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A A globalis 5G vizio
A 3GPP szabvanyositas
A5G NR
* Attekintés és id6rend
* Architektura
* Fizikai réteg
* Spektrum attekintés
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9G  Kezdeti elképzelések az ITU-t6l G

100 Mbps sdvszélesség
Enhanced Mobile Broadband 10 Mbps/m? forgalom siiriség

Gigabytes in a second
3D video, UHD screens

St Home/Wuiiine Work and play in the cloud

Augmented reality

Industry automation

Self Driving Car

Smart City Mission critical

application
e.g. e-health

Massive Machine Type Ultra-reliable and Low Latency

Communications Communications
1 Millié eszkéz/km2 99,999% megbizhatésag ©3GPP 2018 4
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A GLOBAL INITIATIVE

From Industrie 1.0 to Industrie 4.0

First
Industrial
Revolution

through the introduc-
tion of mechanical pro-
duction facilities with
the help of water and
steam power

Source: DFKI (2011)

First mechanical
loom, 1784

1800

Second
Industrial
Revolution

through the introduc-
tion of a division of la-
bor and mass produc-
tion with the help of
electrical energy

1y

1900

Third
Industrial
Revolution

through the use of elec-
tronic and IT systems
that further automate
production

First assembly line,
Cincinnati slaugh-
terhouses, 1870

N
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Degree of
complexity
Fourth ‘
Industrial
Revolution

through the use of
cyber-physical systems

ng T

_—

First programmable
logic controller (PLC),
Modicon 084, 1969

2000

Today

Time
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eHealth it

A GLOBAL INITIATIVE
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Medical Health \
Cloud Platform -~
firewall — - S

“ - &‘ Data Mining A =

Base station \
\6,(’ ‘ Feature Extraction

health data

7
85 &‘ Data Analy5|s
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Onvezeté jarmiivek
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A GLOBAL INITIATIVE

56 3G gazdasagi hatasai G

“6G-powered smart city solutions applied to the management of vehicle traffic and

g Acce ntu re becs I és (20 1 7 Ja nu a’ r) U SA_ ro’l . electrical grids alone could produce an estimate of $160 billion in benefits and

savings for local communities and their residents. These 5G attributes will enable
cities to reduce commute times, improve public safety and generate significant

° GDP novekedés $500 milliard smart-grid efficiencies.”
* 3 millié Uj munkahely

https://newsroom.accenture.com/content/1101/files/Accenture_5G-Municipalities-Become- T
Smart-Cities.pdf

5G Is Expected to Benefit All Community Sizes

oo . uibkul

Saratoga, CA Beaumont, TX Metro Chicago, IL
29,900 Pop. 118,000 Pop. 9,472,000 Pop.
Jobs Created 300 1,000 90,000
GDP Growth $50M $180M $14B

© 3GPP 2018 9
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3GPP szerepe

Globalis mobilkommunikacids szabvanyok kidolgozasa:
GSM, GPRS, EDGE, W-CDMA, HSPA, LTE-(A), és 5G-NR
Teljes rendszerszintl szabvanyok: radios és gerinchaldzatok

3GPP egy partner projekt

*  Regionalis szabvanyiigyi szervezetek k6z0s projekt-je

(Azsia, Eurépa, Amerika, India):

ati? € ne= 1t ~=> ARIB tSdS

ccs‘ otld Ciass Slandords

*  3GPP tagsag: valamely regionalis szabvanyiigyi szervezeten keresztiil

*  Tovabbi partnerek: 5G AA, TCCA, NGMN Alliance, GSMA, GSA, IPv6 Forum, Small Cell Forum, etc...

