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Uvodnik

Predhodne generacije mobilnih tehnologij so bile namenjene predvsem osebni komunikaciji v obliki
govora, prenosa podatkov in dostopa do interneta. Tehnologija 5G bo na drugi strani v enaki meri namenjena
industrijski komunikaciji, ki bo omogocila digitalizacijo ekonomije ter prispevala h globalni digitalni
transformaciji. Pri¢akuje se, da bodo prvi uporabniki nove tehnologije v transportu, medijih in industriji,
sledili pa jim bodo v medicini, energetiki in ostalih vertikalah.

Evropa is¢e tehnoloske resitve in primere uporabe, ki bodo v prihodnjih letih implementirane v omrezjih
5@, v obliki raziskovalnih projektov, kot so Horizont in drugih javno-zasebnih projektov. Dobavitelji opreme
ze promovirajo svoje reSitve. V naslednjih letih bodo mobilni operaterji v Sloveniji gradili in razvijali
samostojna omrezja 5G, skrbeli za ustrezno pokritost s signalom in hitro odzivnost omrezja.

Zbrani prispevki v tem zborniku poskusajo odgovoriti na vprasanja, kot npr. ali bodo omrezja 5G
mobilnih operaterjev dejansko lahko izpolnila pricakovanja vertikal, tako glede tehnoloskih potreb, kakor
tudi glede varnosti, zanesljivosti in razpolozljivosti, ali so vertikale v Sloveniji Ze identificirale svoja
pricakovanja glede prihodnjih tehnologij, ki bodo omogocile njihovo digitalno transformacijo, ali bodo
tehnoloske resitve zagotavljali zgolj ali Se vedno mobilni operaterji ali kdo tretji, kak$na partnerstva se bodo
ob tem razvila, kaksne bodo potrebe po kibernetski varnosti in kako jo bomo zagotavljali, kako bodo
tehnoloske resitve pripomogle k naprednim resitvam javne varnosti in za$c¢ite in podobno.

Tehnoloske reSitve vertikal prihodnosti ne bodo uporabljale zgolj enostavne povezljivosti mobilnih
omrezij ampak bodo postale kompleksen ekosistem povezljivosti, loT, oblacnih storitev ter informacijske
tehnologije.

Kljuéno vprasanje pa je, ali drzavne institucije, ki pripravljajo strateske usmeritve in strategije razvoja v
drzavi, razumejo prihodnjo kompleksnost nastajajocega ekosistema. Elektronske komunikacije namre¢ niso
ve¢ domena enega sektorja, temve¢ so vedno bolj vpete v vse sektorje vertikal, od gospodarstva, zdravstva,
energetike, transporta do javne varnosti in seveda javne uprave.

Pred vami je zbornik prispevkov 36. delavnice o telekomunikcijah Vitel 2021. Avtorji prispevkov, kot so
predstavniki vertikal, operaterji omrezij, ponudniki opreme in drzavni odloc¢evalci, so poskusili najti
odgovore na bistvena vpraSanja, ki se zastavljajo, ¢e Zelimo v Sloveniji ostati v tehnoloskem koraku z razvito
Evropo in svetom, nenazadnje pa tudi, ¢e Zelimo s tehnologijo 5G na trajnostni nacin uresnicevati Strategijo

Republike Slovenije do leta 2030.

mag. Vesna Prodnik, Ljubljana, 17. maja 2021
Slovensko drustvo za elektronske komunikacije

VITEL 2021 = 17.-18. 5. 2021 6



ZBORNIK REFERATOV %HEL PROCEEDINGS

Foreword

The previous generations of mobile technologies were, in the first place, used for personal
communication in the form of voice telephony, data transfer and internet access. On the other hand, 5G
technologies will in the same way be used for industrial communication which will enable digitalisation of
the economy, and thus contribute to global digital transformation. It is expected that the first users of the
new technology will be in the area of transportation, media and industry followed by medicine, energetics
and others.

Europe is in search of technological solutions and applicable examples of industrial use which will, over
the following years, be implemented in 5G networks in the form of research projects such as Horizon and
other private-public-partnership projects. Equipment suppliers are already promoting their solutions. In the
following years, mobile operators in Slovenia will build and steadily develop independent 5G networks with
adequate coverage and guaranteed rapid response.

A number of questions that are covered in the proceedings of the 36th VITEL provide answers to the
following questions: will the 5G networks of mobile operators be indeed able to meet the expectations of
verticals regarding technological needs as well as security, reliability and availability, have verticals in
Slovenia already identified their expectations regarding future technologies which will enable their digital
transformation, will the technological solutions of verticals in the future be provided by mobile operators or
by third parties, what kind of partnerships will evolve, what will be the requirements regarding cyber
security and how will it be ensured, how will technological solutions contribute to advanced solutions in the
area of public safety and protection, etc.

The key question is, however, if state institutions, which prepare strategic directions and the development
strategy at state level, understand the future complexity of the emerging ecosystem. Electronic
communications are no longer the exclusive domain of one sector, but they are increasingly embedded in all
sectors from the economy, health, energetics, and transportation to public security and, of course, public
administration.

In front of you is the Proceedings of the 36th Workshop on Telecommunications Vitel 2021. The authors
of the papers, such as representatives of verticals, network operators, equipment providers and state
decision-makers, tried to find answers to crucial questions which need to be answered if we, here in
Slovenia, would like to keep up with developed Europe and the world, and last but not least, if we want, by

means of 5G technologies, to implement Slovenia’s development strategy 2030 in a sustainable manner.

mag. Vesna Prodnik Ljubljana, 17 May 2021
Slovenian Electronic Communications Society

VITEL 2021 = 17.-18. 5. 2021 7



ZBORNIK REFERATOV %H{IEL

Kazalo prispevkov

PROCEEDINGS

Table of contents

17.5. 2021

2030 DIGITALNI KOMPAS: EVROPSKA POT ZA DIGITALNO DESETLETJE
2030 DIGITAL COMPASS: THE EUROPEAN WAY FOR THE DIGITAL DECADE
Zoran Stancic

RAZVOJ 5G V SLOVENLJI — STRATESKI POGLED

11

18

5G DEVELOPMENT IN SLOVENIA — A STRATEGIC VIEW
Peter Jenko

REGULATORNI VIDIK UVAJANJA 5G

28

REGULATORY ASPECT OF 5G DEPLOYMENT
Tanja Muha

DIGITALIZACIJA INDUSTRIJE Z UPORABO ZASEBNIH OMREZIJ 5G

36

INDUSTRY DIGITALISATION WITH THE POWER OF 5G PRIVATE NETWORKS
Janez Ori, Ana Robnik, Jure Zajc, Urban Zaletel

51

TV OVER MOBILE NETWORK —CAPACITY CHALLENGES
Nenad Zeljkovié

58

STRATESKA VPELJAVA 5G V VERTIKALE
STRATEGIC IMPLEMENTATION OF 5G IN VERTICALS
Primoz Kucic

5G IN PLATFORME — OMOGOCITVENA TEHNOLOGIJA ZA RAZLICNE UPORABNISKE SCENARIJE

PAMETNIH VASI, MEST IN SKUPNOSTI

63

5G AND PLATFORMS — ENABLING TECHNOLOGY FOR DIFFERENT USER SCENARIOS OF SMART VILLAGES,

CITIES AND COMMUNITIES
Zoran Vehovar, Blaz Peternel

KAJ POMENI BITI OPERATER OMREZJA?

71

WHAT DOES IT MEAN TO BE A NETWORK OPERATOR?
Iztok Saje

ERICSSON VIEW ON DEDICATED NETWORKS

83

Sebastian Elmgren

5G FOR BUSINESS SUCCESS

100

Jakub Borkowski

ACCELERATING INDUSTRIES DIGITALIZATION WITH 5G PRIVATE WIRELESS NETWORKING

David Pavlinic

VITEL 2021 = 17.-18. 5. 2021



ZBORNIK REFERATOV %H{IEL

PROCEEDINGS

DIGITIZING INDUSTRY VERTICALS WITH 5G, A SOFTWARE ENGINEERING PERSPECTIVE.....ccccrceecrurcrcnneens 123
Frank Amand
5G IN OBOGATENA RESNICNOST — ALI BO 5G OSNOVA ZA RAZMAH OBOGATENE RESNICNOSTI? ..cceeevueeee. 130

5G AND AUGMENTED REALITY — WILL 5G BE THE BASIS FOR AN AUGMENTED REALITY BOOM?
Matjaz Breznik

RAZVOJ ZASEBNEGA OMREZJA 5G ZA INDUSTRIJSKE VERTIKALE

141

DEVELOPMENT OF A PRIVATE 5G NETWORK FOR INDUSTRIAL VERTICALS
Janez Sterle, Luka Korsic

INDUSTRIJSKA DIGITALNA REVOLUCIJA

152

THE INDUSTRIAL DIGITAL REVOLUTION
Andrej Kranjcevié

5G ZA PODPORO DELOVANJA SODOBNIH PRISTANISC

161

5G TO SUPPORT THE OPERATION OF MODERN PORTS
Jurij Mirnik

5G ZA POVEZANO IN AVTOMATIZIRANO MOBILNOST (CAM)

183

5G FOR CONNECTED AND AUTOMATED MOBILITY (CAM)
Bozidar Volk

TRANSFORMACIJA MOBILNOSTI Z NOVIMI TEHNOLOGIJAMI

191

TRANSFORMATION OF MOBILITY WITH NEW TECHNOLOGIES
Daniel Avdagic

TEHNOLOSKA NEVTRALNOST NASLEDNJE GENERACIJE KLICA V SILI NA STEVILKI 112

208

TECHNOLOGICAL NEUTRALITY OF THE NEXT GENERATION EMERGENCY CALL ON 112
Bostjan Tavcar

SLOVENSKA MREZA TELEKAP: NOVA PARADIGMA

213

SLOVENIAN NETWORK TELEKAP: A NEW PARADIGM
Bojana Zvan

EVOLUCIJA E-ZDRAVJA V 5G

228

THE EVOLUTION OF EHEALTH IN 5G
Pavel Kralj

VITEL 2021 = 17.-18. 5. 2021



ZBORNIK REFERATOV N PROCEEDINGS

PRISPEVKI

ARTICLES

17.5.2021

VITEL 2021 = 17.-18. 5. 2021 10



t1Y
3

- >

ZBORNIK REFERATOV

>

A 1

PROCEEDINGS

itEL

2030 digitalni kompas: evropska pot za digitalno
desetletje

2030 Digital Compass: the European way for the Digital
Decade

Zoran Stancié

Evropska komisija, Generalni direktorat za komunikacijska omrezja, vsebino in tehnologijo
(GD CNECT)

POVZETEK

Marca 2021 je Evropska komisija predstavila vizijo,
cilje in poti za uspesno digitalno preobrazbo Evrope do
leta 2030. To je kljuénega pomena tudi za prehod na
podnebno nevtralno, krozno in odporno gospodarstvo.
Ambicija Evropske Unije je biti digitalno suverena v
odprtem in medsebojno povezanem svetu ter voditi
digitalne politike, ki opolnomocijo ljudi in podjetja, da
se usmerijo v na ¢loveka osredotoceno, trajnostno in
uspesnejSo  digitalno  prihodnost. To  vkljucuje
obravnavanje ranljivosti in odvisnosti, kot tudi
pospesevanje nalozb. Ta dokument o politikah predlaga
sklop digitalnih nacel za hiter zagon pomembnih
projektov, kjer je vkljuCenih ve¢ drzav, in za pripravo
zakonodajnega predloga, ki doloca trden okvir
upravljanja za spremljanje napredka - digitalni kompas.

SUMMARY

In March 2021 the European Commission presented
a vision, targets and avenues for a successful digital
transformation of Europe by 2030. This is also critical
to achieve the tramsition towards a climate neutral,
circular and resilient economy. The EU's ambition is to
be digitally sovereign in an open and interconnected
world, and to pursue digital policies that empower
people and businesses to seize a human centred,
sustainable and more prosperous digital future. This
includes addressing vulnerabilities and dependencies as
well as accelerating investment. This policy document
proposes a set of digital principles, to rapidly launch
important multi-country projects, and to prepare a
legislative proposal setting out a robust governance
framework, to monitor progress — the Digital Compass.

O AVTORIJU

Zoran Stanci¢ se je pridruzil Evropski komisiji leta 2004
kot namestnik generalnega direktorja za raziskave (GD
RTD). Leta 2009 je bil imenovan za namestnika generalnega

VITEL 2021 = 17.-18. 5. 2021

direktorja za komunikacijska omrezja, vsebino in tehnologijo
(GD CNECT), v obdobju 2016-2020 pa je delal kot vodja
predstavnistva Evropske komisije v Sloveniji. Leta 2021 se je
vrnil v . GD CNECT kot posebni svetovalec. Pred svojo
kariero v Evropski komisiji je g. Stan¢i¢ od leta 2000 do
2004 bil slovenski drzavni sekretar za znanost. Pred tem je bil
na vodstvenih in raziskovalnih ter pedagoskih polozajih v
Znanstvenoraziskovalnem centru Slovenske akademije
znanosti in umetnosti, Univerzi v Ljubljani, Univerzi
Sorbonne v Parizu in Univerzi v Trstu.

ABOUT THE AUTHOR

Zoran Stancic joined the European Commission in 2004
as Deputy Director General for Research (DG RTD). In 2009
he was appointed Deputy Director General for
Communication Networks, Content and Technology (DG
CNECT), and in the period 2016-2020 he worked as the
Head of the European Commission Representation in
Slovenia. In 2021, he returned to DG CNECT as a special
adviser. Before his career at the European Commission Mr
Stancic served from 200-2004 as the Slovenian State
Secretary for Science of the Republic of Slovenia. Prior to
that, he held managerial, research and pedagogical positions
at the Scientific Research Center of the Slovenian Academy of
Sciences and Arts, the University of Ljubljana, the Sorbonne
University in Paris and the University of Trieste.
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2030 digitalni kompas:
evropska pot za digitalno desetletje

36. delavnica o telekomunikacijah VITEL

Zoran Stanci¢, posebni svetovalec

DG CNECT, Evropska komisija

Kontekst (I): Digitalna transformacija po COVID-19

- Med pandemijo: Digitalne tehnologije omogocale nemoteno
delovanje gospodarstva in zivljenja

« Hkrati so se izpostavile digitalne loCnice in poudarile odvisnosti EU

 OdloCilen dejavnik za podnebno nevtralno, krozno in odporno
gospodarstvo

« Odlocilen dejavnik za pravice, svobodo in nove vire blagostanja

NasSa odgovornost: opolnomociti drzavljane in podjetja da izkoristijo priloznosti
trajnostne digitalne prihodnosti v globalnem kontekstu po meri cloveka

VITEL 2021 = 17.-18. 5. 2021 12
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Kontekst (I1): politicne okoliScine

Ustvarjanje digitalne prihodnosti Evrope

PolitiCne prioritete komisije Ursule von der Leyen — govor Stanje v Evropi

Evropski svet: Kompas

Poziv k zagotavljanju evropske suverenosti na osnovi nasih vrednot in nase
moci ter naslavljanje nasih strateskih Sibkosti in odvisnosti

Listina digitalnih pravic

20% sredstev iz Nacrta za okrevanje in odpornost

Commizsinn

Usklajene komponente s skupnim ciljem

Sporotilo Digitalno desetletje

Vizija 2030 s cilji, postopki za doseganje rezultatov, digitalna nacela

Javna posvetovanja in diskusije z drzavami ¢lanicami in delezniki

Zaceti procese digitalnega desetletja z obstojecimi instrumenti (DESI, priporocila
evropskega semestra, nacrt za okrevanje in odpornost... )

Program politik in predlog Digitalnih nacel

Delovanje Digitalnega desetletja

Kompas: monitoring, upravljanje in instrumenti za podporo
medinstitucionalna deklaracija Evropska digitalna nacela

Commissinn

VITEL 2021 = 17.-18. 5. 2021 13
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VesCine
IKT strokovnjaki: 20 milijonov + ravnotezje

spolov
Osnovne digitalne vesc¢ine: min 80%

Infrastruktura
Povezljivost: Gigabit za vse, 5G v gosto poseljenih
obmogjih
Vrhunski polprevodniki: podvojiti delez
EU v globalni proizvodnji
Robna vozli$¢a in oblak: 10,000
podnebno nevtralnih varnih robnih vozlis¢
Racunalnistvo: prvi racunalnik s kvantnim
pospesevanjem

Vlada
Kljuéne javne storitve: 100% online
e-Zdravje: 100% dostopnost zdravstvenih
kartotek
Digitalna identiteta: 80% drzavljanov
uporablja digitalno identiteto

Podjetja
Uporaba resitev: 75% EU podjetij uporablja oblake/Ul/velike
podatke
Inovacije: podpora za rast, financiranje, podvoijiti EU samorogov
Sledilci: vec kot 90% EU MSP dosezZe vsaj osnovno stopnjo

digitalne intenzitete - European

Commizsinn

Digitalno drzavljanstvo

Svoboda izrazanja, . _
dostop do razliénih, Moznost Varstvo osebnih

S Varovanje avtorskih
] b ustanavljanja in odatkov, zasebnost : :
zaupanja vrednih in deIovanjaJ pédjetij P in pravica da si stvaritev v online
transparentnih online ozablien okolju
informacij P J

Splosna digitalna :
Splosen dostop do Varno in zaupanja izobrazba in veScine I?ic')asgr)\‘i)hddoi (i)tka?H'th
internetnih storitev vredno online okolje omogocajo aktivno th eV | gt .
drzavijanstvo storitev in strojev

Dostopne in ¢loveku e
prijazne digitalne Etiéna nadela za Zasdita in Dostop od digitalnih

] o : opolnomocenje : ]
Javn(zs:(a)\r/l;ve in algoritme otrok v online okolju zdravstvenih storitev

m o
Commissinn

VITEL 2021 = 17.-18. 5. 2021 14
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Doseganje rezultatov: trdno upravljanje

* Letna porotila Svetu in Evropskem parlamentu
 Napredek k skupnim ciljem (vklju¢no s cilji in naceli)
* Sistem prometne luci pokaze na nujnost ukrepanja v primeru odstopan;

* Ohranjanje napredka in odpravljanje napak: sodelovanje Evropske komisije in drzav
¢lanic v analizah in iskanju resitev za ciljane ukrepe (regulatorni okvir, zdruzevanje virov
za skupne projekte, podpora investicijam....)

* Delo s konsenzom: upravljanje bo opredeljeno v zakonodajnem predlogu za politicni
program, ki bo sprejet s strani zakonodajalca na EU ravni

Doseganje potrebne ravni: vec-drzavni projekti

« Digitalna EU odpornost: potrebujemo kritic(no maso financiranja z
zdruzevanjem virov

 Uspesnost: samo skupaj, EU / drzave clanice / zasebni sektor

« Zagon: Nacrt za okrevanje in odpornost (NOO) odpira pot za vec-
drzavne iniciative

« EU orodja: Samo z raziskavami in inovacijami dosezemo strukturno
zmoznost za povezovanje in scale up

- Ocena moznosti za vec-drzavne projekte v NOO

VITEL 2021 = 17.-18. 5. 2021 15
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Mednarodno sodelovanje v digitalnem desetletju

« Odraza nase vrednote in poudarja nase interese vklju¢no z zavezo k

multilateralizmu

» QOdprta trgovina na osnovi pravil in enakih pogojev
» Orodja za mednarodno sodelovanje
« sodelovanje na podrocju regulative
 raziskave in inovacije
* Investicije v povezljivost
« EU z Afriko, sosedstvom in globalnimi partner;ji

« Gradimo na potrjenih Cezatlantskih odnosih in koaliciji s podobno mislecimi
partnerji

2030 ambicije — Kje smo zdaj ?

EU izhodis¢e 2030 cil;

IKT strokovnjaki (St. zaposlenih) 7.844.100 20.000.000
Vescine Spolna razporeditev 18% Zensk ravnsc);ce)lz CJ)S
Osnovne digitalne vesc¢ine 56% 80%

Gigabit pokritost 59% 100%

5G v gosto poseljenih obmocjih 14% 100%

Polprevodniki (EU delez v globalni o o

Infrastruktura proizvodnji) 10% 20%
Robna vozlis¢a/oblak (St. vozlis¢) 0 10.000

Quantum racunalnik 0 1
Uporaba storitev v oblaku 26% 75%
Uporaba velikih podatkov 14% 75%

- - 0, 0,
POdjetja a;;?’raba QI SR 25% 75%
MSP z vsaj osnovno stopnjo digitalne 61% 90%
intenzitete

EU samorogi (st.) 122 250
Klju¢ne javne storitve online 75 100
Vlada Dostopnost zdravstvenih kartotek N.A. 100%
Uporaba digitalne identitete N.A. 80%

VITEL 2021

Naslovi poenostavijeni zaradi laZje predstavitve — celostni prikaz in viri v COM(2021) 118

= 17.-18.5.2021

Ewropsan
Commissinn

Ewropean
Commizsinn
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Hvala za pozornost!

Vec¢ informacij na: @DigitalEU
https://digital-strategy.ec.europa.eu

VITEL 2021 = 17.-18. 5. 2021 17
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5G v Sloveniji — strateski pogled

5G development in Slovenia — a strategic view

Peter Jenko

Ministrstvo za javno upravo, Direktorat za informacijsko druzbo

POVZETEK

Peta generacija mobilnih telekomunikacij nedvomno
predstavlja strateSko pomembno tehnologijo ter je
temelj za prihodnost digitalnega gospodarstva in
druzbe. Pri tem je usklajen vseevropski pristop kljucen
za skladen razvoj in implementacijo nove tehnologije.
TaksSen pristop omogoca tudi utrditev in krepitev
dobrega izhodis¢a evropskega prostora, polno
izkoris¢enje potencialov tehnologije ter uveljavitev
obstojecih konkuren¢nih prednosti Evrope. Prispevek
poskuSa podati odgovor na vprasanja, kako evropske
drzave izvajajo akcijski nacrt za 5G, kje je pri tem
Slovenija ter kaksni so nadaljnji nacrti EU za pospeSeno
implementacijo 5G omreZij.

SUMMARY

The fifth generation of mobile telecommunications
ceirtanly  represents a  strategically  important
technology and is the foundation for the future of the
digital economy and society. Harmonized European
approach is essential for the balanced development and
implementation of new technology. At the same time,
coordinated approach enables the consolidation and
strengthening of a good starting point for the European
region, the full exploitation of technology potentials
and the realization of Europe's existing competitive
advantages. How European countries are implementing
the 5G action plan and what are the EU's further plans
for the accelerated implementation of 5G networks?

O AVTORJU

Peter Jenko je vrSilec dolznosti generalnega direktorja
Direktorata za informacijsko druzbo pri Ministrstvu za javno
upravo. Kot univerzitetni diplomirani pravnik je poklicno pot
zacel v tedanji Daveéni upravi RS. Po zdruzitvi davéne in
carinske uprave je zasedal ve¢ vodstvenih polozajev v okviru
Generalnega finan¢nega urada, kot generalni direktor
Finan¢ne uprave RS pa je razvijal organizacijo v smeri
servisa za davkoplacevalce, ki temelji na kakovostnih
elektronskih storitvah javne uprave.

VITEL 2021 = 17.-18. 5. 2021

ABOUT THE AUTHOR

Peter Jenko is the Acting Director General of the
Information Society Directorate at the Ministry of Public
Administration. As a university law graduate, he began his
career in the then Tax Administration of the Republic of
Slovenia. After the merger of the Tax and Customs
Administrations, he held several management positions
within the General Finance Office. As a Director General, he
set the strategic direction and lead the Administration’s work
towards digitalization and better services for taxpayers.
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Peter Jenko, v.d. generalnega direktorja
Direktorata za informacijsko druzbo

VITEL 2021, 17. in 18. maja 2021

Slovenija ’ U
wwititew «cens e

DESI 2020 16 512 526
DES! 2019 17 487 I 494
DESI 2018 16 459 465

Uvrstitey glede ne indehs digntalnega gospodarstva in diutbe (DESI) ta leto 2020, .
® 1 Poverivort » 2 Clovefl hoonal @ 3 Uporube internetesh soriter @ 4 mtegracie digitaine sehncloghe ® 5 Digitaine javre stonitve Slovenlja na

o Indeksu digitalnega
gospodarstva in

||||||||||||I||| II =2

FIOSE DK NLMT IE EE UK BE LU S DE AT LT EU FR{SIBCZ LY PT MR HU 5K P COY 1T RO EL BG

o

5 68 88

S

0

1 Povezljivost

: Slavenlia
1 Povetljhvost &0 g
Tty aLEns aens
DESI 2020 16 50,2 50,1 o4
DESI 2019 | 10 | 486 | a7 i |
DESI 2018 10 438 #.3 | — i —fum

o |

S MG MY M A19 o

VITEL 2021 = 17.-18. 5. 2021 19



ZBORNIK REFERATOV

CILJI EU
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= Povezljivost za konkurencen enotni digitalni trg — evropski gigabitni

druzbi naproti

= Akcijski naért za 5G v Evropi

= Digitalni kompas do leta 2030: evropska pot v digitalno desetletje

CILJI EU

VITEL 2021 = 17.-18. 5. 2021

gigabitna povezljivost za vse gla\
spodbujevalce socialno-ekonomskega razv

am ©

ritost z omreii_’SG; a

20



ZBORNIK REFERATOV PROCEEDINGS

CILJI'EU

Akcijski nacrt za 5G v Evropi

» oblikovanje zatasnega seznama
pionirskih frekvenénih pasov (do
konca leta 2016)

dogovor (do konca leta 2017) o
celotnem sklopu frekvencnih
pasov za prvo uvedbo
komercialnih omrezij 5G

» zgodnja uvedba omrezja do 2018

» komercialna uvedba do 2029

SPREMLJANJE RAZVOJA 5G NA RAVNI EU -
EUROPEAN 5G OBSERVATORY

Countries with
24 5G commercial service
IF-('\
iy
i

B 56 commercial service
No 5G commercial service

1% % of operators offering 5G

|j°‘-7_‘~] Pioneer bands

A oss
Pioneer bands & D55

VITEL 2021 = 17.-18. 5. 2021 21
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38 7% Eﬁ?}&ﬂhﬂm eegned Meoughaoutthe 1 2 Efmamdu

5G Cross-Border
cormdars

er spectrum

34-3.8GHz

pion
5G corridors

56

CILJI EU

Digitalni kompas do leta 2030

SKILLS

\)
GOVERNMENT INFRASTRUCTURES

BUSINESS

VITEL 2021 = 17.-18. 5. 2021 22
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CILJI EU

Digitalni kompas do {eta 2030

Do leta 2030 zelimo v EU z pg%v\i,tiv%g?bitne ovezave z3 yvsa gospodinjstva

ter omogociti naseljenih obmocijih.

PROGRAM DIGITALNE
POLITIKE

Evropska komisija bo
do konca leta 2021
predlagala

PROGRAM
DIGITALNE POLITIKE

Z hamenom
vzpostavitve okvirja za
uresnicitev zadane
vizije digitalnega
prehoda do 2030

VITEL 2021 = 17.-18. 5. 2021




IMPLEMENTACIJA ORODIJ
ZA POVEZLJIVOST

Drzave ¢lanice imamo obveznost
implementacije orodij za
povezljivost

Glede pravocasne zagotovitve
dostopa do 5G frekvencénega
spektra so vkljuCene:

* Finanéne vzpodbude

» Vidiki upravljanja radijskega
spektra

* NajboljSe prakse za povec€anje
javne preglednosti in zaupanja v
uvajanje 5G v zvezi z zascito
javnega zdravja

FINANCIRANJE

CEF Digital predvideva dve pomembni podrogji uvajanja 5G infrastrukture na
ozemlju celotne EU, in sicer:

= pokritost s 5G infrastrukturo vzdolz prometnih koridorjev

2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

Calls  Study

Calls  Study

e 5G infrastruktura za pametne skupnosti

VITEL 2021 = 17.-18. 5. 2021
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FINANCIRANJE

Sprememba Uredbe EU §t. 651/2014 o razglasitvi nekaterih vrst pomoci za
zdruZzljive z notranjim trgom pri uporabi ¢lenov 107 in 108 Pogodbe
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STANJE V REPUBLIKI
SLOVENIJI

Nadcrt Fporabe frekvencnega pasu 470 — 790 MHz v Republiki Sloveniji

Frekvence iz frekvenénega pasu 700 MHz
so prve dodatne frekvence, namenjene
uvajanju nove generacije mobilne
tehnologije 5G.

L\

Skrajni rok komercialne uporabe frekvencnega
pasu 470 — 790 MHz je od 1. 1. 2022 dalje.

VITEL 2021 = 17.-18. 5. 2021
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StrateSke usmeritve AKOSu s podrocja upravljanja z radiofrekvenénim spektrom

V kontekstu 5G je relevanten nasledniji del
strateSkih usmeritev:

AGENCLIA LA KOMUMIKACLISKA,

OMRERIA 1M STORITVE
REPULIKE SLOVENIIE

» Agencija naj nadaljuje s postopki dodeljevanja radijskih frekvenc ob
upostevanju veljavnih nacionalnih in predpisov EU vkljuéno s spremembami
Nacrta uporabe frekvencnega pasu 470 — 790 MHz v Republiki Sloveniji iz prve
polovice 2020.

Agencija naj v okviru javnega razpisa v skladu z veljavno zakonodajo izbere
najprimernejsi format za dodeljevanje radijskih frekvenc, pri ¢emer na;j
uposteva opravljeno analizo stanja glede Stevila razpisanih radiofrekvencénih pasov

ter lastno strokovno presojo.

STANJE V REPUBLIKI

SLOVENIJI |

StratesKi cilji Republike Slovenije — Digitalna Slovenija 2030/osnutek:

gigabitna povezljivost za vse
glavne spodbujevalce
socialno-ekonomskega
razvoja

neprekinjena pokritost z
omrezji 5G za vsa mestna
obmoc¢ja in vse glavne
prizemne prometne poti -
2025

dostop do internetne
povezljivosti z navzdolnjo
hitrostjo vsaj 100 Mb/s, ki se
lahko nadgradi v gigabitno
hitrost, za vsa gospodinjstva
na podezelju in v mestih

VITEL 2021 = 17.-18. 5. 2021
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STANJE V REPUBLIKI
SLOVENIJI |

Strategija upravljanja z radiofrekvenénim spektrom 2021 — 2023:

» obravnavano tudi upravljanje z radiofrekvenénim spektrom za javne
komunikacijske storitve

+ AKOS ugotavlja, da se izrazito ve¢a delez uporabnikov mobilnega
Sirokopasovnega dostopa do interneta

* Eden od vecjih generatorjev rasti uporabe mobilnih omrezij so tudi novi
poslovni modeli.

STANJE' V REPUBLIKI
SLOVENIJI |

Analiza ocen zdravstvenih in okoljskih tvegani

Domaca zakonodaja je strozja od
mednarodnih smernic in narekuje
dolo¢ene omejitve namescanja
omrezja 5G na obstojece lokacije
baznih postaj in nalagajo
operaterjem dodatne ukrepe za
optimalno umescanje 5G
tehnologije.

Predlagali smo ukrep izdelave
analize ocen morebitnih
zdravstvenih in okoljskih tveganj
ob uvajanju nove tehnologije 5G v
Sloveniji, da bi javnosti objektivho
podali informacije o ugotovitvah
izvedene ocene.

VITEL 2021 = 17.-18. 5. 2021
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Regulatorni vidik uvajanja 5G

Regulatory aspect of 5G deployment

Tanja Muha
Agencija za komunikacijska omreZja in storitve Republike Slovenije

POVZETEK

Agencija za komunikacijska omrezja in storitve je v
zakljucni fazi postopka javnega razpisa z javno drazbo
za podelitev vecéfrekvenénih pasov za zagotavljanje
javnih mobilnih storitev, med katerimi so tudi pionirski
pasovi za razvoj tehnologije 5G. Slednja je klju¢na za
nadaljnjo digitalizacijo celotne druzbe, tudi tistih
segmentov, ki se do sedaj v tovrstnih zgodbah niso
pojavljali. Navedeno pred regulatorja postavlja nove
izzive, ki jih je potrebno ustrezno nasloviti in se nanje
pravocasno odzvati da se zagotovi predvidljivo in
vzpodbudno regulatorno okolje. Podelitev frekvenc je
Sele zacetek zgodbe; velik del aktivnosti Se sledi.

SUMMARY

The Agency for Communication Networks and
Services is in the final phase of the procedure of the
public tender for allocation of multiband frequencies
for the provision of public mobile services, including
pioneer bands for deployment of 5G technology. The
latter is crucial for the further digitalisation of the
entire society, also the segments that have not appeared
in such stories so far. In the view of that, the regulator
is facing with new challenges, which need to be
properly addressed and responded to in a timely
manner to ensure a predictable and stimulating
regulatory environment. The allocation of frequencies
is just the beginning of the story, much of the activity
still follows.

O AVTORIJU

Mag. Tanja Muha je direktorica Agencije za
komunikacijska omrezja in storitve RS od leta 2017. Pred
tem je bila v letu 2016 imenovana za vrSilko dolznosti
direktorja. Diplomirala je na Ekonomski fakulteti v Ljubljani
in magistrirala na Fakulteti za javno upravo. V letu 2019 je
bila podpredsednica Organa evropskih regulatorjev za
elektronske komunikacije - BEREC. S podro¢jem regulacije
telekomunikacij se ukvarja ze od leta 2005. V okviru svojega
dela vec leti sledi trendom in regulatornim pristopom, ter
aktivno sodeluje pri oblikovanju in izvajanju regulatorne
politike tako na slovenskem kot tudi mednarodnem nivoju, na

VITEL 2021 = 17.-18. 5. 2021

podro¢jih, ki so v pristojnosti agencije: elektronske
komunikacije, mediji, posta, Zelezniski promet in upravljanje
z radiofrekven¢nim spektrom.

