulator and di dulat i t. The d ions used wideband carriers exploiting full transponder
74 (2

Evolution of Non-Terrestrial Networks

bandwidth and cutperforming the target throughput of more than one gigabit per second (1 Gbps) using a single communication carrier.

. .
Del ay Req uirement R ' |3 The ay ion was part of pment funded by the European Space Agency (ESA) under the "ARTES Advanced
’ 1 \ Technology® program.

~10msec .* ,

Satellite components for the 5G system
January 4, 2018

By Nicolas Chuberr and Cyil Michel Source: 3GPP

Thete is increasing interest and participation in 3GPP from the satellite communication induwstry, with companies and
ofganizatens Convinded of the manke! potential for an inegrated satellite and termestnal network INfrastructune in the context of
Elel

The roles ana benefits of satelites in 5

e Bodn Studied in 3GPP Rolease 14, N A

leading o te speciic requirement 1o suppont MIUItiple access technologies:

S3AIIG ICCHES DMNG CAPMUrS in THIZ 367 - TETIRT Cmasea = sestal petiine

“Service requirements 1or next generation The 5G system will support 3GPP access lechnologies,

M SRMVICAR ANG MArkeTs, S1age 17, including one or more NR and E-UTRA as well as non-3GFPP
recogrizing the added value thal satellite access technalogies. Interoperabiity among the various

COverage DrNgs, 36 par of the mix Of 3CCESS poiane will bo For and
techrologies for 50, especially for mission resource efficiency, the 5G system will select tha moat approprate
cntical and Industnal acehtations where Sinp S i :.:‘u

ubiguitous coverage is crucial,

allowing multiple access 10 be used
1 Satelites refer 1o Spacebome venicles o Low 0T ONE OF MOMS services acive on a UE. New technology such
1 Earth Ormis (LEQ), Modum Earth Orits a5 salefile and wide area base slalions will increase coverage
{MEQ), Geostationary Eann Orpit (BEC)orin - and y. This clause for 0

Highty Elliptical Orbits (HEQ) wath the various of access L

e
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1. Terabit Communications with Tera Hertz Waves

2. Full RAN Virtualization with Massive MIMO
for Cell-free Networks

3. Ultra-high Throughput Non-Terrestrial Networks
with Low Latency for Autonomous Flight/Voyage
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