Neec kat MaAtec MNMpokAnoeLc ota Alktua
Kivntwyv Emkowvwviwy

TMHMA NMAHPO®OPIKHZ KAl THAETTIKOINQNIQN, EKITA

AP. AHMHTPHX TXOAKAZ & KAO. AAZAPOX MEPAKOz2
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Aoun Tou poBbnuotod

To paBnuo €oTlAlEl O E€PEUVNTLKEC TIPOKANOELC TWV TIOPOAKATW
Bepatikwv  mEpLOXWV  Twv  Atuwv  Kivntwv  ETikowvwviwv
(xpnotpomnolwvtag to 5G wg moapadelyua):

= APXLTEKTOVLKNA Kal TEXVOAoyieC AkTUWV KivnTtwv ETILKOWVWVLWY
=  AvaAuon emniboong Awktuwv Kivntwv ETiikowwviwy
=  Ynnpeoiec Atadiktuou Twv Mpaypatwy (loT)

= «MNowotnta Epnepioc» og aclppata Kat Kvntd diktua

Ot dportnteég Ba kANBoUuv va emAEEoUY Eval BEPA OXETLKO LLE TLC TTAPATIOVW OEUATLKES TIEPLOXEG
Kall vot ipoouv o€ pPeAETn Kal mapouciaon tou (Ba 60Bel oxetikn BLBAloypadia)
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Clarifying the terminology
Networks (in the ICT sector)

Network: group of (physical and/or virtual) nodes (e.g., switches, eNBs, mobile devices,
computers, computer programs, data hosts, servers etc.) that interact through communication
interfaces.

o Classification based on how the communication is set Communication graph
o Wireless | wired networks | Satellite networks <>
o Classification based on deployment of the nodes

> WLAN | WPAN | MANET/VANET| Mobile/Cellular networks

o Classification based on the characteristics of the services provided

o Wireless Sensor Network (WSN) | Multimedia networks | Delay tolerant networks

o Classification based on the criterion that defines the communications ~

o Data Centric networks | Information Centric Networks

Physical nodes
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Clarifying the terminology
Technologies (in the ICT and IT sector)

Technology. a method/technique/approach that fulfills a set of (standardized) requirements.
o Technologies for Radio interfaces
> 5G NR, NB-loT, LoORA/LoRAWAN (various OEM provide related products, Ericsson Nokia etc)

o Technologies for virtualization
o VMs, Containers, Hypervisors (e.g., VMware, KVM)

o Technologies for data flow control
> SDN (e.g., Onos SDN controller, Opendaylight)
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Clarifying the terminology
Communication Systems

System (or Communication system or telecommunication system). the complete set of
functionalities for control/management and data exchange over a network (a system is
materialized through a set of protocols, can utilize various technologies and offers a set of
services)

o Wireless communication system

o Communication systems where the underlay network is a wireless network, i.e., radio interfaces are used
o Mobile Communication systems
o Key representatives:
o Public mobile radio systems
o GSM, UMTS, LTE, LTE-A, 5G (market names: 2G, 3G, 4G, 5G..)
o Private mobile radio systems
o TETRA, TETRAPOL
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Challenges towards networks 2030
Main factors where gaps are identified

= Architectural Gaps: Factors that impact at large scale
relating to design, deployment, changes to interface

between end hosts and network nodes etc.
Algo 34%

= Protocol Type Gaps: This factor identifies the aspects m
where rules for communication need standardization or a e
common format.

Proto 20%
= Technology Gap: This factor refers to the advancement or

improvements necessary in the hardware or software M
design or paradigms for a particular gap. Tech37%

= Algorithm Type Gap: This factor refers to requirement for
devising new mechanisms and further study of a solution
or formal logical procedures.

https://www.itu.int/en/ITU-T/focusgroups/net2030/Documents/Gap analysis and use cases.pdf
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A horizontal and vertical view of a
mobile network
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Horizontal view
Understanding the topology of a Mobile network

Backhaul Network

Mobile
Wireline

_ Fronthaul , =1 . Midhaul o
& i v

(i)
A

Radio Unit Distributed Unit (DU) Central Unit (CU)
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Horizontal view
Understanding the topology of a Mobile network

Transport Network

Backhaul i ((( ))) i
— CU — DU H RU — :

Backhaul Midhaul i ((( ))) i

c < CuU : DU 4 RU — & .
o) ! ;
R __________________________________________
E PTTTTTTTTTTTTTTTTTTTTTTTTommmmmmmm s :
Backhaul Fronthaul ! ((( ))) !

< CU — DU : RU |— &
Backhaul Midhaul Fronthaul | «o) |

< cu DU RU — é 5

__________________________________________

PoP CO/Aggregation Cell Site/Access
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Horizontal view
Understanding the topology of a Mobile network

Transport Network (Radio) Access Network
Backhaul ; ((( ))) i
< . cu HDpbuHRU|— % |
Backhaul Midhaul : ((( ))) i
c cu | DU — RU —’é | ] urban area
R __________________________________________
E FTTTTTTTTTTTTTTTmmTTmmssmmmmoemmoon
Backhaul Fronthaul i ((( ))) i
< CU H DU : RU — &
Backnaul Michau! ronten | —— () | r%gx dense urban
«—1fcu DU RU — & ; area

__________________________________________

PoP CO/Aggregation Cell Site/Access
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https://www.cellmapper.net/map?MCC=202&MNC=1&type=LTE&latitude=37.909285441465954&longitude=23.477459592890714&zoom=6.55193728804603&showTowers=true&showTowerLabels=true&clusterEnabled=true&tilesEnabled=true&showOrphans=false&showNoFrequencyOnly=false&showFrequencyOnly=false&showBandwidthOnly=false&DateFilterType=Last&showHex=false&showVerifiedOnly=false&showUnverifiedOnly=false&showLTECAOnly=false&showENDCOnly=false&showBand=0&showSectorColours=true&mapType=roadmap