G

~
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A GLOBAL INITIATIVE
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Developing Recommendations

ITU-R/T

Cross
reference of
specs

5G globalis szabvany korkep

4 2

nnnnnnnnnnnnnnnnn

Teljes 5G rendszerspecifikacio
(radio és gerinchalozat)

G

A GLOBAL INITIATIVE

Developing internet
protocol specs

Referring to specs

l Cross reference l

Developing Mobile
application specs

f \ /""a 3GPP Market
o~
tmiorum & Reguirements ﬁ Partners ﬁ
Reference to \ / _ ) '
3GPP specs ARRggband & scou
ngmn_.
< IEEE Terminal o, sl
Celcbrating 125 Years Partners certification base
' referring to on 3GPP specs S5 QGCF
3GPP specs —~ -
= -~ for the local @n_n W t
CLran® m O GCF \ FORUM mlﬁy
EU Japan Korea Ch|na North America India
3 Telcommntcation .
=D ARIB Ti \ ,’_ - atis- sdsi
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56  3GPP tények és szamok Sciad

A 45 orszag >600 cége

A Evi 75.000 kiildétt nap
4 Evi 100.000 beadvany

A Release-enként 1200
specifikacio

A 18 havonta Uj Release

© 3GPP 2018 13
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5G 5G okozta béoviilés &"'@
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Rengeteg Uj tag:

. Mez6gazdasagi gépgyartok (e.g., John Deere, Husqvana, etc)
. Autdgyartok (e.g, Volkswagen, Volvo, Toyota)

. Vasuttarsasagok (e.g., Internationale Union of Railways)
. Gyartds automatizalas (e.g., Siemens)

. Energia szektor (e.g., Legrand)

. Kérnyezetvédelem (e.g., Veolia)

. Mlisorszéras (e.g., EBU, BBC, TDF)

. Miihold cégek(e.g., ESO, Inmarsat, THALES)

. Urtechnolégia (e.g., Lockheed Martin, BAE)

. Online kiskereskedelem (e.g., Alibaba)

. Social Media (e.g., Facebook)

) Fow ]

;P (o self-driving car

Teljes lista:

http://www.3gpp.org/about-3gpp/membership

© 3GPP 2018 14
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Mit tud az 5G NR ? K vy

...amitaz LTEpem... 777

%

A Nagyon alacsonytdl a nagyon magas frekvencidig terjedd
muUkodeés: 0.4 — 100Ghz

* Beleértve a nem licenszkoteles frekvenciasavokat is

M Szélessavu csatornak
e 100MHz-es csatornak <6GHz
e 400MHz-es csatornak >6GHz

M Kiillonboz6 numerologidk a kiilonboz6 frekvenciasavokra

A Konnyl kiterjeszthetdség a jov6ben felmeruls felhasznalasi
terlletek hatékony tamogatasara

© 3GPP 2018 16



Mit tud az 5G NR ? K Ciay

...amitaz LTEpem... 777

%

2 Uj csatornakodolas

LDPC az adatcsatornaknak, Polar kddolds a kontrol csatornaknak

A Beépitett alacsony késleltetés és magas megbizhatosag
tamogatdsa (URLLC)

™ Flexibilis es modularis RAN architektura
M Beépitett Haldzati szeletelés tamogatds (Network slicing)
A Hatékony multiantenna (Massive MIMO), és nyalabformalas

© 3GPP 2018 17
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5&«? 5G szabvanyok — idérendi attekintés 351X

5G szabvanyok id6rendje

5GTF / KT SIG 3GPP 5G Phase 1

lparagi szabvanyok (Rel-15) AN
Mobile szélessav, ,

4
ya

3GPP 5G Phase 2
(Rel-16)

Megosztott es
nem licenszkoteles
spektrum

5G globalis Pre-standards Els6 szabvanyos 5G
elterjedése 5G
B
= KX B e
US 28, 39 GHz Korea o Japan
28 GHz 4.5 GHz

EU/CN
35GHz

5G spektrum

*) NSA: Non standalone; SA: Standalone

19

3GPP 5G Rel 17

Szabvanyos 5G
todmeges elterjedése

LS

‘@'@'
Korea
3.5 GHz

EU

= ©

US <6GHz

700MHz 600MHz

26GHz

2.5GHz

A GLOBAL INITIATIVE

A teljes 5G vizié
tdmogatésa

@

Global
> 24 GHz



56 IMT2020 beadvény idérendje K cla%

A GLOBAL INITIATIVE

2017 Mar Jun Sept\l 2018 Mar Jun Sept 2019 Mar Jun l Sept 2020
WP 5D #28 #29 #30 #31 bis #32 #33
3-11 Oct |[eRNEN AT 13-20 Jun 11-15 Feb 9-17 Jul 9-13 Dec
S
IMT-2020 SUBMISSIONS MILESTONES z
s/ S&S T e TTToTTmooey
§ | 5G PHASE 1 ! ! 5G PHASE 2 !
! Rells ! ! Relle |
2017 Mar Jun Sept VT 2019 Mar Jun Sept 5020
#77 #79 #81 #83 #85
3GPP RAN PLENARY 11-14 Sept 19-22 Mar 10-13 Sept 18-21 Mar 16-19 Sept
#78 #80 #82 #84 #86
18-21 Dec 11-14 Jun 10-13 Dec 3-6 Jun 9-12 Oct




