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Global 5G Commercial Launches

67 Mobile e
25 Fixed Wireless
o

Operators
(as of April 2020)
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5G Traffic Analysis in Korea
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5G Requirements & Use Cases

Ultra Fast (eMBB), instantaneous (URLLC), massive connectivity (mMTC)

[ITU-R document SOYTEMPf625]

URLLC

L

* Peak Rate: 20 Gbos (46G: 1 Gbps)
= LK Rate: 100 Mbps

$ a

= Latency: 1 ms [40G: 10 ms)

Applications

* High definition (HD) videos
= Wirtual reality (VR)
+ Augmented reality (AR)

e

* Remote robot contral
* Connected autonomous vehicles
* Interactive gaming

A

» Connection: 108 devices/km?
{4G: 10° devices/km! )

* Smart city
= Smart agriculture

Do aam woxo—
gﬁia = = S
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5G Features: Network Slicing & New Spectrum

Network Slicing

Flexibility to support various services
in a single network

MNew Spectrum

Use of new spectrum
including mmWave bands
(e.g., 28 & 39 GHz)

=2G 3G 4G 5G SDN B NFY
Voice Volce + Data Data HW Slicing
FEMES) (Volos ower LTE)
RO b DT e
WY mrtwnck Sgrrties Pl
Below 6GHz Above 6GHz
LL 25GHz 30GHz I5GH: A0GHz
Eurape $4 - LEGHT USA- 3435 - 2 A50H
Kndma 840 =4 2CHs 405 = % SRGHT i o e
sepan La- &Gz 5= R
A4~ 2Rz Eirase M35 - JT.5GH:
India  L$-3EGHY Kores 5 - 189GH:
China 33-2.850H2 Mpan T-295GHE
42-500u
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mmWave

Challenges in 5G

- Short Range of mmWave

- Increased management
complexity with a lot more
cell sites

{{ﬁﬂl )
({tgp)

lﬁ} itg}}
{{Kﬂ

more base stations

(igii

ﬁg}) {igl}

New Technologies Massive Connectivity
(e.q., Network Slicing)

- Various requirements,
e.g., URLLC
- New services w/ net. slicing

Connected Car

g*’&\“ =
= h
R ok
" ! Fn,i‘:ﬁ

Network Slicing

Smart Factory

Samsung Research

- Machine Type Devices

5G

MACHINE
i
MACHINE

COXEED
taAm=mSa

7

Complicated network management requir

automation & scalability

Al/ML for
scalable automation
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Where Can Al/ML Be Used?

IP T'put Dipi;dtﬂinn
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Standards and Industry Looking at Al/ML

Samsung Research

» Standard groups looking into leveraging Al for network automation

MDAS

(Management Data Analytics

NWDAF
(Network Data Analytics

O-RAN RIC
(RAN Intelligent Controller)

Organization

Target

Use cases

Service)

3GPP 5A WG5S ‘a;@
Data analytics at OAM Management
Plane for network performance and
fault management

*0AM: Operation, Administration and
Management

Per-NF/NS load analysis
RAN coverage conf. optimization
RAN resource & congestion analysis

* MF: Network Function
* N5: Network Slice

Function)

3GPP 5A WG2

Data analytics at Core Network (CN)
Control Plane for network
performance and service quality
optimization

Per-NF/MS load analysis
Analysis/prediction of

. Per-UE/App service quality

. UE mobility & traffic pattern

aCiad

JRAN

O-RAMN Alliance

Automation of control and
configuration of nodes (e.g., RU,
DU, CU) at RAN for OPEX
minimization

* RAM: Radio Access Metwork [or BS)

Traffic steering
QoS-based resource
optimization

RAM slice SLA assurance

* Qo5: Quality of Service
* SLA: Service Level Agreement
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Intelligent RAN - Cell Design Samsung Research

[J Antenna tilting and optimizing transmit power
- Real-time parameter optimization based on UE locations, received power, and transmit power
- Antenna tilting adjustment for optimizing system coverage and capacity maximization
case 1) coverage poor = tilting angle up = coverage expanded & performance down at center

case 2) coverage good = tilting angle down = coverage shrink & performance up at center

Server Server

Statistics on deploy & config.
UE RF measuremen! * GPS info

Optimize
E-Tilt and/or RRH Tx Power

10
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Intelligent RAN - Parameter Optimization

Samsung Research

[ Optimization of network configuration parameters and scheduler function

Handover Performance Index

- HO parameters affect failure rate and UE receiver

NW Scheduler Function Optimization
- Scheduling

[er h;:.' mance

RSRP
(Reference signal received power)]
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Evolution of Cellular Communications Sl e

= |nternational standards for cellular communications became mainstream beginning 3G (IMT-2000)
* Success of 4G (IMT-Advanced) triggered /T+Comm. convergence and global competition
» 5G (IMT-2020) designed to enable 3 use cases: eMBB, URLLC, mMTC

* eMBE: enhanced Mobile Broadband
* URLLC: Ultra Reliable & Low Latency Communications
* mMTC: massive Machine-Type Communications

Smart Phone (2007)
N\ - 66,

LTE, WiMAX, UMB, ... @ customizable, vertical

IP, global
UMTS, CDMA2000 @ broadbandgiEREs N
¥ Vision & T =
voice + data -~ Tech.Standard

G5M, GPRS, EDGE, 15-95, Byears
PDC, iDEN, D-AMPS, ... o WTO (1995) % T
digital 12 yoars
aG Wisian & Seplovment T
Tech. Stancard
MMT, AMPS, TACS, C-450, TMA, RTMI, 15 yoars
cellular
12 : [2028]
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SAMSUNG

6G

The Next
Hyper Connected
Experience for All.