ABOUT THE AUTHOR

Tanja Muha, MSc, is Director General of the Agency for
communication networks and services of the Republic of
Slovenia from 2017. Before that, she was in 2016 appointed
as Acting Director. She graduated from University of
Ljubljana, Slovenia in Economics and Business and she has
Master degree from Administration — Public Sector
Governance. In 2019, she was BEREC Vice-Chair. She has
been involved in the field of telecommunications since 2005.
As part of her work, she has been following trends and
regulatory approaches for several years, and actively
participates in the formulation and implementation of
regulatory policy at both the Slovenian and international
level, in areas within the Agency's competences: electronic
communications, media, post, railways and frequency
management.
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Mag. Tanja Muha, direktorica Agencije za komunikacijska omrezja in storitve
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Digitalizacija druzbe in 5G
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ET AKOS Vpliv 5G na druzbo
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CT AKOS Vloga regulatorja pri uvajanju 5G
N/

Podpora
ministrstvom in
drugim drzavnim

organom

Souporaba in
skupne gradnje
infrastrukture

Dialog z delezniki in

drugo javnostjo Regulacija/

obveznosti

Mednarodno  / Radiofrekvencni
povezovanje spekter in
strategija

Varnost in
celovitost omrezij
in storitev

VITEL 2021 = 17.-18. 5. 2021 30



ZBORNIK REFERATOV PROCEEDINGS

(" | AKOS Mozne izvedbe vertikal
o

Tretje mnenje RSPG

>--‘.

vertikale, ki delajo preko javnih mobilnih operaterjev

vertikale, ki potrebujejo javno ali zasebno omreZje za nacionalno ali
regionalno pokrivanje

vertikale, ki delujejo lokalno (npr. za industrijo), namenski spekter znotraj
spektra za ostale storitve, za katerega obstaja oprema na svetovnem trgu

namenski spekter za pan-evropske vertikale

> ) AKOS Potrebna izhodi$c¢a

\

RazpoloiZljivost radiofrekvencnega spektra in izrazen interes
* Nove strateske usmeritve Vlade april 2020

Strategija upravljanja z radiofrekvencnim spektrom (zaklju¢ena konec leta
2020)

Potrditev izhodis¢nih cen za javne razpise z javno drazbo

VITEL 2021 = 17.-18. 5. 2021 31
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E‘T AKOS Podelitev frekvenc Sele zacetek
&

Zakljucek javne drazbe za podelitev frekvenc za javne mobilne storitve:

Radijske frekvence v frekvenénih pasovih 700 MHz FDD, 700 MHz SDL, 1500 MHz SDL, 2100 MHz, 2300 MHz,
3600 MHz in 26 GHz

Koli¢ina spektra, ki ga imajo in ga bodo imeli operaterji po drazbi (26 GHz: Telekom Slovenije, Al in Telemach):

W00 VB FDD M700 MBS0 WECO N FDD MO0 MHZFDD WIMONH;TED BLIO0MSFDE 100 MM FIO ® ZI00MITID B0 FOD B 1600 ME TOD B30 My TR

T-1 PO DRAZSE

T-2 PREED DRATED

IO EY NI I 70 20 10 20

TELEMACH PRED DRAZED [luTVRTH R ) |

Al SLOVEMIIA PO DRAZED

Al SLOVENISA PRED DRAZSO

TELEKOM SLOVENIIE PO DRAZE

TELEROM SLaVENUE prin oraten [RIVEEEET) 50 40 0 70 25

ET AKOS Obveznosti pokrivanja
S

» v vsakem pridobljenem radiofrekventnem pasu komercialno omogocati javho dostopne Sirokopasovne
storitve na mobilnih prizemnih sistemih na nacin, da bodo:

e v roku enega leta od razpoloZljivosti posameznega radiofrekvencnega pasu zaceli uporabljati te
frekvence in ponujati storitve kon¢nim uporabnikom na teh frekvencah vsaj v enem vecjem mestu
iz spodnje tabele;

e v roku petih (5) let od razpoloZljivosti posameznega radiofrekvenénega pasu Ze uporabljali vse
frekvence v celotnem pridobljenem radiofrekvencnem pasu in ponujali storitve koncnim
uporabnikom na vseh teh frekvencah vsaj v vsakem vecjem mestu iz spodnje tabele.

» v prioritetnih pasovih za 5G (700 MHz FDD in/ali 3600 MHz, ter zaradi omogocanja primerljivih storitev
tudi v pasu 2100 MHz):

e v roku 3 mesecev po izdaji odlocbe zaceti ponujati storitve koncénim uporabnikom preko 5G

tehnologije na vsaj enem od pridobljenih frekvencnih pasov vsaj na podrocju enega vedjega mesta iz
seznama;

e do 31. 12. 2025 ponujati storitve koncnim uporabnikom preko 5G tehnologije in zagotavljati
funkcionalnost in podporo izboljSanemu mobilnemu Sirokopasovnemu dostopu, ¢e ima najmanj 70
MHz zveznega spektra, ter zagotavljati podporo mnozZicnim senzorskim (loT) omreZjem na
pridobljenih frekvencah vsaj v vsakem vecjem mestu iz seznama zgoraj. V primeru, da razpoloZljivost
zahtevanih funkcionalnosti ni podprta, mora operater predloZiti dokaze. Agencija prouci dokaze in v
kolikor so ti upraviceni, prelozi rok za izpolnjevanje obveznosti.

Ponujanje storitev pomeni, da je ta storitev omogocena preko baznih postaj, ki pokrivajo vsaj 75 % prebivalstva posameznega mestnega naselja, pri ¢emer se za sam zacetek
uporabe radijskih frekvenc in ponujanja storitev zahteva, da je ta omogocena vsaj preko ene bazne postaje na podro¢ju posameznega mestnega naselja.
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GT AKOS Obveznosti pokrivanja
Y

»  Operaterji Al Slovenija, Telekom Slovenije in Telemach, ki so pridobili frekvence v pasu 700 MHz, bodo
morali z vsem radijskim spektrom, s katerim razpolagajo, komercialno omogocati javno dostopne
Sirokopasovne storitve na mobilnih prizemnih omrezjih, na nacin, da bodo do 31. 12. 2025 zagotovili
pokrivanje:

— 99 % prebivalstva Republike Slovenije zunaj zgradb,

— 99 % avtocest (AC) in hitrih cest (HC),

— vsaj 60 % glavnih in regionalnih cest I. in Il. reda,

— vsaj 60 % aktivnih Zeleznic s potniskim prometom, pri ¢emer je pokrivanje znotraj vlakov v
pristojnosti Zelezniskih deleznikov;

in sicer z uporabnisko izkusnjo najmanj 30 Mb/s od bazne postaje do mobilnega uporabniskega terminala (DL)

in 3 Mb/s od uporabniskega terminala do bazne postaje (UL), ker so pridobili vsaj 2 x 25 MHz spektra pod 1

GHz.

Lalje Kargrier Eranj Lpuilpna
Maribor Murska Sobota Howa Garica Howo masto
Pru| Slaveh) Gradec Velenje

GT AKOS Souporaba infrastrukture
Y

Z namenom zagotavljanja ucinkovite uporabe radiofrekvencnega spektra, za izboljSanje pokritosti in ¢im manjSega poseganja v
okolje

naslednje moZnosti souporabe: souporaba pasivne ali aktivne infrastrukture, ki temelji na radiofrekvenénem spektru, ali
souporaba radiofrekvencnega spektra, poslovni dogovori o dostopu do gostovanja in skupna postavitev infrastrukture za
zagotavljanje omreiZij in storitey, ki temelji na uporabi radiofrekven¢nega spektra.

Souporaba aktivne opreme in frekvenénega spektra, vkljuéno z dinami¢no souporabo spektra, bo dovoljena v okviru, ki ne
omejuje infrastrukturne konkurence. Pri tem sta souporaba aktivne opreme in souporaba frekvenc dovoljeni, kadar pasivna
souporaba ne zadostuje, na primer v zahtevnih obmodjih pokrivanja in v primeru zgostitve omrezij.

Souporaba frekvenc in aktivne opreme, vklju¢no z dinami¢no souporabo spektra, je dovoljena na zahtevnih obmocjih Republike
Slovenije, kot so: Triglavski narodni park, naselja v tezko dostopnih obmogjih, v cestnih in Zelezniskih predorih, na kriticnih odsekih
cest, na obmocjih drzavne meje in v Piranskem zalivu; v obmodjih, ki presegajo 60 % aktivnih Zeleznic s potniskim prometom; v
obmodjih, ki presegajo 60 % pokrivanje glavnih in regionalnih cest I. in Il. Reda; na objektih s spomeniskim varstvom; za
maloobmocne dostopovne tocke, ¢e je omejitev posegov v prostor, ter v notranjosti objektov; in v primeru zgostitev omrezij
zaradi potreb zagotavljanja zelo visokih kapacitet baznih postaj, zmoznih nudenja gigabitnih prenosnih hitrosti: na cestni in mestni
infrastrukturi (npr. uli¢ne svetilke, semaforji), na Zelezniski infrastrukturi in energetskih objektih/infrastrukturi, v obmogjih z veliko
gostoto ljudi (npr. kongresni centri, koncertne dvorane, stadioni, avtobusne in Zelezniske postaje, nakupovalna sredis¢a, tovarne,
pristanisca, letalis¢a).

Pri tem bo souporaba dovoljena le na nacin, da pri tem ne prihaja do izkrivljanja konkurence. V_26 GHz pasu bo dovoljena
souporaba frekvenc in aktivne opreme, vkljuéno z dinami¢no souporabo spektra, povsod, med vsemi imetniki odlocb, ter imetniki
odlocb in najemniki, pri ¢emer ima vsak imetnik odlocbe prednost pri uporabi resursov v svojem podpasu. Pri souporabi pa bodo
morali operaterji spostovati tudi vso relevantno zakonodajo na podro¢ju gradnje in umescanja infrastrukture v prostor, pri cemer
bo lahko agencija pogoje souporabe ustrezno prilagodila s spremembo odlocb.

Agencija bo lahko imetniku odlocbe, ki ima na dolo¢enem obmocju zgrajeno infrastrukturo, v ¢asu veljavnosti odlo¢be naloZila
obveznosti v zvezi s souporabo pasivne infrastrukture ali obveznosti sklenitve lokaliziranih sporazumov o gostovaniju, kadar bo to
utemeljeno iz razlogov, da na dolo¢enem obmodju obstajajo nepremostljive gospodarske ali fizicne ovire za trzno postavitev
infrastrukture za zagotavljanje omrezij ali storitev in zato ni moznosti za dostop kon¢nih uporabnikov do omrezij ali storitev

= 17.-18.5.2021
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f_f AKOS Zagotavljanje varnosti
Y

Operaterji bodo morali vzpostaviti, izvajati, vzdrZevati in nenehno izboljSevati ustrezne in sorazmerne
organizacijske, tehni¢ne in druge ukrepe, s katerimi bodo morali zagotovil ustrezno obvladovanje tveganj za
varnost informacijskih sistemov, omrezij, storitev in informacij. Z namenom obvladovanja varnostnih tveganj in
zagotavljanja visoke ravni razpoloZljivosti, avtenti¢nosti, celovitosti ali zaupnosti omrezij in storitev operaterija,
shranjenih, prenesenih ali obdelanih podatkov ali povezanih storitev, ki so preko njegovega omrezja dostopne,
bodo morali pred uvajanjem ukrepov, povezanih z zagotavljanjem varnosti, izvesti in sistemati¢no izvajati
analizo tveganj z oceno sprejemljive ravni tveganj in to ustrezno dokumentirati.

CT AKOS Frekvence za poslovno kriticne komunikacije
N M2M preko namenskih omrezij v 700 MHZ

Zaklju¢na dodelitev radijskih frekvenc za zagotavljanje poslovno kriti¢nih komunikacij M2M preko namenskih

omrezij v 700 MHz radiofrekvencnem pasu

» Za gospodarske panoge (vertikale, kot npr. promet, energetika...ipd.), ki za delovanje potrebujejo visoko
zanesljivost delovanja omreZja, ne potrebujejo pa visokih prenosnih hitrosti. Lahko bo gradil omreZje za
svoje lastne potrebe ali za druge uporabnike poslovno kriti¢nih komunikacij.

» Imetnik: BeelN

»  Obveznosti pokrivanja:

— zgraditi namensko omrezje, ki pokrije vsaj 75 % ozemlja Republike Slovenije (obcin), za uporabnike
poslovno kritiénih komunikacij oziroma

— Na geografskem obmocju velikosti vsaj 10 % ozemlja Republike Slovenije preko namenskega omrezja,
ki bo uporabljalo predmetne radijske frekvence, uporabnikom omogocati poslovno kriticne
komunikacije M2M na nacin, da bo:

e do 31. 12. 2021 zacel uporabljati dodeljene radijske frekvence (postavi vsaj 1 bazno postajo) in

e do 31. 12. 2025 z dodeljenimi radijskimi frekvencami pokril vsaj 90 % klju¢nih lokacij
posameznega uporabnika storitev namenskega omrezja.

* ostala obmocja, ki morajo geografsko pokrivati (obcine skupaj) vsaj 75 % ozemlja Republike
Slovenije, mora pokriti v ¢asovnih rokih skladno z obrazcem, ki opredeljuje klju¢ne lokacije
uporabnikov poslovno kriti¢cnih komunikacij, vendar ne kasneje kot 31. 12. 2030.

»  tudi dolo¢ene obveznosti glede varnosti, neprekinjenega poslovanija in kakovosti storitev (nadgradnja tistih
iz vecfrekvencnega javnega razpisa).

VITEL 2021 = 17.-18. 5. 2021 34
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Strategija in akcije v povezavi z vertikalami

V obdobju 2021 - 2022 podeliti del
spektra v radiofrekvencnih pasovih
2300 MHz in 3600 MHz za lokalno
uporabo, in sicer za zagotavljanje
javnih komunikacijskih storitev
konénim uporabnikom ali za vertikale
preko javnih mobilnih ali zasebnih
mobilnih omrezij

V obdobju 2021 - 2022 v primeru
pobude izvesti podelitev radijskih
frekvenc v radiofrekvenénem pasu
410-430 MHz za podelitev spektra za
vertikale oziroma za
tehnolo$ko/storitveno nevtralno
podelitev za podrocje RS EC/CEPT

V primeru prejema pobude v obdobju
2021 - 2023 izvesti podelitev radijskih
frekvenc v pasovih 28 GHz in 32 GHz za
vertikale oziroma za
tehnologko/storitveno nevtralno
podelitev za lokalno uporabo ter pri
tem zas(ititi ostale storitve skladno z

V primeru prejema pobude v obdobju

2021 - 2023 izvesti postopek podelitve
radijskih frekvenc v pasu 3800 — 4200

MHz za vertikale oziroma za
tehnologko/storitveno nevtralno
podelitev za lokalno uporabo ter pri
tem zas(ititi ostale storitve skladno z
EC/CEPT

V obdobju do konca 2025 izvesti
prehod iz uporabe frekvenc v spektru
450 MHz na uporabo harmoniziranega
spektra v okviru CEPT/EU (874,4-880
MHz/919,4-925 MHz in 1900-1910
MHz ) na podlagi vloge po upravnem
postopku ali pa te storitve vkljuciti v
PPDR vertikalo

Pregled radiofrekvencnega spektra

za mobilne storitve

VITEL 2021 = 17.-18. 5. 2021
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Digitalizacija industrije z moc¢jo zasebnih omrezij 5G

Industry digitalisation
with the power of 5G Private Networks

Janez Ori, Ana Robnik, Jure Zajc, Urban Zaletel
ISKRATEL

POVZETEK

Podjetje Iskratel, ki Steje skoraj 75 let odli¢nosti in
izkuSenj na podroc¢ju zagotavljanja telekomunikacijskih
reSitev, ze vec kot desetletje zagotavlja tudi inovativne
reSitve za digitalizacijo industrij. Z uvajanjem
najsodobnejsih tehnologij in izvajanjem nizko tveganih
migracij, Iskratel Ze dolgo pomaga svojim strankam v
telekomunikacijskem in industrijskem sektorju preiti na
naslednji nivo poslovne preobrazbe. Na podlagi
izkuSenj in znanja pri zagotavljanju reSitev pLTE za
kampusna omrezja, je Iskratel dognal, da je tehnologija
5G popolnoma primerna za digitalizacijo industrij in
B2B sveta v prihodnjih letih. Iskratel bo s svojim
prispevkom na konferenci delil svojo vizijo in stratesko
usmeritev, obravnaval ustrezne trzne trende na podroc¢ju
5@, raziskal primere dejanske uporabe in ponudil
vpogled v to, kako najbolje izkoristiti tehnologijo 5G in

izkoristiti zasebna omrezja, ko se odloca za
digitalizacijo. Na podlagi Iskratelove strategije

izdelkov 5G, njihove arhitekture ter razlicnih scenarijev
uvajanja 5G, bodo udelezenci prejeli veliko odgovorov
na vprasanja, ki se pojavljajo glede na trzne potrebe na
tem podrocju.

SUMMARY

Counting almost 75 years of excellence in delivering
telecommunications solutions, Iskratel has expanded its
reach by innovating and offering solutions for industry
digitalisation for over a decade. By deploying cutting-
edge technologies and executing low-risk migrations
Iskratel has brought their customers to the next level of
transformation in telco and vertical sectors. Leveraging
experience and know-how by providing Private LTE
solutions for campus networks, Iskratel has recognised
5G technology to be a perfect fit for industry
digitalisation in the coming years and beyond in the
B2B world. With its contribution at the conference
Iskratel will share its vision and strategic orientation,
addressing relevant market trends with 5G, exploring
real use cases, and offer an insight how to best utilise
5G technology and benefit from private networks when

VITEL 2021 = 17.-18. 5. 2021

opting for digitalisation. The participants will also
benefit from Iskratel’s 5G product strategy, its high-
level —architecture, and various core deployment
scenarios to answer the variety of customer needs.

O AVTORIJIH

Janez Ori je v Iskratelu odgovoren za strateski razvoj. Na
ve¢ kot 20-letni profesionalni poti v telekomunikacijski
industriji je delal na razliénih delovnih mestih, zacensi z
raziskavami in razvojem v Iskratelu, razvojem tehnic¢nih
resitev na podroc¢ju IP in Sirokopasovnih omrezij za stranke v
podjetjih Cisco in Iskratel ter vodil skupine za produktno
vodenje, razvoj poslovanja in trzenje. V zadnjih Iletih
soustvarja strategijo Iskratela za preoblikovanje iz klasicnega
ponudnika telekomunikacijskih produktov in reSitev Vv
ponudnika celovitih digitalnih reSitev za razlicne vertikalne
industrije. Diplomiral je S podrocja
telekomunikacij/elektrotehnike na Fakulteti za elektrotehniko
Univerze v Ljubljani.

Ana Robnik je svetovalka za raziskave in strateski razvoj,
koordinira delo v standardizacijskih organiza—cijah in
sodeluje v raziskovalnih projektih podjetja Iskratel. Svojo
poklicno pot je po wuniverzitetnem S$tudiju uporabne
matematike na Fakulteti za matematiko, fiziko in mehaniko
Univerze v Ljubljani in opravljenem magisteriju iz
raCunalnistva na Fakulteti za racunalniStvo Univerze v
Ljubljani nadaljevala v razvojno raziskovalni enoti Iskra
Kibernetika, nato pa v IT-oddelku Iskratela. Svojo
profesionalno pot je nadaljevala na podro¢ju razvoja
telekomunika—cijskih produktov SI2000 in nato SI3000 ter
do leta 2009 vodila sektor za upravljanje in nadzor omreznih
elementov. S prehodom v pisarno tehni¢nega direktorja je
razSirila svoje podrodje delovanja na domene energetike,
javne varnosti ter pametnih in varnih mest. Je koordinatorka
vertikale Varnost v StrateSkem razvojnem inovacijskem
partnerstvu Pametna mesta in skupnosti.

Jure Zajc se kot produktni vodja v Iskratelu ukvarja s
podro¢jem upravljanja omrezij 5G, predvsem z vlogo
upravljanja omrezij v primeru privatnih postavitev (ang.
Private campus deployments). Glede na trende v industriji
mobilnih omrezij, vedno vecjo raznolikost uporabe ter vedno
vecje Stevilo deleznikov z razlicnimi potrebami v omrezju,
bosta upravljanje in avtomatizacija omrezij zavzela klju¢no
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vlogo pri nacrtovanju, optimizaciji in fleksibilnosti celotnega
(ang. end-to-end) omrezja. Jure v vlogi produktnega vodje
deluje ze vec kot desetletje ter je v tem Casu delal v razli¢nih
industrijah in z razliénimi produkti, najvec¢ izkusenj pa je
pridobil na podro¢ju telekomunikacij.

Urban Zaletel je vodja oddelka za razvoj pete generacije
mobilnih omrezij v Iskratelu. V zadnjih desetih letih je bil v
razlicnih vlogah in pridobljene izkusnje pridoma uporablja
pri implementaciji strategije v vseh ekipah podjetja, vkljucno
z marketingom in produktnim vodenjem. Je tudi organizator
najvecje tehnoloske konference za Oracle tehnologije (Java,
APEX, podatkovne baze, ...).

VITEL 2021 = 17.-18. 5. 2021
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ISKRATEL Private 5G networks

Digitalisation of industries

S&T Group

ar

Agenda

— Industry trends & market potential

— Private networks value chain

— Iskratel answering industry trends

— Telco & Vendor partnership

— What we learned from p/LTE

— 5G as opportunity for transformation

©lskratel. Allrights reserved.

— Iskratel 5G core
— Network planning (example)

ISKRATEL :

VITEL 2021 = 17.-18. 5. 2021 38
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Industry Trends
— Investments in traditional ICT slowing Private networks highly demanded in:
down — ,classical" digitalisation used to — Manufacturing
be the main driver — Transport industry
— Mission critical communications

— But physical industry sectors projected — Utilities

to have big growth in investments in
ICT

B Msteal e v
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B st ane

® Ehwcain
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— Process/cost optimisation and business
agility as the main value preposition

ISKRATEL 2

5G Applications and Technologies

Enhanced Mobile Broadband | eMBB
\\\ Capacity Enhancment

Virtual IMS
Voice services
Mobile Xhaul (VoLTE/VoNR)

SDN/NFV

{ 5G Fiber Access

4G/5G Private

Networks
Safe/Smart City with ] and C|°U(_3|
integration of ; - - or Industries
loT sensors ey - _—
) 7 5G PPDR
FRMCS
Massive Machine Type Comms | eMTC Ultra-Reliable and Low Latency Comms | URLLC
\\\ Massive loT Connectivity \\\ Reliable with Low Latency
ISKRATEL 3
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I Why do we need Private networks (pLTE/5G)? G

ved

© Iskratel. All rights resen

ed.

© Iskratel. All rights reserv

Availability of private local
spectrum

,Germany decided to create a location advantage for
German industry by reserving 100 MHz from 3.7 to 3.8 GHz"

Industrial grade coverage and
reliability

Unified and secure network

Supporting the needs of
industry digitalisation

ISKRATEL

Industry 4.0 and the road to Smart Factory

Industry 4.0

@ g’lea;:l::s Adaptablllty Smart Factory, RPA
‘ J Predictability R

@&
sl

Augmented Transparency Digital Twin
Decisions

{ VISIbIIIty AR /VR | MR, Advanced Analytics
Human Connectivit
@ Decisions SG' IOT PlatformS, API
I Computerisation CRP SCADA CRI

ISKRATEL

VITEL 2021 = 17.-18. 5. 2021
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Private networks as Digitalisation enabler

PROCEEDINGS

=5

— 5Gis unlocking digitalisation

— End-goal: r

e-usable, re-sellable, scalable solution catering to industry vertical use case

— The process: agile co-development

ISKRATEL

End
Customer

N

Ecosystem 5 Ecosystem
Part)llner3 SOIUt|On . Partner 1

Ecosystem
Partner 2

Private networks Value Chain

«  Sensors
Actuators
Modules
Interoperability

ISKRATEL

VITEL 2021

= 17.-18.5.2021

« Network « loT - App - App
Equipment Cloud Development Management
Protocols Analytics +Ul/UXdesign - Server
Provisioning & Integration +  Service Bundling Management
configuring + APl Development + Network

Management
CRM & Billing
Tech Support

ISKRATEL gg1Group & Partner Ecosystem

41
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Deployment options for Private networks

Fully PRIVATE Hybrid VIRTUAL private

Enterprise control

PROCEEDINGS

5

Isolated network

T

RAN

Deployment
with shared RAN

Enterprise cost

Deployment with
shared RAN
and control plane

RAN

NPN deployment
in the public network

RAN

Control plane Control plane Control plane Control plane
Subcriber database Subcriber database -chriber datab- Subcriber database

ISKRATEL

Telco vs. Vendor

PARTNERSHIP

We believe that Telco/Vendor
partnership is the best approach
to develop lloT market.

Each partner brings its strengths.

VITEL 2021 = 17.-18. 5. 2021

Telco (CSP)

..'- : 5 | ._,“1 !"c: i ]]
I :J'_'l.l‘.-_\:_:l: Al

* Standard-based technology

= (alobal cannectivity coverage and reach
s Large econyilem

= 56 malching eailing wired connectivity

[eiebilal s ]

s Dierupl currenl conneclivily landscape

& Tk walie Tram the edpe computing
opportunity

= [ieliver @ smart factory plus smart supply

chain market
OPPORTUNITY

Dedicated for the ENTERPRISE Leveraging the PUBLIC NETWORKS
8

WEAKNESS

* Limited sector nowledge

« Cannertivty s small % of total a7 value

= Need 1o translform Uheir Business

= Mo ceflular device eeosystem far ol in
place

= llaT being a small market compared to
thitir COME CONIUMEr Marke

& Lack aof growth of the cellular lloT
LA LI T

= Ceflular technology will not deliver &
promized in HeT

= |ack af Industrial vendors suppor

* Mo fole beyond connectivity

THREAT
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Telco vs. Vendor | PARTNERSHIP sG

Vendor and System System integrators and Tech vendors
integrator (Iskratel) (S&T group)

“rencr = | TS

= ertial underuanding = fura with & larpe rumisey o compeuon = ity know here = fyv meed @l i Trmom 4 orcweeeiary
= Cotmuliing shills veell adagried a2 = Kormeve D sband e dicalien vould padtlally & Enpm Dae o dradiSimal bes Bl i Al Exee b Ll ST
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= Cuneamised appenach and clieat AUty & Shong Clend hags obdanitle vih MEA

* BAarket Bruit
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= (g b il charmety
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sty pemhy fur sy serem sreamy

OPPORTUNITY OPPORTUNITY | THREAT |
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ISKRATEL

Our Competences aligned with Industry Trends

— As aTelecommunications vendor:
— Regional leader (Top 3) in Broadband, Communications and System 112

— Experience and Know-how in building turnkey mobile networks
(Simobil/A1 Slovenia, GSM-R Slovenia, founded BeelN)

— Industry vertical presence and growth strategy
— Customers with big private networks (oil & gas, railways, energy...)

— pLTE/5G => basis for next generation of Communications in industries

— 5Gecosystem =2 platform for digitalisation

11

ISKRATEL
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I Iskratel Digital Solutions portfolio G

Operational Industry Data Mgmt
Buss SORM System Safe City sty 9
Comms . Digitalisation
Comms LI 112 Smart City

vIMS/Comm lloT platform/Data

© Iskratel. All rights reserv

PLTE/5G private network connectivity

Iskratel can realise complex projects for its clients!

ISKRATEL 2

I 5G Safety Project for PPDR domain as a Learning curve

The strategic goal: to deliver research and innovation towards a new generation of 5G-
ready products and services tailored to the needs of the PPDR sector.

The Slovenian 5G research project coordinated by Iskratel oG 5afEtu““"
: The Slovenian 5G Ecosystem

Leasons learned:

© Iskratel. All rights reserv

— Broadband Networks (4G/5G) will shape the PPDR future, gradual Migration Scenarios
from existing to future PPDR systems is a fact in Europe, USA and South Korea

— Dispatching Solutions with Standardized Mission-Critical Service (MC X) will agile the
PPDR operations and enable Pan-European Operational Mobility

— PEMEA and OTT applications will augment the PPDR future
— Business Models and Pan-European Framework for PPDR Agency in Slovenia

...
,SKRA!ELN B '0 Iﬂ%‘g‘? o=si=i This project has received funding from the European Union’s ERDF under Contract no. C3330-18-952019. 13
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What have we learned from pLTE projects?

Key drivers in (pLTE or pre-5G) projects:

1. Mission Critical Communications
(MCx: PTT, PTV)

Interest in 2020

30+ projects
80% from CIS

Key industries

2. Integration of Legacy Communications -

(PBX, TETRA) with VoLTE.

3. Early stages of interest for NB-loT

(research phase)

ISKRATEL

Oil & Gas

Mines

Railways

Airports

Manufacturing

Public institutions

Test beds for Telco operation

Frequency lease

5G as Opportunity for Transformation

Network modernisation

— From HW-Centric to Cloud-
native, Software-defined and
SW-Centric infrastructure

— Simplifying Deployments

with Pre-integrated and
Tested Open Solutions

ISKRATEL

VITEL 2021 =

17.-18. 5. 2021

Operational excellence

Automated, real-time data
analysis for optimal
customer experience

Orchestration (MANO)
umbrella for operational-
friendly solution

Capacity planning for MC
and BC Operations, fully
prepared for Service
Continuity

Partnering with regional Telcos

Innovative new and
differentiated services

=5

14

=5

— Flexible and responsive to
digitalisation of (physical)

Industries And Gigabit

Society demands with strong

security/privacy and X
DevOps/NetOps support

— Real-time applications
dependent on the

combination of 5G and edge

computing

45
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Iskratel 5G Core | Initiatives

PROCEEDINGS

5

3 key initiatives based on industry trends and market research:

1. Basic 5G core is fully standardised and generic to cover most

connectivity needs for private networks.

2. Adjustment and configuration, using orchestration and configuration,
can enable Iskratel to fine-tune the network to specific needs of the

customers

3. With partner ecosystem Iskratel offers an E2E solution, customised to a
specific industry (including RAN or IoT platform)

ISKRATEL

Iskratel 5G

5G SBI arhitecture

T T T e e e S LS S === i
| Servicetaved : 1
Areieeciure I
N |=| | ' |

[~ 1] ! .
-r - rer ]
- |
|
)
|

-

ISKRATEL
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Benefits of Service-based Architecture

Based on optimised internet protocols

Following the micro-service approach
(easy to add new services)

Using uniform, easy-to-automate
protocol in the control plane
(HTTP2/JSON)

Easy to interact with the service
administrator and application functions

Maintains most of the complexity (due to
the interaction with RAM and data patch)

17
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Iskratel 5G

Automation management

PROCEEDINGS

5

Iskratel 5G management platform is designed as an Umbrella management system, consisting of Element
manager at it's core. Other management modules are all connected to an Umbrella system, so they can easily

interact with each other.

[ { =I r } l
Siice e Element Subscriberdevice Performance Radio Access Namwork st sk B2
managesment Mdager s ———— monitor {RAN) configuration TS
AL MANAGETENT Fesource monilonng
Craation Saviie Creabon AN contgurabon EJE nstwodk S6C MENG
manag i "“’m“"“' m m’m Saibs. provisioning ,“w""" mmwi i and suppet s @n opban
show manag. m ml RAN Sa%L
Subt. reakbma
Sacurty and AUTH matnod
lSKRAIE!. 18

Iskratel 5G

Automation management

Key performance metrics for automation
— Resource assurance

— Optimal resource utilization

— Quality of service (QoS)

— Alarm and performance monitoring

— Security management

Phase1

— Performance collection
— NVF configuration

— Orchestration

— Alarm monitoring

— Subscriber management
— IFTTT automation
ISKRATEL
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Performance data
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Iskratel 5G | Variations G

80% of generic solution is enough to work out-of-the-box
+20% for customisation to work with specific cases

20 % | per case

FRMCS

Iskratel 5G Core

Specific requirements

‘ eMBB H URLLC H mMTC ‘ [product variations] ot

‘ Voice ‘Security‘

o Network-in-a-BOX
Applications

ISKRATEL 20

Network planning

Basic Configuration (user plane)

/Jﬁ DN2

AMF SMF (IMS, MCX)
N—
N4
DN1
UPF1

(Other Application)

7 rm R

o il

Xn Xn X
gNB1 gNBz gNB3 gNBzf gNB5 gNB6 gNB7 gNB8
TAC1 TACz TAC3 TACz, TAC5 TAC6 TAC7 TAC8

UPF Service area ,,x"

lSKRA'!E!: i UE movement
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Network planning G
Configuration with Edge areas (MEC)

Ng UPF1 N6 DNa
AMF SMF (IMS/MCX)
_____ N2 _ _ _ @ Ne __ _ o ______ T,
MEC area 1 MEC area 2

* UPF Chaining:

e UL Classifier (ULCL) UPF in data flow T T T
\ % \%Li \

* Used to divert traffic matching traffic }'1 (

filters provided by SMF - xn " ~
gNB2 gNB3 gNBy4 gNBs gNB6 gNB7 gNB8
TAC2 TAC3 TACy TACs TAC6 TAC7 JAC8

* Use case
* Local Breakout to provide Low Latency .
. UPF Service area , y" UPF Service area ,z"
(foundational for MEQ) : Y

ISKRATEL i VE 2

Iskratel 5G | Value proposition G

For use cases like: Support multiple deployment options:

— Public safety and Transportation — Easy to setup on any COTS platform to
minimizes the CAPEX

— On a private or public cloud-based

— 5G NR private deployments
— Industrial loT related use cases

— Network-In-a-box solutions (for ,small* infrastructure
setups)
Designed:
Support 3GPP defined standard — With Service-based Architecture
interfaces: (HTTP 2.0/JSON)

— Easy to integrate with third-party — Cloud-native Architecture

vendor solution — Scale as per deployment requirements

— In-build load balancing mechanisms

ISKRATEL 23
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Comprehensive digital solutions
for a safe and smart future

EU-based R&D and manufacturing
Global footprint in o+ countries
100 million satisfied users
30 locations worldwide
900 employees
Over 70 years of experience

The leading European ICT provider for the digital
transformation of the telecommunications,
transport, public safety and energy industries,
and in the field of electronics manufacturing
services.