56 5G phase-1 (Rel-15) Sciad

Gyorsitott itemezés

Release-15
>
Q4 Ql Q2 Q3 Q4 Ql Q2 Q3 Q4
t 4

5G Rel-15 Non-standalone I
5G Rel-15 full (incl. Standalone)

Mobil szélessdv (eMBB) Osszes 56
- Licenszkoteles spektrum 600MHz — 39 GHz
- LTE-tdmogatott 5G (NSA), and Standalone (SA) 5G
- Alap URLLC tamogatas
- Massive MIMO
- Flexibilis RAN architectura
- ITU IMT2020 kritériumok teljesitése ©sepp201s 21




56 5G phase-2 (Rel-16) G

Release-15
Release-16
Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

3GPP #86:

3GPP #80: Release-16

3GPP #83&84: Release-16

Release-16
ready

normativ munka

tanulmanyok

Nyitas a telco-n tal...
- Onvezetd auto tdmogatas
- Ipar 4.0 automatizalas
- Magasabb frekvenciasavok (>52.6 GHz)

© 3GPP 2018 22
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5G NR architektura
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oG LTE-tamogatott 5G (NSA) 3’7@

4G 4G

MME/S-GW MME/S-GW

~

> EPC

~ E-UTRAN

© 3GPP 2018 24
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oG Non-standalone (NSA) 5G ‘%@

MCG U-Plane

Bearer

MCG U-Plane
Bearer Bears

Adatforgalom tovabbitas az LTE eNB-bdl Gerinchal6zati adatforgalom szétvalasztas Adatforgalom tovabbitas az 5G gNB-bdl

© 3GPP 2018 25
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9G  Native 5G (incl. standalone (SA)) 3’7@

5G 5G -
AMF/UPF AMF/UPF
>~ 5GC
<
\ Xn / " NG-RAN
gNB gNB
5G @&(g (g %A_\« 5G
Xn
ng-eNB ng-eNB
4G 4G -

© 3GPP 2018 26
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5G bazisallomas (gNB) architektara .- ..

A Flexibilitas és modularitas
* Central Unit (CU) es Distributed Unit (DU) szeparacié = Cloud Radio
e Control Plane (CP) es User Plane (UP) szeparacié

5GC

- NG T NG
NG-RAN
gNB Xn-C gNB
i gNB-CU
F1— — F1
gNB-DU gNB-DU

© 3GPP 2018 27



5G Halozati szeletelés az 5G-ben Koy

A GLOBAL INITIATIVE

55%

Sensor

Ipari felhasznalas m—

Koztéri kamera

5G modem
(D (L

=.°p
©;
AR-alapd IJ_Cnc
karbantartas
o Szélessavu streaming
Vezérl6 szoba Video megfigyelés
lpari tertlet

28
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PDSCH (QPSK, xQAM, LDPC)

DL shared channel gNB
PBCH PUSCH
Broadcast channel UL shared channel

DL control channel UL control channel

PRACH

Random access channel

DL Physical Signals
Demodulation Ref (DMRS)
Phase-tracking Ref (PT-RS) UL Physical Signals
Ch State Inf Ref (CSI-RS) - Terminal eszkéz Demodulation Ref (DMRS)

Primary Sync (PSS) :
Phase-tracking Ref (PTRS
Secondary Sync (SSS) Sounding Ref%SRS)( )

30



5G Fizikai réteg flexibilitds B
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Parameter FR1 (0..24 GHz) FR2 (24..100GHz)

Access scheme DL: CP-OFDM: UL: CP-OFDM, DFT-s-OFDM

Carrier aggregation (CA) Max 16

Bandwidth per carrier 5,10,15,20,25,30,40,50,60, 80,
(extensible in the future) 90,100 MHz

