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Mobil technoldgia evolucidja (1G - 6G)

2021
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5G mdszaki jellemzdk, szcenariok és
alkalmazasok
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eMBB

S =
Enhanced Mobile
Broadband

*» Peak Rate: 20Gbps (4G : 1Gbps)
* UX Rate : 100~1000Mbps

* High definition (HD) videos
* Virtual reality (VR)
* Augmented reality (AR)

Download of 15GA HD video
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URLLC
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Ultra Reliable &
Low Latency
Communications

* Latency: Ims (4G : 10ms)

* Remote robot control
* Connected autonomous vehicles
* Interactive gaming

Autonomous vehicle

K-

mMTC

Massive

Machine-Type

Communications

» Connection : 108 devices/km?2
(4G : 10° devices/km?)

14m maoving at 100km/h
* Smart city
* Smart agriculture

Within an arma of kv
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5G | 1,000,000 cevices
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5G szabvanyositasi menetrend (3GPP)

2LTE-Adv Evolution

| Op. 7/4/5

3/18 | Opt.3 O
Non- Stand
5G NR = 5G New Radio Standaiona | alone Full IMT-2020
eMBN = enhanced Mobile broadband (NSA-NR) (SA-NR) NR
!

URLLC = Ulra-Reliable and Low Latency Communications
mMTC = massive Machine Type Communications Phase 1

-

R15
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NR Framework wohitecture NR improvemnent

* Waveform & Channel Coding ' . F ! * New Multiple Access

* Frame Structure, Numerology * CU-DU Spint ] * oMBB Enhancoment

 Native MIMO * g2¢ Slicing « Seif-Backhau

* Floxble Duplox ( Others: uRLLC) * Unlicensed
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5G - Hol tartunk ma?

Where 5G Technology
Has Been Deployed

Countries where 5G networks/technology have been
deployed and where 5G investments have been made

0-&\.“"&“' 3
%

M 5G networks
launched

M 5G technology
deployed

Investment
in 5G

As of June 2021
Source: GSA 5G Snapshot
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5G haldzatok a vilagban

The Cities With The
Fastest 5G Speeds

Cities with the fastest 5G download speeds
globally in Mbps (Jan 01-Mar 31, 2021)
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Source: OpenSignal

@®06 statista %a

Varosi 5G sebességek
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5G halozati lefedettség Magyarorszagon
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Szélessavu mobil haldzatok tarsadalmi hatasai ( )

Mobil 6sszekottetések robbanasa:

-
5 INTERNETor
1G - 2G 3G - 4G o, THINGOfS "';/ 5G and beyond
= __—1—____ S @
1980s — 2000s — 2020s Billions of Mobile - 2040s Trillions of
Millions of voice users Broadband users connected objects

Vertikalis iparagak bdévulése, uj alkalmazasok alkalmazasok és
szolgaltatasok megjelenése :
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Logistics Shopping Agriculture Industry 4.0 Health Sustainable Automotive &

energy transportation
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Varhatoé mobil adatforgalom ( ?)
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Miért kell 6G?

10 évente Uj generaciés mobil technoldgia: 5G — 2020 =) 6G — 2030 O
1G-4G (2G/3G/4G) — Egyéni felhasznalok kiszolgalasa (beszédatvitel, mobil internet)

5G technologia — Szélessavu mobil internet szolgaltatas (eMMB) és ipari szolgaltatasi
igények kielégitése (mMTC, uRRLC)

5G technoldgiai korlatok, pl.:

» 2030-ra 125 millidrd eszk6z kapcsolddik az internetre, amit az 5G nem tud
kiszolgalni (1 millié kapcsolat/km?2), ezért kapacitas bévités sziikséges

» Nem nyujt nagyon megbizhatd (URLLC) és extrém nagy sdvszélességet (eMBB)
nagyon sok eszkdoznek (mMTC)

» 5G nem alkalmas fejlett VR/AR alkalmazdsok megvaldsitasdra: késleltetés
csokkentése szukséges (< 1 msec)

» Telepresence és holografikus megjelenités és kommunikacié: Tbps adatatviteli
sebesseg, msec alatti késleltetés, amire az 5G nem képes

» Alacsony beltéri 5G lefedettség, hatékony Uj megoldasok sziikségesek, pl.
femtocells, WiFi és optikai kommunikacio integracioja

BME VIK



Mi lesz a 6G?
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6G mdszaki jellemzdk (KPI) definidlasa @

Source: NTT docomo, 6G Flagship

Nem kizarolag radios technoldgia:
magaba foglal ,non-RF”
kommunikacios technikakat is (pl.
optikai)
Mikodeési frekvencia: sub-6 GHz,
mmWave, THz bands (300 GHz felett)
Adatsebesség: 100 Gb/sec-Tb/sec
Késleltetés: < 1 msec
Alkalmazas tipusok és szolgaltatasok:
» Mobile Broadband Low Latency
Com. (MBRLLC)
» Massive Ultra Reliable Low Latency
Com. (mURLLC)
» Human-Centric Services (HCS)
» Multi-Purpose Services (MPS) SVIE Vi