Vertical view
Understanding the Protocol stack

0S| Reference Model TCP/IP Conceptual Layers .
Technical Challenges

7 icati ]
. Appllcatlon XML, JSON, - || ®Security
Application - | ;
. ‘ SensorML . ® Data modeling
! Presentation Application A
HETTS B - ® Event/data notification
(o} 3 ] ; o
: ! ’ Session Control " Reliability
1 Session MQTT, AMQP, etc. | = Scalability
' Reliabilit
Transport — Transport UDP, TCP, SCTP Transport | " Refiability
= Complexity (SCTP)
E Network Network " = Naming and addressing
IPv4/IPv6, 6LowPAN, NEtRETE £ SEaRT
Data Link —_— HOELste. _* Resource control
@ Network
: Interface 802.15.4, 802.11 . * Signaling load
n Physical GSM, LTE, 5G, etc. PHY & L2 ~ * Authentication
._® Channel control
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Vertical view
Understanding the Protocol stack

Application (Endpoint A) Application (Endpoint B)
User
Data
L7| Application Layer f<-------------oonomoooooos Application Layer Protocol ---------------nooomnmnon- =| Application Layer Telnet, FTP, TFTP, HTTP,
5-6-7 — Application [ELAFLLMACITZ
Socket API
A v
L6 | Presentation Layer fc--«=---senmmmmmmnuaaan Presentation Layer Protogol «=«========mssemmnsmmnnnn ={ Presentation Layer o ser Data (Messages or Streams) > Hggger g;g
4 - Transport UDP
LS Session Layer  [c-------esmemsomomoiaonons Session Layer Protocol ---=-==-==nmmmmmmmemmn e =| Session Layer T T
_ Transport Protocol M N TCP L
< Header Application Data
L4| Transport Layer |e------ococo-oooaoan- --- Transport Layer Protocol -« - ---fl------=cnammamnmnann =| Transport Layer 3 - Network TGP Segment
Node X Hoge ¥ |P Datagrams T 1
Network . Netmork < g Y e e Application Data
L3 Network Layer |< Llayer--> Network Layer |< -ﬁtaver >l Netwogk Layer <-—pLaver e Network Layer |¢——————— IP Datagram ———————————»|
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< Link (Data) Link ll)arl:a) Link Lk (Data) Linkfl (Data) Link Link - Network-Specific | Ethernet 1P TCP Application Data Ethernet
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Vertical view
Understanding the Protocol stack

Protocol stacks support Reception and Send process
» Different protocols can be used (gNB case) depending on the source / destination

The radio part includes a
set of additional protocols
for controlling the wireless
link (SDAP/PDCP/RLC).

Application

UE

NR-Uu g N3

UPF

NGB

Application

PDU Layer

2/28/2022

Tunneling for the internal (inside the
operator’s network) communications
-GTP tunneling-

\_
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Vertical view
Understanding the Protocol stack

* Tunneling for the internal (inside the operator’s
network) communications -GTP tunneling- is
used. IP packet from UE is

encapsulated inside GTP
and transferred over S1-
U towards SGW

J

DATA
TCP / UDP

IP
IP packet
received by

\ ~ DATA |
TCP / UDP

IP | The source and destination IP addresses here belong
| to eNodeB and SGW

— GTPv1
uDP /Z—//
IP
) Ethernet Frame
S1-U

eNodeB SGW

eNodeB from UE
via air interface
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Vertical view
Understanding the Protocol stack

* Tunneling for the internal (inside the operator’s
network) communications -GTP tunneling- is

used' & UE/Server Traffic
:
I~ = = = = = e o e i i =
PDU Layer POU Léyer i b
UE’s IP S AR TR e s s emmec oo ; \ 5
{Owerlayaddr) v o ! ! t
: ! b i '. '
CECE . - - 5 GTP-U ]  GTPY L3, NG IP Edge Routedy
' Dﬂ? AN ‘-I'EI# Tunneled CH TEID (DL Overay Address Server [P |
" : ! FOU packets i traffic detaction- - - - - - - - - - - - oo - - DH NGB 1P |
; ! ! ; with PDR, UL IP 192,0.2.10)
-~~~ -~~~ PSRN Bpe=sens  overUr __ NinE= sy fmf&igg} :
: ' ﬁ: \3 P ) UPF NG P i
' 3 N3 | Address UPF N3 IP | 192.0.23 :
H'-F HLC'-I Lg!%ldeﬂhf | R L3 [Underlay IP} ' :
4 © o 10.20.3%10 10.20.31.3 | ] '
' ) i 1 ' [
H i i i i
HAC e i L2 | e L2 L2t L
: ‘J : JI : 'I
|I J.'i |. : : :
PHY P (RH L1’ L1 L1
" MR-Uu s | N3 ; & i
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Vertical view
Understanding the Protocol stack

Protocol stacks support Reception and Send process
» Different protocols can be used (UE, gNB, AMF etc case) depending on the type of data exchanged

Application

Application

PDU Layer

PDU Layer PDU Layer U ser P I ane

g4a

* Type of data is the user’s actual data
* The communicating nodes include nodes outside the
operator’s network e.g., the internet / data network

RLC

MAC
PHY
UE

.

PDCP E—

Control Plane

* Type of data is signaling or controlling message
e All the communicating nodes are internal to the
operator’s network

UE MNR-Uu
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Vertical view

Understanding the Protocol stack

4G vs 5G

User Plane: compared to 4G, the SDAP (Service
Data Adaptation Protocol) is a new protocol
added in 5G systems

All the 4G signaling protocols SBcAP, SLsAP, DNS,
SCsAP, Diameter, GTP-C that existed in the evolved
packet core; they are all replaced in 5G with a
single stack IP, TCP, TLS, HTTP2 and JSON.