24

ThankYou forYour Attention

www.iskratel.com

m linkedin.com/company/Iskratel

u @lskratel
@iskratel

Sign-up for Iskratel's monthly newsletter
at our webpage.

:h 4
Family
Friendly

A Enterprise
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TV over Mobile Network — capacity challenges

Nenad Zeljkovié

A1 Serbia and A1 Slovenia

SUMMARY

Telecommunication services have different network
requirements. On the other side frequencies through
which  services are provided, have different
characteristics in terms of signal coverage and service
capacity. FWA, with TV service, is one of the most
demanding service from NW capacity point of view, so
high frequencies with wide bandwidth are needed. The
challenge is service availability in rural area where
siteZsite distance requires low band deployment. The
presentation presents possible scenarios of service
deployment with different offered capacities.

ABOUT THE AUTHOR

Nenad Zeljkovi¢ graduated from the School of Electrical
Engineering in Belgrade, majoring in telecommunications.
He completed his Master degree at the same faculty in the
field of mobile radio systems. He completed his EMBA
studies in 2013 as part of the Cotrugli Business School
program. Following his undergraduate studies, in 1997 he
joined Telekom Srbija, where he was mainly in charge of
planning and optimization of radio mobile network. From
2008 to 2012 he was holding the position of Head of Access
network development and planning department, including the
landline network. He joined Vip mobile (now Al Serbia) in
2012 as a Director of Access and Transport Network, with
responsibilities in the area of network planning and
construction. In the period from 2015 to 2017, his
responsibilities extended to Si.mobile (now Al Slovenia).
Since 2017 he has been in charge of planning, construction
and maintenance of Vip mobile access and transport
network. Since November 2019, he has been holding the
position of Senior Technology Director Officer at Al Serbia
and A1 Slovenia.
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Service Technical Requirements

=L 5 ) O &

KPI IOT/MTC
Data Rate

Mobility

Low Latency
Density

Reliability

Coverage
Positioning Accuracy

-
-
——————_—

Signal level
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Global Trends for FWA

Number of MBB subscribers
continue to grow untl 2026

200 operators is offering
with slightly reduced growth FWA in the end of 2020

. = .I._..f-’-'.-: S . comparing to period until 2020

billion
\

FWA Traffic Globally will 5G FWA is expected to

continue to grow

grow rapidly

e b o | e Bt
[ ]

Fjil Pk Aan Aan an s F, e

ericsson.com/ mobility-report A‘

Best service footprint

MID BAND LOW BAND

e

COVERAGE PER BAND CAPACITY PER BAND

Low Band < 1GHz Mid Band 1-3 GHz C-Band >3GHz

Service preference matrix based
on band - bandwidth combination

VOICE
good

coverage '&-E
ubiquitous IOT/MTC

coverage, low

rates, high —
density g

. FWA
g
bandwidth @
MBB
high

bandwidth D
V2<(
m & Al
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FWA and TV over the mobile NW

Most demanding service from

v capacity perspective

> One FWA without TV consumes

like 27 smart phone users

PROCEEDINGS

> One FWA with TV consumes like
105 smart phone users

Low Band < 1GHz Mid Band 1-3 GHz C-Band >3GHz

FWA
high N
bandwidth m

A1

TV service will be even more demanding over the years

Share per TV format

100%
AR R
80%
70%

60%
50%

40%
30%
20%
10% .
0% o

2021 2022 2023 2024 2025

ESDTV =HDTV m4K m8K

HD/4K huge uptake expected

VITEL 2021 = 17.-18. 5. 2021

Required throughput per
image quality [Mbps]

25
15
4
2
H =
HDTV SDTV 4K 8K
4K requires almost 4 times

more bandwidth comparing
to HDTV

Required end user
bandwidth per STB [Mbps]

6.1
5.3
4.6
3.6
3.0 I
2021 2022 2023 2024 2025

In 4 years end user
required throughput will
be doubled for TV service
due to increased higher image
definition usage

A‘l
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Challenges in rural area

> Due to site to site distance and NW topology,
the most loaded part of the NW is rural area

> Cell edge predominantly on Ilow band
coverage. Higher bands cannot cover big part
of the NW

> Low band is overloaded with rather poor
spectrum efficiency (15% Ilower because
customers are on cell edge)

high site to site distance

4
v

In average the same number of
customers in rural are served with
10MHz on low band and with
20MHz on mid band -> Cell load

on low band is 30% higher
compering to mid band cells

Low Band Mid Band
< 1GHz 1-3 GHz

Offered capacity in Rural, high vs low band

» In Rural area out of total available capacity for additional

# of TV + FWA users per 1500MHz -20MHz FWA users 2/3 is offered on high band and 1/3 in low (800
Cell MHz) band. Same logic can be applied in case of FWA + TV
users
8
/ » In 4 years available capacity for additional users
5 5 will reduce 2 times only due to increased TV
4 usage

> As example - one 1500MHz cells (20MHz BW) cell is able
to support 8 TV + FWA users in this moment while in 2025

only 4 users per cell will be supported

2021 2022 2023 2024 2025
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Long term capacity needed

LTE on low/mid bands with additiononal 1500MHz SDL (20MHz BW) could be short term solution
Additinal capacity on 5G is needed to support long term requirements

What are the options?
> Option 1 - deployment of NR 700MHz + 1500 MHz (30MHz of spectrum on top)

> Option 2 - Deployment of c-band solution (NR 3600MHz) and CPE with external antenna (modem
installed outdoor with directive antenna)

CPE without external antenna CPE with external antenna

Low Band Mid Band C-Band 1
9 < 1GHz 1-3 GHz >3GHz l B

Benefits and challenges for options 1 and 2

OPTION 1 OPTION 2
> Does not require outdoor CPE antenna > NR 3600MHz TDD offers vey high capacity

with 100MHz bandwidth
» Offers same capacity as existing low band
(double capacity) » Better spectrum efficiency

’ ’

> Requires upgrade of all sites to support » Issue is weak propagation capability
700Mhz in next few years
» It requires external antenna from UE side
> TV traffic per customer grows and reduction (result from one trial is that only 15% - 20%
of offered capacity by 35% is expected in customers accept installation works)
next 2 years

. Al
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Capacity ratio per deployed band combination for TV services

BANDS Offered TV+FWA packages (remaining)

NR n48 140 x baseline
(3600 MHz, TDD) 142 x baseline
NR n28 + n75 17 x baseline
¢ (700MHz) + (1500 MHz,DL) 18 x baseline
LTE B20 + B32 8 x baseline
(800 MHz) + (1500 MHz) 8 x baseline

/ l > TEB20 i baseline {D

(800 MHz) baseline

BFWA+TV Packages 2025 mFWA+TV Packages 2021

11 *Based on smart analytic tool (SARA) A1

Thank you
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Strateska vpeljava 5G v vertikale

Strategic implementation of 5G in verticals

Primoz Kudi¢

TELEKOM SLOVENIJE

POVZETEK

Javno mobilno omrezje nacrtujemo tako, da bomo
znotraj ene pametne fizicne infrastrukture (poleg
komunikacijskih storitev) omogo¢il Stevilna
virtualizirana namenska omrezja za razlicne vertikale,
kot so logistika, transport, zdravje, energija, industrija,
pametna mesta, skupnosti ipd. Kot popolnoma
virtualizirana ali pa kot hibridna javno-zasebna
namenska oz. t. i. »kampus« omrezja bodo namenjena
potrebam posameznega okolja, ki bo na ta nacin
pridobilo zanesljivo povezljivost za svoje procese.

SUMMARY

We plan our public mobile network in such way that
within one smart physical infrastructure (in addition to
communication services) we will enable many
virtualized dedicated networks for various verticals,
such as logistics, transport, health, energy, industry,
smart cities, communities, etc. As a fully virtualized or
as a hybrid public-private dedicated or. "Campus"
networks will be dedicated to the needs of an individual
environment in order to obtain reliable connectivity for
its processes.

O AVTORJU

Primoz Ku¢i¢ je magister poslovnih ved in je trenutno
zaposlen v podjetju Telekom Slovenije d. d. Pred tem je
izkuSnje pridobival v razlicnih prodajnih funkcijah v
mednarodnih podjetjih. V zadnjih letih (2014-2019) se je v
Telekom Slovenije d. d. kot vodja IKT poslovnih resitev
ukvarjal z razvojem in prodajo celovitih IKT reSitev za
poslovni trg. Ima izkus$nje s Sirokim portfeljem storitev iz
podro¢ja omreznih resitev, data centrov in obla¢nih reSitev,
upravljanja IT, prodaje programske opreme, telekomunikacij
in varnostnih resitev. V zadnjih letih je sodeloval tudi pri
razvoju in prodaji aplikativnih reSitev za kon¢ne uporabnike.
Od julija 2019 je direktor Poslovnega trga in od februarja
2020 direktor podjetja Avtenta d.o.o. Njegove glavne
usmeritve so prodaja in razvoj celovitih IKT reSitev ter
digitalizacija poslovanja.

VITEL 2021 = 17.-18. 5. 2021

ABOUT THE AUTHOR

Primoz Kucic¢ has a master's degree in Marketing and is
currently employed by Telekom Slovenije d.d. Prior to joining
Telekom Slovenije d.d. he has gained experience in various
sales functions in international companies. In recent years
(2014-2019) in Telekom Slovenije d.d. as a manager of ICT
business solutions, he was engaged in development and sales
of comprehensive ICT solutions for the business market. He
has experience with a wide portfolio of services in the field of
network solutions, data center and cloud solutions, IT
management, software sales, telecommunications and
security solutions. In recent years, he has also been involved
in the development and sales of application solutions for end
users. Since July 2019, he has been Director of B2B in
Telekom Slovenije d.d. and since February 2020 he has been
director of Avtenta d.o.o. His main orientations are sales and
development of complete ICT solutions and the digitalization
of business.
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Strateska vpeljava
5G v vertikale

TelekomSiovenije -f‘

Strateske vertikale, ki jih poganja 5G

Retail

Industrija
Energetika
Transport
Logistika

Fgg

g

« Kmetijstvo

« Javna varnost

» Zdravstvo

* Financ¢ne storitve

1.5-.\:}——-

Challenge: current operator Jervics revenuas Dpportunity: digitelizotion revenues”

“Digitelizntinn revenues for 10T players from 1 key incueries

s B e TelekomSlovenije -!‘

VITEL 2021 = 17.-18. 5. 2021 59



ZBORNIK REFERATOV PROCEEDINGS

Rezinjenje omrezja za pokrivanje potreb vertikal

Obstojece stanje: razli¢ni uporabniski |zziv: omejitve obstojecih resitev!
primeri
— potreba po fleksibilnosti

@@ (i ((())) A .é - 4
HRUDE B S [ i

Resitev: logi¢na omreZja znotraj enotne fizicne
infrastrukture

All in One* Network Rezina 1 Rezina 2 Rezina N

dulineis

i = - Apphcation Layer
) . .- # -] = Infrastructure
=T o) oo - ,5 B : Control Layer
B 8 dm=H complex |
f 3 — o~ ‘-“hr:'uluw
E Z ) '\W‘ 8\ Multiple Networks
i ™ w g
L i . .
5G omreZja omogocajo razlicne nivoje: Al e | - Prilagodljive resitve
Mobilnosti (L= g Zagotovljeni viri
Zakasnitev T 'S Sl‘ Poenoteno upravljanje
Odzivnosti ' ,‘ - .- B Too CD Y Time-to-market
Pokrivanja g > Vertikale
Hitrosti prenosa Vrednostna veriga
Funkcionalnosti Inovativnost

Varnosti

9
TelekomSlovenije = @i

Prilagodljivost omrezja in resitev

Zagotavljanje celovitih reSitev znotraj partnerskega ekosistema
Omogoc¢anje ¢asovno kriti¢nih storitev s premikom aplikacij proti robu omrezja

+ Prilagodljiva programsko definirana omrezna in infrastruktura (SDN: Software
Defined Network)

Pubiic o
atety Y -r m °
-
"w

wtreaming ~
@lxb = Centrol Ltes

/ Destribated stes

Globo! douss

Eage 1ty

Casovno kritiéne aplikacije ﬁ Casovno ne-kritiéne aplikacije

9
TelekomSlovenije = @i
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Zasebna industrijska omrezja

* Industrija je tipiéno zadrzana do novosti

* Vlaganja v digitalizacijo se morajo neposredno pretvoriti v:
* Nizje proizvodne stroske

» BoljSe poznavanje kupca
* Vecdjo prodajo izdelkov in storitev

* 5G omrezja, v okviru industrijskih resSitev omogocajo:
* RacunalniSke simulacije z digitalnimi dvojcki
* Obogatena resnic¢nost z VR napravami
« Simulacija razvoja novih izdelkov
* Avtonomni roboti in vozila
» Optimizacija delovanja strojev in vzdrzevanja
* Odkrivanje in odprava napak v proizvodniji
* Krmiljenje dronov preko ,pameti na tleh*

e
TelekomSlovenije = @il

Zasebna energetska omrezja

+ Energetika in javne dobrine so geografsko
razvejane storitve, ki vkljuCujejo:

* Elektro distribucije
« Distributerje plina " A @
» Vodovodna podijetja - & F

+ Komunalna podjetja

* 5G omrezja v tem segmentu omogocajo:

» Zanesljivo, varno in hitro komunikacijo velike
kolic¢ine senzorjev, merilnikov, preklopnikov, stikal,
ipd., s centralnimi sistemi

* Rezinjenje omrezja, ki omogoca lo¢en podatkovni
promet za razli€ne aplikacije, za razli¢na podjetja

* Podvojene komunikacije za primere katastrofi¢nih

« Za optimalno delovanje potrebujejo stalen _
izpadov

nadzor, kontrolo ter povratne informacije

@
TelekomSlovenije = @i
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loT in M2M

* Resitve za ,pametno mesto™

« Upravljanje parkiri5¢ in usmerjanje na
prosta mesta

* Polnilna infrastruktura za E-vozila
« Stetje in kategorizacija prometa

+ Pametna razsvetljava

* Merjenje kakovosti zraka

+ ,Pametne smeti®

uporabo Skropiv

Javna varnost in resevanje

» Posredovanje ob
nesre€ah in izrednih
dogodkih je lahko
ucinkovitejSe

* Avtomatski zajem
informacij in obogatitev s
kontekstom

» Takoj$nja komunikacija
med posredovalci

* MCPTT (Push-to-Talk)

* VkljuCitev
strokovnjakov

* Multimedijska
sporocila in videoklic
(MCVideo, MCData)

* VKkljucitev senzorjev, telemedicina.
* Napredne resitve in storitve

VITEL 2021 = 17.-18. 5. 2021

- n,-\‘ * Resitve za agrikulturo:

L

¥

» Optimizacija porabe gnojil in vode
» Sledenje zivine in drobnice
* Al prepoznavanje Skodljivcev za optimalno

W‘

1.-—-..—-.,.
lﬂ‘vi

Video klic

PROCEEDINGS

f.@o

m*%

Resitve za mobilnost in logistiko:

Optimalna povezljivost za upravljanje
koridorjev za avtonomno voznjo in V2X
povezave

Resitve za povecCevanje varnosti in
ucinkovite intervencije na prometnicah

Umirjanje prometa in avtomatizirano Stetje
prometa na vseh vrstah cest

r‘.' B I"|

« Spremljanje uporabe kmetijske mehanizacije za
optimalno izkoris¢enost

L
TelekomSlovanijs "_.

5G prina$a klju¢ne tehnoloSke lastnosti za
kriticne komunikacije (MC - Mission
Critical).

Zagotovljeni kvalitativni parametri prenosa

c ’ =]
s e
[ ) - |

Avtomatsko posredovanje >

konteksta

LoCen PPDR frekvencni spekter, loGena
rezina na komercialnem spektru

Siroko pokrivanje, visoka zanesljivost,
razpoloZljivost in varnost

9
TelekomSlovenije = @i
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5G 1n platforme — omogocitvena tehnologija za razli¢ne
uporabniske scenarije pametnih vasi, mest in skupnosti

5G and platforms — enabling technology for different
user scenarios of smart villages, cities and communities

Zoran Vehovar', Blaz Peternel’

'TELEMACH, *SMARTIS

POVZETEK
Tehnologija 5G obeta =zagon veliko novih
uporabniskih scenarijev pametnih vasi, mest in

skupnosti ter industrije in ostalih druzbenih storitev.
Ponovno se soocamo z zlivanjem tehnologij, razli¢nih
ponudnikov  reSitev  (senzorika, platforme, 5G
komunikacijski sistemi, itd.) ter interdisciplinarnimi
izzivi, ki izvirajo z razli¢nimi pristopi deleznikov k
reSevanju in nacrtovanju istih uporabniskih scenarijev.
Prispevek bo skusal podati odgovore in hkrati osvetliti
principe nacrtovanja reSitev na nacin, ki zdruZzuje
priloznosti ter predstavlja dodano vrednost za operaterje
komunikacij, ponudnike platform in ostalih ni$nih
vertikalnih reSitev ter so hkrati odziv na realne
uporabniske potrebe. Veliko smo se naudili v okviru
pravkar aktualnega razpisa za Pametna mesta in
skupnosti!

SUMMARY

5G technology is evolving into global network &
integration service platform aiming to serve the needs
of automation in wide range of verticals. The purpose
of the presentation is to provide an insight into
integration platform from the viewpoint of the vertical
or its service development. We'll take a look into key
technologies and enablers which are required for
successful development and concrete benefits and
automation targets of the vertical. To materialize that
we'll  depict some concrete examples where the
development already takes place. 5G will be presented
as an interconnecting and enabling technology for
deployment of local developers' IoT solutions and long-
term development of various verticals.

O AVTORIIH

Zoran Vehovar se je Telemachu pridruzil z zacetkom leta
2021 kot ¢lan poslovodstva druzbe, odgovoren za tehniko
(CTO). Pred tem je v banki NLB vodil podroéje IT

VITEL 2021 = 17.-18. 5. 2021

infrastrukture ter kibernetske varnosti, sicer pa svoje obSirne
vodstvene in strokovne izkuSnje s podrocja telekomunikacij,
informacijske tehnologije in kibernetske varnosti nabiral v
druzbi Mobitel, Telekom Slovenije in Northwestel v Kanadi.
Po izobrazbi je magister elektrotehnike, certificiran pa je tudi
na podroc¢ju revizije informacijskih sistemov in kibernetske
varnosti.

Blaz Peternel se je SmartISu pridruzil leta 2016 kot vodja
raziskav in razvoja. Doktoriral je iz podro¢ja telekomunikacij
in deset let vodil raziskovalno skupino v okviru nacionalnega
operaterja. Njegove raziskovalno-razvojne aktivnosti so
usmerjene na razliéna podro¢ja Interneta stvari (pametna
omrezja, eZdravje, povezan/pameten dom, pametna mesta,
agro in bio senzorika). Tekom kariere je pridobil veliko
izkuSenj z aktivnim sodelovanjem v projektih Sedmega
okvirnega programa (FP7), programa Obzorje 2020 in drugih
nacionalnih ter mednarodnih RR projektih, kjer je vodil
delovne sklope ter druge organe upravljanja velikih
mednarodnih projektov.

ABOUT THE AUTHORS

Zoran Vehovar joined Telemach in January 2021 on the
position of Chief Tehnology Officer. Before joining he
worked at NLB Bank as IT Infrastructure and Cybersecurity
director. Zoran posess extensive experience gathered while
working  on  various — management  positions  in
telecommunications, IT and cybersecurity in Slovenia and
abroad, at Mobitel, Telekom and Northwestel Canada. He
holds Masters degree in Electrotechnical Engineering, he is
also certified in IT audit and cybersecurity.

Blaz Peternel joined SmartlS in 2016 on the position of
Head of Research and Development. He was awarded with a
Ph.D. degree in the field of Telecommunications and has
more than ten years of experience as a telecommunication
operator's research group leader. His research interests
focus on various deployments of loT ecosystems (e.g.: Smart
Grid, eHealth, Connected/Smart Home, Smart City, Agro,
Bio/Nature and Environment sensoring). Throughout his
career, he has gained extensive knowledge and experience in
FP7, H2020 and national R&D projects and has become one
of the key personnel involved in these projects.
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Zoran Vehovar, Blaz Peternel

VITEL 2021, 17. in 18. maja 2021

telemach

-
L&

Uvod

« 5G postaja vodilna globalna omrezna odprta integracijsko/storitvena
platforma za Sirok nabor. vertikal (industrij) v. prihajajocem desetletju

Namen te prezentacije je ponuditi pogled na integracijsko platformo 5G
oziroma programskega razvijalca aplikacije

>y
-

Kljucéno je
A: tesno sodelovanje IT razvojnih firm ter ponudnikov 5G omreznih
tehnologij, da bi pokrili celoten digitalni ekosistem vertikale

B: 3GPP standardizacija podlaga za tesno integracijo 5G in digitalnega
ekosistema vertikale, primer je izbira REST API -

Pogledali bomo, katere kljucne tehnologije in omogocevalniki bodo
potrebni za uspesen razvoj integracijsko storitvene platforme za vertikale
— rezinjenje, virtualizacija oz navidezna zasebna omrezja, programsko
upravljana omrezja (SDN), Kubernetes, obdelava podatkov v oblaku,
internet stvari, RESTful API, NEF, SBA |

Predstavili bomo konkretne primere uporabe, katerih razvoj ze poteka

— telemach STTIETHAE
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RESTful APl za 5G Service Based
Architekturo ‘

= REST arhitekturni stil: Representational
State Transfer — nabor design principov v
I, Kituporabljaljaje URI, HTTP, — Storitev 1,
streznik/odjemalec, stateless... nacine — 6 e T
podlaga za razvoj odpriih vmesnikov AP,
ki spreminja'nacin kako so SW aplikacije
razvite in implementirane |
3GPP: RESTful za vse storitvene
vmesnike, tudiiinterne v jedru
NEF: Network Exposure function: 3GPP
definiran vmesnik (eXpOSUre of network Network Exposure Function
funcionalities) med mobilnim jedrom in _ NEF vmesnik
tretjo stranjo, na primer proti
programskim razvijalcem platform, na
primer spletnih tehnologij
SBA: Service based arhitektura — 5G
Core

telemach STIEIRIE

Navidezna zasebna 5G omrezja - zakaj*=

Ravno zaklju€ena vecfrekvencna drazba prinasa dovolj RF spektra
Govorimo o milijonih povezanih naprav — tradicionalni nacin upravljanja
naprav in uporabniskih profilov ne pride vec v postev
Identiteta naprave prehaja iz fizicne v e-obliko (SIM v eSIM / vSIM)
Kako bo vertikala upravljala s 5G in uporabniSkimi napravami — preko
NEF, SBA, z uporabo REST API vmesnikov

Da bi lahko 5G izrabili u€inkovito, se bo MNO moral prilagoditi in velik
del kontrole prepustiti vertikalam v obliki navideznih zasebnih omrezij /
rezin — avtentikacija naprav, nadzor, varnost, upravljanje rezin
Omrezno rezinjenje v 5G (slicing) bo tista tehnologija ki bo omogoéila
zasebna navidezna mobilna omrezja

Navidezna zasebna omrezja bodo omogocala razlicno stopnjo
neodvisnosti, karakteristik storitve, varnosti / izolacije, nacina
upravljanja, odvisno od narave in zahteve vertikale

telemach STIIETRIE

VITEL 2021 = 17.-18. 5. 2021
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Upravljanje zasebnih omrezij .@. IRFEL
= Upravljanje zasebnih omrezij — omogocitev upravljalske pl'étforme ki bo
v domeni vertikale, na primer pametnega mesta ali regije — partnerski

razvoj
Namen: Omogocitev in nadzor storitve (Provisioning and service
enablement), konfiguriranje storitve, nadzor kakovosti |
Upravljanje kakovosti storitve (SLA) v zivljenjski dobi, analitika in
orkestracija
Nadzor na informacijsko varnostjo E2E — nadzor nad Sifrirnimi
mehanizmi in hranjenje Sifrirnih kljuCev

Q) e

Private cellular networks have a broad range of scales

Private [ vertical natwsri scale
Siom

8om $00m S0
' = HO0- $000 10-900

Polental nusies 6l Aetwerks Pl majtd couniry

telemach SIIEILIE

Vir: Disruptive Analyses

Namenski in deljeni 5G omrezni viri

Aguregation ¢ Edge DC Backbone 1 Contral DC

Dedicated
RAN
copablities/
NFs

Vir: Ericsson
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>

Omrezne rezime — razlicne vertikale ’%’ it PEL

AN

t
capabimer/
Nis

Wide-area RAN

telemach STRAETAAR
Vir: Ericsson

B2B industrijski ekosistem postaja zrel s
prihodom 5G Modulov, s ceno enote
<US$70 konec 2020

Huawei launched the first industrial 5G module in 2019 Q4 and other 5G modules in
batches in 2020 H1

Fixed wireless access, mobile hotspot, cloud PC, Cloud PC, gateway, industrial monitoring,
public security, and video surveillance telemedicine, UAV, VR/AR

VR/AR, video surveillance, Industrial : X
Internet, and PC Industrial Internet, smart transportation, smart

h care, public security, new media, and smart

: ) : RN i SIEREA
Mobile terminals, hand-held devices, cloud PCs, and flxed Industrial Internet, smart transportation,

wireless access gateways ¥ smart healthcare, and smart driving
SIMCom: SIM8200,SIM8300,SIM8200-

L INEEDUTZ VR/AR, V2X, smart manufacturing, energy Internet,

—— Fixed wireless access, multimedia video, UAVSs, and healthcare
security surveillance, and cloud PC

Vir: Huawei
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Kdaj? Mozna casovnica

Spectrum preparation: 3-5 years
Tirne to matarity for the industry chain:
3-5 years

New-RAT network deployment:2
years

Time to market for new sewlcei; = _( Target
-5years--—- ‘ networ

Vir: Huawei

Deutsch Telecom: primer 5G
Campus omrezja v industriji

2 -~ 3 : = = " ’.F.’
‘5%6 station > 3 Public mobile

-J‘L hﬂg
m‘ 4 & i Y

E.E’Easé\atioﬁx \
=

1 Proizvodnja 2 Logistika in 3 Pisarne
skladis¢e inIT
5G logi¢na rezina - Multi-Cloud, varna,
zanesljiva, fleksibilna in odprta arhitektura

Vir: Huawei

VITEL 2021 = 17.-18. 5. 2021
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oG in |o'F platforme

loT platforme ze omogocajo upravljanje naprav preko razlicnih

-~ omrezij In so osnova za razlicne vertikalne resitve

VITEL 2021

' 4
¥ gy T earagont
Gt ey fa e <%

telemach SIGEILIE

oG in loT platforme

+ |oT platforme v kombinaciji s 5G omogocajo:
=« ,Provisioning®
=« Nadzor naprav
« Upravljanje uporabniskih pravic
= Varnost in avtentikacijo
+ <Dodatne funkcionalnost za uporabnisSke scenarije:
Razbremenitev deleznikov vertikalnih resSitev po potrebi za
vzpostavitev lokalnih lastnih komunikacijskih resitev
Moznost dodajanja naprav, ki bodo standardizirane
Moznost vzpostavitve domenskih skupnih omreZzij za upravljavce
razli¢nih infrastruktur s skupno loT platformo (npr.: vodovodi,
Zeleznice, ...)
Al, poro€anje, alarmiranje, asset management, itd.

telemach SRR

= 17.-18.5.2021
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Poucne izkusnje razpis PMIS
2021

« Razpis:

* Kje bi 5G pomagal:
= Regijske/konzorcijske mreze loT naprav za razlicha podrocja — |

tezave so z dostopovno tehnologijo, komunikacijskimi moduli in
napajanjem
Projekti morajo ziveti dalje: kdo bo upravljal z omreznim delom,
kdo bo zagotavljal vkljucevanje dodatnih naprav ez 5 let, kdo bo
nadzoroval naprave |
Pri projektih se vkljuc€ujejo razlicni delezniki in prihajajo novi
(upravljavci infrastruktur, obcinske uprave, ...): kdo bo upravljal
dostopovne in uporabniSke pravice

telemach SIIEIIIE

Poucne izkusnje: Digitalizacija
preizvednin MSP.

+ Veliko MSP potrebuje lloT reSitve

Problem je dostopovna tehnologija in platforma, ki zagotavlja tudi ‘
upravljanje loT naprav v. SirSem smislu (vkljuCevanje, nadzor, itd.)

* Obstaja moznost zdruzevanja sorodnih podjetij (skupna rezina v
5G)

= Priloznost je v razvoj celovitega modela za digitaliziranje proizvodnih
MSP ,na kljuc*

—omart -

VITEL 2021 = 17.-18. 5. 2021
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Kaj poment biti operater omrezja?

What does it mean to be a network operator?

Iztok Saje
SC PET, Vigja strokovna $ola — telekomunikacije, Ljubljana

POVZETEK

Veliko je govora o 5G vertikalah, predvsem o
tehnoloskih resitvah. Pripevek skuSa operaterje vertikal
opomniti, kaj vse je delo operaterja poleg izgradnje
omrezja. Seveda so osnova storitve. Za veliko vecino
sedanja javna omrezja zadoSCajo za razvoj in
preiskusanje.

SUMMARY

Technology is a main topic while discussing 5G
verticals. Article tries to remind possible operators
what is real operator work besides network building.
Applications are main driver. Current public networks
are good enough for development and testing of
applications.

O AVTORIJU

Iztok Saje je kot mlad radioamater zasel na FE. Po Iskri
Telematiki in 1JS (robotika) se je 1992 leta zaposlil na
Mobitelu. Ukvarjal se je z nacrtovanjem, gradnjo in
optimizacijo radijskega dela mobinih omrezij, od NMT do
5G. Pogosto predava na domacih konferencah ter na Visji
strokovni $oli za TK v Ljubljani.

ABOUT THE AUTHOR

Iztok  Saje studied telecommunications in Ljubljana
University. He started his career in Iskra and then spent
several years in Robotic department of Jozef Stefan Institute.
He joined Mobitel in 1992. He used to work on planning,
building and optimization of RAN, from NMT to 5G. He is
also lecturer at Vocational College - Telecommunications in
Ljubljana.
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Kaj pomeni biti operater omrezja?

Iztok Saje
E-mail: iztok.saje@telekom.si Se letos ...
Vitel, Brdo-Zoom, 17. maj 2021

Uvod

Veliko je govora o 5G vertikalah in mnoZici neodvisnih omreZij.
Na kaj vse mora pomisliti novi navpicni operater?

e katera so prava vprasanja,
e kako moc¢na mora biti ekipa?

Iztok Saje: Se letos na Telekomu.

e Vodil je RAN na Mobitelu in TS,
e predavatelj na Visji strokovni 3oli za TK v Ljubljani.

Danasnje predavanje bolj sodi na VSS-TK.

VITEL 2021 = 17.-18. 5. 2021 72
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VITEL 2021

Kaj je operater?

Operater ima omreZje. Lastno, najeto, navidezno ...
Uporabnikom omogoca uporabo lastnih in tujih storitev.
Skrbi za:

e vzdrZevanje omreZja in storitev,

e upravljanje z omreZjem in storitvami,
e upravljanje z uporabniki,

e povezave z drugimi omreZzji,

e terminalsko opremo,

e zakonske zahteve.

Izgradnja omreZja je Se najenostavnejSa naloga.

Ali se razumemo?

Isti termin ima lahko razli¢en pomen: ali smo usklajeni?
Razli¢ni svetovi: javna in zasebna omreZja, industrija itd.
Zelo veliko pomenov:

e QoS: kakovost storitev. Lahko je parameter, storitev, meri-
tev...

e Prioritete uporabnikov in storitev.

e Zanesljivost: razli¢ni standardi in definicije. Kaj gledamo?

e SLA: ali enako tolmac¢imo pogodbe?

Tezave so Ze med oddelki v istem podjetju.

= 17.-18.5.2021
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3GPP omrezja

Standardizacija: nova izdaja standarda z novimi funkcijami
omrezja.

e inacice starejsih standardov s popravki.
e so¢sno GSM, UMRS, LTE in 5G, tudi ne-3GPP omreZja

OmreZje in terminal se uskladita, uporabljata kar znata oba.
Izbirne funkcije: niso obvezne za omrezja in terminale.

e pogosto omreZje zna, vendar ni terminalov (MBMS, tudi
VOLTE)

Razvoj ¢ipsetov: velika narocila.
Ali res potrebujemo funkcije, ki jih (3e) ni v terminalih?

Zahtevnost omreZij

2G: ISDN na radiu. GSM, GSM-R, TETRA. Dokaj enostavno.
e dokumentacija na papirju.

UMTS: ATM na radiu. 4G: ethernet na radiu.
5G zahteva vrsto specialistov.

e dokumetacija na DVD.

Poleg 3GPP je Se dokumentacija proizvajalca opreme.

Tudi IETF standardi in oprema (Ethernet, optika).

Dana3nji pametni telefon je bolj zapleten kot prva GSM
omrezja.

= 17.-18.5.2021
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5G omreZja

4G: zlivanje fiksnih in mobilnih omreZzij.

5G: zlivanje IT in TK. Na radiu ni bistvenih razlik s 4G.

Jedrno omreZje:  virtualizacija, programirljiva omreZja
(NV/SDN).

e Rezine (slice) omogocajo lo¢eno upravljanje navideznih
omrezij in storitev.
e Edge computing: del jedra je pri uporabniku.

Tudi ne-3GPP omreZja (obstojeci WiFi in opti¢na omreZja).