6G mdszaki jellemzdk (KPI) definidlasa

Key Features for Beyond 5G in “Beyond 5G Promotion Strategy” 3

Synchronization of
Physical & Cyber Spaces

Beyond 5G o

Ultra Low Latency —\ Ultra Numerous Connectivity j

* Green words are the examples of key technologies

THz Waves

Ultra Fast & Large Capacity

(Ultra eMBB*) (Ultra URLLC*) (Ultra mMTC~)
« Network access: 10x Faster than 5G fLAensy 1i1Dof 66 .
. ization wi » Simultaneous connectivity: 10x more
« Core network access: 100x Faster than || * AAdvanced synchronization with CPS than 5G H
now + High Level of Synchronization with = : _ _ .
*eMBB: enhanced Mobile Broa Complementary Network mMTC: massive Machine Type Communication
*URLLC: Ultra-Reliable and Low Latency
\ Communications }
All-Photonics Network A\
2 - Quantum
R v riomer Further Upgrade of 5G Features Ultra sggunty I iatac it
consumption and resilienc

eMBB

» Power consumption: 1/100 mMTC

lower than now

* Without reduction measures, IT-related
power consumption would reach to 36x
than now, (1.5x of total consumption

URLLC ; :
+ Always ensuring cybersecurity
* Instant recovery from

5 G disaster/failure
than now).

New features contributing to
Low Power Consumption generate sustainable and new values 7

Brooklyn 6G Serqiconductor ' HAPS

Summit :
21.10.2021 Autonomy Scalability Inclusive Interface
T « Autonomous coordination among devices without manual «~ Seamless Connection with Satellites g
intervention and HAPS (incl. space and ocean)
+ Construction of optimized network highly integrating wired + Transforming various interfaces such as terminals and windows
and wireless connection into base stations
12 Complete Virtualization + Ubiquitous connections through coordination between devices

————
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https://www.5gtechnologyworld.com/wp-content/uploads/2021/10/Bkln6G_day2_fig2_Beyond5G_Japan.jpg

Potencialis 6G spektrum (THz sav)
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a Mlc(;s:aave Radar linfrared DVD SVStem
GPS ~~ remote
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6G szcenariok és alkalmazasok

Super-enhanced Mobile Broadband Super-high Precision Positioning

3D video, UHD screens A

Work and play in the cloud ' -

Augmented reality
; Indusiry automation

Voice Mission crifical application,
e.g. e-health
Smart City = Self Driving Car
Evolution of 5G
Super-massive Connectivity Super-reliable Low-Latency

Al-powered Communications
14 BME VIK
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Révid hatétavolsagu 6G haldzatok
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6G és Mesterséges Intelligencia ( f)

6G+MI: Elosztott intelligencia és autondm muikodés
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6G — A ,hyperconnected” gazdasag és
tarsadalom technologiaja

people to people people to thing thing to thing
1G~4G 5G 6G
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6G szabvanyositasi menetrend

6G timeline
2020 2022 2024 2025 - 2029 2030

3GPP Rel-16 3GPP Rel-17 3GPP Rel-18 3GPP REL-19 & 20 3GPP Rel-21

B 56 Gl Enlinass 5G Evolution Releases (5.5G to 6G) !
= - pre-6G capabilities added -

x@ 6G Early Research 6G Study Items 6G Specification Development
@ 6G Requirements 6G Evaluation

Funding: &= s2.58 |l $308 until 2035 [ €900m/7yrs WM €700m/5yrs @ $2.4B/Syrs wfmm €250m/7yrs (@ €180m/Syrs

BME VIK
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6G Kutatasi iranyok

Devices and
Circuit
Technology

Wireless
Connectivity

Distributed Services and
Computing Applications
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Nemzetk6zi B5G/6G K+F programok G ?)

Beyond 5G, 6G: International Momentum

China initiates 6G research, technology to be made LG SetS up 6G researCh Centre at KAIST

available for commercial use by 2030 LG Electronics and Korea Advanced Institute of Science and Technology (KAIST) have opened a 6G research

centre to cooperate in the development of the next-generation wireless network

KN

University of Oulu to begin groundbreaking 6G
research as part of Academy of Finland’s
flagship programme

Korea: MSIT announcement in September,

Taiwan moving to develop B5G, 6G tech
Bryan Chuan, Taipei; Willis Ke, DIGITIMES Monday 29 April 2019

Despite 3G applications still at a budding stage, Taiwan's Ministry of Science and Technology (MOST) is actively seeking B3G
(beyond 5G) and 6G academic research projects aiming to meet tech demand by 2030, according to ministry sources.