Application

PDU Layer

UE NR-Uu gNh

User Plane

N3

Control Plane

UPF N6

Many per-interface
protocols

4G

GTP-C

Diameter

SGsAP

DNS

SLsAP

SBcAP

JSON

HTTP/2

TLS

Unified Protocol
Stack

TCP

5G

[

L2
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Requirements and Performance Targets for mobile networks
-ITU —3GPP -
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SDOs ecosystem

Developing intemet protocol

Developing Specs
Recommendations Fa ™y '
3 g specs
@ |TU HJ’T p Developing Mobile application
specs
= - Troma
A GLOBAL INITIATIVIE re.[eren{}e
Market
Partners
Referdfige to 3GPP tmisrum
e i . Gee— Sum 0
P RiQsgiban A eeéznce cerification - r
S IEEE p hased oR@GPF specs —
e 210 Partnergi@ferring to m N - | .
3GPP spe ar |h.e Iocal Tominal HaCalion
@.‘ 0 GCF
EU Japan Korea Chma_ North America India
b Y M_-_
S J [ ARIB TI_ /'r'mv ”" Stie? J tsdsi
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Develop technical

specifications 3G P P
ﬁ Propose technologies
[ Individual Members

Provide funding and Provide specification documents o
managerial support @ developed technologies

- —

‘ ETSI \ TTA

‘ ARIB H ATIS J CCSA

Regional Standardization Organizations (Organizational Partners)

ARIB: Association of Radio Industries and Businesses ETSI: European Telecommunications Standards Institute
ATIS: Alliance for Telecommunications Industry Solutions TTA: Telecommunications Technology Association of Korea
CCSA: China Communications Standards Association TTC: Telecommunication Technology Committee
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ITU

About the ITU

- The ITU —International Telecommunications Union

- Specialized UN agency responsible for issues that concern ICTs

- Coordinates global use of the radio spectrum

- Assists in the development of worldwide ICT technical standards

Target technologies: broadband internet, latestgeneration wireless technology, internet access,
data, voice, TV broadcasting, next-Generation networks, ...

2/28/2022 NKUA, DEPARTMENT OF INFORMATICS & TELECOMMUNICATIONS



ITU IMT-2020 =>5G

About the IMT

IMT = International Mobile Telecommunications

IMT 2000 technologies (Marketed as 3G)
o 3GPP Family: UMTS WCDMA (GSM Evolution)

> 3GPP2 Family: CDMA2000 (1xEV DO Rev A, EVDORevB) "
Y
A

IMT Standards Evolution towards 5G

IMT Advanced technologies (Marketed as 4G)
o 3GPP Family: LTE Advanced (E UTRA)

> |EEE Family: WiMAX (802.16m)

IMT 2020 => 5G IMT-2020 (5G)
o 3GPP Family: 5G

o |EEE Family: wifi 6 (802.11ax)

IMT-2000 (3G)

IMT-Advaned (4G)

S
St
=
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ITU IMT-2020

IMT-2020 Overview
o IMT-2020 [ITU-R M-2083-0]: systems, system components, and related aspects that support to

provide far more enhanced capabilities than those described in Recommendation ITU-R M.1645.
o IMT-2020 Radio:= IMT evolution + new RAT revolution

o IMT-2020 Network:= flat architecture + white-box-hardware + Virtualization + LINP/ Slices +

Softwarization+ MEC + DAN (ICN/ CCN) + e-2-e VoLTEenabling + ...

2/28/2022 NKUA, DEPARTMENT OF INFORMATICS & TELECOMMUNICATIONS



ITU IMT-2020 time plan

Timeline for IMT-2020

2014 2015 2016 2017 2018 2019 2020 .., o
WRC-15 WRC-19 1
@ @ SGh

D

soeleselesslasslae s

#23 #24 #25| #26 #27 #28| #29 #30 #31\#31bis #32 #33| #34 #35 #36 #36bis

I R

#18 #19 #20| 221 #22

ITU-R
ITU-R M.2150

Recommendation ITU-R M.JIMT-2020]
[T

of
Telecommunications-2020 (IMT-2020)

Vision / Definition |:> Requirements and |:> Evaluation and I::} Specification |:> Approval
Evaluation criteria Consensus building

(ITU-R WP 5D)
18" January 2021 -

MNote: Meeting #36bis was a focused meeting (technology) for finalization of Step & of the IMT-2020 process
and completing draft new Recommendation ITU-R M.[IMT-2020.5PECS]
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https://www.itu.int/rec/R-REC-M.2150/en

5G Performance

Enhanced Mobile Broadband ICapacity Enhancement

Gigabytes in a second

3D Video - 4K screens

Work & play in the cloud
Smart city cameras )
Augmented reality

Voice
Industrial & vehicular automation

Sensor NW Mission critical broadband

(@)(=) 2%

Self Driving Car

Massive loT
| Massive Connectivity

Low Latency
I Ultra-high reliability & Low Latency

(Source: ETRI graphic, from ITU-R IMT 2020 requirements)

2/28/2022

User experienced
data rate
(Mbit/s)

Peak data rate
(GDit/s)

Area Traffic 5
cap HEl[y pec_t mm
(Mbit/shn2) efficiency
500
Network . Mobility
Energy A\~ . \ / (km/h)
Efficiency

Connection density
(devices/km ) (ms)

Latency

Reference link

Peak -0 IMpo User Experienced
Hain vt Data

Enhanced Mobile Rate

Broadband
Area Traffic Spectrum
Capacity Efficiency
Network Mobility

Energy Efficiency

Ultra-reliable
and low latency
communications

Massive machine
type communications
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https://www.itu.int/en/ITU-T/Workshops-and-Seminars/standardization/20170402/Documents/S2_4.%20Presentation_IMT%202020%20Requirements-how%20developing%20countries%20can%20cope.pdf

5G Performance (compared to 4G/LTE)

Network
Architecture

1 ms “]Gbps 1,000'( Eonkm/h I.INP

E2E Per Connections High-speed Ability
Latency Connection Per km? Railway

Latency Throughput Connections Mobility

Required

d , ©, 8,6 O

100x 1.9X NFU/SDN

100Mbps 350Km/h Inflexible

uirements are conflictin
P-Locally Isolated Network Partitions
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5G Specifications
3GPP for 5G Standardization (meeting the ITU IMT2020 req.)

IIIIIIIIIIIIIIIII

UMTS (FDD & TDD),

HSPA (Rel-99 onwards)
IMT-2000 LTE (Rel-8 onwards)
IMT-Advanced LTE (Rel-10 onwards)
IMT-2020 5GNR & LTE  (Rel-15 onwards)
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3GPP Specifications: structure

|

TSG RAN

Radio Access Network

Target Specification Groups

The TSG Core Network and Terminals (TSG CT) is responsible for specifying terminal interfaces
(logical and physical), terminal capabilities (such as execution environments) and the Core network
part of 3GPP systems.