Radijsko omrezje

Povezava med terminali in bazno postajo.
Lasten spekter? Pasovna Sirina? AKOS.

e Ocena: 5 bit na Hz se deli med terminale v celici.
Postavitev baznih postaj in terminalov:

e klju¢na je pozicija anten.
Meritve pokrivanja, odpravljanje radijskih moten;.

e inStrumenti, izkusnje.

Sinhronizacija: GPS (kako v zgradbah?), PtP.

= 17.-18.5.2021
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Souporaba radijske opreme

Poleg klasi¢nega gostovanja v omreZjih.
Dve ali ve¢ omreZij lahko uporabljajo isto opremo. Privla¢no?

e kako se deli vrsna mo¢ oddajnikov?

e SWin HW licence: pogosto je primernejSa lo¢ena oprema.

e marsikaj (zdruZevanje kanalov) ne deluje z opremo razlic-
nih proizvajalcev.

Souporaba pasivne infrastrukture je enostavna.
Kje so odprte bazne postaje?

O&M omreZzjj

FCAPS: okvare, konfiguracija, (zara¢unavanje), zmogljivost,
varnost omreZzja.

e sodelovanje z ekipami drugih operaterjev.
e prvi nivo zazna napako, drugi in tretji so specialisti.
e 40 razli¢nih ekip v pripravljenosti.

Orodja za

e nacrtovanje in optimizacijo,
e spremljanje in preverjanje delovanja,
e diagnostiko in odpravljanje napak.
Kako zagotoviti dovolj podatkov, da se dolo¢i izvorna napaka?
e Odzivni Casi,
e problem vecih proizvajalcev, ki vsi trdijo, da je napaka dru-
gje.

= 17.-18.5.2021
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Samodejno upravljanje

Veliko govora o umetni inteligenci in avtonomnih omreZjih.

e kar je treba ustrezno nastaviti in
e spremljati delovanje.
e Sedanja omreZja so Ze v veliki meri avtomatizirana.

Ne nadomesti strokovnjakov, samo razbremeni jih rutinskih
opravil.

Pogosto za tezavo ne vemo. Ko jo znamo opisati in ponoviti, je
reSitev blizu.

Telemenagemt forum: www.tmforum.org

Programska oprema

Enako kot pri IT: HW je poceni. Denar je v programski opremi.
Zahtevni modeli licenc za prepustnost in funkcije sistema.

¢ Aneksi k pogodbam so skoraj neizogibni.

Stabilen sistem: zrela verzija SW, samo pogosto uporabljane
funkcije.

e Nadgradnje za odpravo pomankljivosti (novi terminali),
e nadgradnja na novo 3GPP verzijo omogoca nove funkcije.

Testiranje in preverjanje pred splosno nadgradnjo sistema.
Tezave: bolj redko uporabljane funkcije na dolo¢enih termina-
lih.

= 17.-18.5.2021
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Specifi¢ne storitve

Danes temeljijo na internet tehnologijah (IMS za govor).
Primer: EU projekt Nexes: navdusenje, in potem?
Kdo in kako lahko dostopa do storitev?

e Samo iz zasebnega omreZja ali tudi z javnih omreZzij?

Povezovanje z obstoje¢imi aplikacijami in bazami podatkov.
Spremljanje delovanja, razhro$¢evanje, sledenje.
Javne stortve: zadoscajo javna omreZja.

Prometni tokovi

Nujno za nartovanje omrezja:

« Koliko navideznih omreZij potrebujemo? Stevilo termina-
lov, prepustnost?

e Sedanji in pricakovani obicajen in vr$ni promet,

e prometni profili po storitveh,

e povezljivost z drugimi omreZji.

Koliko se danes uporabljajo javna in zasebna omreZzja?
Napovedi za nekaj let.
Zahteve za posamezne stortve.

= 17.-18.5.2021
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Zasebnost podatkov in vsebin

Kje so streZzniki in omreZni elementi?
e Oblak v Zagrebu ali izven EU (arbitraza?).
Kdo dostopa do omrezja in kaj po¢ne?

e VzdrZevalci opreme.
e Oddaljeni dostop do omreZja.
e Ali poznajo nase omreZje?

Kako zagotoviti nadzor in sledljivost?
Prodobivanje ustreznih certifikatov.

Terminali

Preverjanje skladnosti z omreZjem in storitvami.

e Nadgradnje programske opreme,
e koliko ¢asa so dobavljivi?

Ro¢ni terminali, pametni telefoni.

e Povezljivost v WiFI omrezZjem.
e Robustni ro¢ni terminali.

Prenosni terminali: zunanja montaZa, dodatna antena.

Terminali, vgajeni v naprave: antena?

e minimalne koli¢ine za nakup?

= 17.-18.5.2021
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Upravljanje z uporabniki in termi-
nali

Lastne SIM kartice? Upravljanje z SIM, menjave?
e E-SIM: strezniki za upravljanje.
Skupine uporabnikov:

e kaksne profile imajo,

e katere storitve lahko uporabljajo,
e sledenje spremembam, pritozbe,
e uvajanje novih storitev.

Primer storitve

Zbiranje podatkov o nesreci. IoT senzorji, pametni terminali.
Kdo dostopa?

e slehernik prek javnih omrezij: dolo¢eni podatki

Resevalne ekipe: razlicni dostopi za razlicna navidezna
omrezja

e ali so podatki aZurni, kdo sme kaj in kdo ima prednost?
Seveda: resevalec, ki si krajSa ¢as na youtube, nima prednosti.

e so¢asna povezava v ve¢ navideznih omrezij.

= 17.-18.5.2021

PROCEEDINGS

80



ZBORNIK REFERATOV

VITEL 2021

Izbira

Kaj bi pravzaprav Zeleli?
e uporabniki, terminali, storitve
Sami? Slovenski operaterji? Tujci?

e razvoj omreZij v naslednjih letih
e lastna in tuja oprema

Lastna ekipa: poznavanje 3GPP in IETF omreZij.

e je omreZje res moje, ¢e ne nadzorujem izvajalcev?
e usposobljenost za hitre posege.

Danes

LTE zadosc¢a za razvoj in preiskusanje novih storitev ter pove-
zavo z obstoje¢imi sistemi.
5G potrebujemo za:

e veliko stevilo terminalov,
e vi§je prenosne hitrosti ¢ez nekaj let,
e manjSe zakasnitve v omreZzju.

AKOS drazba 2021: 4 operaterji zidajo 5G omreZja
Primer: pocasnost pri PPDR strategiji kaze, da tudi za resni¢no
kriti¢ne storitve sedanja omrezja zadoscajo.

= 17.-18.5.2021
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Nemcija

Malce bolj resno branje na temo:

google: bmwi guidelines campus

dolg link, razbit:

/ /www.bmwi.de/Redaktion/EN /Publikationen/
Digitale-Welt/
guidelines-for-5g-campus-networks-orientation-
for-small-and-medium-sized-businesses.html

Na koncu

Velika podjetja in organizacije imajo tudi mocne ekipe za 5G.
e Kako mocne ekipe pripravljajo 5G vertikale v Sloveniji?

Napaka: zberimo denar, kupimo omreZje in bo ze kako.

Veliko laZje je, ¢e na zacetku vemo, kaj vse je potrebno storiti in
pripraviti.

Vsekakor: 99 % storitev deluje zadovoljivo danes na javnih
omrezjih,

e kasneje bo prehod na vegje stevilo uporabnikov in lastna
omreZja lazji.

= 17.-18.5.2021
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Ericsson view on Dedicated Networks

itEL

Sebastian Elmgren

ERICSSON

SUMMARY

There is a seismic shift happening in industries as
they advance towards automation and digitalization.
Smart connectivity with dedicated networks (private
cellular networks) liberates industrial enterprises to
unlock the potential of automation, control, and
exponential growth. Listen to Ericsson’s approach to
this growing area.

ABOUT THE AUTHOR

Sebastian Elmgren is portfolio manager for smart
manufacturing and leads Ericsson’s manufacturing vertical
for dedicated 5G networks. Prior Sebastian has been working
10 years within Ericsson’s supply organization in different
positions and driven global improvement and smart
manufacturing projects. Sebastian has a passion for new
technology and the impact it has on society and has worked
in Estonia, China, Spain, Greece and Cyprus. He holds a
Master of Science in Automation and Mechatronics from
Chalmers University of Technology.

Linkedin: https.://www.linkedin.com/in/sebastian-elmgren-
a658779/
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Dedicated network for the factory

EHSKASO Kjell Berglin | BTEBRBA [Kjell Berglin] | 221 09-FGD 181095 Uen | F | 2028-81-13 | Industry Connect | Ericsson Internal | Page 3

Ericsson Industry Connect

Optimized turnkey “off the shelf” solution
for CSP as reseller using e-commerce

E-commerce

EHSKASO Kjell Berglin | BTEBRBA [Kjell Berglin] | 221 09-FGD 101095 Uen | F | 2020-01-13 | Industry Connect | Ericsson Internal | Page 4
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Sim card writer

21

Mgmt Portal

watchdog

Micro Radio

Radio Dots

—
—

Baseband

Network Controller

—
— —
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Ericsson Industry Connect

PROCEEDINGS

\\}

Easy to order

o5 ey L “-
i Easy to use

Channel ready

Fi

Easy to manage

= E’—:—'ﬁ%iﬁ IT centric
] ]
Easy to learn m —m

| e mssnw | W

Fast and secure wireless connectivity for Industry 4.0

Easy to support

EHSKASO Kjell Berglin | BTEBRBA [Kjell Berglin] | 221 09-FGD 181095 Uen | F | 2028-01-13 | Industry Connect | Ericsson Internal | Page 5

Ericsson Factory Network

Ericsson Smart Factory

Hak K

EHSKASO Kjell Berglin | BTEBRBA [Kjell Berglin] | 221 09-FGD 101095 Uen | F | 2020-01-13 | Industry Connect | Ericsson Internal | Page 6
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Industry Connect - Wide range of Use Cases

PROCEEDINGS

A\

— Connected sensors
— Predictive
Maintenance

— Safer and healthier
work environment

— Connected hand
scanners for
warehouse picking
process

— Smart video
surveillance

QCO)

— AR-enabled tablets

0
— Remote operations — Automated Guided — Industry protocols — And more. ...
Vehicles (e.g. Profinet) over
wireless (PoC)
=
- = — T
F == T 2 g
EHSKASO Kjell Berglin | BTEBRBA [Kjell Berglin] | 221 09-FGD 181095 Uen | F | 2028-81-13 | Industry Connect | Ericsson Internal | Page 8
. =
-
Industry Connect overview
Network Management
management cloud region
US and EU .
portal (Usand EU — Plug & play LTE with

TLS secureci ~

» .
——
—

.
OT/IT integration ,”
(optional) ,*

,
.

o

[+
SIM writer i
¥ T o R E

O

Management
VPN secured

Traffic,  —

Network
Watchdog

Y

evolution path to 5G
— Network in a box
— Self-sustained sites

— Leveraging proven
Ericsson radio portfolio

@

e T
% o — |
e .
Network controller,

Customer Network Rodlo.baseband, qnd S ( 53
and OT/IT Radio power unit
applications Antennas Devices

— Centralized cloud

backend with API
integration layer

EHSKASO Kjell Berglin | BTEBRBA [Kjell Berglin] | 221 09-FGD 181095 Uen | F | 2028-01-13 | Industry Connect | Ericsson Internal | Page 9
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Move toward 5G

Wi-Fi

Reliability Reliability Reliability
(with load) (with load) (with load)

High

1000 ms 100 ms 1000 ms 100 ms 1000 ms 100 ms

E2E Latency E2E Latency E2E Latency

Control loops with

Monitoring Monitoring & Control
[I’L"] @ Cable Replacement guaranteed latency

(non-real time) (real time)

Industry 4.0 wireless ecosystem

Independent software vendors CAD B g Strategic OEMs
Applications ecosystem : ‘I ; ﬁ- Jgnfff]r“._l'm X Crosser
Application enablement Platforms ) ﬁna

Manufacturing Execution Systems (MES) P
Enterprise Resource planning System (ERP) 4 HEXAGON
e % Hexacon

@Epiroc

Modules A : o gemalto’ Bl seauans System Integrators

Capuaniridh (?p
Cellular Current loop Sensors

Machinery

Iy S 7 Sl AERY

Ethernet Actuators :
Gateways RS232 ! ) E :
Analog 1/0 Handhelds o o
nalog Wearables G2

Integrated with Cellular Module or Chipset, battery

Digital I/O
gital 1/ Wired via Gateway or Integrated Module, grid power >

FujiTsu

Device partners

Gateways i - Wil 27 o

Sensors wenne @Mt dh7eERA emmm ORing U0l + -
S

Actuators
Handhelds
Mhonasan  aasow

Wearables AVl DIGI” s e burbod e 1
B omEm s Bt s HCF@ aurRan
— r
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Port Deployment - Private LTE solution
Rotterdam Port, the Netherlands

Rotterdam World Gateway is a
modern, highly automated container
terminal. For data communications to
their Automated Guided Vehicles,
Terminal Trucks and Tablets, Wifi
connectivity turned out to become
unreliable, insecure and relatively high
on OPEX.

Ericsson delivered a better alternative 3 6 5/2 4/7 9 9, 9 9 %

by means of a fully redundant, high ) o
available and secure private LTE operations availability
network. The end-to-end solution,
based on private owned spectrum in
the 3.5Ghz range, enables robust and

cost-effective data communication for Guaranteed speed Low IatenCy
around 100 clients on the container
terminal. >2®Kb pS <5®
per client millisecond
S

EHSKASO Kjell Berglin | BTEBRBA [Kjell Berglin] | 221 09-FGD 101095 Uen | F | 2020-01-13 | Industry Connect | Ericsson Internal | Page 22
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FIR Center “Connected Industry”
5G enabled Industry 4.9 reference factory

1500 sqm of shop floor
Local RAN and PGw
2 x 20 MHz for all industry partners

Real ProfinetTraffic (16ms cycle)
Background MBB traffic via second
device(146Mbit/s Downlink —fully loaded cell)

Wireless PLC O’m
g L i
3 4w
Feld davices
!l'll‘;
’,"’-“‘~‘ Layer 2 gver Coikiba

- 5 -
Ed T 2 CONNEETED
£ o 4 & 4 [m} IT Cloud INDUSTRY

Fiedd dovices v

onnect | Ericsson
*Ericsson Industry Lab report based on 5G BLISK case

5G BLISK - Connected
adoptable production

15-20 hours milling process on high value
product component blade integrated disks

Ultra low latency control ~1ms in real-time
acceleration sensor mounted directly on blisk

Enable prompt adjustment in production
process for Jet engine production

Correlation ' World first
e 2 5G NR live
use case

testing! €27M LB %Fraunhuf?;

VITEL 2021 = 17.-18. 5. 2021 90
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NN saving for Lfactory | | [IAZZANE Tt
ErionmSU njei veiygin | TSR R -| 20-01-13 | Industry Connect | Ericsso =g o

Picture: Franhofer IPT *Ericsson Industry Lab report based on 5G BLISK case
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Comau flexible robotics

Reduction of cablin%in new plants or
existing plants with help of cellular

Remote monitoring of robots for preventive
maintenance

Move nodes computing to reduce
installation costs (remote virtual PLC)

With LTE

Latency <30 ms ool
Robot Controller With 5G Q I He
e
Latency <6 ms oll I
=]
Latency <1 ms jkobot Robot
al

Sensors/Actuators

LLRRRASE W98h Blrglin | BTEBRBA [Kjell Berg

Connected mine

Industrial LTE and path to 5G test in
Boliden mine Sweden (5G Research)

Increase efficiency and safety with remote
control

Interconnected in and above mine (Radio
Dots, core & cloud) and industrial loT

—_ .__',-.-_ iR

EHSKAS i "“4.

VITEL 2021 = 17.-18. 5. 2021

dustry Connect i Ericsso

-01-13 | Industry Connect | Ericssg
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A —

[001] FRONT

S
Partners: P
WO m_

2 TeliaSonera =
Agg 'SOLDEN

ERICSSON i 23

WOLFIT

PS .720p-1 llgr “‘(b/s - A Photo: Boliden and Volvo

91



ZBORNIK REFERATOV PROCEEDINGS

AR assembly & testing

Tallinn Ericsson Factory - Complex to read
instructions while performing testing

- AR guidance in testing
- VR remote support
- View of factory machines performance

50% improved efficiency _
Full scale deployment in Ericsson factories
world wide

:-",’a

' 50% e |

=

improved efficiency ERicsson

EHSKASO Kjell Berglin | BTEBRBA [Kjell Berglin] | 221@9-FGD 101095 Uen | F | 2020-01-13 | Industry Connect | Ericsso

Connected screwdrivers

Nanjing Ericsson factory - Manual maintenance
process
1000 high-precision screwdrivers

Automated solution with real-time motion sensor
over cellular 1oT (NB-IoT) & cloud

6 months break even, 210% ROI after 1 year
Completely phase out manual tracking

LR TED PRG0N

Bt @ =~

'
B

216%— Bl

ROIGfter 1 yeCIr .‘ : e ERICSSON
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Energy monitoring and
management

This 4G connected energy monitoring and
management solution gathers data of all energy
appliances in the factory for tracking.

Challenge

Lack of visibility into energy consumption at the device-
level prevents optimization strategies

Solution

Enables monitoring of all energy appliances and ability
to turn them on/off based on rules

Gathers data out of the building management systems
(BMS) for tracking in the data lake and shows real-time
energy consumption on big screen

Impact

Cost: 5 percent reduction in energy bill from better
monitoring and control of energy consumption
Visibility: Better visibility into actual power
consumption leads to increased ability to negotiate
power consumption unit price from energy providers

EHSKASO Kjell Berglin | BTEBRBA [Kjell Berglin] | 221 09-FGD 101095 Uen | F | 2020-01-13 | Industry Connect | Ericg

Augmented reality for
remote support

Maintenance in factories is difficult due to a lack of on-site
expertise. Having maintenance labor maintained at each site,
and flying the vendor out for repairs is expensive.
Challenge
With nearly 27 percent of US manufacturing workers set to
retire over the next ten years, it will be increasingly difficult to
complete certain repairs due to lack of on-site expertise and
specialized knowledge
The cost is high for maintenance labor maintained at each site.
Flying the vendor out for repairs is also costly.
Solution
Augmented reality headsets used by maintenance teams to
troubleshoot and repair equipment by:
Connecting to central or vendor support teams
Getting step-by-step, system generated and knowledge-
base powered guidance in real time
Impact
Labor: 10 percent decrease in plant maintenance labor
Downtime: 5 percent decrease in equipment downtime because
of more efficient troubleshooting
Cost: 20-25 percent reduction in vendor service cost
Travel cost: 40-50 percent reduction in travel cost
EHSKASO Kjell Berglin | BTEBRBA [Kjell Berglin] | 221 09-FGD 101095 Uen | F | 2020-01-13 | Industry Connect | Ericssol
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Drones for inspection
rounds

Surveillance in factories is a critical yet difficult and
expensive part of managing a factory. Dispatching
personnel is costly and it's challenging to have
comprehensive security at large facilities.

Challenge

Difficult and expensive to provide comprehensive
surveillance and inspection at large facilities using
traditional means of dispatching people

Solution

Inspection drone patrols day and night, respond to
alarms, transmits live video, lands, recharges — all by
itself

24/7 increased surveillance coverage with lower
personnel risk

Impact

Labor: 10 percent reduction in manpower

Cost: 10-15 percent reduction in inspection cost, e.g.
personnel and vehicles

EHSKASO Kjell Berglin | BTEBRBA [Kjell Berglin] | 221 09-FGD 101095 Uen | F | 2020-01-13 | Industry Connect | Ericssol

Di?itol adherence for
safety and quality

Helmets, electrostatic discharge jackets, eye protection, and shoe
coverings—safety and security for both employees and visitors in facilities
like factories are of the utmost importance. However, it is both time-
consuming and cumbersome to manually check everyones adherence to
safety and quality rules. The video analytics platform uses a camera to
detect attire and objects and notifies whether safety attire is used or not.
The right equipment could improve compliance and reduce incidents in the
facility by 10 percent.

Challenge

As manufacturing becomes increasingly connected, enterprises need to
find more modern ways to ensure safety and security for both employees
and visitors

Manually checking that employees and visitors are adhering to safety and
quality rules by, for example, wearing safety jackets and shoe covers is
cumbersome

Solution

Video analytics platform with attire detection that notifies with a “yes” or
“no” whether visitors and employees are wearing safety jackets, shoe
covers, hearing and eye protection

The platform can detect people, objects and events

Impact

Compliance: 10 percent improvement in compliance and reduced incidents

EHSKASO Kjell Berglin | BTEBRBA [Kjell Berglin] | 221 09-FGD 181095 Uen | F | 2020-01-13 | Industry Connect | Ericss
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Environmental
monitoring within the
factory

Environmental factors impacting industry output can cost a manufacturing
plant up to USD 10,000 in output and increased waste. Temperature and
humidity can also affect production and the working environment for
employees. The environmental monitoring solution collects environmental
factors, such as humidity and temperature across the factory floor in a data
lake for analysis purposes. These insights can lead to higher manufacturing
quality and a 5 percent reduction in waste production conditions.
Challenge

Environmental factors are impacting industry output, for instance, a day of
with temperatures above 90 degrees can cost a manufacturing plant up to
USD 10,000 in output and increased waste

Difficult to understand exactly how the environment (e.g. humidity)
impacts the production/working environment for employees

Solution

Collect environmental monitoring data, such as humidity and temperature,
from across the factory floor and store it in the data lake for correlation
purposes

Impact

Quality: 5 percent reduction in waste due to out of production conditions,
such as high temperatures and humidity

EHSKASO Kjell Berglin | BTEBRBA [Kjell Berglin] | 221 09-FGD 181095 Uen | F | 2028-81-13 | Industry Connect | Ericsso

End-to-end digital threaa
for radio production

Machine downtime causes a significant cost for manufacturers. Lack of
component history makes troubleshooting the root of the failure difficult,
costly, and time-consuming. The end-to-end digital thread solution gathers
and logs a complete history of each radio’s components, supplier info, test
results, and tracking from previous troubleshooting. The single source of
truth enables a rapid root-cause analysis which reduced repair costs by
approximately 20 percent

Challenge

Unplanned downtime costs USD 50 billion per year for manufactures
globally

Lack of component history makes it difficult to identify root cause of
failures leading to: machine downtime, more rework and higher repair
costs, and recurring failures

Solution wa
A lete hist f each radio” ts and production including: M o ¢
complete history of each radio’s components and production including: A

supplier info, test results, troubleshooting and who it's performed by AL S .
Single source of truth (in the data lake) for the radio’s history enabling
rapid root-cause analysis

Impact

Cost: 15-20 percent reduction in repair costs from less machine downtime,
rework and fewer recurring failures

EHSKASO Kjell Berglin | BTEBRBA [Kjell Berglin] | 221 09-FGD 101095 Uen | F | 2020-01-13 | Industry Connect | Ericsso
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Alerting and escalation
using wearable devices

To continuously check all appliances in a facility is time-
consuming and leads to production loss. Smart Devices will
provide real-time alerts to the service provider and suggest
immediate action based on past actions taken. The faster
response time enabled by the smart alerting system increases
machine uptime.

Challenge

Operators/material set-up assistant gets no alert when there is
an issue (e.g., material magazine is empty)

Immediate action not possible if operator is not around the
production line computer, leading to production loss

No guidance on immediate next step available to operator
Solution

Smartwatch will provide real-time alerts or critical alarms to
operator and suggest immediate workflow actions

Impact

Uptime: 5 percent increase in machine uptime from faster
operator response time

EHSKASO Kjell Berglin | BTEBRBA [Kjell Berglin] | 22109-FGD 101095 Uen | F | 2020-01-13 | Industry Connect | Ericss:

Digital material tracking
and visualization within
the factory

To continuously check all appliances in a facility is time-consuming, and
material magazines can be empty for a while before it gets detected and
refilled by a factory worker, which leads to production loss.

Challenge

Missing critical assets can have a considerable impact on production - one
hour of industrial downtime has an average cost of USD 100,000

Low visibility of critical assets in real-time (within factory)

A lot of time spent in looking for assets in the factory leads to rework and
waste

Solution

An asset-tracking solution that digitally integrates with factory floor
sensors to track critical assets’ location, condition and status in real-time
Provide production insights to operators and managers by tracking
production progress

Real-time visibility of finished goods into the production floor

Impact

Labor: 10 percent increase in repair tech productivity

Cost: 5 percent reduction in rework and waste

Efficiency: 2-5 percent cost avoidance on indirect spare purchase item

EHSKASO Kjell Berglin | BTEBRBA [Kjell Berglin] | 221 09-FGD 181095 Uen | F | 2028-01-13 | Industry Connect | Ericss
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Machine learning based
visual inspection

Visual inspections are often time-consuming and come with a
high risk for error. Illumination conditions and background
clutter impacts the ability of traditional machine vision
inspections. By using a high-resolution camera and machine
learning algorithms for visual inspections, the accuracy of the
inspection is increased and inspection time is reduced.
Challenge

Visual inspections are time-consuming, and errors typically
range from 20-30 percent

Traditional machine vision struggles to handle, for instance,
illumination conditions and background clutter

High false positives and missing errors result in machine
downtime and rework

Solution

Using a combination of high-resolution camera and machine
learning algorithms, we improve the accuracy of the board
inspection in the production area

Impact

Labor: 5 percent decrease in inspection time

Throughput: 5 percent increase in throughput based on reduced
false positive failures

EHSKASO Kjell Berglin | BTEBRBA [Kjell Berglin] | 221@9-FGD 101095 Uen | F | 2020-01-13 | Industry Connect | Ericssg

Automated unpacking
process

Manual labor is traditionally used for 50-80 percent of factory activities.
The decanting process, gradually unpacking and placing material from one
container to another, is a labor-intensive activity. Material is not always
delivered in uniform orders which is time-consuming to structure and
organize. The automated robot identifies and picks up material from
unstructured bins. The material is then placed onto trays in a particular
orientation and location so it can automatically be received by production
lines. Automation of the decanting process leads to a 50 percent decrease
in labor kitting time and increases production uptime.

Challenge

A large share of factory activities (around 72 percent) are based on manual
labor, such as unpacking and carefully placing components onto trays so
that they can be picked up by automated lines

Material coming from overseas is not always delivered in uniform order
Solution

Pick up materials from unstructured bins and place them onto trays in a
particular orientation and location so they can automatically be received
by production lines

Impact

Labor: 50 percent decrease in warehouse operators doing kitting

Uptime: 5 percent increase from more efficient unpacking

EHSKASO Kjell Berglin | BTEBRBA [Kjell Berglin] | 221 09-FGD 101095 Uen | F | 2020-01-13 | Industry Connect | Ericssd
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Control tower to
showcase plant
dashboards

Up to one-third of the engineer’s time in factories, is spent finding correct
and updated production data. The data is often stored in silos and it is hard
to get an overview of the data from the factory. The central control tower
accesses all factory systems and provides a centralized, master-overview
of what is going on in the factory.

Challenge

Finding the correct, up-to-date production data in a large factory is a
cumbersome task that can consume 14-30 percent of an engineer’s time
In many cases, process and production information is stored in siloed
systems and it is difficult to compile a real-time master view

Solution

Central control tower with access to all information systems

Integrated with shop floor, security, building management and safety
systems

Centralized system allows for flexibility and scalability of factory

Alerts raised centrally facilitating quicker response

Impact

Labor: 5 percent reduction in labor hours due to better communication and
access to information

EHSKASO Kjell Berglin | BTEBRBA [Kjell Berglin] | 22109-FGD 101095 Uen | F | 2020-01-13 | Industry Connect | Ericssa

Connected screwdrivers

Nanjing Ericsson factory - Manual maintenance
process
1000 high-precision screwdrivers

Automated solution with real-time motion sensor
over cellular 0T (NB-IoT) & cloud

6 months break even, 210% ROI after 1 year
Completely phase out manual tracking

210%—

ROI C_lfter 1 year - ERICSSON
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Connected tightening power tools transfer . 1

data in real time

Internal or external
server / cloud

Factory

X 'S
Base station
backhaul
5G-ready LTE
((I|I') ((|||»)

antenna

NN Connected
AR power tool

A ‘;‘; e Approved I4 \
Backup work area
power tools

Source: Scania, Atlas Copco, Arthur D. Little
EHSKASO Kjell Berglin | BTEBRBA [Kjell Berglin] | 22189-FGD 101095 Uen | F | 2020-01-13 | Industry Connect | Ericsson Internal | Page 49

W\

Ericsson.com/industry4.0
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&
Value

Connected tightening power tools

*Battery tightening power tools transfer data to a
cloud control application over a cellular network
in the factory with

» Real-time data transmission

* One network with multiple antennas covers
the entire factory

*This setup enables

Fast tool configuration in case of tool
task reallocation and automatic software
updates
e Definition of an approved work area for
each tool which tool lock when outside of
o Rapid use of back-up tools when needed

*Solution can be implemented in brownfield or
greenfield environments
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5G for Business Success

itEL

Jakub Borkowski

HUAWEI

SUMMARY

5G is developing faster than ever expected. Only
through building differentiated capabilities, operators
can monetize their networks while helping others to
achieve success in their digitalization. We are glad to
share the latest 5G commercialization insights in line
with our solutions and vision of target mobile network
enabling wide and diverse 5G business development.

ABOUT THE AUTHOR

Jakub Borkowski drives Huawei business development
across CEE & Nordic region. After defending his doctorate
in Finland, where he spent number of years, Jakub worked on
cellular networks rollout and expansion projects for over 10
years in various countries. Then, together with Huawei, he
worked in presales and delivery management of large service
outsourcing projects in the UK. Last three years, Jakub
together with his team on behalf of Huawei has been helping
operators to modernize their networks to prepare for 5G and,
most recently, to take 5G to commercial stage.
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5G for Business Success

. HUAWEI

VITEL, Slovenia, 17-18/05/2021

5G Is Developing Faster than Expected

# of 5G device models in commercial use 5G phone price distribution

l

i = _‘ A
2020 <300$ 300-600$ | 600-900$ 900-1200$ >12008

2019 M 2020

# of 5G mobile users # of 5G FWA connections

600 mn

1.05mn

17X 21X
‘ 50k ‘

2020 2019 2020 2021

Source: GSA & Huawei
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2020 Saw Commercial Returns from the First Wave of 5G Rollouts

H
i .
Top 3 Chinese DNA
operators

800k+ 5G sites 90%+ of population covered 32%of population covered by C-band 3000+ M-MIMO sites

200 mn 5G users 18.7% 5G user penetration ARPU from mobile services T 3% 6% of revenue comes from
5G FWA
Annual revenue from Annual revenue from AnnL_Jal revenue from
telecoms services 1 3.6% mobile services 1 5.8%, mobile services 1+ 3% Share price 1 46%

Source: MIIT & CAICT & Carriers’ annual reports & strategyanalytics & Huawei

Part |- 5G Brings New Value

VITEL 2021 = 17.-18. 5. 2021
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5G, Bring New Value

Personal Communication

= 70/0 (spoken words) + 38(%) (voice, tone) + 550/0 (body language)

. . j
To deliver an emotion 4G

you have to have higher D
5G

bandwidth.

—Steve Jobs . 2001

480/720P Video Video on-demand

(1 ~ 6Mbps) (< 8Mbps)

4K Video Interactive VR
(15 ~ 40Mbps)* (100 ~ 150Mbps)**

Experience-driven 5G B2C Business Model

More Metrics to Monetize Exploring New Business Model

Interactive gaming 52\ _(7A\ " Uplink & downlink ’ (5 LGU* } [ 8 ] [ ¢ 1 ‘ elisa

Cloud VR bandwidth
N

Monetize Monetize @ “ID m @ @

Latenc Bandwidth
y d .
Entertainment Football Video Cloud

+ Sports gaming

_ 5~ Fo B Monetize
Monet'lze ‘ - _iIConnections
Traffic o 4 ¥ Multi-device

v Speed “ Volume v Speed v Latency
v Speed

No data T‘TTM\ N o} Wearables,
throttling tablets, ...