SCS 15, 30, 60 KHz 60, 120, 240 (no data) KHz

50, 100, 200, 400 MHz

Modulation QPSK, 16QAM, 64QAM, 256QAM, pi/2 BPSK (uplink only)
Frame length 10 ms

Subframe duration 1ms

Duplex mode TDD, FDD TDD

Fizikai réteg flexibilitas - Kontrol protokoll komplextas



5é/§ 5G NR numerolédgia G

A GLOBAL INITIATIVE

Swbori gt | 5| 30 | 60 | 120 | 2i0

Symbol duration [us] 66.7 33.3 16.6 8.33 4.17
Nominal CP [us] 4.7 2.41 1.205 0.60 0.30
Nominal max carrier BW [MHz] 49.5 99 198 396 -

Min scheduling interval (symbols) 14 14 14 14 -
Min scheduling interval (slots) 1 1 1 1 -
Min scheduling interval (ms) 1.0 0.5 0.25 0.125 -

6GHz alatt , ' .
6GHz felett

* Alapértelmezett SCS minden frekvenciasavra kilén-kilén definialva lett

32
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56

Low Band
1 GHz

oy
P
- 1

W B

600/700 MHz

Globalis spektrum attekintd  ~=7..

Mid Band

3 GHz 4 GHz

5 GHz

T
3.1-4.2GHz

Y
4.4-4.99 GHz

High Band
20 GHz 30 GHz 100 GHz

2018-2019

~2020

>2020

26/28 GHz 38/42 GHz

© 3GPP 2018 34



A GLOBAL INITIATIVE

GHz

24.25

694-790 MHz 700 Mhz-es sav legkés6bb 2020-ra elérhetévé valik Europa szerte
Lefedettség orientalt 900 MHz savok 5G-s felhasznalasa
loT es V2X elterjedéséhez elengedhetetlen

3.4-3.8 GHz 1800/2100/2600 MHz savok 5G-s felhasznalasa
Varosi lefedettség 100 MHz-s csatornak hasznalata a Gbps sebességek eléréséhez

24.25-27.5 GHz x100 MHz csatornak hasznalata a xGbps sebességek eléréséhez
Kapacitas orientalt

* mMTC: massive machine type communication, URLLC: ultra reliable low latency communication, eMBB: enhanced mobile broadband



A GLOBAL INITIATIVE

56 Osszefoglalé G

A Gyorsitott GitemU szabvanyfejlesztés — teljes iparagi tamogatottsag

a Release-15 -«
T T Release-15
Q4 Qi ) Q2 Q3 Q4 a1 Q2 a3 Q4 Release-16
55 Rt 15 Nonindaons | ‘ T E—
5G Rel-15 full (incl. Standalone) g a5 &2 23 o3 2L &2 23 &g
architectira 3GPP #80: Release-16 3GPP #838&84: Release-16 3GPP #86:
tanulmanyok normativ munka Release-16
ready
,“ 7 . . . I'd 4 7 .
A Az 5G vizio teljes realizalasa sok évig eltart
*  5G alapu technolégidk meghonositdsa extra eréfeszitéseket igényel
*  5G NR flexibilitasa alaptényez, de dra van Lovw Band
1GHz 3GHz 4 GHz 5 GHz 20 GHz 30GHz 100 GHz
L | | ||
= ] ’
T ) T T AT T & ' - ; - |
NGRAN 66.7 33.3 166 833 417 = 20162019
o 47 241 1205 080 030 (o]
| w5 9 19 36 - -
LEAET N 4096 4098 4096 4096 — P
[Minschedulnginterval symbois) (ST SRIRET BRI SN =M u
o 1 ,
[ Min schedulinginterval(ms)  [RECK R TR LI K P o (1 [ [Imon
—_— [ w—
600/T00 MHz 3.1-4.2GHz 4.4-4.99GHz 26/28 GHz 38/42 GHz

© 3GPP 2017 36
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o S2dve RAN WO
GERAN WG1 e

RAN WO

QERAN WG2

Balazs Bertenyi
Chairman of 3GPP RAN

balazs.bertenyi@nokia.com
@ +36 20 9849152

www.3gpp.org
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