The TSG Radio Access Network (TSG RAN) is responsible for the definition of the functions,

RAN WG1 ‘
Radio Layer 1 spec
PR
RAN WG2
Radio Layer 2 spec
Radio Layer 3 RR spec
N

lub spec, lur spec, lu spec
(E-UTRAN O&M
requirements)

RAN WG3 }

.

[ RANWG4
Radio Performance

TSGCT

Core Network & Terminals

CTWG1
UE-Core Network
Layer3, IMS &
\Mission Critical protocols

( CTWG3

Interworking with
L

( CTWG4
Core Network User &
L Control Plane protocols

External Networks |

Service & System Aspects

J

éervices & Requirements

J

L Architecture

Sécﬁrity
# <
CODECs

(speech, audio,
video & multi-media)

-~

L Telecom Management W
.

Protocol aspects )
:I:
RAN WG5
Mobile Terminal Smart Card
Conformance Testing Application Aspects

The TSG Service and System Aspects (TSG-SA) is responsible for the overall architecture and service
capabilities of systems based on 3GPP specifications and, as such, has a responsibility for cross TSG
co-ordination.

requirements and interfaces of the UTRA/E-UTRA network in its two modes, FDD & TDD.

CTWG6

Reports produced

36 series (LTE, LTE-Advanced)

Releases Radio aspects 37 series (Multiple radio access technologies)
3GPP uses a system of parallel "Releases" which 38 series (NR)
provide developers with a stable platform for the Requirements 21 series
implementation of features at a given point and then : _
Security aspects 33 series

allow for the addition of new functionality in
subsequent Releases.

Security algorithms 35 series, 55 series (GERAN specific)

Service aspects 22 series

Network signaling protocols (24 & 29 series) 24 series, 29 series

Reference link

Technical realization ("stage 2") 23 series

2/28/2022
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https://www.3gpp.org/ftp/Specs/html-info/36-series.htm
https://www.3gpp.org/ftp/Specs/html-info/37-series.htm
https://www.3gpp.org/DynaReport/38-series.htm
https://www.3gpp.org/ftp/Specs/html-info/21-series.htm
https://www.3gpp.org/ftp/Specs/html-info/33-series.htm
https://www.3gpp.org/ftp/Specs/html-info/35-series.htm
https://www.3gpp.org/ftp/Specs/html-info/55-series.htm
https://www.3gpp.org/ftp/Specs/html-info/22-series.htm
https://www.3gpp.org/ftp/Specs/html-info/24-series.htm
https://www.3gpp.org/ftp/Specs/html-info/29-series.htm
https://www.3gpp.org/ftp/Specs/html-info/23-series.htm
https://www.3gpp.org/dynareport/SpecList.htm?release=Rel-16&tech=4&ts=1&tr=0

3GPP Specifications: Releasing

R16

Rel-16 Schedule . exceptions

freeze
Rel-17 Planning .

Rel-17 Schedule | 5tart/°n5°m8
S1 normative stage 1 stage 1
(pre“mmary) S2 studies >= 80% freeze
Rel-18 R18
stage 1
(unknown) Initial input

-------

System Aspects (SA)
Radio Access Network (RAN)
Core network and Terminals (CT)

stage 3

R17 . R17
freeze

code
freeze

© 3GPP 2019

Stage 1 Service requirement level -> Stage 2 Functions to be supported by the system -> Stage 3 Implementation aspects

2/28/2022 NKUA, DEPARTMENT OF INFORMATICS & TELECOMMUNICATIONS




Release 15

NR
The 5G System - Phase 1

Massive MTC and Internet of Th'

(loT)

Vehicle-to-Everything
Communications (V2x) Phase 2

Mission Critical (MC)
interworking with legacy systern

WLAN and unlicensed spectrun
use

Slicing - logical end-2-end
networks

APl Exposure -
3rd party access to 5G services

Service Based Architecture (SB.
Further LTE improvements

Mobile Communication System
for Railways (FRMCS)

S —=—==
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Release 16

© Industrial loT
© Ultra-Reliable and |

Release 17

© NR MIMO

© NR Sidelink enh.

© 52,6 - 71 GHz with existing waveform
© Dynamic Spectrum Sharing (DS3) enh.

@ Industrial loT / URLLC enh.
© Study - loT over Non Terrestrial Networks (NTN)

@ The 5G System — Ph & NR over Non Terrestrial Networks (NTN)
© V2x Phase 3: Plato( ® NR Posifioning enh.

extended sensors, © Low complexity NR devices
driving, remote dri\ » Power saving

© NR Coverage enh.

@ Study - NR eXtended Reality (XR)

c icati U © NB-leT and LTE-MTC enh.
ommunication ( © 5G Multicast broadcast

enhancements .\ i bodio DCCA enh.

NR-based accesst © Mulli SIM
unlicensed spectru ¢ Integrated Access and Backhaul (IAB) enh.

5G Efficiency: Interfe
Mitigation, SON, eMIMO,
Location and positioning, Power
Consumption, eDual Connectivity,
Device capabilities exchange,
Mobility enhancements

Enhancements for Common
APl Framework for 3GPP
Northbound APIls (e CAPIF)

FRMCS Phase 2

© NR Sidelink relay

@ RAN 3Slicing

© Enh. for small data

@ S0N / Minimization of drive tests (MDT) enh.
© NR Quality of Expetience

© eNB architecture evolution,
LTE C-plane / U-plane split

© Satellite components in the 5G architecture
© Non-Public Networks enh.