VITEL 2021 = 17.-18. 5. 2021
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5G Inspires New Applications: Free-view Video Now Possible with Mobile Phones

I I

TV Show: 100+ 4K professional video cameras Video shot using several smartphones

Professionally Generated Content (PGC) User Generated Content (UGC)
Professional producer Producer Smartphone user
100+ cameras + Local servers Equipment 5-30 phones + Cloud applications
Indoor studio Environment Anywhere with 5G coverage
Millions of RMB Cost Tens of thousands of RMB

Hundreds of thousands of TV viewers Target audience Billions of Internet users

Digital Transformation Is Accelerating Industry Upgrades

Embracing industriaTdigitaIization: Multi-domain cgllaboration to enable
Greater capabilities mean a bigger role digital transformation

Source: Huawei GIV @ Industrial
2020 VS 2025 applications

#of el . .
omnections16bn 3 100bn Int€grated ICT service providers
i Connectivity + Cloud + Al + Computing
+Industia applications

N =4

- 3 Cloud
Cloud adoption 1 gz
by companies # —
Qlodd network service providers, G Computing Computing / Storage 111 Intelligence

Heterog ergence,

Connectty + Cloud | device. o doud Sy

5% Aladoptionby 160y
A ! large companies / Access Edge DC Transmission Central DC

. ' A _
Network service providers' * # 5% re— ﬁ— .7
5G/F5G - —~

T (G5 o ]
y companies .
- : .‘f’ i.Connectivity

Identify the industries with the greatest need

campus

1&0 Coal mine F- Q’: Steel Y % Innovation

* Automatic inspection =~ ® Unmanned cranes make ) 3 < B ® Quick provisioning for
the workplace safer o : plug-and-play campuses
* 10-20% fewer workers . v )
needed underground L ® Productivity up 26% . ! = Local cloud rendering;
10x+ increase in efficiency

VITEL 2021 = 17.-18. 5. 2021
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Huawei 5GtoB Solution Is Inspiring New Value for All

Enterprise
y Users

Ports :

| b
[ Industry |

-\ecosystem | System

Industry Cloud
Service Providers

| Platform \

-_\capabilities '
‘-\"\_/ 2

Operators

_..f"_"'\\
I-'r \-. 1, 5GtoB Network
IInfrastructure

L
'\u
B

‘E Procure >
Integrators | ™= 3

rjf“]_:-. Bandwidth G\" Latency [ Reliability

PROCEEDINGS

Industry Players

Huawei 5GtoB Solution

gih s
i\~ Energy & power '
#™ Integration.
services

D Deliver

Manufacturing

L3 e
Subscribe to offerings

4, 5GtoB Marketplace

5G network
offerings

App release

Industrial Industrial
apps devices F

One-stop subscription

5GtoB NaaS

~

1+N simplified 5G network

ol

Wireless

®

Devices

| Public safety

NOE.C+

L-Q-, Location (ﬁ-JConnecuvmy ?-_‘2: Slicing

" Transport

A

Healthcare Transportation Mining

Boowr Industrial App

" = Release Developers

Develop apps

5GtoB App Engine

ROMA Connect  ROMA Factory  ROMA Exchange

One-stop app development, testing, and release
-~
NOE.N+ NOE.M+

{F sLA visualization El Self-service

IT / Cloud infrastructure

S -

>

Professional services (planning, construction, maintenance, and optimization)

5GtoB BizService Pro: More Precise, Efficient, and Reliable Network Construction

Precise planning

[
. 4 [ nizaton

Tl
| A

Multi-layer profiling + 3D
modeling + Connection-
level service simulation

Connection-level opt

&)

Connection-level
simulation test

Network-level
performance
optimization

Oe

O 30+ application scenarios: Remote operat
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Integrated network deployment

Reliabilty

Gapaclty Latency

Isolation,

LA
Syrra Y solaon

Disaster
recovery.

=

Security

7-dimension collaboration +
5-domain alignment for
visualized planning

imization

175

.

SLA
visualization &
optimization

7 industries: Iron & steel / ports / coal mines / manufacturing / oil & gas / policing / power grid

ions / video monitoring

A &

Pre-integration & pre-

Digital survey & design g
verification

Differentiated maintenance

Platinum (SLA=1h)
Gold (SLA=2h)
Silver (SLA=4h)

s svore ‘ﬁﬁadmona\
- parts mgmt | 4177 ¢

{ maintenance

SLA
guarantee

®

Optional services

% Detailed industry profiles: Modeling of 100+ atomic capabilities &
30+ devices, and 20+ industrial applications
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5GtoB NaaS : Large-scale Monetization of Carrier Network Capabilities

Agile?fering
launch

=

= M

Atributes

2

Pricing Offering

5l

eligibility

Carriers' government
& enterprise business
departments

NOE.C+

C+ : CSMF+,

1,000+ billing factors and a
flexible quotation &
negotiation process

Communication Service Management Function Plus

Scenario-based connectivity solution
design & provisioning

Low-code
orchestration & solution
generation in weeks

Template-based

Solution
configuration 4

Cross-domain
template

assessment & service

Offering launch in provisioning in days
y:

Carriers'
network

departments Tenant- & slice-level

SLA monitoring &
guarantee

NOIz
Network Operation Engine

N+ : NSMF+, Network Slice Management Function Plus

Campus-level connectivity
management

. s

Service topology
& SLA visualization

Fault demarcation
Enterprise IT & in minutes
on-premises

carrier service

Self-service

M+ : CME+, Campus Management Engine Plus

Process Of Offering Preparation And Subscription Of 5GtoB

@ Enterprise user

,‘Q-.
M-

N

52,

@ Integrated delivery

System integrator

ICT system integration service
App developer

5G app development

5GtoB
Network

@ Query

Industry cloud
service providers
) 5GtoB Marketplace
(2) Order
AR-assisted
assembly

Smart steel . \ Offering

I_ release

= Industrial

5G NaaS
solutions

slicing service =
A b
Trading Center

@ v
5GtoB App Engine

5G asset release

AR device

Order fulfillment

56 app development

) | @ oven 56 APis

5G capabilty
integration

5G network

-. offering preparation by operators

Q Subscription by enterprise users

Network operator

fj‘;’t 5GtoB Naa$S Center

CSMF Capmpus self-

NSMF service system

Network
4—. solution

release design

@ @ e

slice
assessment deployment

NaaS
offering

®) Ve

manageable
SLAs
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Huawei 5GtoB Solution Helps Enterprises Achieve Agile Service Provisioning And
Promotes Steel Industry Upgrades

Remotely controlled crane AR-assisted assembly 10 5G applications

o

| 5G collaborative design 5G remote O&M

5G automatic control 5G flexible production

5G AR-assisted
5G transparent factory commissioning

5G warehousing

5G quality control management

5G training guide 5G logistics supply

Building 5G innovation
benchmarks

Asset buildup -

Q 10+ industry model assets | g Weeks
/' 30+ service provisioning templates

Agile service provisioning . Enterprise self-service
[ .
.\i, Manageable and visible SLAs

Days Fault demarcation < 30 minutes

Unlocking
the Full Potential of 5G

Together

5G + Manufacturing 5G + Agriculture 5G + Mining

Huawei in UK Huawei in Switzerland Huawei in China

VITEL 2021 = 17.-18. 5. 2021
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Ecosystems and Standardization Drive Industry Digitalization

Software ecosystem Hardware ecosystem Industry standards

OenLabs . H .
-
ROMA »

i- 5GtoB enablement Joint publication: Industry
Multé((;\g:d‘nr{gv;%swem platform Modules/Devices/Gateway standards & scenario white paper

& An integrated ecosystem for devices and applications Design requirements & test specifications by standards

s £ 5G industrial application white paper
organizations

& Testing & certification services provided by OpenLabs - . & ICT technical standards
Jointly building 10+ OpenLabs to bring 100+ modules to
% Mutually-recognized tests by players across the value maturity
chain and cooperation with carriers' centralized
procurement teams Classifying chips, modules, and devices and cutting device
costs

& White paper on cross-domain collaboration enabling
industry digitalization

Part lI- Mobile2025 Network Characte

VITEL 2021 = 17.-18. 5. 2021
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From the Internet of Everything to the Intelligent Internet of Everything

Uplink Centric
Broadband
Communication

Y

| i — ¥+

Smart manufacturing
Smart mining
Smart campus

eMBB

Mobile
video
FWA

uceC

HD video uploading
Machine vision

Spectrum

mMTC (<100 GHz)

URLLC

Reliability, low-latency
lloT Advanced

REDCAP
NB-loT

HCS

RTBC
XR-pro
Holographic

Real-Time Broadband
Communication

A & &

VR/AR
AR cloud
5G large screen

Harmonized Communication and Sensing

Positioning

A e

5G connected UAVs
L4/L5 V2X

Mobile 2025 Full-Service Criteria: Phased B2C/B2B Applications Are Aligned with 5G Capabilities

Latency trend
Rate trend

Mainly B2C traffic monetization

480/960/1K video on

~demand S

L}

N

eMBB Enhanced URLLC

Mainly B2C and
exploration in B2B
vertical industries

Cloud AR/VR

Cloud gaming \
Platooning
Close campus bus

VR-social

I VR live

B2B + B2C full services

VR 8K/[12K/3D

Autonomous driving L3
&L4

Smart manufacturing - industry-grade AR

UAV-based monitoring
Smart

broadcasting

BN

\‘\»‘
Latency (ms) 4G

®
2010-2019

User-experienced rate: 10—
50 Mbps
Latency: 20-50 ms

VITEL 2021 = 17.-18. 5. 2021

‘Mobite*4HB-video-

5G Phase 1
o

2020-2022
User-experienced rate: 50-200
Mbps
Latency: 10-20 ms
Reliability: 99.9%

Smart manufacturing - AGV

< Reliability
5G Phase 2
o

2023-2025
User-experienced rate: 200—
500 Mbps
Latency: 5-10 ms
Reliability: 99.999%




ZBORNIK REFERATOV PROCEEDINGS

Explore Network Evolution Blueprints, The Next Phase of 5G

Mobile 2025 Vision:

Full-Service Applications
Industrial
-

Personal .
— E g8 8 '"7-.}..‘}_-., Home Car ¥ o LT
2 =08 ' Aot m O

T

sy Fuil-Scenario Coverage

T =
A i ——

From macro base stations to short-distance From ground to low altitude From "people plus people" to "X plus X"
communications

Ultra-Simplified Site

Deployment Criteria Spectrum Evolution Network Architecture

UE RAN  Transport Core .
Massive MIMO ook RRU

Sub-100 GHz | Premium capacity layer
asy Macro

B2C B2B B2H —_
Sub-6 GHz | Main capacity layer D «(A)D o

Sub-3 GHz| Main coverage layer
Multi-band RRU

- i
o 3w ,
o Eagl o crvoBoem s NSA & SA Converged
LNR Coordination

Passive antenna

seo||s
pasisng
Sa2IAIBS ||y

HUAWEI
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Accelerating industries digitalization with 5G Private

Wireless Networking

David Pavlinic
NOKIA

POVZETEK

V tovarni prihodnosti bodo ljudje in stroji varno
sodelovali pri povecanju produktivnosti in izboljSanju
ucinkovitosti. Ob zagonu cetrte industrijske revolucije
te organizacije Ze postajajo vse bolj odvisne od uporabe
kibernetsko-fizi¢nih sistemov - racunalnisko vodenih
robotov in strojev - za racionalizacijo in preoblikovanje
svojih procesov. Cetrta industrijska revolucija prinasa
moznosti, ki se jih lahko s prednostmi zasebnih omreZij
5G v celoti izkoristi.

SUMMARY

The factory of the future will see people and
machines working  safely together to increase
productivity and improve efficiency. As the fourth
industrial revolution dawns, these organizations are
already becoming more reliant on the use of cyber-
physical systems — computer-controlled robots and
machinery — to streamline and transform their
processes.  Fourth  industrial — revolution  brings
possibilities which are with the benefit of 5G Private
networks coming to the full utilization.

O AVTORJU

David je odgovoren za prodajo reSitev za poslovni
segment v Adriatic regiji. Ker ga zanimajo priloznosti
povezanih tehnologij in digitalnih transformacij, osebno
pozna vrednost varne in zanesljive brezzi¢ne povezljivosti
industrijskega okolja in je aktivni evangelist vloge, ki jo bodo
imela zasebna brezziéna omrezja pri uvajanju Cetrte
industrijske revolucije v industriji.

ABOUT THE AUTHOR

David is responsible for Enterprise solutions sales in
Adriatic region. Being intrigued by the opportunities of
connected technologies and digital transformations, he
knows first-hand the value of secure and reliable industrial-
grade wireless connectivity, and is an active evangelist on the
role private wireless will play in helping industrials leapfirog
into the 4th industrial revolution.

VITEL 2021 = 17.-18. 5. 2021
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NOKIA .

5G for Verticals

Accelerating industries digitalization to Industry 4.0
with Industrial-Grade Private Wireless Networking
T S\ SO 2
David Pavlinic 5 v 4 il =8

Enterprise Sales Manager Adriatic =
4 E———

—,

Public

st Step of industry 4.0

Digitalization by connecting
all assets...

7 40 of today’s data
/O not yet collected!

VITEL 2021 = 17.-18. 5. 2021 112
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Why 5G SA Commercial system now?
Manufacturing use cases shows the biggest demand for private 5G

L is-auit preEasses Private xG 3GPP technology being investigated for future
manufacturing implementation?

80%

Migrate machine control to Private 5G 70%
cloud with 5G

60%

Implement flexible manufacturing cell 50%

concepts with robots/cobots for OEE

40%

Connected employees - connected tools, AR, paperless 30% ( \
factory to improve safety & productivity 17%
Private

20%

Connected & collaborative AMRs/AIVs to improve material 4.96 0
flow and increase productivity 10%
0%

Connect all machines with lloT for monitoring and data analytics to 4G or 5G 5G

neither don't know

enable Digital Twin for intelligent insights

*2020 Nokia-ABI research, 600+ manufacturers survey

3 © 2021 Nokia Public

Critical operations requires industrial-grade connectivity

Existing

Reliability & availability
Predictable high performance (data-rate and latency)

Cost effective, easy to connect all assets

Pervasive - wide and deep coverage

Wireless wireless

Connect moving assets network
for all critical
Replace aging PMR systems (Push-to-Talk) applications

Support for lower power sensors

4 © 2021 Nokia Public
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Private Wireless Network
Dedicated connectivity for critical use cases

5G wireless network focused solely on an enterprise’s OT critical needs with tailored
coverage & dedicated capacity to reliably and securely connect industrial assets (machines,
sensors, tools, etc...) and workers

Industrial Sites, Campuses Connected Sites, FAN, Regional Nationwide

0\ xoag
f ol At

I
,. .—,’,L—”.‘ mis
st =l - || 1 =
[ = H»‘HHL e
M

B 15| = ‘( ;:éii:::,;;\ _;ﬂ;| l‘r:' [" 5}:7:;{" 1 IZTT} M
m Gy el ?Lj = e S
Eﬁﬁ%ﬂ «;L[lm% QII‘ Ew 5 Ut/ i déw% (s {ﬁglz_l [FH L\t; < -

Private wireless networks

5 © 2021 Nokia Public

The market potential for industrial site private wireless is huge
and we barely scratched the surface...

‘ Transport venues and ports: 50k
' Military bases: 10k
. Warehouses: 3,300k
. Industrial and manufacturing: 10,710k
. Oil and gas: 8k
. Power generation: 47k
. Mining:54k
. Water utility plants: 140k
Hospitals and labs: 263k

Global macro base

station deployments
so far Global industrial sites

6 © 2021 Nokia Public
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Different application domains in same industrial site
Different technologies for different requirements

Employees Office & Site || Business critical o3
applications O

-

Mission critical
applications

Public CSP services

Enterprise controlled networlls

in enterprise site

IT requirements OT requirements
IT responsibility Combined OT/IT responsibility

Critical operation connectivity technologies
Industrial-grade LAN + private 5G

4G/5G LAN & Wi-Fi

7 © 2021 Nokia Public

Wi-Fi 6: better capacity, latency and data-rate but still IT centric...

Private 5G fit for OT applications requirements

Wide and deep coverage Predictable performance* Military grade  One network
4.100 Stable <15me lat security for all apps
= able <15ms laten
X coverage v . H2 (‘@ Wi-Fi 5/6
S to et (predicioble how lotvacy? ‘_ e - Does not include
IR : Wi-Fi - WPA2/3 |oT capabilities

s ¢ o sai s Sw repen oo A 64 e 4.9G integrates LPWAN
R i b o | . L - Narrow band, low power
by ~ . T SN euidieniEiiton applications on same radio
E2E encryption

~.._..‘..-..._...wu....-.-....- ‘J"E-lrl @*m

25x multi-user capacity

- =
-

High speed mobility*
>3 extra walls of pepetration e 35T ‘,;4};-.%”1
-

. Up to 15 sec
B ) “ 4 R TR I PO latency on
fast hand-over

mooth hand over up
to 350kph

k-

By Ot Vg

8 © 2021 Nokia
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5G becoming wireless OT network technologies of choice

“43% of European enterprises consider network transformation to be a key challenge [..] recognizing that
current networks cannot support the future growth [...] in areas such as loT and digital transformation”*

52% plan to leverage private LTE/5G for their Global pWireless BTSes shipments (k)***
future business/mission critical connectivity**

60% 40

52%
20
15
10
5
0

2020 2021 2022 2023

50%

4.9G or 5G Proprietary Wi-Fi 6
Wi-Fi WLTE/4.9G = 5G

*IDC, European Enterprise Communications Survey, 2019
** 2020 Nokia-ABI research, 600+ manufacturers survey
“* Omdia 2020 - Global pWireless BTSes shipments. Results are not an endorsement of Nokia . Any reliance on these results is at the third-party’s own risk.

9 © 2021 Nokia Public

Fliminating the barriers to adoption
Industrial-strength private wireless is here today and easier than ever

Spectrum o
availability 2-3 elements + Plug and Play

ER
- Unlicensed ? \

[l vertical MLF or csp spectrum [ cars or csp spectrum I MUF or csP spectrum indoor small cell edge cloud server

Simple & easy to use

Ecosystem of LTE & 5G industrial devices ...while keeping full control

- Dedicated network

- Enterprise data stays local
even in cloud architecture

- Full visibility and control
from enterprise
GSACOM data, 12/2020 management interface

>6800 non-phone form factor LTE devices

10 © 2021 Nokia Public
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Private Wireless

For industrial sites/campuses/plants/FAN

/‘ 4 M Sites require reliable wireless
connectivity for OT use cases

Public

Most common triggers to private wireless

Current wireless  Introduction of  Incidents & Innovation &  Wireless
tech limitations new use cases  External factors paradigm shift connectivity...

¢ Issues with existing * Specific new use » Worker safety e 4.0 “innovation” * Greenfield sites
use cases on existing cases that require (e.g. dangerous corporate projects
wireless tech reliable wireless environments, ...) « Brownfield sites with
(e.g. AGV on Wi-Fi) (e.g. Mine : Inadrtg(sj‘tirymsi ?r;tent no existing wireless
autonomous + Site security breach (pe-g' D%tributed networks
* Issue with existing haulage) power generation)
wireless tech » Data privacy breach
(e.g. aging PMR & * Remote sites
PAMR network) (e.g. Offshore sites) » Major disasters

L

-
il —
o -

12 © 2021 Nokia Public
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Automated falling
conductor disconnect
to avoid fire

Maintain grid
reliability with
growing distributed
renewables / storage

Wind turbine
monitoring for
predictive
maintenance

FAN convergence and
automation

© 2021 Nokia

Fix Wi-Fi related
autonomous truck
crashes, downtime &
resulting wear & tear

Drivers'’ tiredness
monitoring

Increase safety with
remote drilling

Introduce wall-slope
& environment
sensors

Public

Real-time work- order

system for cranes &
truck drivers

Automated site
access system and
perimeter security

Reefer monitoring
Remote control,

autonomous cranes
and AGV

5G is often the catalyst that start the discussions...

but private 4.9G is creating value for industrials today

Upto

1Gbps

A

Mobile
broadband

PROCEEDINGS

Legacy assets
digitalization for
predictive
maintenance

Fix AGV Wi-Fi

imposed low speed &
reliability issues

Digital twin Machine
connectivity

Workers’ connected
tools & safety

“Lot-size one”
manufacturing

a

Mobile

broadband

5G

Wiy
/

Massive
loT

4.9G

1m loT/sq.km Tms /99.9999%

Wi,
/

Massive loT

10ms / 99.99%

NB-loT & LTE-M

4.9G support most of today’s industrial applications

14 © 2021 Nokia Public
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260+ private wireless customers

Uncontested market leader in private wireless*

“supported by latest publicly released data from key analysts’ firms

15 © 2021 Nokia

PROCEEDINGS

Public references

Public
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Delivering many industry requwements with 5G TODAY

Idi,v ELEKTRO

Brazil, World largest wind generator

« Grid monitoring to prevent illegal tapping
and increase grid reliability

- Grid automation for maintaining quality

Regional private wireless network
coverage (5% coverage from CSP network)

. 78,000 smart meters
1,300 load balancers
- 850 concentrators

16 © 2021 Nokia
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Peru, World 9th biggest copper mine.

PMR replacement for voice
communications

Improve worker safety with smart
garments

Future automation solutions (AHS)

Mining site coverage utilizing
Telefonica core slice

IP-MPLS over private LTE for enhanced
reliability

v/ Lo

Austria, 24M passenger per year.

Gates and airside operational efficiency for
below-wing process (faster plane turn-
around)

- Airside coverage for vehicles connectivity

Autonomous private wireless, with
triple back up from A1 core

% of private network also used for A1
subscriber capacity boost

- Triple core redundancy

Public

DKKC PORT
OuLy

Finland, 9th & 10th container port wins.

- Port digitalization

- One wireless network to replace all legacy
networks and to support all operational
applications

Hybrid edge cloud as-a-service
private wireless via Ukkoverkot
IT driven operation, looking for fast

deployment and private wireless benefits
without the complexity

119
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Delivering many industry requirements with 5G TODAY

& /T rd - &V §
franfracfore
i TOYOTA o
-
US, Critical loT CSP focusing on 0&G Urban rail operator eCommerce warehouse automation Japan, Largest car manufacturer &
segments System integrator
o . . . One of their largest warehouse complex
loT communication for Drilling, Ultra high bandwidth LTE network to with over 700 AGVs
Gl S, s Leiten el il e support fully automatic rail operations . . . Help accelerate digital transformation &
operation e.g. 24/7 Well-head monitoring on new metro lines 15,16, and 17. - Private wireless mobile network set factory automation
- Worker communication in the field - Push to talk (PTT) up in one Ofth-eir 30,000sq.m - Validate 4.9G and 5G performance
warehouses, with 100 AGVs . p_
Large resional coverage - Train to Ground to transfer big data at B . - Integrate next-generation
gereg g high speeds from the train to the station Unlicensed spectrum manufacturing use cases & design
130,000 miles across four major energy - Mobile devices and on-board equipment LTE vs Wi-Fi innovative production processes for
basins in the Continental U.S . i i
1 ) (mobile access router) - Latency reduced from 40-1000ms global manufacturing sites
Permian/Delaware in West Texas and
Southeast New Mexico; Eagle Ford in South to 12-20ms
geEES; S_mﬁp/it%ckk'm Oklahoma; and Deployment covering 160 km of - Biterror rate form 3% to zero Deployment in TEPC, Toyota
ElLn [ S (EIReE tracks, 50 stations, 4 depots &150 — 90% wireless AP saved Production Engineering facility in
Evolution from LTE to 5G shafts Fukuoka, Japan
17 © 2021 Nokia Public

Industry 4.0: The time is now
All stars align (digitalization needs, spectrum, ecosystem, solutions) to start NOW

Reliable wireless is critical
for digitalization NOW!

- Major leap compared to Wi-Fi

DL: 1.5Gbps
UL: 300Mbps

Early 5G standards
focusing on mobile
broadband CSP
deployments

& Expected
5 G terminals in
2022+

Private 4.9G { . . L
- >85% of industrial applications

Massive Critical
machine machine
communication communication

Deployable solutions

a re r e a d y N O W; LTE-M & NB-loT Latency <10ms /\HR\W(WT” .
Reliability 3-5x 9's Incl. m-lo

5G ready for NEXT

eatures Vertical features
connectivity Reliability, Latency & Slicing

18 © 2021 Nokia Public
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Nokia industrial-grade private wireless

?
¢ =

~ 5 42 Q™
B \

Unmatched end-to-end capability = Unmatched vertical expertise Trust and global reach
260+ customers in all markets, all
segments

Flexible range of solutions Broad partnerships Laser focused on industrial
automation

Focused R&D and investment

From now to next

Bringing the most complete 5G industrial private

wireless solutions that meets the critical
connectivity application requirements for
Industry 4.0 today and tomorrow

VITEL 2021 = 17.-18. 5. 2021 121
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Digitizing industry verticals with 5G, a software

engineering perspective

Frank Amand
BEEIN

SUMMARY

The digitization of a manufacturing facility must
carefully balance disruption and continuity. Disruption
is inevitable, in the form of changing rules: it is the only
way to reap the benefits of technological innovation,
when the technology helps overcome previous process
limitations. At the same time, processes are never
reinvented from scratch and changes are introduced
gradually through pilot projects and with continuous
monitoring of the agreed KPIs. Where these are general
truths for technical innovation in industry over the last
decades, we can, in our project in Kranj, nevertheless
perceive paradigm shifts through recent evolutions such
as the emerging 5G communication technology and the
concept of distributed and autonomous digital twins.
This presentation looks at the ideas behind these
technologies and shows how they work together to
power a digital factory that is becoming increasingly
cloudified, while remaining firmly rooted in the
physical reality.

ABOUT THE AUTHOR

Frank Amand is Head of Product Management and
Marketing at BeelN, the first Slovenian operator dedicated to
digitizing industries. He has been active for 25 years in the
software business, ranging from consumer electronics at
Philips, over nuclear accelerator control systems at Cosylab,
to telecommunications at Iskratel and BeelN. He likes to
shape the intricacies of large software engineering work into
a form that is most compelling to varied audiences, be it in
the form of value propositions for business owners, improved
user experience for people in operations, or inspiration and
increased insight for the citizens we ultimately aim to serve.

VITEL 2021 = 17.-18. 5. 2021
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Digital Transformation =
Software driven Innovation?

5 _post-*
col-XS7>

col-XS™44

nermd 1 1 nk : ' Photo by Shahadat Rahman on Unsplash
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A lot of Software!
How do we interconnect it:

5_post-~
; col-X5™*

 col-xs~4

nermd l ’| nk \ 3 Photo by Shahadat Rahman on Unsplash

Overcoming tomorrow'’s societal challenges.. {jy) BeelN

We need to interconnect systems, beyond boundaries of single companies,
existing value chains, even industry verticals as we see them today... Fast! How?

Let's unlock the creativity, present in the new partnership
eco-systems at all levels, with openness and transparency

Establish the level field, conditions to allow software
engineers to “do their magic”, for smarter cities, a smarter
grid, smarter factories,...

BeelN is a Slovenian-based Network Operator, focused on
the digitization of Industry Verticals like Electric Energy,
Logistics and Manufacturing on a mission to a more
sustainable future for those industries.

The 5G philosophy binds together, as an enabler, the latest
technologies: Al, AR, loT, MEC, digital twins... at industrial
scale. See the other speakers today

Cloud-based, SaaS apps will be strong part of DevOps
realizations. BeelN wants to be one busy bee in that hive.

~
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Interconnection: Which Gaps to Bridge? () BeelN

Building large control system solutions, vertical and horizontal (across time)

Disruptive Technology Maturity

AHMEAS BMEIN T UNE TIN &)L
OF EXPERTISE REQUIREMENTS /",

Uecuirrezs and Aol gtiany Bl der
[ YEEE R P | '/."

Academia “the chasm”
— E ?
R 10-15 years?
L3
Mostly Development Mostly Configuration

AP —— 10T Device
Mgmt

The Turnkey Operator’s Role
Build Business Partnership = Operate

/ \
el —— l Connecthity T Ecosystem Infrastructure with SLA
\ =
LY
e O

Value to Customer

Physieal

EA Workd — Hotui
g LT IE Innovation Cost
support . Reduction
"= T ol prareraring. Sperational Migration
| Y excellence

3 Application Examples and Illustrations {jy) BeelN

=

il

* Logistics, Smart Ports
The most open one, every container port
isinternational.
Digital Twin applies locally

* Energy Sector, Smart Grid
The most demanding one
Open + Closed Loops

* Industry 4.0, Smart Factory
The most diverse one
Every factory is different

* Manufacturing is a significant % of GDP in Region ~
SLO: 21% and growing last 5 years, HU 18% € -> EU average (14%), e.g. France, Spain, Belgium ~10% "i/' Sy
https://data.worldbank.org/indicator/NV.IND.MANF.ZS?locations=EU SLO trend EU trend
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Digital Logistics {;)) BeelN

Loose Coupling vs tight coupling, merging IT and OT

Tightly coupled OT and Loosely coupled IT approaches have limitations where they meet or overlap

Smart Port trends

* International logistics platforms**

* Receive Autonomous sailing vessels**
* Port Digital Twin: Flow management

No single bullets, but open standards will help. We have to look at the interfaces and how open they
should be.

*https://www.porttechnology.org/
**What is a Smart Port? - Joyce Bliek, Port of Rotterdam

Electric Power ()’ BeelN

"In order to meet the climate goals, Belgium needs to swiftly decarbonize its energy
production, while taking into account a huge increase in demand due to decarbonization
of other sectors. The growing importance of windmills and private solar panels for
energy production in Belgium on the one side and growth of electric vehicles and heat
pumps on the other, creates the acute awareness that the way energy is transported is
changing drastically over the next decades, and this in line with the European view on
decentralization and digitalization/smartening of our grids. Supported by our
academic research and innovation driven organizations like Flux50, the Belgian industry
has made decisive steps towards its implementation.

Frederik Loeckx, General Director at Flux50

Electric power Applications Provide connectivity to

Asset Management Electric Vehicle charging stations

Smart Grid Management Smart Meters

Vegetation Control HV Line Communications Coverage
Analytics (e.g. for predictive maintenance) Main Transformer Stations, Substations
Etc. Etc.
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Smart Factory Project : Digital Twin () BeelN
Augmented Manual Assembly

>
» @D~ =
System
d
‘SG Connectivity

The digital twin’s purpose is to provide real-time routing and optimization of the production plan and resources,
such as workers, machines, tools, equipment, ...

How digital twin puts "SAP" on steroids <y BeelN

|ERP workorder ERP workorder complete
R e I
-
| I |
H—/—/—HI

The way a factory must schedule if it cannot re-schedule fast ... (they know Murphy exists)

Re-scheduling Digital Twin 0 ERP

N A LI
—m '

bt

————l Time to market gain
I——

When it can re-schedule fast ...
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Take-aways {\y) BeelN

Need for highly tailored services in close cooperation with partners and customers

e Mission Critical Smart Connectivity (M2M, loT)

Connectivity services are of key importance of all digitization use cases that depend on mission-critical communication.
As a digital operator we offer private connectivity-as-a-service, covered by SLA agreements, driven to cover the
required KPIs in terms of throughput, latency and density.

From mission critical push-to-talk MCPTT operational communication, over digital twins, artificial intelligence machine
learning Al/ML and augmented reality on the factory floor, and the automatic guided vehicles AGVs that drive
tomorrow's logistics and supply chains, the needs of industry verticals are clear

» Digital Solution Design and End-to-End Projects

To enable customers to focus on optimizing their core business processes, the industry requires digitization initiatives
o-h, as E2E projects, delivered with transparency and professionalism.
H " This requires drive, know-how and (software!) experience

References () BeelN

https://www.porttechnology.org/news/what-is-a-smart-
port/#:~:text=A%20Smart%20Port%20is%20a,Blockchain%20t0%20improve%20its%20performance.&text=A%20Smart%20Port%20is%20
a,Blockchain%20t0%20improve%20its%20performance

https://flux50.com/about/members

https://data.worldbank.org/indicator/NV.IND.MANF.ZS?locations=EU

https://www.capgemini.com/wp-content/uploads/2017/07/IT Architecture in Large Scale Programs.pdf
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5G 1n obogatena resni¢nost — Ali bo 5G osnova za
razmah obogatene resni¢nosti?

5G and Augmented Reality —

Will 5G be the basis for an

augmented reality boom?

Matjaz Breznik

TROIA, informacijske storitve

POVZETEK

Obogatena resnicnost, kot tehnoloski koncept, je bila
razvita ze pred desetletji vendar zaradi tehnoloskih
omejitev ni bila uporabna ali primerna za $ir§o mnozico
in industrijsko rabo. V zadnjih letih pa je prislo do
izjemnega napredka v tehnologiji, kar je za masovno
uporabo kljuénega pomena. Z razvojem strojne in
programske opreme za obogateno resni¢nost bomo v
prihodnosti videli vedno ve¢ primerov uporabe Vv
realnem zivljenju. Skozi prihajajo¢e desetletje bo
obogatena resni¢nost prepletena z vsakodnevnim
zivljenjem in omogocila precej bolj naraven in
uporaben pregled digitalnih informacij. Aplikacije za
obogateno resni¢nost, za vizualizacijo digitalnih
komponent v realnem casu in svetu potrebujejo veliko
procesorsko mo¢, zmogljive kamere, vrsto naprednih
senzorjev, dobro programsko opremo in odlicno
povezljivost. Vse te podatke pa je potrebno hitro
obdelati in posredovati v realnem casu, da lahko
ustvarimo prepricljivo in odzivno uporabnisko izkusnjo
obogatene resni¢nosti. Ogromna koli¢ina podatkov, ki
se obdelujejo v realnem casu, pomeni, da so sodobne
aplikacije ~ obogatene  resniCnosti  trenutno  Se
lokalizirane, v bistvu "brez povezave", ker se vecino
obdelave odvije na lokalni napravi. Nasa trenutna
omrezja 4G ne bodo pokrivala potreb za vedno vecje
Stevilo AR naprav in prenosa vecje koli¢ine podatkov
ob primerni hitrosti in dovolj nizkih odzivnih ¢asih za
odli¢no izkusnjo. Mobilno omrezje naslednje generacije
bo moc¢no povecalo zmogljivosti prenosa podatkov in
zmanj$alo odzivne Case. Organizacija ABI Research
napoveduje, da bo 5G zagotovil "10-kratno povecanje
preto¢nosti, 10-kratno zmanj$anje zakasnitev in 100-
kratno povecanje prometne zmogljivosti" v primerjavi z
4G, kar pomeni, da 5G ne bo samo izboljsal izkusnje
AR ampak bo postal nujen za izvajanje naprednih AR
aplikacij. 5G bo omogocil, da bodo AR aplikacije
prenesle vecji del procesiranja in obdelave podatkov v
oblak in s tem odprle pot manjSim, ergonomsko

VITEL 2021 = 17.-18. 5. 2021

prijaznejSim, zmogljivejSim in cenejSim AR napravam.
V podjetju TROIA smo razvili platformo za obogateno
in meSano resni¢nost, ki zdruzuje realen in virtualen
svet ter omogoca ogled digitalno ustvarjenih informacij
v realnem casu. TROIA AR je inteligentna spletna
platforma, ki povezuje obogateno resni¢nost z
informacijskimi sistemi, kot so EAM (sistem za
upravljanje s tehni¢nimi sredstvi), ERP, IIoT platforme,
GIS in drugi zaledni sistemi ter podatke posilja na
pametna AR/MR ocala, pametne mobilne telefone in
tablice. Namen platforme je podpora pri odlocanju pri
vzdrzevalnih procesih, tako v pisarni kot na terenu z
uporabo AR/MR podprtih naprav.