Japan: MIC, Roadmad B5G June 2020;

China operational 6G Working group rndustry White Paper: 5G Evolution and 6G
launched early November 2019

USA: Secure 5G and Beyond Act, March 2020 |

Commission

BME VIK



EU H2020 5G PPP — Beyond 5G

* EU H2020 - 5G PPP — Smart Connectivity
beyond 5G (ICT-52-2020 Call)

e 8 ,felfedezd” (exploratary) projekt
* Hexa-X Flagship project (Nokia, SZTAKI)

N
H exa _X Project lead Technical manager /\‘
(coordinator) Al = R
A

pele] :
Sl = 6G BRAINS DAEM N
intel  NexTwoRKs ;@ ==
- & T
() DEDICAT 6G )
sqamcom  SIEMENS e T e Jelefinic y Hexa X

M ® r =TIM Pelefonica MARSAL
\& 4 =
- — oy REINDEER ’\“‘EG i TeraFlow
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EU Horizon Europe - 6G K+F Program ‘(ﬁ

* EU Horizon Europe — Smart Networks and Services (SNS)
Eurdpai Partnerségi K+F program (2021-2027)

* Tamogatas: 900 millio Euré
* Megvalositas madja: Joint Undertaking (JU) - EU Bizottsag és
az 5G |IA szakmai szervezet altal koordinalt K+F program!

ShEiA

553 a /ﬁsmm—

= European Vision for the 6G
INFRASTRUCTURE ASSOCIATION N"TWORKS P

& SERV'CES Network Ecosystem
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BME-Nokia 5G Kutatasi és Innovacios Haldzat ‘(5

- 5G New Radio Standalone (5G NR
SA) beltéri lefedettség a BME 6 3
épiiletében i et <.

- Nokia privat 5G platform:

 Vodafone 3.5 GHz-es frekv.
tartomanyban (52 db pRRH)

- Halozat fo célja:
« 5G KFI tevékenység
« 5G use case fejlesztések
« proof-of-concept/demo platform
- Rugalmas 5G K+F , sandbox” és demo
tér
 nyilt innovacids KFI kornyezet
- 5G/B5G fejlesztési tervek

BME campus

(Science Park): Eurdpa egyik legnagyobb akadémiai 5G
- indoor/outdoor lefedettség ry 2 '
hEvitése campus haldézata!

> - mmWave (28 GHz) halbzat BME VIK
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BME 6G K+F misszio és cél

A BME rajta van az 5G ,,autdépalyan”! A jovo
a 6G technolodgial

* Misszio: 5G-n tulmutato (B5G), a 6.
generacios IKT technologia,valamint az ezen
alapuld alkalmazasok és szolgaltatasok
|étrehozasara iranyulo interdiszciplinaris KFl
tevékenység végzése a jove intelligens,
fenntarthato és emberkozpontu tarsadalma,
ill. gazdasaga érdekében.

e Kiemelt cél: BME-Nokia 5G Kutatasi és
Innovacios Halozatra alapozva
bekapcsolodas az EU és a nemzetkozi 6G KFI
tevékenységekbe és programokba.




BME 6G K+F prioritasok ‘(5

* Korszerd , Beyond” 5G/6G KFI infrastruktura és tesztkornyezet létrehozasa
a meglévl 5G haldzat bovitésével és tovabb fejlesztésevel

* Radios halozati lefedettség bovitése, mmWave frekvenciak hasznalata

* Internet of Everything (loE-Internet of Things, Internet of People) és
kiberfizikai (CPS¥ ren szerek kutatasa

. Nag?/ felbontasu (HR), valos ideji és virtualis kommunikacios technoldgiak
és alkalmazasok (VR/AR/MR/XR telepresence, tactile Internet)

* 6G alapu intelligens egészségiligyi megoldasok es rendszerek kutatasa
(telemedicina, real-time robotic surgery)

* 6G-vel tamogatott okosvaros megoldasok és szolgaltatasok fejlesztése

* |[par 5.0 szcenariok fejlesztése B5G/6G alapokon (real-time video
analytics, collaborative/cognitive robotics with Al)

* Biztonsagi kérdések és a személyes adatok védelme B5G/6G
rendszerekben

25 BME VIK




:SG s6  BME 6G K+F kezdeményezés

koalicio

* Az EU 6G K+F programjaban (SNS Partnerségi Program) vald
részvételhez sziikséges a hazai 6G K+F vizio megalkotasa és az orszagos
szintd K+F egyuttmikodés

* BME kezdeményezés: 6G K+F Munkacsoport felallitasa az 5G Koalicié
keretein belll

* Feladat: Nemzeti 6G K+F iranyok meghatarozasa, Stratégiai Kutatasi Terv
(SRA) kidolgozasa, és a nemzeti K+F egyuttm(kodés kereteinek
kialakitasa 6G terileten

Cél: A magyar innovacio versenyképességének
megalapozasa a 2030 utani idoszakra!
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Koszonom a figyelmet!

Dr. Charaf Hassan
BME VIK
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