© Network Automation for 5G - phase 2

© Edge Computing in 5GC

© Proximity based Services in 5GS$

@ Network Slicing Phase 2
© Enh. V2x Services
© Advanced Interactive Services

@ Access Traffic Steering, Switch and $pliting
support In the 5G system architecture

© Unmanned Aerial Systems

© 5GC LoCation Services

@ Multimedia Priority Service (MPS)

© 5G Wireless and Wireline Convergence
© 5G LAN-type services

@ User Plane Function (UPF) enh. for control
and 5G Service Based Architecture (SBA)

These are some of the Rel-17 headline
features, pricritized during the
December 2019 Flenaries

[TSGHES)

Start of wark: January 2020

5G Standardization:
3GPP Rel.15/16/17
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What about
_ the IMT-
requirements? 12020

T iMT2020 PROPOSAL SUBMISSIO
2017 Mar \1 --------""'Z'Q-EFE?ES:AL SUBMISSIDH_‘J;J_IHﬁEﬁ ___________
Jun Se e ————— Sy
Mar I ik - R——
19
WP 5D e Ju l
— o n¥  Set 2020 3GPP meets |MT-2020
3-11 Oct #3 i .
31 Jan-7 Feb 13,200““ PR [ 31 bi November 28, 2020
: | 9-16 Oct | . =
- | | 11-15F
o s_f:3 Earlier this week the ITU issued a press release 10 publicise the move to the approval process - py the 193 member
souic states of the Union - of their ITUR Recommendation. 'Detailed specifications of the radio interfaces of |MT-2020
2017 T (ITU-R M.[\MT—2020.SPECS]).
Mar - iE i HASE 1
Jun Sa : [ £
. i1 & B 2018 e R F.'T{’ 15 . -y AR A The document - due for publication in February 2021 - will be the end product of @ long process. intiated in 2012,
3G # . ¢ " Sept 2019 Mia E 5G PHASE 2 | under the panner IMT for 2020 and peyond' where the ITU setoutits agenda fora steady progression of 5G
r i o i . 2 :
PP RAN PLENARY 77 ¢ ‘ . Sept '---f';:j"_s_ o research activities hat would nourish the 3GPP efforts ON the new radio and 5G core specification work.
20
11-14 Sept #79 ¢
. 19-22 Mar #81 ’ . The ITU press release formally announces the radio interfaces that conform with the |nternational Mobile
10-13 Sept 13-:?1.1 P Te\ecommumcat‘\ons 2020 (\MT-’ZOZO) pertormance requirememsz
18-21 Dec #B80 al 16-19§
11-14 Jun - #E2 484 = "The technologies are: 3GPP 5G-SRIT and 3GPP 5G-RIT submitted bY the Third Generation partnership project
-13 Dae 36 Jun 486 (3GPP), and 561 submitted by Te\ecommunications standards Development society India (TSDSY). During the multi-
§-12 Oct year development and evaluation process by the ITU Rad'\ocommumca\ion sector (ITUR), these technologies Were
deemed to D€ sufficiently detailed 0 enable worldwide compatibility of operation and equipment, including roaming."
2/28/2022
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G Release

A CLOEAL INITIATIVE

1SG SA :

SA2 led - System Architecture and Services

Evolution of IMS multimedia telephony service

B Access Traffic Steering, Switching & Splitting
support in the 5G system architecture Phase 3

Extensions to TSC Framework to support Detiet

)

)

& o

1SG RAN

RAN1 led - Radio Layer 1 (Physical layer)
MR-MIMO Evolution

» XR |[Extended Redlity) & media services = Proximity-based Senvices in 5G5S Phase 2 ° =
= Edge Computing Phase 2 = UFF enh. for Bxposure & SBA ® Al/ML - Air Interface _
» System Support for Al/ML-based Services = Ranging based services & sidelink positioning ® Evolution of duplex operation
= Enablers for Metwork Automation for 5G Phase 3 = Generic group management, exposurs ® NR Sidelink Evolution
= Enh. support of Non-Public Metworks Phase 2 & communication enh. ® Positioning Evolution
= MNetwork Slicing Phase 3 = 5 UE Policy Fhase 2 - RedCap Evolution
= 5GC LoCation Services Phase 3 ® UAS, UAY & UAM Phase 2 » Metwork energy savings
" S(}f rﬂ}:lﬁcust—bm';nhdcnszt services Phase 2 n ;Gd.aél\ﬁ F'n;l:‘cy thc:lse 2 ® Further UL coverage enhancement
u arelite QCccess ase L e ap ase
¥ 5 Systermn with Sateliite Backhaul = Support for SWWC Phase 2 : E?Scd Repecﬁer
= 5 Timing Resiliency and TSC & URLLE enh. System Enabler for Service Funcfion Chaining
= * | ow power WUS3
-

u Personal loT Metworks
Vehicle Mounted Relays

Seamless UE context recovery
MFPS when access to EPC/5GC is WLAN

SAS led - Management, Orchestrafion and Charging

CA enhancements

RANZ led - Radio layer 2 & layer 3 Radio Resource Contfrol

5A3 led - Secwity and Privacy * Mobility Enhancements

Operafions, Administrafion, Maintenance and Regnagcementone

. . - 3 Ipe: s, A 5 1, M A
= Prvacy of idenfifiers over rc:d_lo uc.cex Frovisioning (OAM&F): ® Sidelink Relay Enh_cmcemenhi .
© SECAM and SCAS for 3GFPP virtualized nefwork * Inteligence and Automation: Self-Configuration of RAN NEs, ® NTN [Mon-Terrestrial Networks) evolution - NR C
Rreducts and Management Function (MnF) Enh. autonomous network levels, Evaluation of autonomous network ® NTM [Mon-Terrestrial Metworks) evolution - leT - V I l a e
» Mission crifical security enhancements Fhase 3 levels, Enh. infent driven management services for mobile networks, ® UAV [Uncrewed Aerial Vehicle)
« Security and privacy aspects of RAN & SA featuras ﬂ&gﬂk?unugement Enh. of the management aspects relafed to . Multiple sIM [MUSIMJ Enhancements
. : - ® In-Device Co-existence (IDC) Enhancements ] ]
= Management Archifecture and Mechanisms: Network slicing .5 Il dat °
provisioning rules, Enh. service based management architecture . s ll@eis a I . a r I Z a I O I l

2A4 led - Mulimedia Codecs, Systems and Services = Support of Naw Services: Enh. Energy Efficiency for 5G Phass 2, New RS [

Systems & Media Architecture:

n 5G Media, Service Enablers

» Split-Rendering

® 5G AR Experiences Architecture

Media:

= Video codec for 5G

= Media Capabilities for Augmented Reality Glasses
® Al f ML Study

Real-Time Communicafions:

" XR conversational services

= WebRTC-based services and collaboration models
Immersive Voice & Audio:

= EVS Codec Extension

for Immersive Voice and Audio 3ervices [IVAS Codec)
= Terminal Audic quality performance and Test methods

for Immersive Audio Services [ATIAS)
Sireaming & Broadcast services:

aspects of Energy Efficiency for 5G networks Phase 2,
Enh. management of Non-Public Networks, Network and Service
Operafions for Energy Ulilities, Key Quality Indicators(KGQls)for 5G
service experience, Deterministic Communicafion Service
Assurance

Charging:

= Charging Aspects for Enh. Support of Non-Public Metworks

SA4 led - Application Enablement & Critical Communication
Applicafions

Critical Communicafions:

= MCX Enhancements — MC over 5G35 [5MBS, ProSe} Adhoc group
comm., MCPTT Enh.