SUMMARY

Augmented reality, as a technological concept, was
developed decades ago, but due to technological
constraints was not useful or suitable for wider mass
and industrial use. In the recent years however, there
has been tremendous progress in technology, which is
crucial for mass use. With the development of
augmented reality software and hardware, we will see
more and more real-life use cases in the future. In the
next decade, augmented reality will be intertwined with
everyday life, allowing a much more natural and useful
overview of digital information. While embedding
virtual components in a real-world view, AR
applications require powerful processors, sharp
cameras, a range of advanced sensors, progressive
software equipment and great connectivity. All that
data needs to be rendered in real time in order to
produce a convincingly smooth and responsive AR
experience. The huge amount of data being processed
in real-time means that modern AR applications are
localized, essentially  “offline”, because all the
computing happens on a local device. Our current 4G
networks do not have the capacity to support more
connected AR devices, nor have the required speed and
low latency for real-time responsiveness and
immersion. The next generation mobile network will

130



N
1Y
g

ZBORNIK REFERATOV

massively increase capacity and lower latency. ABI
Research predicts that 5G will provide a “10X increase
in throughput, 10X decrease in latency, and 100X
increase in traffic capacity” over 4G, which will mean
that “5G will not only improve, but will also be a
requirement for some of the most exciting AR
applications”. 5G will enable existing AR applications
to offload much of the intensive processing to the cloud,
opening a way for AR devices to a new, smaller, more
energy efficient and cheaper form factors. At TROIA,
we have developed an augmented and mixed reality
platform that combines the real and virtual worlds with
real-time viewing of digitally generated information.
TROIA AR is an intelligent web platform that integrates
augmented reality with backend information systems
such as EAM (formerly IBM Maximo), ERP, loT
platforms, GIS and other back-end systems, and sendls
data to smart AR glasses, smartphones and tablets. End
goal is to support in the office or on the field decision
making in the maintenance operations by utilizing
smart glasses or other AR-enabled devices.

O AVTORJU

Matjaz Breznik je sposoben prodajni zastopnik, izkuSen
na mnogih podro¢jih. Ima visoke sposobnosti javnega
nastopanja in vodenja sestankov ali konferenc katerega koli
tipa. Med delom v oddelku za prodajo in razvoj obogatene
resni¢nosti ter v tesnem sodelovanju z razvojno ekipo, je
pridobili veliko znanja in izkuSenj na podrocju inovativnih
tehnologij. Naravne ves¢ine komunikacije in sposobnost
grajenja poslovnih odnosov sta pomembni kvaliteti, ki jih pri
svojem delu vsakodnevno uporablja.

ABOUT THE AUTHOR

Matjaz Breznik is a capable sales representative,
experienced in many fields. He has high public speaking
abilities and is comfortable in leading meetings of any type.
While working in Augmented Reality sales, he gained
extensive knowledge in the R&D department, working closely
with the development team. Building business relationships is
his  strength, using his natural communication and
negotiation skills.
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Razsirjena resni¢nost
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Yo Resni¢nost Obogatena resnié¢nost

o

Q To je realno, fizicno Tehnologija, ki prilepi
zivljenje okoli nas na svetu digitalne informacije v

realni svet

O O

Mesana resni¢nost Virtualna resni¢nost

Tehnologija, ki zdruzi realni Tehnologija, ki uporabnika

in digitalni svet Lpotopi” v popolnoma
digitalni svet
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TROIA 19
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TROI 19

torsk

izacija pros
podatkov
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TROI 19 2. (fTEL

5G Uporabniski primeri

=y 0
ggﬁ Obogatena resni¢nost (AR) in mesana resni¢nost (MR)

¢—1 Nenehen prenos/nalaganje [ Bogatej3a vizualna

podatkov na napravo, ki jo vsebina 200 to 5000
nosimo celi dan Mbps
;Obto 200 (6 DoF video ali
10 to 50 ps . prost pogled)
5to 25 Mbps (360° video
1 2 o) Mbps (Trenutni 360° IRl
Mbps Mbps Mbps . (Dvosmerna  video - 4k) generacije
(Prenos slikin  (Video (10 TOd?! N teleprisotnost) I(_?ghgm Frs.
vizualizacija )

poteka dela)  konference) o)) stereoskopski)

Vir: ABI Research
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AR/MR bo preoblikovala industrijo in organizacije
Povecana produktivnost, ucinkovitost in varnost

Industrija in proizvodnja
= \odeno usposabljanje in podpora na daljavo
= Vzdrzevanje, indpekcije, presoje

= Diagnostika in vizualizacija v realnem casu

Nacdrtovanje in inZeniring

= 3D vizualizacija, CAD, BIM

= Oddaljeno sodelovanje pri natrtovanju
= Digital twin

Podrocja

Zdravstvo

= Ucinkovitejsa oskrba pacientov

= Diagnostika in pomo¢ pri zdravljenju

= Vizualizacija operacij in kirurski trening

Telekomunikacije

= Vizualizacija infrastrukture in opreme

= Virtualizacija omrezja

= Oddaljeni pregledi opreme in inSpekcije

lzobraZevanje

= Tempo ucenja narekuje uporabnik

= Interaktivno vizualno ucenje

= Kateri koli predmet, od zgodovine do fizike
vklju¢no s strokovnimi predmeti

Interventne in urgentne sluzbe

= Vizualizacija stanja bolnikov

= Telemedicina

= |zboljSava varnosti in odzivnega ¢asa

Obrambno podrocje

= Oddaljena pomo¢ logistiki na misiji
= Vizualizacija bojis¢a in podatkov

= VzdrZevanje sredstev

Prodaja in marketing
= Preizkus pred nakupom: oblacila, pohistvo...
= Navigacija do izdelkov
= Lokacijski oglasi

-

TROIA 10 £ yrEL

AR/MR bo neopazno zdruzil resnicni svet z
digitalnimi elementi

wld
(/)]
(o)
c
©
(o)
=
=
Q.

Py

Poglobljeno dojemanje/izku3nja Inteligentna Povezana
Vizualni elementi, zvoki in interakcije so Razume resnicni svet, uci se osebnih Vedno prizgana, lahko nosljiva naprava s hitro
tako realisti¢ni, da se zlijejo z realnostjo Preferenc in zagotavlja varnost in zasebnost brezzi¢no povezljivost v oblak kjerkoli in kadarkoli
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AR/MR zahteva naslednjo stopnjo'vseprisotne povezljivosti

Mnozi¢na uporaba zelo mobilne, inteligentne, vedno vklopljene naprave
X b el | 7 ~a. ¥ o / '

B Kavarna V Mes;tu'_
Ocenad8
StreZejo malice =

Prihodnost

Zagotavljanje ekstremnih ' = = Omogocanje ,,cloud
zmogljivosti - RS computinga“

Komunikacija

Zdravstvo, zabava,
rekreacija, ...

Infrastruktura

Prostorski sloj aplikacij

Mobilnost

Digitalni svet

ﬁ
)
3
=
o
N
)
)]
e
0
>
m
wd
9]
£
[+ 4
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Resnicni svet

Osnovni sloj

Vir slike: MagicLeap
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TROI 1© 2 WAEL

’

Racunalnistvo v oblaku do dopolnjevalo obdelavo podatkov v napravi

Izkori$¢anje povezljivosti za najbolj$e iz obeh svetov

Obdelava podatkov v napravi Racunalnistvo v oblaku

Varnost in J

zasebnost Potrebno bo oboje

‘ Nizka latenca za .. MnoZi¢no pridobivanje
takojsnje procesiranje in zdruZevanje podatkov

Neomejena koli¢ina in
shranjevanje podatkov

(]
"=
c
©
>
o
=X
©
49
-
o

,Bigdata” obdelava brez

J RaZpOIOZUIVOSt tudi Lokalne informacije Javne informacije in
omejitve moci

izven pokritosti in omejen kontekst $irsi kontekst
signala

= Ucinkovita izraba Zanesljiva in globalna
“~  pasovne Sirine in povezljivost z nizko
procesiranje latenco v oblak

'Izpusti:
S0,: 175 mg/m?

CO,: 61 mg/m?
k @ NO: 750mg/m?

Predvideva potrebne | Omogoca storitve in
akcije in dejanja ] | podatke v oblaku

Prepoznava okolja, objektov

Vizualizacija podatkov

Potreben pregled /
strukturne trdnosti do N

avgust 2021 4 =
g E E J / L Hitrost: 440 Mbps

Enterprise AR/MR

|8
oL AL

18 ﬁ V roku 1 tedna potrebna
1= Q;I\ A¥z3menjavaventila
~ T
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Potrebe iz trga

Vizualizacija kljuénih
podatkov sredstey,
strojev, senzorjev....

Umescanje 3D in
BIM modelov
infrastrukture na
lokacijah

Hitrost

TROI 19

tovarni...
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Vizualizacija
prostorskih
podatkov in
podzemne

infrastrukture

Ucinkovito
vzdrZevanje in
upravljanje sredstev

Latenca

Dozivljanje AR/MR izkusnje kjerkoli
= Doma, v sluzbi, v avtu, na sprehodu, v

Digital Twin
Virtualizacija

Oddaljena pomoc,
InSpekcije, Presoje

Zanesljivost

5G bo omogocil naslednjo stopnjo AR/MR izkusnje

PROCEEDINGS

Vizualizacija
informacij in vsebin
(PPT, PDF, video...)

IzobraZevanje in
trening

Varnost

S EL

Deljenje interaktivne izkusnje
= Delovni procesi, dogodki, sestanki,
teleprisotnost, rekreacija, zabava...
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Razvoj zasebnega omrezja 5G za industrijske vertikale

Development of a private 5G network for industrial
verticals

Janez Sterle, Luka Korsi¢
INTERNET INSTITUTE

POVZETEK

5G je nova tehnologija namenjena reSevanju
najzahtevnejSih izzivov industrijskih vertikal kot so
logistika, pametne tovarne, avtomobilska industrija in
kriticne komunikacije. Ko se bodo, kot del novih
nastajajoc¢ih trgov, zaceli pojavljati novi primeri
uporabe 5G, bodo potrebni tudi novi modeli uvajanja
omrezij, kot je na primer »ne-javna omrezja« 5G, ki
bodo lahko =zadostili Stevilnim tehnoloSkim in
regulatornim zahtevam, zlasti tistim, ki so povezane z
nizko zakasnitvijo, visoko razpolozljivostjo,
fleksibilnostjo omrezja in njegovo kibernetsko
varnostjo. V predstavitvi bomo podali najsodobnejse
tehnoloske koncepte (cloud native, VNF, CNF, MANO,
K8s) in izkusnje z razvojem in uvajanjem zasebnih
sistemov 5@, prilagojenim za potrebe najzahtevnejSih
industrijskih sektorjev, ki so rezultat lastnih tehnoloskih
raziskav in inovacijskih prizadevanj ter uspesSnega
mednarodnega sodelovanja (H2020 5G-LOGINNOV,
Int5Gent, EVOLVED-5G, 5G-INDUCE, 5GASP).

SUMMARY

5G is a new emerging technology designed to
address the most demanding needs of industrial
verticals, such as logistics, smart factories, automotive
and critical communications. As novel 5G use cases
start to take place as part of the emerging markets, new
deployment models will be required such as 5G Non-
public Networks that will be able to cope with a myriad
of demanding technical and regulatory requirements, in
particular those related to low latency, high availability,
resilience, system flexibility and cyber security. In this
presentation, we will present selected state-of-the-art
technological concepts (cloud native, VNF, CNF,
MANO, KS8s) and experience with development and
deployment of private 5G systems tailored to the needs
of the most demanding industrial sectors, which have
resulted from own in-house research and innovation
efforts as well as a range of international collaborations
(H2020 5G-LOGINNOV, Int5Gent, EVOLVED-5G,
5G-INDUCE and 5GASP).
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O AVTORIJIH

Janez Sterle je soustanovitelj in direktor podjetja
INTERNET INSTITUT d.o.o. Magistriral in doktoriral je s
podrocja telekomunikacij na Fakulteti za -elektrotehniko
Univerze v Ljubljani. Njegovo glavno podroc¢je dela je
nacrtovanje, razvoj in upravljanje omreZij ter storitev,
testiranje in in verifikacija tehnologij 4G/5G, NFV, IPvo6,
QoS in QoE; PPDR in NATO podprtih takticnih
komunikacijskih ~ sistemov; preskusanje, merjenje in
preverjanje najsodobnejSih protokolov in tehnologij. Ima
uveljavljene mednarodne izkuSnje na podrocju raziskav in
razvoja ter industrijskih projektov v razliénih sektorjih
(telekomunikacije, logistika, varnost in zascita) vkljucno s
projekti H2020 Evropske komisije na podrocju tehnologij
5G: 5G-LOGINNOV, Int5Gent, EVOLVED-5G, 5GASP,
5G-INDUCE, 5G-IANA, MATILDA-5G in S5GINFIRE.
Tesno sodeluje z industrijskimi akterji, regulatornimi in
zakonodajnimi organi tako na strateSki kot tehni¢ni ravni.
Ima industrijske certifikate in razlicne ameriSke patente na
podroc¢ju mobilnih sistemov.

Luka Kors$i¢ je soustanovitelj in vodja razvoja v podjetju
INTERNET INSTITUT d.o.o. Magistriral je s podrocja
telekomunikacij na Fakulteti za elektrotehniko Univerze v
Ljubljani. Njegovo glavno podroc¢je dela je distribuirana
obla¢na omrezna in storitvena arhitektura, orkestracija in
testiranje kvalitete storitev (QoS) v modernih omrezjih
4G/5G in virtualiziranih ter programabilnih omreznih
sistemih (SDN/NFV). Sodeloval je na ve¢ EU projektih
sklopa H2020 (vkljuéno z 5G-LOGINNOV, Int5Gent,
EVOLVED-5G, 5GASP, S5G-INDUCE, 5G-IANA,
MATILDA-5G and 5GINFIRE), predvsem v vertikalah
kritiéne za$¢ite (PPDR) in pametnih tovarn.

ABOUT THE AUTHORS

Janez Sterle is a co-founder and CEO of INTERNET
INSTITUTE Ltd. He received his M.Sc. and Ph.D. degrees in
telecommunications from the University of Ljubljana,
Slovenia. His main area of work concerns network design,
planning, service management, testing and implementation in
production networks for 4G/5G, NFV, IPv6, QoS and QoE,
PPDR and NATO enabled tactical communication system;
testing, measurement and verification of state-of-the-art
protocols and technologies. He has an established track
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record of R&D and production-grade projects in
communications, safety and security sectors, including EC’s
H2020 projects 5G-LOGINNOYV, Int5Gent, EVOLVED-5G,
5GASP, 5G-INDUCE, 5G-IANA, MATILDA-5G and
SGINFIRE on the topic of 5G, and cooperates closely with
the respective industries, practitioners, regulatory and
legislative bodies on strategic and technical levels. He holds
industrial certification and various US patents in the field of
mobile systems.

Luka Korsic is a co-founder and Head of R&D at
INTERNET INSTITUTE Ltd. He received his M.Sc. degree in
telecommunications from the University of Ljubljana,
Slovenia. His main area of work concerns cloud-based
distributed network and service architecture, orchestration
techniques and QoS testing in modern 4G/5G and SDN/NFV-
based systems. He collaborated in several H2020 projects in
the area of 5G (including 5G-LOGINNOV, Int5Gent,
EVOLVED-5G, 5GASP, 5G-INDUCE, 5G-IANA, MATILDA-
5G and 5GINFIRE), where he was mainly involved in the
PPDR and Smart Factory verticals.
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Development of a Private 5G Network for
Industrial Verticals

Janez Sterle & Luka Korsi¢

janez.sterle@iinstitute.eu

Page 1 | © 2021 INTERNET INSTITUTE. All Rights Reserved.

About Company

«  Company facts
—  Startup established in 2014
— Located in Ljubljana, Slovenia
— Employee ownership
— 100% IPR ownership
—  First employees Q4 2017
—  Trusted R&I partner in EU H2020

»  Core Expertise: development, deployment and operation of telco grade Quality Assurance (QA)
and Critical Communications Systems (CCS)

*  Main technologies verticals

— QA| Quality assurance of mobile, fixed and cloud systems | www.gmon.eu
— CCS | Solutions for 5G/loT-based critical communications | 5gsafety.net

Page 2 | © 2021 INTERNET INSTITUTE. All Rights Reserved. ﬂm
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S5pPPP -

How we started with 5G | R&l

2MATILDA & 56 FRFASEE S INDuUCE

matilda-5g.eu 5g-loginnov.eu 5gasp.eu 5g-induce.eu
—\
5 IntSGent ' 55'@5
SGlN R = EVOLVED-5G ol
Sginfire.eu intSgent.eu evolved-5g.eu
o o oo 000 —»
2017 2018 2020 2021
PPDR PPDR PPDR | Ports | Smart Factoriesil Industry 4.0 | Automotive

PR S 1. . .
E - Operational Private 5G network (SA mode)

This projects received funding from the European Union’s Horizon 2020 research and innovation programme grant agreements No., ~ 5G qMON I 5G testing and verification solution
761898, 732497, 957400, 957403, 101016448, 101016608, 101016941 and 101016427. \ - 5G loT System

Page 3 | © 2021 INTERNET INSTITUTE. All Rights Reserved. M

5G (SA) Facilities | Testbeds in Slovenia

& prowe s 3 ¢ Il.l.qa
- - -
= §7d s -
lnl\\?em “ PPDR -
: Smart Factories
l ! : Automotive
: “~
EVOLVED-5G " = o 0
S »‘ L
§&mouce Ve
“A
& 56
Maps: Google , _ .
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5G for Industrial Verticals

Elastic scalability - Global Standard
for vertical industries

Adapting to load

Redundancy Intérworking
multiple laaS with commercial system
- on global scale

~ Resilience Industrial Grade

High availability Mission Critical

Flexible deployment options
Immutable | Cloud Native Private and/or public infrastructure

5G Assured Use Cases | Port examples @ 56 0cmno

m o i e O 0 S L

- Y

e Wy . el

= a”——_—~\\,—f’ = P
5G&AI Assisted 4 S~. 5G&AIl Assisted
Security Surevilance

Logistic Process
. R v

= 5G

Telematics Metering |
Predictive maintenance «

e

" AT LT
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Private 5G Solution Architecture

5G Application Enablers

loT Management Analytics 5G loT Agent FW IDS/IPS
8 5G Network Slice Enablers
% 5G C-RAN MME | AMF S/PGW | SMF/UPF HSS | UDM
(/2]
(@]
]
7y
n
©
m
cz> Compute, Storage & Network Infrastructure
<
= OSM MANO Kubernetes
Dt Bt OpenStack
MANC

Private laaS Industrial 5G loT/M2M

Page 7 | © 2021 INTERNET INSTITUTE. All Rights Reserved. m

Private 5G Network | Modular Building Blocks

LTE-A | NR | LTE/4G (R14) | NR/5G (R15)
420 Mhz ] - 56 Network Sice Enablers EPC | 5GCN (NSA|SA)
450 Mhz | sGCRAN || MME|AMF | | SIPGW|SMF/UPF | | Hss|ubM | eNb | gNb
700 Mhz m- VoLTE | VoNR
900 Mhz / AES, SNOW, zZUC
1400 Mhz j" ¢ Compute, Storage & Network Infrastructure LTE-M1
1800 Mz NB-IoT
2600 L
3500 Mhz IPv4, IPv6, IPv4&IPv6
Unstructured PDU
“\‘ Rx & Cx external interfaces

Ant + RRH BBU Signal Processing x86 Commodity Hardware
250 mW-20W  CPRIPCle
FDD | TDD QAM256
MIMO 2x2|4x4
Page 8 | © 2021 INTERNET INSTITUTE. All Rights Reserved. m
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Private 5G Network | At-a-glance

* Rapidly deployable 4G/5G Core & Cloud RAN
— EPC &5G CN | NSA and SA
— 5G NR|NSA and SA
— LTE| LTE-A Pro, VOLTE, Nb-loT
. Technology highlights
MANO based network automation
— Cloud Native & VNF/CNF
— OpenStack, Kubernetes
—  x86 based network appliance
— CPRI based RRH (500mW - 20W)
— Scale as you grow — add new compute power | appliance

— Innovative end-to-end application-based system keepalive (A-OAM)

» Targeted customers
—  Critical infrastructure | ports
—  Smart factories

Industry 4.0

Public Safety

Page 9 | © 2021 INTERNET INSTITUTE. All Rights Reserved.

5G loT System | At-a-glance

* Industrial loT sensing
— Distributed architecture with centralized cloud management
system
— 5G loT Gateway — Autonomous 5G enabled loT/M2M
gateway
—  Flexible sensor measurement and results exporting
— Real-time monitoring, notification and alerting
Modular capabilities
. Technology highlights
— MANO based network and services automation
— Cloud Native & VNF/CNF
— OpenStack, Kubernetes
— Time series DB and analytics (ELK)

PROCEEDINGS

» Targeted customers
—  Critical infrastructure | ports
—  Smart factories
— Industry 4.0
—  Public Safety

Page 10 | © 2021 INTERNET INSTITUTE. All Rights Reserved.
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5G loT System | Cloud-native approach

5G Network Slice 5G Cloud in Koper LL
el sttt |
: shith 1 I
S ) 1 : ! loT Management !
‘;:b 1 1 | CNFs :
£ o I
s [ e ot e st o S, e e, T, B S
e mmic i r L
l; = 1 ! |
! ! (R Data Collector :
(fe ! 1! CNFs
1 1 ! . !
1 { Mmrermrmere el S
2 [t R e R R et R X
MBL ~ Management Business Logic | 2 |
CBL - Collector Business Logics | |
MA - Measurement Agent | Analytics
TSDB - Time Series Database " CNF !
DEXT — Data Extractor |
RTAA — Real Time Advanced Anslytics Jo = o m m o o o o o o o o o o o o o o o o o}
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5G IoT GW | | i
one o 5G ol Operational | = Industrial -20 "C~ 60 °C
Capabllltltes Gateway |- P40 Fandess design
Mounting «  Rack Mount or Wall Mount
Supported «  5G NR Sub-6: 4x4 DL MIMO, 256 QAM,
technologies W per CC{Upto 1 hz), 5CS 15 Khe L
Khs (TDD)

NSA mode, 3GPP R15, EN-DC, Option 3/3a
SA mode, 3GPP R15, Option 2

< Max DL speed 4500 Mbps

. M'_.L'Lﬁ 660 %s

- 5G Sub-6 bands SA (FOD/TDD) with future SW
redease: nl, n2, n3, n7, n25, n28, n66, n71, ndl

- 5G Sub-6 bands NSA (TDDEFDD): n1, n2, n3, n5, n7,
n12, n20, n28, n41,n71, n77, n78, n79, n8, n25,
n38, nd0, né6, ndd
4G LTE: CA, Cat-20, 4x4 MIMO, 256 QAM
LTE-A Pro, up to 7CC DL and up to 2CC UL -
4G/LTE bands (FDD&TDD): 81, B2, B3, B4, 87, BS,
812, 813, 814, 518, 819, B20, 821, B85, B82S, 842,
838, 840, B43, B26, B28, B29, B4, B39, B41, B3O,
BE66, 832, B46, B4S, 871
Ethernet interfaces with RU-45 or SFP+ connector

—— it o .
rowers __1-_TCHW, DADICIIAD
5G Modem - New Form Positioning < GNSS: Galileo, GPS, GLONASS and BeiDou

Network connectivity | - Data based: DNS, PING, FTP UL, FTP/HTTP DL, Web
|
Factor | M.2 3050! ard soisocs ot
checkftesting |- Synthetic traffic: IPERF UDP/TCP

RAN check/testing | - 4G&SG: RSSI, RSRP, ASAQ, SINR, Tx Power
- PLMN ID/name, EARFCN, 8and, BW, Cell 1D, PO),

| Carrier Aggregation, RAC state
Page 12 | © 2021 INTERNET INSTITUTE. All Rights Reserved.
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Private 5G Testing | RTT

199 1O P pERETI VAL Y. Gy
1w @ gt w18 (o d

ot L Lt w18 (wamiguad piey 181000, 14)
PO 102,000, 000 | VR JAR 20N, 1) %

boaf mara.
e
3

Saded 1l
b oA aeaet 11 Lo
Som_seeet b
. seeet tii-ed

RTT 10-15 ms
(TDD mode!)

P B . el . P P}

NR gNb | n78

hedeiibin

xu!n = uu\_-— Cl_..m .l_;u 'I-
M e LA

1.-.umm et
L .

- II LRI

5GCN

PREIWY N ROINLLNG- TR SEN

g A ewRAnIn 1
hadedaaaadnli et LLLL AL EEELL U UL Pistepely ¢
Lo |

_ase
PN e DR U

ooy segedh 1114}
bt 3 11104
o b venatl 1110
U] " mu tiseell.3 e
W b I
(U] Wivs vree 10308, 00! [ Emen1n.y
N PO T IR M e 1l Tl e
] B et — Bt TE PAnad — SR GWTVE 1RE 100 190 — ST TN
.= §OMAATARS Mt W Yo 0l
42
"0 L L e e S G L
=] S | pothas Vg Bt e pge ) R
B~ T Whnrol oSS PP RIPEEPRLd 1wy . bbasabin syt 7w 1
E s (oot Thner 19444 Tonpuratuini 15
mitigate Lovel: # Wataafrar Mitigate Lovets §
WA Caentarl 1 L
(Wi ien ade i At
o w01 SIS i aaeel
el 5GSA| n78|TDD
- Ty esnis
ot 3 BW 50 Mhz
e
78 Lareiar Tasent
L
[
pwis w1 -ch.
il iaatt s s Aail Lowels
ncl subhh M| AS5T (e ) s
Page 13 |
ARSA NS el oW
.l

e I L N T U T

Private 5G Testing | Speed

Industrial 5G GW
|'= 5 0 Janeis — roceBlinyubuntuts; hamejqos — sth qos# 102168 300,200 — 07228

3POIAl VS DS |z 05 Mg | aal | 8£u) ND DS ul qNS

gNb (n78 | TDD | BW 50 Mhz| 5G SA Mode )

- o ——— —

. we 44 hutnnrgoe ~ 39 .2 4 1084 = 1
Ireﬂﬂnumﬂ-llr!mlw I I L
rostgt inyuburtelli/hoee/gsed fme) ¢
Faet gt inyubus Ihame ) qoes | LR Presy leetern] to atop the trace DL 300 MbpS
restatinyviuntell | /hone/q0ed I PRACE: celistl ofh 3as) snrell .l 248
roetgt inyviunty /s qoee et e —
Costgt inywbuntulll Shane/qoed (perfl 5 10008 <4 <t I8 «F & «C 192,188, 000,1 -1 2 & I WE_I0 CL WNTI C gl ff SCh fets taok Brate | sof pecl mce raha rash biate rite g 1
Cornecting te Saat 197,160,781, 1, port 10000 I I 20 001 40351 1S 20 0 WM MM Ay - 287 118 A /LYY W
Revarse sode, resste hast B2 0602001 s sending 15 2230 Jedser MMmpay - 258 ML /LTS N @
Il 41 Tocal 392,968,200, port SATIR commected to 197, 148,390,1 part 1N I I 15 2 2L8 2% M1 e ALY - 28,8 "IN N VLY N &
Il 10) Interval 18 2242 27 20eS MM e - 288 2 % LIS W2
4 e s 176793 KBt/ ees I I 15 2251 2 3N BNT - 28,8 2% M L N S
293791 Khite/ees 15 2251 24148 1M BN - 288 13 N LA 3 %S
290424 wBita/vee DL 300 MbpS 1 I
TE.0 MBytan | DRLEO4 KBita/ s
5.9 weyr 318433 ahitessee wtyrn] top the trace
i e - 1 | roacn cetion taed anred0,3 @ UL 50 Mbps
1 100 Interval Tramafer Bandwiarn Rerr
I 41 0.00-10,00 sec 307 Miytes ZR2088 XRItA/seC 198 sender I I W ID CL ANTT C cql Brate o1t phr p1 ta
Il 4 0010 s 133 MBytes 201127 Knits/ses reiriver I 23 003 4815 1 3 "m.n /1.8 W % )
21 001 48351 1% L /1.2 % &
I‘IM" Pove. I 21 001 4025 1 18 L L/1.873 %
FORtt Inyubustulli /hane/qoed (perf) —5 10000 ~4 -t 1N -F & -C 192,188.200.1 -4 3 1 I
fornecting 1o dagt ) 188,280, 1, pert 10000
I A5 Tocal ID2.0ME.200.0 port MTM commected te 192, |u.n) 1 part 100 I
| 10] Interval Traasfer r I » " JnETs — remtfiges- Hisee Momease — ox® S9eB 13 1H4 104 AY - 10820
I] 4 B 00-2.00  wnc 9,07 Mbytes | 40369 Kaitu/eec . ) I
1 41 2.00-4.00  sec 13.3 Mytes | 35727 maitessec |2 Mbps 1| 1)
JI 61 ee-6.00  sec 12.8 MBytes | 3IAT7 KSitainec  [® (e )
L} I (e )

Page 14 | © 2021 INTERNET INSTITUTE. All Rights Reserved.

VITEL 2021 = 17.-18. 5. 2021

149



== = o -

ZBORNIK REFERATOV

PROCEEDINGS

Private 5G Testing | TDD BW Profile Change
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Commercial 5G (NSA) Network
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5G PO rtfolio #i+aobleauv I3Grafana ‘ kibana € e elastic & influxdb

WIRWLGITION.EU

Telco grade system to deliver 5G loT System for industrial Cloud-based private 4G/5G
the next generation of quality and outdoor environments for Industrial and outdoor
assurance in mobile and cloud environments

environments

l l L1 ! & J

|
Page 17 | © 2021 Internet Institute. All Rights Reserved. | Confidential

5G — Connecting European Vertical
Industries in Creating New Value Chaines

- Elastic scalability Global Standard
Effl ce nt Adapting to load for vertical industries

Redundancy Interworking
multiple laaS with commercial system
on global scale

Resilience

e — T e ——— N e

Industrial Grade

Transport

High availability Mission Critical

lexible deployment options [Sasgt=" i A
Immutable | Cloud Native Private and/or public infrastructure -~ L°g|5tlcs
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Industrijska digitalna revolucija

Industry digital revolution

Andrej Kranjéevié
TELEKOM SLOVENIJE

POVZETEK

Digitalna transformacija je v ospredju poslovnih
nacrtov v Stevilnih industrijah. Vizija Industrije 4.0
poziva panoge, naj zbirajo in uporabljajo podatke, da bi
lahko izkoristile nove tokove prihodkov in optimizirala
stroske. Prakti¢no vsi industrijski sektorji zasledujejo
izboljsane modele delovanja, ki izboljSujejo varnost in
produktivnost z analitiko in avtomatizacijo.

SUMMARY

Digital transformation has long remained at the top
of many business agendas and has spread across
multiple industries. The Industry 4.0 vision calls on
industries to collect and utilize data in order to tap into
new loT revenue streams and cost savings. Practically
all industry sectors are pursuing enhanced operating
models that improve security and productivity through
analytics and automation.

O AVTORJU

Andrej Kranjcevi¢ je diplomiral na Fakulteti za
elektrotehniko v Ljubljani. Leta 2009 se je zaposlil v
druzbi Mobitel d. d., danes pa je na Telekomu Slovenije
d. d. vodja raziskovalnih in razvojnih projektov v
razvoju tehnologije.

ABOUT THE AUTHOR

Andrej Kranjcevi¢ graduated from the Faculty of
Electrical Engineering in Ljubljana. In 2009 he joined
mobile network operator Mobitel d. d. Today he is head
of research and development projects in technology
development at Telekom Slovenije d. d.
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Industrijska
digitalna
revolucija

TelekomSiovenije *

From lndustry 1.0 1o Industyy 4.0

1 0 1784 pommeimirg oo} ey
o Neam pavwe

2.0 1870 T e ot
3.0 1960 =i RF
4.0 oo 5= EHY

2 Industrijska digitalna transformacija TelaknmSlnvanija .:‘
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: : Industrial
Massive IoT Broadband lo
. A automation IoT
—= H = H ""_l
L)
— o A B
Asset Drones/UAY Automative Smart grid Advanced outomation
manogement C-IT5 outomation ond control
- - - - -
[] L] L] L] L}
5L b A Il a
o— = T T - 0
E : ' : .
Smart metering Flegt monogement VR fAR Troffic safety Colloborative robotics
and cantrol

= Industrial protocols
- Time-sensitive networks
= Precise indoor positioning

= Liltra reliability
= Ultra-low latency
= Very high ovailability

= Low-cost devices, low energy = High throughput

= Small data volumes - Low latency

= Massive numbers = Large data volume

TelekomSiovenije * gy

3 Industrijska digitalna revolucija

4

ES

5G Ch

sebna omrezja

Zzinjenje, « /
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5G je bil ustvarjen za izpolnjevanje zahtev industrijskega loT (lloT)

Zdruzevanje povezljivosti, namenska
omrezja, prilagojene storitve

Visoka zanesljivost z nizko zakasnitvijo v
zahtevnih RF okoljih

Nadomestitev ozi¢enih ethernet povezav
za prilagodnjivo proizvodnjo

Spekter za zasebna omrezja

Zasebna 5G omrezja za vse
storitve

Visokozanesljiva komunikacija z
nizko zakasnitvijo (URLLC)

Enotno ¢asovno obcutljivo
omrezje (TSN)

LicenCen spekter

[ ]
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Omrezje 5G kot platforma

HEALTH
MONITORING RELENATICE

o & &

FUBLIC
SAFETY

fiT
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MANUFACTURING

[l

@
o8
Q-

7 Industrijska digitalna revolucija

5G Network Slicing

Izolacija rezin

* Fizi¢na
* Logi¢na
RAN

* lzolacija spektra
* lzolacija procesnih zmogljivosti bazne postaje

Prenosno omrezje
¢ Rezina mapirana na VLAN

Jedro

* lzolacija med rezinami (sprememba ene rezine
ne vpliva na drugo)

 Fizi¢na izolacija (dodelitev celotnega fizicnega
vira eni rezini)

* Uporabnik (tenant) lahko upravlja samo z lastno
rezino

8 Industrijska digitalna revolucija
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MEC

Multi-access Edge Computing (MEC)

Procesne zmogljivosti bliZje pri uporabniku
(v dostopovnem omrezju)

Za procesno zahtevne aplikacije, Ki
zahtevajo majhne zakasnitve

MEC in NFV imata skupno ali lo¢eni
virtualizacijski infrastrukturi

9 Industrijska digitalna revolucija

INDUSTY 4.0 “USE CASES”

PROCEEDINGS

[ ]
TelekamSlovenije « @

Obetavni primeri uporabe zasebnih omrezij v industriji, ki izkori§€ajo vec¢jo modularnost in prilagodljivost

5G povezljivosti:

+  AGV/Autonomus robots (samodejno vodeni vozicki in avtomni industrijski roboti)
* Machine vision/Artificial Inteligence (strojni vid in umetna inteligenca)
» AR/VR/AI (obogatena resni¢nost/navidezna resni¢nost)

» Condition-based monitoring (spremljanje povezane opreme)

+ Asset tracking (sledenje)

» Digital Twin (digitalni dvojcek)

10 Industrijska digitalna revolucija

VITEL 2021 = 17.-18. 5. 2021

[ ]
TelekamSlovenije « @

157



ZBORNIK REFERATOV PROCEEDINGS

Pilotni projekti

ULFS

Digitalizacija proizvodnih strojev
Zasebno industrijsko kampus omrezje
5G LOGINNOV

TelekomSlovenije *

Industrijska digitalna revolucija

LAS )W)
Univerza v Ljubljani — Fakulteta za strojnistvo e
Radio Dot System — 5G NSA Solution ¥

- 8
TelekomSiovenije o @iy

158
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Univerza v Ljubljani — Fakulteta za strojniStvo

Koncept LASIM demo centra pametne tovarne (racunanje na robu in uporaba 5G)

Legend
=)
gfj \ & R
e Infotrraton fiow Warshouse
o=l r b *  betwesn nodes 1 =
== g E Informratscn fow L
[N e !
From centralized... S Lo iguwbiniy ool
i azsembdy e ((5 0 ((5 o
Eﬂl
5 ) 5 )
Local .
digital 5
i RFID i,

Global
digital
A l

...to distributed systems.