Samsung 6G White Paper

https:ffedn.c rowund. r/downloads/researchareas/6G%20Vision.pdf
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Megatrends in 2030 samsung Research

[0 Thinking about the next generation - 6G

Connected Machines Artificial Intelligence

= Machines as Main Users = Al - New Tool for Wireless Communications

- 500 billion devices will be connected by 2030, including - Embedded Al in various entities will play roles of
vehicles, robots, drones, home appliances, etc.

- Mobile devices with various form-factors: AR glasses,
VR headsets, and hologram devices

improving network performance, reducing costs,
saving energy, etc.

Openness & Social Issues

= Softwarization and open source/interface are big
technical trends

» Wireless communications and its infrastructure help
address many social issues and resolve them

14
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6G Services

Samsung Research

[0 New services to be introduced via hyper-connectivity involving humans and things

» Sufficient wireless capacity to be
secured for higher data rate to
realize Virtual Reality, Augmented
Reality, Mixed Reality, etc.

Truly Immersive XR
* Extendad Reali

High-fidelity Mobile Hologram

» Mext-generation media technology
presenting gestures and facial
expressions by means of a
holographic display

Digital Replica
* Replicate physical entities and
interact with them in a virtual world

without temporal or spatial
constraints
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6G Requirements

Samsung Research

[] 6G services require substantial computing power, far higher data rate, and ultra-low latency

Performance Requirements Architectural Requirements Trustworthiness Requirements

s Advanced multimedia services need
higher data rate, spectral efficiency,
and extremely low latency

et Dot sad
Dty Bt

el

Ersery EMficiency

" Spectral [Siimcy

Fress B

= Communications and computing
convergence: split computing,
native Al, etc.

Wirelews Commenication () Computing Capabily

1 ! Chvedl Dmnating
F: uE
[ -

S Pt Compatieeg Tert Hrtwars
futil =] 5
- #
Lo UE
Climed
Campativg Splkt cwnr Hetwark snd Drvicry
"'_-_ "
. i
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= Openness of communication
systems requires solutions for
security and privacy threats:

- Secure-by-design approach

- |dentification that Al accesses

personal information

- Mechanisms to utilize tremendous
amount of information maintaining
the privacy
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6G Candidate Technologies

Terahertz Band

Movel Antenna Technology
Evolution of Duplex Technology
Evolution of Network Topology
Intelligent Spectrum Sharing
Comprehensive Al

Split Computing

High-precision Network

[Frequency bands over generations]

RE——

4 Al iﬁ: 1;% ng: IFe
s *!-' ;,f é?i . i é

wid dw ik Faw

[Intelligent spectrum sharing]

[Integrated network of terrestrial and
non-terrestrial networks]
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Key Enabling Technologies for 6G ey e

Terahertz Technology
— Up to 3 THz band includes enormous available bandwidth for potential 6G services
— THz communication can also provide high-precision positioning capability
— Inherent technical challenges with ultra-high frequency to be overcome:

Severe path loss, atmospheric absorption, RF power amp efficiency, ADC/DAC, etc.
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Key Enabling Technologies for 6G

Evolution of Network Topology
— Existing technologies include relay in 4G and IAB in 5G to enable flexible network
— 6G expects more: * Integrated Access and Backhaul

1) Automated configuration & optimization of

new network entities o
=
2) Enhanced mobility support for mobile network ;4
entities @a
3) Enhanced service continuity for user devices ¥, i
4) Non-terrestrial network (NTN), f—
such as satellite & HAPS /”f‘;“\
* High-Altitude Platform Systems kﬂ?ﬁ - I:m i «,
f:l %‘_ ||f--ur Coa Area

2 Termestrial Network Coverage
Hon-Terreatrisl Netwark Coverage

19
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Key Enabling Technologies for 6G

Spectrum Sharing

— Allowing opportunistic use of underutilized spectrum can increase efficiency

— Traffic and spectrum usage pattern varies according to time, areas, and operators

Samsung Research

— Al could realize dynamic spectrum via sharing limited amount of information among network

:s‘:r‘s”?nga

entities

Scheduling Traffic UE
Info. Info. Info.
AI engme

L

Collision Prediction

Spectrum Access Decision

20
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Key Enabling Technologies for 6G

Comprehensive Al

— Comprehensive Al help better optimize the overall system performance and network

operation

Samsung Research

— Application of Al can be categorized into three levels: 1) local Al, 2) joint Al, and 3) E2E Al

A

™

?‘:‘:"‘. o F ]
53] =1 =

% g™
&P s

gt ., >, e
BS Core Metwork Application Server

End-to-End Al

y  EndwoEda

Comprehensive Al
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Key Enabling Technologies for 6G Samsung Research

Split Computing
— Future applications, such as truly immersive XR, mobile holograms, and digital replica,
require extensive computing to deliver real-time immersive user experiences
— Split computing makes use of reachable resources over the network,
e.g., BSs, MEC servers AR AR AN A
* Base stations, Mobile Edge Computing .- 't » ARG T ] LRSI IR i
» Wireless communication - Edge 0
Low computing power ® mobile device * E Y ks =
('} High computing power @ BS 3 B RG] RG] BIE B i
Device 79 Edge T {x:;’
B
3] 2 e g D A0 el B .
gl J L
_‘|—ﬁ| * B ] . B * B ] .-|-
-y [T " L ,,,,,,,, -
23 Stand-alone device Split computing device —airaq-n i HErn i b gy [l
o P W%
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Conclusion

* What is happening now
* 5G commercialization
»  Al/ML-based network automation

» Start of 6G research for 10 years down the road

= What will be the future like

* Wider spread of 5G commercialization
= Heavier usage of Al/ML for communication and network
= Research and PoC of various candidate technologies for 6G

* 6G commercialization as early as in year 2028!

23

Samsung Research
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Thank You
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