= Railways - Gateway UE, Interworking

Service frameworks:

= Edge App Architecturs Enh., SEAL Enh_, Subscriber-Aware AP
[CAPIF Enh.}

= Fused locatfion, Application Data Analytics, App Layer MW Slicing

RAN3 led - UTRAN/E-UTRAN/NG-RAN architecture
& related network inferfaces

» Additional topolegical improvements — IAB/VMR

® Al/ML for NG-RAN WI

® Al/ML for NG-RAM S|

» SON/MDT Enhancements
#® QoE Enhancements

® Resiliency of gNB-CU-CP

RAN4 led - Radio Perfformance and Protocol Aspecis

* RAN4-led spectrum items
* <5MHz in dedicated spectrum

3GPP Rel.18 ...

Rel-18 Workplan for TG C

T will work on Stoge 3 complefion and ASH.1 code and Openapl freeze
of Rek17 unfil June 2022 [T3G#PE].

Work Irem discussion on Rel-15 Sfage 2/ Stage 5 (under CT) from June 2022,

» 5GMS Enh. [Metwork slicing, Low latency, Background
traffic, 5GMS Uplink)
= Further MBS Enh. (Free to air, Hybrid unicast/broadcast)

Enablers for Verfical Applicafions:

= Enhancements to V2X, UAS applicafion-enablement

® Future Factories, Personal loT networks, Capability exposure for
kT platforms

“Thase are preliminary it [As ot SA294-2)
E)3G0P, Dac 2021

See the 3GPF Work Flan for full details, as Release 18 develops:
www.Sgpp.org/specifications/work-plan

*Source: RP-213497 (RAN#94-e]

2/28/2022

NKUA, DEPARTMENT OF INFORMATICS & TELECOMMUNICATIONS




Is 5G NR the only Radio Interface that meets the IMT
2020 requirements?

WIFI 6 is an air Interface (not a system) that refers to the IEEE efforts— in parallel to those of
3GPP for 5G NR — towards ITU-IMT 2020 targets

Advancements:
- 8x8 MiMo
- More Bandwidth (from 80 MHz to 160 MHz)

- Interference avoidance

IEEE 802.11ax MAC/PHY (i.e., WiFi 6) meet or exceed 5G requirements for
the 5G Indoor Hotspot use case defined by IMT-2020

2/28/2022 NKUA, DEPARTMENT OF INFORMATICS & TELECOMMUNICATIONS



5G-related ETSI standards

While NR is the major feature for high performance in 5G systems.. many architectural and management
advancements, that are part of 5G, borrow/consider/take advantage of ETSI standards.

e ETSI Industry Specification Group (ISG) on Network Functions Virtualization [ref]

e ETSI Management and Orchestration Architecture (MANO) [ref]

e ETSI Multi-Access Edge Computing (MEC) [ref]

e ETSI Industry Specification Group on Zero touch network and Service Management (ZSM ISG) [ref]
* ETSI Industry Specification Group Experiential Networked Intelligence (ENI ISG) [ref]

2/28/2022 NKUA, DEPARTMENT OF INFORMATICS & TELECOMMUNICATIONS


https://www.etsi.org/technologies/nfv
https://www.etsi.org/deliver/etsi_gs/NFV-MAN/001_099/001/01.01.01_60/gs_NFV-MAN001v010101p.pdf
https://www.etsi.org/deliver/etsi_gr/MEC/001_099/017/01.01.01_60/gr_MEC017v010101p.pdf.
https://www.etsi.org/newsroom/blogs/entry/achievement-of-major-milestone-publication-of-substantial-zsm-specifications
https://www.etsi.org/technologies/experiential-networked-intelligence

5G Research in EU
5G-PPP partnerships for 5G

)

% 7~ SMART —
The 5G 1nfrostrcht:rE:bEivote Partnership ? zl;:STEvR/ag'ég 56,«%:?
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EU funding

« 1
{J- 2
FUNDING PROGRAMMS * 3: Marie Curie Actions - Under 5G PPP umbrella

< 4

* ..Excellence Science T 5 ST NG

- EP7 * ..Industrial Leadership—,. | , 6 ' .
¢ ..Societal Challenge . 7
gwl‘ﬂo Horizon 2020 > sections * - -

7 ° . 8
* Horizon EUROPE . =9

= * 10: energy Efficiency

* 14: Secure societies

Work Programme / Calls ->2-year period

2/28/2022 NKUA, DEPARTMENT OF INFORMATICS & TELECOMMUNICATIONS 36



https://ec.europa.eu/programmes/horizon2020/h2020-sections

5G-PPP working groups

5G-PPP = European Commission + 5G Infrastructure Association (IA)

5G-PPP Working Groups (WGs) 5G-PPP Technology Board
o QOriginated by 5G IA (6): (Technical representatives from 5GPPP research projects )
> Pre-Standardization -> Alignment with ETSI, 3GPP, IEEE, ITU-R
- securtty 5G-PPP Steering Board

> Vision & societal challenges . )
(Coordinators from 5GPPP research projects )
o Spectrum

° |IMT-2020 Evaluation Group -> one of the 11 independent 5G Evaluation Groups from ITU-R
o Trials -> European Trial Roadmap v0.4

o QOriginated by 5G-PPP projects (4):

o Automotive

o Software

o Architecture -> white paper

o Network Management & QoS

o Test, measurements and KPIs validation (TMV)

o QOriginated by Networld2020 (1):
° SME



https://5g-ppp.eu/wp-content/uploads/2018/11/5GInfraPPP_TrialsWG_Roadmap_Version4.0.pdf
https://5g-ppp.eu/wp-content/uploads/2019/07/5G-PPP-5G-Architecture-White-Paper_v3.0_PublicConsultation.pdf