13 Industrijske digitalna revolucija

Digitalizacija proizvodnih strojev

Aplikacije
SCADA
Obdelava in prikaz
podatkov
APM

“~ _ Proizvajalci
~ strojev

Priprava in varen
prenos podatkov

(Y]
‘
£

goooo

i Mozne @3
| povezave L
| /
@ s
= Senzoriji,
o LU iniki Iy
@ krmilniki... |,
7 o ] ¢ Uporabniki
Stroii porabniki
o o o ol agm strojev
14 Industrijska digitalna revolucija
VITEL 2021 = 17.-18. 5. 2021
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Zasebno industrijsko kampus omrezje

Digitalization of the economy

SG i the latost generanon of mobide networks, which brngs
much highet data lransher speeds (downiink and upink). and
A much shorler tesponse time with excephonally low latency,
as wol as efficient connactvity of an anccmels nuamber of
duvices, with the opbon of network sicing

Case' Iskratel smarn factory

Cellular connectivity is becoming a critical
component in Industry 4.0

Industrijska digitalna revolucija TelEkUITIS|EI'\-"E’I'iifE L a

# LOGINNOV

TRANSPORT & LOGISTICS

Al Porl of Koper the 5C network will contribule to a more effeclive prolection
of the port and the environment, and improve processes The trial system
provides better area coverage and faster transfer of large amounts of data

VITEL 2021 = 17.-18. 5. 2021
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5G za podporo delovanja sodobnih pristaniS¢

5G to support the operation of modern ports

LUKA KOPER

POVZETEK

Prispevek je razdeljen na dva dela, splosni del in
posebni del. V splosnem delu je na kratko predstavljena
druzba Luka Koper (podro¢je dela, institucionalni
okvir, EU projekti,..), Luka Koper v kontekstu
logisticnih verig (gravitacijsko obmocje pristanisca,
trgi, ladijske in kopenske povezave) in razvojni nacrti
Siritev pristani§¢na, nove obale, privezi, pridobitve). V
posebnem delu sledi kratek pregled IKT okolja Luke
Koper, predstavitev projekta SG-LOGINNOV (H2020)
(namen, cilji, pri¢akovanja,...), predstavitev
uporabniskih primerov v sklopu projekta 5G-
LOGINNOV in moznosti in priloznosti za 5G v
pristaniscih.

ABOUT THE AUTHOR

Mr Jurij Mirnik, B.Sc., is an expert at the Strategic
Development Department at Luka Koper. He is responsible
for management of development projects while his main area
of work concerns EU projects, project management,
planning, coordination, etc. He has obtained a degree in
Transport logistics at the University of Ljubljana, Faculty of
Maritime studies and transport. He has meaningful
experiences in project management in the fields of port
systems, maritime and port operations, and on topics related
to port development, logistics, environment, ICT and
security.

VITEL 2021 = 17.-18. 5. 2021
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JURN MIRNIK

* LUKA KOPER

>G za podporo delovanja Port of Kepa!
sodobnih pristanisc

18/5/2020

About the Company

established in public limited company listed on the Ljubljana stock exchange
1957 terminal operator of all 12 specialized terminals in the port
1,700 employees (Luka Koper Group)

concession granted for the management of the port area until 2043
280 h a invests in infrastructure and suprastructure in the port area

e National spatial plan for the development of the port adopted in 2011

maritime

e fipui(in 2020 1st container terminal in the Adriatic
19’ 5 largest car terminal in the Mediterranean

million tons

59 % of all cargo handled in the port is transported by rail

Port of Kaper

VITEL 2021 = 17.-18. 5. 2021 162
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I Multi-purpose port

Coal and Project
iron ore CArgo

Cereals and
fodder

Cars
Containers and Ro-Ro Break bulk Perishables

Iy ==

12 SPECIALIZED TERMINALS

Alumina and
other minarals Livestock uid bulk

* Critical infrastructure
* Own security service and control center
* Own fire brigade

Part of Kaper

PORT OF KOPER:

TEN-T Core Maritime Port

londan 2 days :
8. Al On 2 TEN-T Core Network Corridors:
* Baltic-Adriatic

* Mediterranean

Fringkfidxt 1 day Prague 1 gdy

nna 0% day

Budapest 1 day
Milan 0.5 day

On 3 Rail Freight Corridors:
* RFC5 (Baltic-Adriatic)
* RFC 6 (Mediterranean)
* RFC11 (Amber)

Belgrade 1 day

Part of Kaper
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Maritime throughput history

TOTAL THROUGHPUT 2020:

containers (TEU)

N o - Containers: 945.051 TEU cars (units)
e Cars: 617.157 units
30.000.000 1.200.000

25.000.000 1.000.000
20.000.000 800.000
15.000.000 600.000
10.000.000 400.000

5.000.000 200.000

0 0
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
N ton esswTEU essscars —

Part of Kaper

Efficient combination of cost, time and energy savings

KOPER 8.540 Nm

s

0} [VHONVYHS Wwolj asuelsip

6"9 BREMERHAVEN
........ " CANTWERPEN

Port of Koper

SHANGHAI

Port of Keper
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Leading container terminal in North Adriatic

Trieste
TEU |
Venice @ .‘Kopel'
1.000.000 . Rueka
900.000 KOPER 2006: 218.970 TEU

800.000 KOPER 2020: 945.051 TEU

700.000

600.000

500.000

400.000

300.000

200.000
2020:

100.000 I I I I I I I Total 4 ports: 2,46 M TEU
Koper share: 38 %

0
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

© Rijeka (AGCT) m Trieste (TMT) ™ Venice (Vecon +TIV)  ® Koper

Hinterland m

Poland

Containers, Cars, General
cargo

Austria:
Absolute market leader - more than
7 M tonnes of various goods handled Ita |y

every year
Yy Coal, General cargo

Slovakia:

Container market leader Tz s

with 60 — 70 % share :
Containers, Cars,

General cargo

Hungary:
Container market leader with 22
50 % share of Hungarian > Germany

container market + cars, :
agro/food/fodder : = Containers, Cars,

General cargo

Slovenia:

Domestic port

Croatia,Bosnia&
Herzegovina,Serbia

Containers, cars, general
cargo

VITEL 2021 = 17.-18. 5. 2021 165
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I Hinterland container markets

'Serbia Other

Romania 2% %

Germany 29 | 3%
Poland

2%
Italy 4%

“ Austria
r

9 28%

1% \\\‘ / °

CzechRep. /
7%

Year 2020 (estimated percentage of

full/stuf+strip containers throughput)

Slovenia J/
16%

“L Hungary

20%
Slovakia | ’

15%

Part of Kaper

I Container terminal - Yard Equipment Count

Max. allowed draft: 14.5 m

Berths: 4

Railway tracks: 5x 700 m, 2 x 270 m, 2 x 300 m
8 Storage capacity - marine terminal: 19,130 TEU
Storage capacity - depo for empties: 9,547 TEU
Reefer electrical outlets: 432 plug

Total terminal area: 270,000 m?

Stacking area: 180,000 m?

# Equipment / Lift capacity (ton)

* 3x STS panamax cranes: 40 t (40°) / 45 t (2x 20‘) under spreader

e 4x STS post-panamax cranes: 51 t (40°) / 65 t (2x 20‘) under spreader
e 2x STS Super post-panamax cranes: 51 t (40 feet) / 65 t (2x 20°)

under spreader
Operating hours: e 22x Rubber-Tyred G/C (storage area): 40 t
e Vessel ops: 24/7 * 4x Rail Mounted Gantries (Rail Yard): 40 t
* Rail ops: 24/7 * 12x Reach Stackers: 42-45 t
* Customs ops (vessel & rail): 24/7 * 8x ECH - empty container handler: 7-9 t

¢ 61x Yard Trucks
¢ 61x Trailers

Port of Kaper

VITEL 2021 = 17.-18. 5. 2021 166
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Container railway services

Handling operations:
* 22-24 container trains/day (average 2020)
* 30 ontainer trains/day (actual capacity of rail ops on CT)

Wroclaw

Katowice

Praha Ostrava

Container terminal modal split

KoSice
Salzburg Linz

Miinchen Bratislava

52 % Rail (2019)
50 % Rail (2020) Padova

Budapest

Dunajska Arad

Streda
Villach

.
Belgrade

KOPER CONTAINER TERMINAL

LLIKA KOPER

Part of Kaper

Container terminal development (2015 - 2021)

DELIVERED

a —

LKA KOPER

Port of Kaper

VITEL 2021 = 17.-18. 5. 2021
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Infrastructure / equipment investments

4th RMG in operation
from September 2020

Stacking areas (+24.830 m2),
to be completed in 2022

—_—

B . - a . | 9
7 E-RTGs already in - - Reorganization of
operation - . - container blocks on
= : T - / eastern side

| ! -

B ; ~ B Ordered 2x super-post T
| Jal panamax STS cranes

‘ N - - et B ' b

Quayside extension (+98,5 m), ByRO-RENR Other ordered equipment:
to be completed June 2021 { ¢ E-RTGs
y * Yard tractors
* Empty container handlers

Relief to berthing of feeders P & \ . Y /

while mother-vessel in port - a2 ' > 1 Part of Kaper

30.12.2020

27.01.2021 30.03.2021

LKA KOPER

Port of Kaper
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LKA KOPER

Port of Kaper
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I Container terminal — rail capacity

Part of Kaper

Examples of project & OOG

cargo in Port of Koper

* Windmill blades: 45 m + 38 tons

* Bio-gas plant parts: 50 m + 70 tons
* Power generators

* Passenger railcars

VITEL 2021 = 17.-18. 5. 2021 170
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Car & RO-RO terminal in numbers

Operative shore 800 m

fperths &
SfRoRoramps &

JRail tracks with loading ramps  HERSCCERNEY
“openstorageareas  EUNNEP
“ogfcovered storageareas  FRENUWLIUY
jlopen air storage capacity |

33,000 units
6,000 units

. G»‘

Gateway for global car
producers

overed storage capacity
e

Import — Far East and Mediterranean production: lr -
N i s =/ (1Y

@ . Y H@ D A S B
X s T N

Export — European production and E{r:nsshlpment: . "‘H:., @
o~ —I|I'-_-||'\ i ’ > % W =
Qe OB ¢ A = =

—— R W . TS i <3¥ LUKA KOPER

_-Another 100.000 m2 of
- ;-areato be used for car
storage in future.

STORAGE AREA

. .Adit' *2] ; . T . RO-RO berths/
e '°"§_’11"-‘?00units T I e S 4 ramps

RAILWAY TRACKS
15X

Investments value on Car & Ro-Ro

terminal in 2019-2022: e
60 million EUR B R G e R RN

Port of Kaper
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Ongoing investments on Car & RO-RO terminal

New 6.000 parking lots — operational in May 2021 Electric vehicles ehafgifg stations

Co-financed*by the EU —
CARESMATIC Action (CEF) =TS

Part of Kaper

o, S e ? ARy
New dedicated RO-RO berth — operational
from June 2020

New railway access 4 x 700 m track — operational
from May 2020

Co-financed by the EU - CARESMATIC Action (CEF %

' CarEsmatic
Part of Kaper

VITEL 2021 = 17.-18. 5. 2021 172
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I Rail access to Port of Koper

1. Koper Container terminal — Rail Yard
2. Koper Cargo Train Station / Marshalling Yard
3. Multi-link Rail Access to Port of Koper

Distance = 2 km

)

Bk inked with 5G-LOGINNOV et
> = P \/

Average 2020: 55 cargo trains to/from the port per day passing rail access
(all cargo groups included)

Part of Kaper

Truck gates - entry procedure improvements

Vehicle Booking System (VBS),
Holders of annual pre-paid entry permits enter with simplified entry procedure,
Easier arrival planning, better internal port logistic, less traffic in Koper city

VITEL 2021 = 17.-18. 5. 2021 173
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EU projects

{ COMMODALCE

"

4 5G LOGINNOV

‘SG‘

“‘._iiii ......

CINTRAL TLUSDRE 55

2007-2013 - 34 EU projects completed

Luka Koper IT systems

InfraStress g

SAURON ™,

wsms)

.................. .5:

Sodelovanje"'

~"SUPAIR

Wkeriug
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ke

mg-

—vae —
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-"""‘" ——
L
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s
§ - -
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. m -,
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CARESMATIC

CarEsmatic

ok
=

-
‘\-

.
47 Gysiemm of prlsmial pledshulden. ™,
# it gmchings dats with Tind

Customs IT
(verification

Slovenian Railways
IT system
{yerification of SPYV)

S1 55N/
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ELEMED elemed
FRESH FOOD CORRIDORS

Part of Kaper

Port of Kaper
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I On the way to the next IT platform

* ALREADY 17 YEARS ON THE PRIVATE
CLOUD WITH THE LOCAL IT PROVIDER

* Mainly outsourcing model / Know- BUSINESS CLOUD SOLUTIONS IMPLEMENTED
how on processes in the company « HR (SAP Success Factors)
e Security

« Flexibility, Best-of-breed solutions * 2017: Office 365

(= implementing smaller- MOBILE SOLUTIONS IMPLEMENTED:
scale/agile solutions) 2014 Mobile app of Port of Koper
2015 Security mobile app
* Orientation towards Adaptive 2015 Reefer measurments

2016 Container damages repair
2018 Capsule workspace app for employees
2021 Road haulers app

sourcing (= shift from “built to
last” to “build to adapt”)

LLIKA KOPER

Part of Kaper

I loT for better productivity and process automation

* D-GPS (location, speed)

* Equipment metrics (fuel
consumption, engine status)

* RTG —TOS integration
* OCR (rail, gate, sea)

e RFID for truckers used with Vehicle :
Booking System 5 Contral Europ

SHORTER . SMAATEA . PAQTNEA

* Energy consumption management

* Process automation (Container
terminal)

T LKA KOPER Pl of Koper

LKA KOPER

Port of Kaper
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I Where we go? — next steps

* Process automation including 1oT and Mobile solutions to gain better
results & higher productivity

* ,Single window” approach in B2G segment (Maritime administration,
Customs, Veterinary administration, Police, etc.)

* Changes on the EDI segment (EDIFACT for Container terminal)

* Use of predictive analytics within the operational planning process

LLIKA KOPER

Part of Kaper

I 5G — LOGINNOQOV project

* Horizon 2020 action w SG

* 8 EU countries

* 15 partners @

* Lead partner: ERTICO ITS
Europe (Belgium)

* Budget: 8 million €
* 3-year project @
11 Use Cases

Y

3 Use Cases in Port of Koper

3 Living Labs (Koper, Athens, Hamburg)

* https://5g-loginnov.eu/

LKA KOPER

Port of Kaper
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I 5G — LOGINNOQV - Koper LL partners:

SLO:

* Luka Koper / Port of Koper
* Port Operator | Living lab facility Port of Koper

* Telekom Slovenije °.
* National mobile operator | Public 5G infrastructure ..&.o TelekomSlovenije

* INTERNET INSTITUTE I
* SME | Private 5G infrastructure & Industrial loT NS rnet

EU:

* Vicomtech
* Research centre | Al/ML-based video analytics vicOmtech

* Continental
* Industry | Telematics & loT ﬁi]llinun[cﬂ 5

Part of Kaper
)
| UC1 | Management and Network | UCS5 | Logistic Process Automation for | UC6 | Mission Critical
Orchestration platform (MANO) | Ports L Communications in Ports
-
- - A
| Al/ML Video Analytics Video Surveillance | Telematics Analytics
L L™ — — — — R—
3
| UHD Cameras Wearable Cameras L Drone Cameras
. 5G Telematics loT Devices &
i Backend System
| L 5G loT GW & Backend System 5G UE
-, _J/)
MEC | Mobile laaS ] | Port laaS
L
Private 5G System Public 5G System
Infrastructure Infrastructure
- iy
22
Part of Kaper
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I UC1: 5G-LOGINNOV Management and Network Orchestration

platform (MANO)

* Target 1: automated deployment and life
cycle management (MANO-based) of network
and services VNF (Virtual Network Functions)
and CNF (Cloud Native Functions)
components tailored for the port operation

* Target 2: deployment of 5G SA System
(Private Core Network [ Private Cloud RAN |
3.5Ghz/n78) and 5G loT System (Industrial 5G
loT GW | Management | Collector |
Reporter)

I UC1

5G network for remote control

* Testing 5G SA (stand-alone) network
capabilities for operating port machinery

ource: Konecranes

VITEL 2021 = 17.-18. 5. 2021

——

Industrial loT GW & Backend System

MEC | Mobile laas ] Port laaS

Public 5G System

Infrastructure Infrastructure

| }
\

Private 5G System }

UC1 components - Koper Living Lab

LLIKA KOPER

Part of Kaper

LKA KOPER

Port of Kaper
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logistics and remote automation

* Target 1: Port control, logistics and remote
automation (port machinery equipped with industrial
cameras for transferring images to CNS system |
identification of container markers | detection of
structured damage)

* Target 2: Port infrastructure monitoring and remote
metering with 5G loT (operating machine
monitoring by means of capturing and transfer of the
key information | positions, usage and other
telematics metrics from operating terminal vehicles)

* Target 3: resilient 5G based network services
(alternative 5G connectivity capabilities to the
established operational WLAN network, supporting
data transfer redundancy between the operational
port infrastructure and the operations centre)

I UC5

5G network to support process automation:

* Testing public 5G network capabilities for
transferring images/video stream from port
machinery industrial cameras

* Video analytics

VITEL 2021

= 17.-18.5.2021

PROCEEDINGS

UC5: The 5G-LOGINNQV automation for ports: port control,

r oy
[ ucs ]
A
Telematics
[ AIML Video Analytics Analytics ]
[ UHD Cameras Telematics loT
Devices &
Backend
\{_ Industrial loT GW & Backend Sy"stem System _/
£ O
[ MEC | Mobile laaS } [ Port laaS ]
Private 5G System Public 5G System
Infrastructure Infrastructure

p

UC5 components - Koper Living Lab

35 LLIKA KOPER

Part of Kaper

36

Port of Kaper
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I UC5

5G network to support e
monitoring and remote metering: Bl =T

* Testing public 5G network k=5 @) é
capabilities for transferring data
from port machinery

* Using loT to monitor, track and
control status of port
equipment (e.g. Consumption,
Battery Level, Fuel Level,
Temperature, Working hours,
Power status, Positioning &
Tracking, Lights, etc.)

Part of Kaper

I UC5

5G network to support port
operations :

* Testing public / private 5G
network capabilities as data
transfer redundancy to the
existing industrial WLAN
network (in the future
possible alternative to
WLAN)

LKA KOPER

Port of Kaper
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I UC6: The 5G-LOGINNOV 5G mission critical communications in
ports

* Target 1: A real-time video

~
4

surveillance use case (body-worn [ uce ]
cameras | portable video surveillance  © )
cameras | drone-based surveillance) :
. ' ' AUML Video Analytics ] [ Video Analytics
* Target 2: private security operations .
management and support o ]‘[w“"""c'"""] [""“‘c'"‘""

(personnel/team status monitoring |

Industrial loT GW & Backend System ] [ 5G UE
positioning and triage operations

%vww

Fos! \f'/ &

support with dedicated mobile G | MGbIs i6a8 ] [ ——
applications) » -
Private 5G System ] [ P\::Ihi: 56 System J
* Target 3: network reliability and s 5
resilience using public and private 5G o
infrastructure UC6 components - Koper Living Lab
39
I UC6

5G network to support security operations :

* Testing public 5G network capabilities for:
* real-time port area video surveillance
* drone-based activities
* security personnel support

40

Pt ool Wigpar
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Thank you for your attention.

Hvala za vaSo pozornost.

o - P x

Port of Koper WWW.zivetispristaniscem.si

Vsi sodelujocCi vabljeni, da nas kontaktirajte, da skupaj iS¢emo
priloZznosti na novih EU sofinanciranih projektih. Aktualnih
vsebin je veliko, domacega znanja v SLO tudi.

<F LUKA KOPER
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5G za povezano in avtomatizirano mobilnost (CAM)

5G for Connected and Automated Mobility (CAM)

Bozidar Volk
DARS

POVZETEK

Tehnologija 5G lahko ima v prihodnosti velike
u¢inke na povezano in avtomatizirano mobilnost
(CAM). Se posebno na komunikacijo med vozilom in
okoljem (V2X), ki je postala priljubljen koncept
mobilne tehnologije, ki pridobiva na vse vecji uporabi.
Komunikacija vozila do okolja (V2X) zahteva visoko
pasovno $irino, nizko zakasnitev in visoko zanesljivo
komunikacijo med S$irokim spektrom transporta in
prometnih senzorjev. Iz tega vidika so lahko mobilna
omrezja 5G klju¢na za zagotavljanje povezljivosti
vozila z vozilom (V2V) in komunikacije med vozilom
in infrastrukturo (V2I).

SUMMARY

5G as a technology has the potential to have wide-
ranging effects on the Connected and Automated
Mobility (CAM) in the future. Especially on vehicle-to-
everything communication (V2X) which has become a
popular concept that is expected to see increased
deployment in the near term. Vehicle to everything
(V2X) is a term that refers to high-bandwidth, low
latency and highly reliable communication between a
broad range of transport and traffic-related sensors
and because of this 5G mobile networks could be key to
providing connectivity for vehicle to vehicle (V2V) and
vehicle to infrastructure (V21) communications.

O AVTORIJU

Bozidar Volk je zaposlen v podjetju DARS, d. d., kot
Vodja sluzbe za upravljanje cestne infrastrukture in cestnih
naprav, v sklopu katere je odgovoren tudi za podrocje
telekomunikacij. Od leta 2008 se ukvarja z razvojem in
implementacijo inteligentnih transportnih sistemov na
podrocju avtocest. Sodeluje v vecih mednarodnih razvojnih
projektih na temo digitalizacije prometa in je vodja projekta
C-Roads na podro¢ju implementacije pilotnih projektov C-
ITS in tehnologij V2X.

ABOUT THE AUTHOR

Bozidar Volk is employed at DARS as head of Department
for road infrastructure and road equipment management,
within which he is also responsible for the field of

VITEL 2021 = 17.-18. 5. 2021

telecommunications. He has been involved in the
development and implementation of intelligent transport
systems in the field of motorways since 2008. He participates
in several international development projects on the topic of
traffic digitalization and has led the C-Roads project in the
field of implementing C-ITS pilot projects and V2X
technology.
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5G za povezano in avtomatizirano
mobilnost

VITEL 2021, 17. in 18. maja 2021

L3
Laad
beaaad
b ecaaad
A eeed
-

Glavna razvoejna podrocja mobilnosti

« Aviomatska in avionoemna voznja ‘
~ =« Vodilno razvojno podrocje v avtoindustriji
+ Cestne in prometne informacijske storitve
« Z implementacijo C-ITS tehnologij
« Digitalizacija prometa in logistike |
= Povezava vozil in z ostalimi dejavniki v prometu (V2X)
« Socialna informiranost na poti

= Kakovosten in dobro izkoriS€en Cas za potnike na poti

Povezljivost in loT bosta bistveni sestavini inovacij ha podrocju
mobilnosti in zlasti avtomatizirane voznje

VITEL 2021 = 17.-18. 5. 2021




ZBORNIK REFERATOV PROCEEDINGS

Cilji razvoja

«  Vecja varnost v cestnem prometu (vizija nic smrtnih zrtev)
\
~ » Vecja pretocnost (manj zastojev na cestah in krajSi potovalni ¢asi)

\
ManjSe emisije v okolje (prispevek k razogljicenju)

potnike in blago, s Cimer bo spodbudil kKoristi za uporabnike in

« Vecja udobnost potnikov (zagotavljanje novih storitev mobilnosti za
sistem mobilnosti kot celote)

2338
T

Za mobilnost pomembne lastnosti 5G
tehnologije

Visoka hitrost prenosa podatkov (do 10Gb/s — omogoc¢a prenose HD

map, pretocni video,...)

Zanesljivost prenosa (99,9% - primerna za kriticne aplikacije kot je

avtonomna voznja) ‘
Nizka latenca ( <10 ms - kljuCna za realno ¢asovne aplikacije)
Visoka kapaciteta (omogocCa povezavo velikega Stevila naprav)

Varnost (varovani in zanesljivi podatki)

VITEL 2021 = 17.-18. 5. 2021
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- Eutupedn 1 50 Erass-peciar Corvidary
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Primeri uporabe 5G tehnologije

Video p‘renos

Daljinsko upravljanje vozil Avtomobili brez voznikov Eko voznja
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Vloga 5G za DARS kot cestnega operaterja

Detekcija (zbiranje in poSiljanje podatkov iz cestnih senzorjev, VN,
(GAV/ =

Prometne informacije (poSiljanje prometnih informacij v realnem
casu in lokacijsko orientirane)

\
Povezava z avtonomnimi vozili V2| (izmenjava senzorskih podatkov
za upravljanje in koordiniranje avtonomne voznje) ‘

V prihodnosti bo raslo tako Stevilo povezanih naprav kot tudi koli¢ina
podatkov, ki se bo prenasajo (avtonomni avtomobili 5 stopnje bodo ‘
vsako uro v oblak poslali 25GB podatkov)

2338
2 EL

C-Roads Slovenija

Naprava v sprejemna naprava (OBU) Mobilni telefon (app
avtu tabli¢ni racunalnik DarsPromet+)
Napravg namevst|tev na obstojeCi oddajniki operaterjev
ob cesti obstojeCe naprave
Aplikacija za sprejemanje Aplikacija za sprejemanje
V centru ; L - ; L -
in oddajanje informacij in oddajanje informacij
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2338
2 EL

Pilot 5G DARS - Telekom Slovenija

5G pri razvoju celovitih reSitev za povezljivost za prihodnje storitve |
mobilnosti in prevoza zahteva sodelovanje med prometnim in
telekomunikacijskim podro¢jem

= =

Informacijsko prometne aplikacije, Povezljivi in mrezni sistemi, naprave in
cestne naprave in infrastruktura tehnologije

VITEL 2021 = 17.-18. 5. 2021 188
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2338
T

Pilot 5G DARS - Telekom Slovenija

Namen testa je bil preveriti zmogljivost trenutno postavljenega omrezja. To smo
preizkusili z video prenosom z nadzornih kamer avtoceste DARS na odjemalca,
namescenega v nadzorno vozilo DARS, ki je bilo povezano v mobilno omrezje 5G.
Med testiranjem smo preverili kakovost video prenosa z ve¢ videonadzornih kamer.

MV M N\ _ Paketno jadro
Video sustern DARS M'

J
J
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Iz vidika prometne mobilnosti u€inkovitost 5G ne zahteva le ustrezne
5G tehnologije, temve¢ tudi sposobnost oblikovanja njene uporabnosti,
kajti prednosti niso v tehnologiji, temve¢ v njeni uspesni uporabi.

Hvala za pozornost
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Transformacija mobilnosti z novimi tehnologijami

Transformation of mobility with new technologies

Daniel Avdagi¢

AV LIVING LAB

SUMMARY

5G Proof of Concepts CityLab with focus on real life
scenarios, cross industry, applications during massive
events.

ABOUT THE AUTHOR

As a founder and the CEO of AV Living Lab, Daniel
Avdagic is focused on bringing the future cognitive
autonomous mobility (CAV & UAM) to make life easier and
more productive with new free time while on the move for
billions of people around the world. Daniel previously served
as External Digital Transformation Leader at Deutsche
Telekom and Telekom Slovenije, as well as Account Manager
at Cisco. He began his career in 1998 at cable company.
Daniel was a project coordinator of Smart City consortium
consisted of 16 entities from 6 EU countries in 2015, private
cloud project (data collection) for EU agency and EU call for
multi-modal smart logistics platform in 2016. Daniel with his
team won 2nd place at Future Digital Insurance Hackathon
in2017.

VITEL 2021 = 17.-18. 5. 2021
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- | "*uim’al

AVlvinglab | N N

by

Transformacija
mobilnosti z novimi
tehnologijami

Daniel Avdagic
AV Living Lab
CEO

AV Living Lab: The European largest CityLab ﬁ

AV Living Lab |

City of Ljubljana
AV Living Lab

in BTC City Ljubljana, one of the biggest
business, shopping, and entertainment
centers in Europe.

475.000 m<of surface area on
private ground

T km of roads

21 million visitors per year
600 shops and services

5
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The Slovenian Autonomous Driving Ecosystem ﬁﬁi

AV Living Lab is the leading partner of the Slovenian autonomous driving ecosystem.

— — - - —r

Urban Mobility Motorways Proving Ground
AV Living Lab Slovenian Motorways Automobile Association
BTC City Ljubljana Company (DARS) of Slovenia (AMZS)

© AV Living Lab, 2021

AV Living Lab |

The Cross-Border Autonomous Driving Corridors ﬁ

AVLL is a partner of Austria-Hungary-Slovenia
trilateral Cross-border testing ecosystem.

(]
[
- AUSTRIA-HUNGARY-ELOVEMLA
c R TEHTIN - Lab Motorways Proving Urban 5G test
d i it twork
ALF‘_LHD -:—u—;‘,- Frlsegersreg, groun: environmen networl

az, Aisina

£2m i A 0 il s
e e @ ©

Company

AMZS

..m' Automobile
association

of Slovenia

=
A AV
wriwmgim | Living Lab

© AV Living Lab, 2021
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The Role of ,,City as a Lab* for working on Public

Acceptance

Real human

Infrastructure Technology interaction

Testbed Low
Proving Medium
Ground

Living Lab Medium
City as A Lab

© AV Living Lab, 2021

Cross-Industry and Smart CityLab

PROCEEDINGS

1})

AY Living Lob

Cross-industry
ecosystem
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© AV Living Lab, 2021
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IET CAPARILITIES

Wl | attwan painie
AL =R T

Fmmact city T seneom,
Loita hat spats

. Rl parking T veers

Cyfsrsaciarity. Rivckchain.
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Proof-of-Concepts sandbox (2019-2021)

iy e s

Lt} e 9
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Validation of Autonomous-related Applications

AV Living Lab
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Why City as a Lab

The Role of European Urban CityLab

*  Working with EU citizens
(human-centric) on Public/Social
acceptance and embracement

*  Working with EU Governmental
bodies (GovLab) on complience
with EU regulations, privacy,
data protection, etc.

*  Working with cross-industry
applications for a better society

EU complience, validation and
harmonization of digital products
and services

Our Mobility PoC references and clients

Digital platforms GOOQIG

City car congestion relieve/mitigation through
personal mobility behaviour influence with non-
monetary incentives with possible application to
on demand road reverse charging.

Digital apps DAIMLER

Beyond mobility as a new concept of added value
time consumption based on loyalty scheme
partners’ ecosystem and personalised points of
interest.

© AV Living Lab, 2021
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Urban Air Mobility
VTOL/UAS/UTM

PROCEEDINGS

e
it glime

AV Living Lob

E’% ]})

Autonomous public @ VOLKSWAGEN
transport

Value added services ecosystem as a key enabler of
corner-2-corner on demand, shuttle based
autonomous public transportation.