EU funding

/
Pillar 1 (I:lilLalrczh ) ) Pillar 3
Excellent Science obal Challenges an I tive E
F U N DI N G P ROG RAM M S European Industrial nnovafive Europe
Competitiveness

° * Health
.. European Research Council « Culture, Creativity and European Innovation Council

Inclusive Society
MIL=e European innovation
+ Climate, Energy and Mobility
* Food, Bioeconomy, Natural

* Horizon 2020
Resources, Agriculture and European Institute of

1 Hori | Research Infrastructures | e i Tochnok
7/01 rorizon EUROPE > Research Infrastructures and Technology

Joint Research Centre

I\

Clusters

[ ]
F P 7 Marie Sklodowska-Curie
Actions

Widening Participation and Strengthening the European Research Area

Widening participation and spreading excellence Reforming and Enhancing the European R&I system

NKUA, DEPARTMENT OF INFORMATICS & TELECOMMUNICATIONS

2/28/2022




Institutionalised European Partnerships

The proposed partnerships cover the following topics:
* EU-Africa research partnership on health security to tackle infectious diseases
* Innovative Health Initiative

* Key Digital Technologies

* Smart Networks and Services

* European Metrology

* Transforming Europe's rail system

* Integrated Air Traffic Management

* Clean Aviation

 Circular bio-based Europe

* Clean Hydrogen

» Safe and Automated Road Transport

* Innovative SMEs

2/28/2022 NKUA, DEPARTMENT OF INFORMATICS & TELECOMMUNICATIONS



5G-PPP Research Projects

Q 2015 o 2018-2019

5G-PPP Phase 1 projects 5G-PPP Phase 3 projects

ePart 1 — KPI validation (ICT-17 call, ongoing)

ePart 2 — Automotive (ICT-18 call, ongoing)

ePart 3 — Trials (ICT-19 call, ongoing) + CSA -> Full5G
ePart 4 — EU-China project: 5G Drive

]
]
]
: *RIA/IA projects achievements available online ->
, e https://5g-ppp.eu/phase-1-key-achievements/
|
]
]
]

*CSA -> Euro5G project ->
D2.6 Final-report-on-programme-progress-and-KPls

5G-PPP phase 3 projects
*5@G Part 5: 5G Core Technologies innovation and 5G for

Connected and Automated Mobility (ICT-42 & ICT 53 calls)

ePart 6: 5G innovations for verticals with third party services
& Smart Connectivity beyond (ICT-41 & ICT-52 calls)

*Ongoing RIA/IA projects, active till end of 2019
*CSA -> Global5G -> verticals cartography

E 5G-PPP Phase 2 projects (5G Architecture)

N
(=]
N
o
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https://5g-ppp.eu/phase-1-key-achievements/
https://5g-ppp.eu/wp-content/uploads/2017/10/Euro-5G-D2.6_Final-report-on-programme-progress-and-KPIs.pdf
http://global5g.org/cartography

5G (research) platforms around Europe

* Onthe EU map: link

* The roadmap for 5GTrials: link
* Spectrum 3400 — 3800 MHz (awarding trial licenses)

55 A

INFRASTRUCTURE ASSOCIATION

5G PAN-EUROPEAN TRIALS ROADMAP VERSION 4.0

ske sk ok ok 3k

The 5G Pan-European Trials Roadmap Version 4.0 has been elaborated and is supported by the
Trials Working Group (WG) Members organizations listed on Page 19. It is coordinated by the 5G
Infrastructure Association (5G-1A), expanding the work initiated by the Industry and the European
Commission (EC) in the context of the 5G Manifesto! and of the 5G Action Plan (5GAP)2.

1. Introduction

This document addresses the 5G Pan-European Trials Roadmap Version 4.0 and its implementation.
It is produced for public release at the 6" Global 5G Event?® and extends the Roadmap Version 3.0%
made public at the 5% Global 5G Event® and highlighted during MWC 2018°.

The main objectives of the Roadmap are to:
o Suinnort oclobhal Fiironean leaderchin in 5G technnlasvy netwarks denlavment and nrafitahle

2/28/2022 NKUA, DEPARTMENT OF INFORMATICS & TELECOMMUNICATIONS



https://www.ip45g.de/en/5g-testbeds/
https://5g-ppp.eu/wp-content/uploads/2018/11/5GInfraPPP_TrialsWG_Roadmap_Version4.0.pdf

Research topics toward 6G

Smart service development frameworks

Security

*  Secure and reliable softwarization

*  Security enablers for untrusted environments
*  Security for real-time and critical services

*  Human-centric security and privacy

Security evaluation and certification

Real time zero-touch service provision, Secure life cycle management

Verticals oTT

Overall architecture

Improve the Service Based Architecture
Control and controllability separation
Coordination among U-C-M planes

data steering, ...

2/28/2022

loT mmWave, THz, uMIMO,waveforms, MCS m———
random access, intelligent/reflective surfaces, [

cell free uMIMO, open connectivity with Ehd
New loT Components and hardware acceleration, energy efficiency, joint
devices C&S, human friendly radio, ubiquitous access,

6G RAN

Frictionless management (net & computing)
Integrate public and private networks
Deterministic networking

New NTN architectures & service provision
Troposphere networking

Multi-layer architectures

Nano-things networking
Al technologies for Telecommunications

Data
networks
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5G Market and business aspects
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5G in market

Ne
w Spectrum - - -> New Infrastructure

H avakoivwon TG EETT B

FuvohKd kartakupmonkav oTiS TPEIQ CUHHETEXOUTES eTaipies Ta €8S TurRpara

poéloouxvorr‘vmv:
1 Low frequency

cells 700 MH:z : Hiﬁh frequency 1 Millimet - COSMOTE:
cells 3.4-3.8 GHz T calls 26 G':Iwa“ o Sekanévre (15) THAWATA oTh ZevT TV 2400-3800 MHz pe Tipnpa 30.705.000 eup®

f » 500 (2) THAPATA OTN Zeovn Tev 700 MHz pe Tignua 50.578.000 EUP®
o TECOEPQ (4) THHATT otn favn TV 2 GHz pe Tipnpa 35.270.000 euptd
» 300 (2) THRPATA OTN Zaovn TV 26 GHz pe Tipnpa 6481000 EUpd

’ Kl CUVONIKG Tinpd 123.034.000 EUP.

. VODAFONE-HANAQON:

: « Sexaréooepd (14) TurpaTa oTh Zovn TV 3400-3800 MHz pe Tipnpa 37516.000 €upw,
n « 300 (2) TUApQTA OTN Zeovn Toov 700 MHz pe Tinpa 51.060.000 €up®
SR i e — « TEOOEPA (4) TuRpaTa ot Zoovn Twv 2 GHz pe Tipnua 35120.000 gup®

« 500 (2) THAPATA OTN Zewn T 26 GHz pe Tiunua 6480000 EUPD

KQi CUYORIKO Tiinpd 130176.000 gupm®.

. WIND:

o 3eka (10) TURpaTa o1 Toovn TV 3400-3800 MHz pe Tipnpa 30.306.051 EUPD
» 00 (2) THREGTA OTN Zeovn v 700 MHz pe Tignpa 50.080.051 EUpd

» TECOEPA (4) THRATA 0T Zovn Twv 2 GHz pe Tipnua 35420000 gUpe

o gva (1) Tpripa ot Zovn Tov 26 GHz pe Tipnua 3245051 eupw

Kal GUVONIKS TiHNHA 119.051.153 suped.
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5G in market

SG RO Ute rs Hodel Speed Wifi6 = CPU Support 5G Bands 4G LTE

5G: 1.65Gbps/ 250Mbps

. P . .
Huawei 5G CPE Pro H112-372 4G - 1.60bps/ 150Mbps N Balong 5000 5G: nd1/n77/n78/n79 LTE: BU3/5/7/8M18/M19/20/28/32/34/38/30/40/41/42/423
Huawei 5G CPE Pro H112-370 SGE 1.85Gbps/ 250Nbps Y Balong 5000 5G: n78 LTE: BU2/5/7/8M8M9120/28/32/34/38/39/40/41/42/43

4G 1.6Gbps/ 150Mbps

5G: 3.6Gbps/ 250Mbps 5
Huawei 5G CPE Pro 2 H122-373 L " 1on Y Balong 5000 N1/ 305071 280 38/ 40(2300-2390 | LTE: B1/3/5/7I8/20028/32/34/38/39/40(2300-2390 MHzN41/4

4G:1.6Gbps! 150Mbps MHz) 41/ 771 781 791 80/ 84

5G: 1.65Gbps/ 250Mbps

iB Wi 312-3
Huawei 5G CPE Win H312-371 4G- 1.6Gbps/ 150Mbps

N Balong 5000 5G:nd41/n77/n78/n79 LTE: BA/3/5/TI8M 81 9/20/28/32/34/38/39/40/41/42/43

5G: 1.65Gbps/ 250Mbps
4G 300Mbps! 75Mbps

LTE FDD: B1, B3, BS, B7, B8, B20, B28, B2

i5 M o hi |ﬂ~|" i ER -
Huawei 5G Mobile WiFi EE878-870 LTE TDD: B34, B33, B29, B40, B41, B42

Balong 5000 5G nd1/n77/n78/n79

5G: 1.65Gbps/ 250Mbp
4G 300Mbps/ 75Mbps

LTE FDD: B1, B3, BS, B7, B&, B20, B28, B32

i 52 Mohila WiFi A -3
Huawei 5G Maobile WiFi Pro E6878-370 LTE TDD: B34, B38, B39, B40, B41, B42

=

Balong 5000 5G nd 1 n77InTE/ n79

ZTE 5G CPE Indoor WiFi MC801 B5G: 2.8CGhps b CQualcomm Snapdragon X50 5G nd1/n77/n78/n79 4G LTE™: Global FDD and TDD, 600MHz~3.8GHz, CAT20

5G Devices

Xiaomi 5G Phones

e
> '
°

Samsung 5G Phones
=
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Vertical industries

Vertical Industries -> https://5g-ppp.eu/wp-content/uploads/2016/02/BROCHURE 5PPP BAT2 PL.pdf

Before 5G
Over the top Service Providers

FACTORIES OF THE FUTURE <@

ENERGY

ServerQQQ----"""""""""TT T TEmTTm s oo oo oo Client

Mobile network

Data
In 5G
Vertical Service providers
Server G)---------------- Control . Client

5G Mobile network
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https://5g-ppp.eu/wp-content/uploads/2016/02/BROCHURE_5PPP_BAT2_PL.pdf

5@G: serving the vertical industries

Two key (interlinked) features
o> 5G Openness

o Verticals interact with 5G network components

o NPN deployments (Non-Public Networks) [ref]

° A5G network deployment can be totally isolated or well-separated from a public 5G mobile network;

° 5@G as the total solution for communication and management in vertical industries

Fig. 1: Deployment as isolated network Fig. 2: Deployment with shared RAN Fig. 3: Deployment with shared RAN and control plane Fig. 4: NPN deployed in public network

9) (g = @) (== =
Sl
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https://www.5g-acia.org/publications/5g-non-public-networks-for-industrial-scenarios-white-paper/

Take-aways and specific topics to dig into

5G mobile system is not only about better performance for the end user.. is
also a flexible management platform that creates business opportunities for
verticals

From the standardization point of view 3GPP Rell5 and Rell16 define the 5G
architecture and the related technologies

There are key advancements from IT sector that are consider in the Telco
sector for the realization of 5G features (e.g., ETSI MANO for network slicing)

The 5G research in EU has recognized the need for 5G (and B5G)
experimentation platforms (dedicated spectrum for experimentation,
development of 5G testbeds around EU)

2/28/2022 NKUA, DEPARTMENT OF INFORMATICS & TELECOMMUNICATIONS

Target topics

Release 15

B o NR

@ The 5G System — Phase 1

» © Massive MTC and Internet of Things
(loT)

® Vehicle-to-Everything
Communications (V2x) Phase 2

@ Mission Critical (MC)
interworking with legacy systems

@ WLAN and unlicensed spectrum
use

» @ Slicing — logical end-2-end
networks

» @ API Exposure —
3rd party access to 5G services

» @ Service Based Architecture (SBA)
@ Further LTE improvements

©® Mobile Communication System
for Railways (FRMCS)
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