Car/ride sharing I TOYOTA

Multi role 24/7 business district based car sharing
based on a common car pool for personal business
mobility, zero Capex and significantly lower Opex.
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BTC Ciry Luublansg

5G Proof-of-Concepts CityLab

(with focus on real-life scenarios, cross-industry
applications during massive events)

Sandbox for ITS & data: 5G for mobility

Vehicle-2-Vahicla AV routing & navigation & surveying
Vehicle-2-Infrastructure v HO maps on-demand
Emc"

Vehicle-2-Grid ot 0% User adaptive UX
Vehicle-2-Padestrians ¢ HMI on demand

(>
<,
AV remole management & control i d:‘q; Maobile edge computing node
%,
-]
z

% j Mability as a Sarvice
(’% ~ On-commute sarvices
Connected intelligent infrastructure "‘," - .&i Content rich Infotainment
ITS monitoring & management ‘o‘%‘, Media-on-commute

% . M‘J« -on- o
0%“ Work-on-commuta

Applications & services for AV
In-vehicle AR/VR

Road conditions & avents alarting

© AV Living Lab, 2021
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Our 5G cross-industry CityLab

A "::G-
* Cross industries ettt : ——
* Multiple sites = A = = A
* Private 5G for «>»
retail/indoor woiva s [W g oyt R
« Underground - T o
. w 80 -
locations e ‘
* Massive events ey i e
l w. LIS ¢
e B I e
o 1) J, ._'/ ."I. s):'—.(/
i 'ﬁo
© AV Living Lab, 2021 PrEp——
Our ITS & C-V2X use case Gl
56 cellular infrastructure ITS infrastructure
5G (3GPP, 5GPPP) E , ; G5 (IEEE 802.11p)
5G, MMTC vl
56 SN T
&/ i Qs S £
@Q\/,/ %i e/ \ ~ N
S .i >
&/ g &2 " &
/--'/ ‘ 9//\9'\ N Q
/ . \. .
v
@ " 56,C-V2G @ *V2V, C-v2V (02D) 6_;6 ‘sevapcis @ b_,,f g
EV charging Connected, Electric
Smart grid infrastructure Autonomous Vehicle
5G, URLLC
© AV Living Lab, 2021 C-ITS, G5 / DSRC -
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Our Approach:

Integrated and Multimodal Mobility Living lab

=
e Lty LoD

Prot ol -concopt eseoution
Uner & parfiner onboanding
fuitl-vnndor omhestradion
R ch K devslopnmpnd

Cama B YR

Fitern SmartCity  Femart geid
MOBILITY AS A SERVICE

& ) 0= B B =

MULTIMODAL MOBILITY

A T 7

Fesanggemund. iy Lsh

[l & 2 Gy of | pabigana

INFRASTRUCTURE
© AV Living Lab, 2021

BTC City Liubliana

THANK YOU

Let's transform the Urban Future.
Together.

daniel.avdagic@avlivinglab.com
AVLivinglLab.com

VITEL 2021 = 17.-18. 5. 2021
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AV Living Lab

BTC Ciry Luublansg

BACK UP SLIDES

Our Business Development approach

AV Living Lob

i

QcuLAR CONTINUDGg
.l

% %o, 3
,;_\b\‘ A’ﬁ! !
x‘?:“x Services, applications it =
:?:F g E_ i
c 1aT. IlaT Platforms '1 5
[¥) s % 4
) 2 A
® g5 £ :
(o] i L ;
(= ] [ =y
| - . M — O
Q 'd i
Lo} o
Q z |t
a T g &
— 2| 1 c |5 &
(- i W 5 = B
] g i E ¥ ;__-| LL
Q g s (E |2
N g2 8 |§
o= E= = = 2
= ul
Physical infrastructures E
| 5, Energy grids, comimunications | -3
=
Horizontal Data flows "'l
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Our SmartCity approach

Infrastructures \ "
{emart grid ((T)) ) Q fol, ot infrastructures
communcatons) R - /

Intelligent transportation
infrastructure
[mutomated/sutonomeus driving)

Our Competences and Capabilities

B 2 4 99 s B) &) U

L] L - L] - L] L L] L
AV Simulstion Commanica-  Physical Smart University  Mobliityappe  Business Cybersecurity Intermnatienal
&testing tions &iaT  Infrastructurs Grid of Things™  and services modaks cooperation
=I5 05, 56 speetrum Freads Smart grin Cutthvation af ranllity Businass Cybersaourity  EU peojects
Day 1. Dayl5 [astribution) machines applications madels of lesting HIPIO,
extende:d C=ITS G& Parking and with AES and with futuare makbility ST
sEFyicas mpaetrm garages [ie] Encial and on-the-fy sEfviceEs Panetration irtereg
t=sling inffastiuclhue  PIYChologCal conlraetl esting
LA L Servces peceplonal  managament
Qrrving spectram infrastruciure EW ear futura manliity
Eimulatar with chul
arivor Wik Dffces for RAD m.“.?,"..','.'."'

big=faddback Mivasiiuctue activities

X0 punint clourd Viges
rodeieng of suirveillance
infrastruciuce  mifrastructise

Omject luT senso
recognilion plattnem with

andl pedesirian analytics
skgleton
annlysiu
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Sandbox of Physical world to Human interaction

AV Living Lob

S A @

Solutions scale up, replication

Digitalization, business models

University of Things™

Services, applications, platforms

Cwbersecurity end-2-end

Cross industry enviranment,
machine learning, analytics
R

 EdgaloTdata

| S I 'INFORMATION » KNOWLEDGE

s Hum

Blockchain contract mansgemant
£5, LPWAN for Media and loT

Bring your own X

o L

Physical-Human

cross environment

© AV Living Lab, 2021

Autonomy & Cognition: Future Mobility CityLab

AV Living Lob

0 Vision sensors
i ¥ [vision, |R. LIDAR. RADAR, US)
-~ @
(=]
i Sensor fusion
. [GNSS, weather. passenger emotions, services)
= Localization
= I (HD maps, paint cloud)
= & -
5| %| B Situation awareness
— a i
2 8| B
= =
8 8 Path _
| (immediate, long term)

Autonomous vehicle control & safe drive
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From Simulation to Real-Life Urban Mobility ﬁ

3
5
>
3
- z
3] CLOSED ENVIROMENT 2
© Laboratory, system 85 a whole §
(0] L
= g
o PROVING GROUND : 5 g |gf
(o} Vehicle dynamics. ADAS. Level 2-3 autonomy & g B §
(© =& e
< 8 a
C OPEN REAL ENVIRONMENT 4 z g §
8 Motorway, Level 2-3 autonomy, limited intaraction /1 g ey b= i
3 e, AR
Y OPEN REAL ENVIRONMENT | R 2
Urban, last mile, Level 3-4-5 autonomy , z >
A =
- >
7 <
APPLICATIONS SERVICES, BUSINESS MODELS
Urban City as a Lab p Ecosystem as a Service ]
Use cases p Production. Social & Public acceptance !
© AV Living Lab, 2021
! Autonomous mobility —
new business Existing business 2
3 o w w ﬁ“ PAnc
=1 Microservices
3 .
? Open autonomous mobility marketplace
-
3 5
3 Z | Services
g 8
5 2
o
2 g Applications
- &
o ﬁ .
eS|
| l A Application platforms
g¢
&
£¢| |
A 34

Autonomous vehicles services,

Intelligent Transportation Systems,
Mobility infrastructure
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Sandbox for ITS & data: 5G for mobility

Vehicle-2-Vahicla AV routing & navigation & surveying
Vehicle-2-Infrastructure v HD maps on-demand
EHy,
Vehicle-2-Grid .i q"o‘,¢ User adaptive UX
Vehicle-2-Pedestrians L - b HMI on demand
AV remote management & control i - 9‘% Maobile edge computing node

&
3

Mability as a Sarvice

%‘A On-commute sarvices
Connected intelligent infrastructure Content rich Infotainment
ITS monitoring & management Media-on-commute

Road conditions & avents alarting %"%.' ’EM Work-on-commuta
‘ Applications & services for AV

In-vehicle AR/VR

© AV Living Lab, 2021

Our 5G cross-industry CityLab

AV Living Lob

. . l\ '.2"
* Cross industries ettt y
* Multiple sites = = = A
* Private 5G for W «<» ” :
. . F 5 -vl-'-._ N —_—
retail/indoor wige [V g /g0
* Underground - 3 e
. w 80
locations e s T g =
* Massive events e —i
;n;""':'lf .‘T! \‘:'
0. » iy / ») [ c o
. o = - Q—C"
© AV Living Lab, 2021 o i R, . )
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Our ITS & C-V2X use case

AV Living Lab

56 cellular infrastructure ITS infrastructure
5G (3GPP, 5GPPP) ﬁ ) ) G5 (IEEE 802.11p)
- 56, MMTC -
,.@ RRH{ iNB . ~—o\9 . E!'SU
5aG [ AT
N6 P
3 %{ (81 s o %
&/ 3 & ' ]
N -t >
<°<_.9-/ £ u('?){ \'\‘5-06 \\ O
| . |8
././ * o il
@) <o VAT — Y
/ 5G,C-V2G V2V, C-V2V (D2D) 5G, V2P, C-ITS _,/ '/
EV charging Connected, Electric
Smart grid infrastructure Autonomous Vehicle
5G, URLLC
© AV Living Lab, 2021 C-ITS, G5 / DSRC -

Mobility in motion: 5G use cases

=l e Traffic Notification Table
phone ex | oTmcatic e
eMBB |
D l D l 'U'El l D Camera a
lof node ) camera
e 4 !
eMBB I | i mMTC &= i ﬂi ol node |
laT node L

Mobility as a service
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V2X cross-industry use cases: Smart grid, V2G, loT ﬁ

PV solar power plant

Smartarid nodes e
AR e e
Iol nodes .
oo -GN D) = =5
" El ‘ ; ~ V2l
URLLC .(_‘r‘?‘: EV charging
Battery

Strategic Initiative 1:

Society and city digitalization TW .

PAYETIG Y Car interior
Integration oty experience
Human at (OLED)
the center

f
Public App/platform

Transport Shared and

Traffic paterns Multimodal

Digitalization o= Goods and
Data Mobility packets delivery
integration as a Service

Power and
load profiles

Value chain and

EV charging revenue model

infrastructure

Communications

© AV Living Lab, 2021
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Strategic Initiative 2:

Co-Creation of Autonomous marketplace

i Higghsed margin in-car services

Business models e
Monetization - Sustainabllity — AP paymant model

markat

Go-to

4 § — Autanomy as a Servioe
E g = Autonomous Marketplace =1
E‘ -5 B Bangancd cifiuang asparkardn
g .
gl x| %
=] CH E ) Connected autanomous
% a8 E marketplace transformation
a
Ll
s - EE :
T in 3 a5 o Digital content service
] i .ﬂ-%-ﬁ — [roviders [apps;
[ B | ﬁ, _E g infrastructyure)
E t E g m 8 ﬁﬁ
1:! 'I'E'I' o = ﬂ E x [7]
o E g Communicabons
| £ | E =8 infrastructure
. - 5 %
§i] 1
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Tehnoloska nevtralnost naslednje generacije klica v sili
na Stevilki 112

Technological neutrality of the next generation
emergency call on 112

Bostjan Tavdéar

Ministrstvo za obrambo, Uprava Republike Slovenije za zas¢ito in reSevanje

POVZETEK

Stevilka za klic v sili, ki je bila sprva namenjena
zgolj govornim klicem je z leti pridobivala Stevilne
nove storitve. Te so prej kot dejanskim potrebam sledile
razvoju tehnologij. Mnoge od njih zato nikoli niso zares
zazivele. Njihov uspeh je bil odvisen od ljudi, ki so jih
ali pa¢ ne sprejeli. Bolj uspeSne so bile storitve,
neodvisne od uporabnikov. Cilj vseh storitev klica v sili
je pridobiti ¢im vec relevantnih podatkov v ¢im krajsem
Casu. Za dosego tega cilja morajo biti storitve
tehnoloSko neodvisne. Tehnologija ne sme biti tista, ki
diktira njihov razvoj, mora ga samo podpirati. Kaksno
vlogo bo v tem primeru odigrala tehnologija 5G, bomo
videli v prihodnje.

SUMMARY

The emergency number, which was originally
intended for voice calls only, has been gaining with
many new services over the years. The 112 services
followed more the development of technologies rather
than actual needs. Many of them, therefore, never really
came to life. Their success depended on people who
either did not accept them. User-independent services
were more successful. The goal of all emergency call
services is to obtain as much relevant information as
possible in the shortest possible time. To achieve this
goal, services must be technologically independent.
Technology, should not be the one to dictate their
development, it should only support it. We will see in
the future what role will play 5G technology in this
case.

O AVTORJU

Bostjan Tavéar je diplomiral na Fakulteti za
elektrotehniko v Ljubljani na smeri telekomunikacije. Od leta
1994 je zaposlen na Ministrstvu za obrambo, Upravi
Republike Slovenije za zas¢ito in reSevanje. V zadnjih letih je

VITEL 2021 = 17.-18. 5. 2021

bil vodja Centra za obvescanje Republike Slovenije. Od
oktobra 2019 pa vodi Sluzbo za informatiko in komunikacije.
Zadolzen je za razvoj in delovanje informacijskih in
komunikacijskih sistemov in storitev, Stevilke za klic v sili in
centrov za obves€anje na podrocju varstva pred naravnimi in
drugimi nesreCami. Je tudi avtor aplikacije za klic v sili za
gluhe in naglusne, WAP112, ki je bila predhodnica oziroma
prva aplikacija naslednje generacije klicev v sili NG112.
Aplikacija je leta 2009 prejela nagrado, ki jo podeljuje
evropsko zdruzenje EENA. Je pobudnik uvedbe sistema
eCall v Sloveniji, pri razvoju slovenske resitve je tudi aktivno
sodeloval. Udelezen je bil pri Stevilnih evropskih projektih,
med katerimi so U2010, MONET, ABSOLUTE, 1 HeERO,
NEXES in drugi. Je ¢lan Evropskega kluba 112.

ABOUT THE AUTHOR

Bostjan Tavcar received his B.Sc. (univ.dipl.ing.el) from
the Faculty of Electrical Engineering in the field of
telecommunications. Since 1994 he has been with the
Ministry of Defense, Administration for Civil protection and
Disaster Relief. In recent years, he has held the position of
the Head of the Notification Centre of the Republic of
Slovenia. Since October 2019, he is the Head of Information
and Telecommunication Department. He is in charge of
development — and  adoption  of  information  and
communications — systems and the unified European
emergency numbers 112. He is also the author of the
emergency application for hard of hearing WAPI12, the
predecessor of the next generation 112 call service, which
received an international EENA award in 2009. He is the
initiator of the implementation of eCall in Slovenia and has
been actively involved in numerous European projects,
including U2010, MONET, ABSOLUTE, I HeERO, NEXES
and others. He is a member of European Club 112.
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Bostjan Tavcar

Uprava RS za zascito in reSevanje

VITEL 2021, 17. in 18. maja 2021

Razvoj storitev klica v sili - 112
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Dejanska uporaba storitev
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Tehnologije pogosto ne ‘
zdovoljujejo dejanskih potreb

https://siol.net/avtomoto/novice/nora-cesta-prometni-pas-se-menja-kar-med-voznjo-video-485957

Marsikatere tehnoloske resitve
v praksi niso zazivele ‘
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Storitve klica v sili morajo biti

prilagojene potrebam, ne tehnologijam ™
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Slovenska mreza TeleKap —

PROCEEDINGS

itEL

nova paradigma zdravljenja

mozganske kapi

Slovenian network TeleStroke — a new paradigm for the
treatment of stroke

Bojana Zvan
Univerzitetni Klini¢ni center Ljubljana, Center za TeleKap

POVZETEK

Strokovno znanje o mozganski kapi je kljuénega
pomena za pravocasno in ustrezno zdravljenje z
intravensko trombolizo (IVT) in vpliva na uporabo
IVT. V Sloveniji se IVT izvaja v splosnih bolnisnicah,
kjer pogosto niso imeli nevroloskega strokovnega
znanja. Za premagovanje te ovire smo vzpostavili
nacionalno omrezje za zdravljenje mozganske kapi na
daljavo s pomocjo telemedicine - TeleKap. Mreza je
sestavljena iz svetovalnega centra za mozgansko kap in
12 mreznih  bolniSnic, razvrS¢enih glede na
razpolozljivost nevrolo§kega strokovnega znanja na
kraju samem. Cilj je bil, da TeleKap poveca uporabo
revaskularizacijskega zdravljenja v drzavi (IVT in
Mehansko revaskularizacijo), da zmanj$a smrtnost in
zmanjSa zdravstvene stroske. Rezultati retrospektivne
opazovalne studije, ki je primerjala Stevilo bolnikov z
akutni ishemi¢no mozgansko kapjo (AIMK) in uporabo
IVT v prvih 3 zaporednih letih delovanja mreze
TeleKap, smo ugotovili, da je TeleKap je izboljsala
uporabo IVT ne glede na nevrolosko strokovno znanje
na kraju samem. Zaklju¢imo lahko, da se je nacionalna
mreza TeleKap izkazala za ucinkovito. Lahko bi
predstavljala model oskrbe s telemedicino za druge
podobne drzave.

SUMMARY

Stroke expertise is critical for timely and
appropriate intravenous thrombolysis (IVT) and affects
VT use. In Slovenia, IVT is administered in general
hospitals, which often lack on-site neurologic expertise.
To overcome this obstacle, a national telestroke
network, TeleKap, has been implemented. TeleKap is a
decentralized hub-and-spoke telestroke model covering
the entire nation, consists of one comprehensive stroke
center and 12 spokes classified according to the
availability of on-site neurologic expertise. The aim of
the network was to enhanced use of revascularization
treatments (IVT, mechanical revascularization), to
reduce mortality rate and medical costs. The results of
retrospective  observational study comparing  the

VITEL 2021 = 17.-18. 5. 2021

number of acute ischemic stroke (AIS) patients and the
use of IVT during the first 3 consecutive years of
network operation have shown that TeleKap enhanced
IVT use regardless of on-site neurologic expertise.
TeleKap proved to be efficient. It could serve as a
model of telestroke care for other similar countries.

O AVTORJU

Prof. dr. Bojana Zvan, dr. medicine, primarius, visja
svetnica, FESO, nevrologinja, redna profesorica na
Medicinski fakulteti Univerze v Ljubljani, Slovenija,
soustvarjalka vaskularne nevrologije v Sloveniji in avtorica
mreze TeleKap. Je predsednica Nacionalnega drustva za
mozgansko kap in podpredsednica Nacionalnega drustva za
glavobol. Je vodja Slovenske nevrosonoloske $ole, strokovna
vodja Drustva za prepre¢evanje mozganskih in zilnih bolezni,
predstavnica Slovenije v Evropski organizaciji za telekap,
redna clanica Evropske organizacije za mozgansko kap
(ESO) in sodelavka v organizaciji Kontroverznosti v
nevrologiji (CONy).

ABOUT THE AUTHOR

Professor Bojana Zvan, M.D., Ph.D., “primarius”, senior
advisor, FESO, neurologist, full-time professor at the
Medical Faculty University of Ljubljana, Slovenia, Co-
creator of the vascular neurology in Slovenia and the author
of telestroke network — TeleKap. She is the president of the
National Stroke Society and the vice president of the National
Headache Society. She is the head of the Slovenian
Neurosonology School and the professional head of the
Society for the Prevention of Cerebral and Vascular
Disorders. She is also the cofounder of the Migraine
Association, a regular member of the European Committee
for Telestroke, a fellow of the European Stroke Organization
(ESO) and a fellow of the organization Controversies in
Neurology (CONy).

213



ZBORNIK REFERATOV PROCEEDINGS

TeleKap
nova
paradigma
zdravljenja
mozganske
kapi

prim. prof. dr. Bojana Zvan, dr.
med. visja svetnica
Univerzitetni klini¢ni center
Ljubljana

Telezdravje - Teleeskrba -
Telemedicina

E-Zdravje (TeleHealth) — zdravstvene informacijske storitve,
zdravstveno izobrazevanje, zdravstvene storitve v SirSem pomenu, ...
Temelji na Telekomunikacijah.

TeleOskrba (TeleCare) — tehnologije, ki omogocajo ohranjanje
zdravstvene neodvisnosti in varnosti bolnikom na domu: mobilne
nadzorne naprave, medicinski sistemi opozarjanja, uporaba
telekomunikacijske tehnologije = racunalniki in telefoni.

TeleMedicina (TeleMedicine) — izobrazevanje na daljavo, zagotavljanje
zdravstvenih storitev z uporabo telekomunikacijske tehnologije =
uporaba informacijskih tehnologij in elektronskih komunikacij za
zagotavljanje oddaljenih klini¢nih storitev pacientom: digitalni prenos
medicinskih slik, oddaljena medicinska diagnoza, video-posvetovanja s
strokovnjaki.
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Telemedicina

' — '—
o —
Pomanjkanje specialistov in ,

napredek tehnologije = razvoj
telemedicine za zagotavljanje
zdravstvenega varstva

Prenos medicinskih informacij
po elektronski komunikaciji iz
ene lokacije na drugo

Dostop do zdravnikov na
obmocdja pomanjkanja — z
diagnosticnim pregledom prek
spletnih kamer omogoca
takojsnje zdravljenje

Znizuje stroSke zdravstvene
obravnave

»Ljudje so se do mene obnasali brutalno neprijazno,«
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AMI - statistika za Slovenijo 2013

8.10. Thirty-day mortality after admission to hospital for AMI based on admission data, 2003 to 2013 (or nearest years)
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IMozganska kap je katastrofa, kijjo lahko
cimoyi Vi

74,60

64,898 8 728860,828

Podatki za obdobje 2007-2011 =

stopnja umrljivosti v Sloveniji zaradi
MK bilahko zmanjsali kar za 35%, Ce c.l S5{0)

bi jo lahko v vseh slovenskih regijah
zmanjsali na raven umrljivosti mmu
[jubljanske regije.

BolniSnice v Sloveniji do leta 2014

V Sloveniji do 2014 - organizirana nevroloska sluzba 7/24 le v 4
bolnisnicah:
- UKCL - bolniki s Primorske, Goriske, Notranjske, Gorenjske,
del Dolenjske, del Stajerske, KoroSke, Prekmurja

- SB Celje - del Stajerske in Koroske
- UKCM - Prekmurje, del Stajerske in Koroske
- SB Novo mesto - Dolenjska
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Zapora bazilarne arterije
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KrajSa razdalja, beljsi izid belezni

Prihranimo 1 uro = 2 mio x 60 min = pretivi 120 mio nevronov
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Kencept TeleKap
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Strategija

ﬁ
Cilji o
g TeleMedicina
Zmanjs$ati invalidnost in TeleKap
smrtnost

Zvan B.
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Slovenska mreZa TeleKap

Razvrstitev bolnisnic glede na razpolozjivost nevrologov

- UKCL, UKCM, SB NM, SB CE - nevrolog neprekinjeno 24/7
- 6 mreznih bolniSnicah - nevrolog 8/5 (telemedicina izven rednega dela)
= 2 mrezni bolniSnici - nevrolog 0/0 (telemedicina)

- UKCL - glavna terciarna bolnisnica; pokriva celotno drzavo s 24-urno
celostno oskrbo, endovaskularno zdravljenje, vecina nevrokirurske oskrbe

* EMK - UKCL, UKCM, SB CE

Slovenska mreza TeleKap

‘2 milijona prebivalcev; povrsina 20.273 km?;
gostota prebivalstva od' 1000/km?2 v. Ljubljani
do le 5/km? v alpskih regijah
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Center TeleKap

@ Telemedicina
@ ,Hotline” 051 617 330
@ Dosegljivost 24/7/365

@ ~ 10 vaskularnih nevrologov

0ddaljeni Center TeleKap - dele
doma
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Mebilni telemedicinski vozicéek v
mreznih belniSnicah

HD videokamera visoke locljivosti

Potek dela v mrezi TeleKap

Deluje po principu 24/7/365

- Telefonski stik

- Zdravnik v mrezni bolnisnici (ni obvezno) zaprosi za
telekonzultacijo

* Klinicna preiskava preko videokonference v realnem cCasu
* Prenos digitalnih radioloskih slik

- Vsaka mrezna bolniSnica zagotavlja hiperakutno oskrbo bolnikov
z IMK: telemedicinski kontakt, CT / CTA / (CTP) in izvede IVT,
zdravstvena oskrba

- Spremljanje bolnikov preko TeleKapi
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Trend IVT v 24/7 MB Celje

2010

120

100

80
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©Total number of IVT patients to 2014

Year

2011 2012 2013 2014 2015

2017 2018

Pred (2011 - 2014) in po vkljucitvi
v mrezo TeleKap (2015 - 2017)

SB CE
po 2015

SB CE
pred 2015

Vse TK B
po 2015

Total number of IVT patients from 2015 A Number of IVT patients in TeleKap

Absolutne St. IVT se je povecale

Linearna regresija: statisticno znacilni pozitivni trendi v
absolutnem st. IVT bolnikov in absolutnem St. bolnikov z
akutno IMK (p = 0,010)
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(p =0,01)

43,5%
142 pts

2015 2016
Year

=m Number of AIS patients

36,7%
208 pts

2017

= Number of IVT patients
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Izidi pe VT v mre2l TeleKap

Analiza funkcionalnega stanja bolnikov po
lestvici mRS ob odpustu iz mreznih bolnisnic
(mRS 0, 1T in 2 = dober izid)

mRS skupaj brez UKCL

EF‘ “ivn. —
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b miRS4

Odpust & miss

mmisE
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Izidi pe VT v mre2! Tele
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b _
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Odpust
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Izidl pe MeR v mrezi
TeleKap o

Funkcionalni izid mehanske revaskularizacije
(mRS 0, 1,2 - dober izid)

Mehanska tromboliza

Fo— & mRSO
| TRS1
s mRS2
& mRS3
i mRS4
Odpust B TRS5

HmRS6

~5% smrtnost

=30idoberizid

Kle smo z MeR v mre2l TeleKap
(Mr. Clean,

TeleKap: dobri izidi (mRS 0-2) in >30% po odpustu
(po 90. dneh ?)

Modified Rankin Scale Score
mo m! N2 m3 m4 5 6
No symptoms <= » Death
Intervention 2
(N=233) g g 2l
v g 5 oA - !
! 4 7 2 /
Control Al
(N=267) : = &
| 1 L 1
0 20 40 60

S307sidobETAZIN PO 0IdNER) >20% smrtnost

Berkhemer et al., 2015 (MR CLEAN Trial)
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Razprava
Glavna ugotovitev

- Stalno, postopno povecCevanje absolutnega St. B zdravljenih z
IVT v mrezi TeleKap

= Znacilno postopno povecevanje absolutnega st. B z akutno
IMK

- Znacilna povezava s tele-obravnavo in zdravljenjem z IVT
- Dobri izidi zdravljenja

Ali smo opraviéili TeleKap ?
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VITEL 2021

StroSki steritev Teleikap
Prilhranki ed 2015-2020

»TeleKap“ omrezja = Cilj povecanje st. bolnikov z AIMK
zdravljenih z IVT = < invalidnosti, <
dolgorocne oskrbe za hospitalizacije, oskrbo na domu ali v
negovalni instituciji

Ocenjeni stroski rehabilitacije 1 bolnika z IMK, ki ne dobi IVT so
60.000 € (svetovno povprecje)

2015-2020 - v omrezju »TeleKap« 1196 bolnikov z IVT

Rezultati zgodnjega zdravljenja (mRS ob odpustu iz bolnisnice):

* 50 % bolnikov ni potrebovalo dolgotrajne hospitalizacije v akutnih in
negovalnih bolnisnicah, rehabilitacijskih ustanovah, nege doma oz. v DSO.

 Umrlo 15 % bolnikov,

* 20 % zmerno prizadetih,

+ 15% huje onesposobljenih - dozivljenjska oskrba.

Do konca oktobra 2020 »TeleKap« privarcevala 57.420.000
evrov zaradi zdravljenja z IVT

57.420.000 evrov

Stredki storitev Teleap

Dodatni financni prihranki - < St. prevozov bolnikov z AIMK iz
regionalnih bolnisnic (ocena povprecnega stroska prevoza 1.500
EUR (svetovno povprecje). Vsaj 80%/5411 bolnikov v mrezi
TeleKap prevoz v centralno bolnisnico ni bil potreben - prihranek
za prevoze bolnikov: 1.500 EUR x 4029 =.

Od zacetka leta 2015 do konca oktobra 2020 delovanja mreze
TeleKap = prihranek 57.420.000 evrov + 6.043.500 EUR =
63.463.500 EUR.

Neprestano povecevanje trenda obravnav v mrezi TeleKap
pomeni, da prihranki zaradi vzpostavitve mreze TeleKap
eksponentno narascajo

©3.463.500 EUR
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Evolucija E-zdravja v 5G
Evolution of eHealth towards 5G

itEL

Pavel Kralj

TELEKOM SLOVENIJE

POVZETEK

Vzpostavljamo vertikalo eZdravja ter storitve in
tehnologije v smeri infrastrukture 5G. Kako bo 5G
vertikalo spremenil ter kaj lahko 5G ponudi industriji in
posledi¢no poveca zahteve glede zanesljivosti, SLA in
kibernetske varnosti.

SUMMARY

Building the eHealth vertical and services and
technology towards the 5G infrastructure. How a 5G is
going to modify the vertical and what 5G could offer to
the industry and subsequently increase the reliability,
SLA and cyber security requirements.

O AVTORIJU

Pavel Kralj se je leta 2008 pridruzil druzbi Mobitel,
prvemu slovenskemu mobilenmu operaterju. Oddelku za
storitve z dodano vrednostjo se je pridruzil kot analitik in
arhitekt. Bil je vkljuen v nacrtovanje in razvoj portalske
platforme za izdelavo portalov za mobilne terminale. Leta
2013 se je kot analitik in arhitekt pridruzil oddelku za
nacrtovanje jedrnih sistemov. Danes je v Telekomu Slovenije
vkljucen v stratesko planiranje ter raziskave in razvoj.

ABOUT THE AUTHOR

Pavel Kralj joined Mobitel, the first Slovenian mobile
operator, in 2008. He joined the Value-Added Services
Department as an analyst and architect. He was involved in
the design and development of a portal platform for the
creation of portals for mobile terminals. In 2013, he joined
the Core Network Department as an analyst and architect.
Today, he is involved in strategic planning and research and
development at Telekom Slovenije.
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Evolucija E-
zdravja v 5G

5G

« Enhanced mobile broad band - eMBB
* Massive machine type communication - mMTC
 Ultra reliable low latency - URLLC

8
2 Evolucija E-zdravja v 5G TelekomS|ovenije IM
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5G — platforma za vertikale

HEALTH PUBLIC SMART
HONITORING TELEMATICS SARETY pirem: MANUFACTURING
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3 Evolucija E-zdravja v 5G TelekomSlovenije ‘S
E-zdravje
E-oskrba
* 24-urna prisotnost pomoc€i za oskrbovance — asistenc¢ni center
» Spremljanje alarmov, zaznava padca,
» Spremljanje aktivnosti oskrbovancey, graf aktivnosti
» Tehnic¢ni alarmi in odprava napak
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E-zdravje
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E-zdravje

Vitalne funkcije

+ Vitalne funkcije omogoc¢ajo stalno spremljanje in merjenje vitalnih
funkcij ter drugih zdravstvenih parametrov na daljavo.

* Razbremenitev zdravstvenega osebja
* AZurno in u€inkovito spremljanje bolnikov
+ ZmanjSanje Stevila obiskov bolnikov
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E-zdravje

Varnost
* Dostopnost naprav in tudi sistema, sistemov

Zanesljivost
* Prioretizacija glede na ostale storitve na javni infrastrukturi

Masovnost
» Veliko Stevilo naprav, ki komunicirajo proti omrezju

7 Evolucija E-zdravja v 5G TelekomSlovenije = =)

E-zdravje danes

Varnost
» Skupna javna infrastruktura
* Privatno omrezje na nivoju APN-ja

Zanesljivost

« Skupna javna infrastruktura
+ Jedrno omrezje
* Radijsko omrezje

Masovnost
* Namenjeno ,malemu” Sevilu naprav

* Promet v smeri proti uporabniku
[

8  Evolucia E-zdravja v 5G TelekomSlovenije = =

VITEL 2021 = 17.-18. 5. 2021 233



ZBORNIK REFERATOV PROCEEDINGS

E-zdravje v 5G

Varnost
* Varno zasebno omrezje na javni infrastrukturi.
» Kontrolirana povezljivost terminalnih naprav
* Znani in predvidljivi podatkovni tokovi, enostavnost detekcije odstopanj

Zanesljivost
» Prioretizacija na nivoju virtualne infrastrukture - prometa in sredstev
» Licencni frekvencni prostor, operatersko nacrtovanje kapacitet

Masovnost
» Pri¢akovano veliko Stevilo naprav, ki komunicirajo proti omrezju
+ Povezljivost perifernih enot z omrezjem direktno - aplikacija
* Enotno upravljanje kon¢nih naprav.

e
9  Evolucija E-zdravja v 5G TelekomSlovenije -_.
E-zdravje v 5G
* 5G je zelo dobra platforma za vertikalo E-zdravje, horizonala,
ki omogogoca ucinkovito upravljanje zanesljivosti in cyber
varnosti.
e
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Podporniki
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Sponzors

ISKRATEL

S&T Group
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Pu % TelekomSlovenije
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ERICSSON

L inive .f,l .I'.n';.r
Fakultet freti --"- m

_il i Univerza v Maribaru

Fakulteta za elektrotehnika,
ratunalniStuve in informatike
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Z uvajanjem najsodobnejsih tehnologij in izvajanjem nizko tveganih migracij,
Iskratel Ze vrsto let pomaga svojim strankam v telekomunikacijskem
in industrijskem sektorju preiti na naslednji nivo poslovne preobrazbe

D » @

Telco Railroads and Transport Electricity Distribution PPDR, 5G Safety and Smart
Industry Industry and Energy smart cities Manufacturing

ISKRATEL

S&T Group
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pametni svet
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Dedicated
Networks

Transformation is happening
across a spectrum of industries.
But as industrial digitalization
accelerates, so does the demand
for the advanced connectivity
that private cellular networks
can deliver,

www.ericsson.com/
en/dedicated-networks
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Slovensko drustvo za elektronske komunikacije
Elektrotehniska zveza Slovenije




